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Data Physics have upgraded th e Th~ou gh put to
Disk and Replay Analy sis option to provide :
-Archive Standard data, stamped with
OatefTime (should be admissable as evidence) .
• Direct export to ascii, WAV, RPC111 & Matlab .
..Playback with "DAC Out put & Record" . . ,. .,

, ..Time History indexing & subsection analysis . . ': : :~ : "', '

~ • Slave recording and eaves drop analysis. n-'''':''KINGDOMPlY'LTD

PlEASE PHONEFOR MOREINFORMATION AN/} PRICING:~ Pho !:'.e: 02J 975 3~:
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Achieve the ultimate
with BrOel & Kja!r service
Bruel & KJceroffers faster and better
service than any other lab in Australia
• at very competitive prices !

For more information on how your business
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Past prcsidcnlS gcnerally 10K lhe
ol'f'Ortunity lo expre•• 1heirvicwsinth i.
column once their tenll ha, expired unle..
the incumbenl President ha.1akcn a long
vacation or is O1he1Wise indispo,;ed. Our
President, Charles Don is al pre.e nl in
Kenya 011 ... faribtforerelurningto~

the arrangements for the upcoming We>pac_
8Conf=n",, - 'Acow;licson t~Move'10

behe ld io Melbourne 7-9 April 200)

This We.pac_8 Conferen ce in drawinl(
acousticians from lhrout:houl lhc 'ui..,ll1ld
Pacific regiom 10Ausrralia indeed provilk .
a forum for influence and in a po. ilive way
may _i,.in """""inglhc:nepti~ ~nd in

acouslicsaohighlighICdhy ou. Prcoioo ll

WilllC01lOC11ed affinnalion oo lhe ncNfor

O1Igoing llCouOlie re. earch and de""lopmelll
which cancm,nate from .ueha Il'Ilherin&.
{iovcrnmcnl,.lI.escarchlislabh, hmcnl.and
Univcrsitie. mayb opcfully be encooragedlO
mainlain lICousli" facililiclillld re-cstablish
and enhanee inle rc51 inbolh pure and
applic<l aeo u. tie re,,",arch, rather th.n
OVeOee their dem;' e and ' hat of .he
magnificenracousrical facilities which , till
exist.a lthoul\h in mauyca",a undcr utiliaed

Those ofus worli:ing in thi. field are clearly
cogni... nt that acou. tic i.....es duminale
ltWly u p.x ls of scierocc, mcdicioe and1he
ana u ""II .. impoclinll on conununity
>01:11-being.

Froln all A\lSlI'a1ian p<-r'JlCC1i"", il would
"""'" very df:.<inble for .. 11IllIIY of our

acoustic fratcmity as possible - academics,
co nslIlI.n ls.nd practitioners to join in
harmony at lhis Uflcoming forum with an
avalanche of papcrs and atlend""' IO
highlight the.rope and importance of OUT
field of acow;tic.

Let the mu,ic rhus generated positively
" imul. te the tympanic memhrane OflhoSl'
who adln inist« our acoustic research
facilitics who are listening to tbc beat of
anothe r drum - the cacophony of
accountancy (two c' . ) whose tcnelS ..,
threaten our field of endcavor. Seeyooaf
Wcspac 8 manning the 'acou.u;'"bani ero' .

GreffO" ", ....
Pw, Pf'f!3iJ"",
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Thi.~ P"1'<" i~ ba"tI .... ,It .. 2001 I'IU:SJOENT'S
PRJZE ptlf'<' " T1r;~p,i:f', , ."," b/i, II.." j" 1990 by , It..
A....rr..li"" Aro 'l.1tir aJ .v.e;'I)', U IltNni, J t.. til..

INs' ,« II" i , ,,1 1"'1'<" pnun" d II' fh, A",,",lilltl
AroMstirll 'Sociny CWI/..rr ll,t.

H. H. )I eld r um
CS IRO rrr; ation al :'\1tuu~menll,.OOnlory

Rr.dnC'ldRo.d. UMWI F. I~."::':SW~":70~ ':::::==========~

SOUND LEVEL METER STANDARDS FOR
THE 2l'TCENTU RY

A"""'<OCIA_Soundl.nTl M.-mndard lfC616n·I:2002hasjU$l~publi$hcd Thc lfC~ioMWOI'p4 CSound Leo.cI MC'\Cft)or

~1F.CT""hnicai Commm... 29(EIec'I_ICI) t.:o. bet'II mpgOO for~~in "" luk "r wnl"'II th;"_~,,,- ..ill~.

upja~lAdcomhi",rIor ooundlr.od_o&andardIIEC6Ob.'l I -1979md IECW8Ool-I<nS. II"n:asonabklOC'.pcd""'lifld"'«lUfW lhi.

_flandard ....,II~aa:cptcd .. an A.,."..>an .undard and ....;Ilrq>bttAS1 2S'l·1'l'1O~1.t 2 .....och~ m..r ...,hnlCal bio... in
.... old<:t' lE.C-.clarda~1h:1IOs A. rnoa_Sound u..d Mn:n""",eominBOIII01hemar'at~annci~the_~it i.

lirrx'lylO irM'>ol'P'C'tbc llltfnclKft-

1. 1l'.,.RODUCTIO:\
Tbe fi nt ln~iorW Ekaroced lllical Commission standard
for$Olllld~Inrfft'''DpubhshNlDl961as IECI2J . There
has t-a.1IWIlbft ofvn'SlOftl uran AustnIim stmdu'd for
sotmd Je-.-e!rneIen; 1MnrUnt _AS Z31-1967. whidL.ilftn
sevn:aI~sions. ..'U n-pubWbcd u AS 12j9-1 976 tulmirw.

insin AS I2S9-1990 Parts 1.2( 1.2) . ~~lOrolk>w

cbelythelWldudl ll::Cto06S1 aDdIEC60804 (J .4). Hovoevet.
by the tlllW m. 1l:.C6Ol104 wu pubtisbed jq 1985 . il aDd
rrC606 S I~~ as tcC"hnieally ob5ol.'ICas the COlt­

InuaioD of sound ~I mclcrs ~ ad\'aJl«01 rapidl y with the
lbe ofd1~tall«hooIoc:Y inch>dinlllwuseofdigitalralberlh.m

-Josw d~l..)"I.. This if, C\"CIl lIlOl'e !nIC looby• .u modem
ok<.igmhn'C boromc «Implo:tctydigital from the prampliflCl
..i1hfunctxln.nowbuih il\ u "'fI/1llwan:M. ~isnolonger

relianel::<Ill ""~e componmll and !be dynamics of 1.IloI­

Ioguo: pointcr di~ flIlher lhe skill ora progl3.ll'lJnCl" 10 cmu­
late . dcsigngOlII

The new . Iandard IEC6 1672-1:200 2 (S}1o rep lace 606S 1
llI1d60II04 ....<bbcgun inlhccarly l9'l() i andis lobc pu biishcd
in 3 puts. PIn I (Spa: if lCalions) was publ ished in May 2002.
Pan 2 (Pattern haluali on Te.t s l is cxrecr ed to be pu N ished in
late 2002 and Part J ( Peri"d ie Veri fiea lion) is culWnlly al '"'II:;­
inltdraft 'I.1Igc. Pan 4 wi1lCtwcr dc lai led formal fo r rep on ing
IL"SL~ IO Part 2. and Part S wi ll provide proced ures f"r lhe esti­
mation of measu rement uncertainties d uring tests d ue 10 the
prescnec of lhc so und levet meter tn var;Oll1laCtlustica lcnvi_
ronmenc le j,

2. AUSTRAI.IAN CO:"'T":XT
The new se ries of standa rds embodied in 6 1672 are signifieant
for thc Aust ralian ac ousucal co mmunity which is no lo nger

represe nted only by eq uip ment use rs. The re is at least o ne sue­
cess fu l Auslllli ian manufaelUrer and e~poncrof a i rpori noise
moni lori ng equ ipmenl who will in fUlut e ....,,1:; with th is new
standardlOenable pallemevalualion tobeeani cd out,ucccSll·
fully in wna lC'\lCT part of the wor ld market l'lIlel\ arc made
Tberearcal!lOscvclllIOlhcrmanufaoclurCTllofnoi.",,~g:ing

equipmenl for Austra lu-ndomcsl ic consumplion. atlea>ltonc
with llDlitedcxponc~e.

1ltct'e are a number of changes in dnip soaJs iA 616 n
tIuI",'iflrnuhindllfcrcnlpcrfornwot'C andfa.eilmcsin
in'ilrvments",ftic;hTnU\lbctaL:nlnto aooounl",ftoenfr:un,in,
\oclIordirunco;and_uln

In the Ausualian man.e'I there ia c;vrmdy a ~ ...
regards loca l pat1ern C'Va lualiooA and lhe N.lional
~Ad (7)..titsregubhOltsdonul li'ltcquipmenl

for the mcaswemml of wund in Ccn ificd ~cuurinl

~L M~ i( nuI all of lhe -OO \cYcI rnetn1~·

ed atthechcapcrendoflbcmnctClypc 21l11.t1ybcnon-eorn·
plian l or l1lAI"Jinaiand tbCTe is jq~ only the _fae .
tum"5 .tIS5lInDCC 1MI !he equipmml c:omrIin wilh Illc >Un ­

dard . FIllthcr. it~ thal none oflhe "'l'Ul pmcnl rnan u­

fOlClUl'c:dfordomestM:~""'U1A~.. hasbe'Cn..m­
jcctcd lo a riJOfO'UpanemC\.. luahOIIu defmc:dby the O IML
in OIM L R/lR-I99/l (8 ). Aumal .. subKn bcs 10 the OI~L
tOrpnisation.II1c Internal i...... le Metro logy U'plc l via the
S.lional Standarth Commi ion wh ich is responsible furkg.aI
metrology in Australia. Therei. ron'Cq uent ly l ink protection
for thc uscrunksl lhe cquiJW1lCf1l bcing ~ in A II-'lr1I l i. has

a demonstrated pancm CV1Ilualion (rum . recoogni7.c:d... _

authority.
The new 1£(61 672 pam 2.nd J ha.ve bee n formulated in

co-operation ....ilh the O IML to have rtX" d for lhe prov isions
of Iegill mct ru logy . The co ming uft lle newstandard IE( 6 1672
aff<lrd~ an e~c<:l l cnt oflJl'l,n unity fur the Au~tra !ian l ilua lioD10

be c1arifie d by elle" urag ing e'l u;ptnelll lolle pattcmarrro\'Cd .
w hhthc increased JlI"oteet io n afforded by pallem cvalUilli" ll
there will unfonu na tely be some increascd e"~t l,, the uscr allli

lh is may make many oft he cheaper instrum erns suha blc cnly
for survey pur p oses.

Some sta lulu ry aUlh"ritie . or " rvicCIcngagcd in so und
lcvcllc"ting. ti,r .:~ aDl p le Tn" I"r ~e h icl e muffl er IL"Iling. are
requ iri ng the prtl~ i s i"n o f a "R egulatio n 13" [7) ce rtifi cate
Ihal veri fies proo f of trolCeab ility 10 Nat ional Siand ards f.....
vomlCity d uring coc rt proccc:di n g.~ . It i. not fcn ib le l,, ;-.sue
l uc hacertificare for nOll· type appt'O'lCde'l"ir mcnl ; this h ia·
IU!iknocls OUllhe prcSCnl 1)rpc 2 cquirmcnlthusi~asinll

thc: 00!01to the aUlhoril y at lcast j fo ld.
In thc fol low ing ...·c1ionsl!w:lec;hniCIIldifTeTt'neeabet ...eee

the cum:nt and new .tandan!s will be u plorN

VOI.30Augustl2002jNo . 2 ·"9



3. CIIANGES
3.1 MeuurementUncI'r t ainty

In line with accepted metrologi cal pfllct ice, the estimate<.!
uncertai nty of the meas urem ents must be laken inloilCCOWlt
when mak ing judgments of pass or fail to a design goa l with
tolerances. Without taking uncertai ntie~ into account when
fram ingthc tolera nces aro und design goa ls in standards, this
leads 10 an effect ive reductio n in the lnlcrances. The new
standard has "loaded" the to lera nces wi lh "typica l~

unc ertainties and they are labu latcd in the standurd for
guidance to the test house . Th is effecnvely removes the effect
of the uncert ainti es duringthejudgmcn t process providing the
aclualtest lUlCt.'1'tainti e.lare no greater than the tabulated
uncertainty, For the purpo ses o f co mpariso n between
6065 1160804 and 61672 in thi s paper , the unce rtain ties are not
included in an y toleran~"('s quoted . Tbe "IOOtieoJ" Iulera nces
may be found inthc new srandard.

3.2 C ban/: t fromT)p" lo C la"

The old standards6065I and 6OM04 allowed fur 4 performance
types from Type J to Type o wi th inc reasingl y tighter toler.
aeccs . The new Slandard 6 1672 {5] will al low 2 performance
ca tegories designated as Classe s I and 2 with the same design
goa ls but with Class 2 having . in general ,wider tolcran ccs. Th e
desc riptor " Type" has bee n changed to avoid con fusion with
types ofinstrumCTltin lheconte:o;toffacilit iesfi"ed. lheoldc r
Type 0 and Type J have IlOtbeenincluded. Type O repreYfl ted
a laborat ory level se ldom used and Type3 is see n to be unnec­
essary, as modem man ufac turin g technique s shou ld ens ure
improved performance. In practic e Types 2 ar>d3 were seldom
subjected to lypeapprova l 50performanceCCHJld not be sub­
stannatcd.

The e ffect of environ mental co nditions has been ratio­
nali scd to allowmnre reulisticranges of cn vironmcntal effeets
suc h as temperature; Cla9S 2 (O"C to40"C) as distinct from the
higher performance e1\pectalinn of C lass 1(· IOOC to5 0°C) . In
606 51 all types ....-ere required to demons trate performance from
- 10°C to 50°C albeit with different tolera nces and this prohib­
ited mO'lI manu fa<;lurers taking the risk of pa ttem approva l for
lheir Type 2 in,;ttumcn ts. lnaJdilionreferencecondit ions have

bee n chang ed from 20"C/ 65% RH to 23°CJ50";' RH which
brin gs the eq uipme nt imo line with most electrical metrolog y.

J .J hifWl ional Rtspon~

The toler.mce limits in 61672 have beenexte nded to ioc lU<le

an mcideece angle of 150' and have been tigh tened at high er
frequen cies. The>e changes are shoJooo."f1in Table I be low,

whe re the existing 6065 1 tolerances are shown in parenth esis
The implication of this change will impact eq uipme nt with

large r diameter microphones which probably will llOImeet
these specifications, Marsh [6]

3.4 Weight inR /liet ....orks

The design goa ls for A and Chave not change d and a Z (1..ero)
ort'Flat't wcig hting has been introduced . T here is bowever no

specific ation for unwcighl~'<I Peak, sc<: be low. In line w ith

grea lerexpectations ofperformance, the totcrancee around the
design goals (including Z) have bee n tighten ed for Class I

inst rume nts below 80 Hz and above 6.3 kH z. This is intended
to ensure a min imum mic rophone respon se at 16 Hz and 16

kHz (20 Hz and 8 kHz for C lass 2). This limit was previou s­
ly t 3/_ liD in IEC606 51, that is, no specific req uiremen t for

respo nse. Thesedifferences were ~ummarilcd in [6] and are

reproduced below in Table 2 for emph~sis

3.5 Disp la~' Linnri ty

In IEC6065 1 linearity requ ireme nts were blosed on the

available techno logy of the time and inc luded prov ision for
range changing. Display linearit y erro rs arise from lhe

inabi lity of the del.ector/foquaring tircuit or the di splay circuit

to provid e a linear display of thc sound pressu re leve l at the
m icroph ooe . The requiremen t in 606 51 wu for an indicator

range of at least 15 dB with at least 10 dlJ speci f ied as a
"primary" display range. With in lOOse ran~2 seu of

tolcrancesapplied, firstlyforiocrement ~ between I and 10 dB
within thcprimary range, (±<l.2 dR to ±<l.4 dR for Type I) ar>d

sec ondly , oUlsid e the prima ry range for an y signal the

tole rances were increased (:lI .O dB for Type I). Where any
range ehanging,automaticnrrnanu.al OCCllm:d, lhetolerance

"'..a s ±<l.7d R wilhin lhe prim ary range .

T. b1e I . Directiorl/ll response tolerance limils for Cia.. I and 2 . ound 1.....,1mele~
as r.qu ired by616 72 and compared to 60651 (inp.1r.nlheseo)

Maxim um a bs o lule d iH..e nc e In di s p lay ed eo u n d le" el s a l a n y Iwo ao u n d_ln e lde n ce
an llte s wlt llln %9 d.lI re .. ~~om l ll. r.f. renC. d l r.euon

Fre:~~ncy 9- 30' 9 - 8 0' ' _ 150 '(nol ln60651)

Clas s/ Typ e, , , , , a
0 .25 t0 1 , a

"
a , s

(0. 035 10 1) ( " '" ( 1.51 ,,,
"'110 2 1(1 ) 2(2) 2 (2) 4 (5 ) . ,
"'2 10 4 1.5 {1.5l 4 (4 ) 4(4) 1 (8) ,

"
"'41 08 2.5 (2 .S) 6 (8 ) 1 (8) 12 (14 ) to "

"'8 to 12 .5 4 (4) 10 (161 "
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Tallie 2 t'requeocy weighlmg. arodIOIManee Iim lS lEC60651compared to IEC 61672

Nomina l
To le .en ce limils (dBI

f'l qu~~ c.,. I ) CI... t (Type t ) CI... 2 (Type 2j

6015 t 61612-1 Cha ng, 60651 61612_t Chan g,

rc . 3;_ ·3; _ . 5;- .. ·5 ; _

12,5 · 3:_ · 2.5;-- ·5 ; -.. · 5; _.. .3;_ .2 ;- 4, 5 . 5 ; _ +5; _

20 " " " "2S " . :2; -1 5 " sa
31,5 :1:1.5 :1:1.5 ., "en :U.5 " ea "50 :1:1.5 " " "ea :U.5 " ea "ec t 1.5 " " "
"0 " " s t.s t l S

--'" " " :1:1.5 :1:1 .5

' 00 " " t l .5 t 1 5

" 00 0 " ec.r" 0 " t l 'l

1 250 " " t l .5 i U S

e occ " " " "s ooc t 1 5 :11.5 :1:3.5 :1:3.5
I-

6300 . 1 5: -:2 .' .5; -2 :14 .5 :14.5
ecoc . 1,5: -3 .' .5; -2.5 " "10 000 +2;-4 . 2; -3 · 5; _ · 5: _

12 500 +3; -6 +2; -5 ·5; _ .5: _
16 000 . 3:_ ·2 .5: -16 +5: _ +5: _

:20000 .3;_ +3;_ . 5; _ . !>; -

. j Thelolenmces from 160 Hz t06 30 Hz and from 1600 H~ to 3150 H~ have flOt ch ang~ from 60651 t06 1672

b) Tokr.llIce limi\$ were0 dB II lh( rd"C1l:nee frequency lUothe:d<;sil:a I:oal WI' ,n lerm. oflou nd levels reralive to the
sound level at the reference fR'quency,,,," umcd 1Ohc: I kllz fOflhis purpo!le

oj In 616 72 the toterence limitJ .-c OOIllCrv as lhc: <iaiPlIWll fn:quency weilllllinl:-S are relalive lu l11"unweii:/lled
sound pressure level al the osition of lhe microphune on the sound lC"el metct , hut in Ihc:ab... nce oftbe meter

In lEC 6 1672 these requirem enlS have been clan fied by a
requirem ent for a defined re ference range with linear-operating
:;pan of at least 60 dB at I kHz for eith er clas s of instrument
Thes e requirements arc inte nded to apply from 16 li z 10 16 kHz
for Clas s I sound level meters and fro m 20 l iz to ~ kll z for
Clas , 2. A maxi mum error of±O.8 dB (iLl dR for Class 2 )
applies 10 any range and inc1udes erro~ inlroduccd by rJnge

controls_ On a !ioear operating range, erm"! for changes in
input signal of from 1 dB to 10 dB must not e,\cL'Cd ±O.3 lIB for

Class I or ±<U dB for Class 2.

3.6 TIm...Wri!,:ht inl: and Tone Bunt Re.po nse

There was a clear separation between Time Weighting and
IntegralingiAveragiog functions in IEC 60M I and tEC 601104
with L.., {equivak-nt cont inuous ) .., the prime metric and SID.

(oo '>e) deri ved from C••in lcrm s of time , SpecifICations for
Time Weighting and lntegr.tting Ilave beenbm ughttO\,!ether in
IEC6 1672 undCT thc ti t1c ''Tonebur.t R esponse~ and lhe Table

3 is rc-producedbclow. Thc lenn illOlogy has bccn clarifi cdll nd

Acoustic:sAuSlIaha

L.. (S,,) has now bccome the prime metric.

The quant ity I." (L... l is speci f ied under the headin g
" Respon:;e til repea led tonebufSts~ in tenn s of thc difference
lI",between the thL't,rd icalt imc-avcragc sound level ofa
sequence of Ntonebur,t . Cll,tracted from a , Ieady signal and
rhc time-average sound level of the steady signal as'

11,.,.- 10Ig(NTJT.l where
T. is lhe lonc!' ursl duration ,md
T. is the total measu rement duration , both in seconds.

For L" the lolerances frum Table 3 are uscd. Tbus lheempha­
sis has changcd lobe lime in<Jcpcndent forL .. . This docs not,

as has been feared remove L,,(L...1from the speciflca nons in
6 1672 which apply for an clcctrical signal at rcneburst dura ­
tions from 0.25 ms to I s. IEC 6080 4 as eme nded required a
minimum roneburst duration of I ms.

3_7 Peak CSuund l.evel

In (,()(,51 the perfo rmance specification w..s for a test of the
onset time (cbargln g time) of the peak detector (unweighted)
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Table 3. Reference 4 kHz toneburst responses and tolerance limits including maximum expanded uncertainty of measurement

Reference 4 kHztoneburst response, O,el, Tolerance limits

relative to the S~~adYSOUnd level dB
Toneburst

Classduration,Tb

LAFmax-LA LAE-LA
1 2LCFmax-Lcand LeE-Leand

LZFmax-Lz; Eq. (15) LZE-Lz; Eq.(16)

1000 0.0 0.0 ±O,5 ±1.0
500 -0.1 -3.0 ±0.5 ±1.0
200 -1.0 -7.0 ±0.5 ±1.0

100 -2.6 -10.0 ±1.0 ±1.0
50 -4.8 -13.0 ±1.0 +1.0-1.5
20 -8.3 -17.0 ±1.0 +1.0-2.0

10 -11.1 -20.0 ±1.0 +1.0-2.0
5 -14.1
2 -18.0 -27.0 +1.0-1.5 +1.0-2.5

1 -21.0 -30.0 +1.0-2.0 +1.0-3.0
0,5 -24.0

-36.0 +1.0-3.0
+1.0-4.0

0,25 -27.0 +1.5-5.0

LASmax-LA
Lcsmax-Lc and

Lzsmex-Lz; Eq. (15)

1000 -2.0 ±0.5 ±1.0
500 -4.1 ±0.5 ±1.0
200 -7.4 ±0.5 ±1.0

100 -10.2 ±1.0 ±1,O
50 -13,1 ±1.0 +1.0-1.0
20 -17.0 +1.0-1.5 +1.0-2.0
10 -20.0 +1.0-2.0 +1.0-3.0
5 -23.0 +1.0-2.5 +1.0-4.0
2 -27.0 +1.0-3.0 +1,0-5.0

NOTE 1 For the purpose of this standard and for conventional sound level meters, reference 4 kHz toneburst
response liref for maximum time-weighted sound levels shall be determined from the following approximation

O,el= 10 Ig(1-e-Tb't) (t5)

where To is a specified duration ofa toneburst in seconds.
~ is a standard exponential time constant specified in 5.7.1. and
eis the base of the natural logarithm.

Equation (15) applies for isolated 4 kHztonebursts.

NOTE2 For the purpose of this standard and for integrating and integrating-averaging sound level meters,
reference 4 kHz toneburst response Orel for frequency-weighted sound exposure levels is determined from the
following approximation

0rel=10 Ig(TbfTo} (16)

where hisaspecified duration of atoneburst in seconds, and
To ~ 1 s is the sound-exposure reference duration.

NOTE 3 Reference 4 kHz toneburst responses in table 3 are valid for the A, C, and Z weightings. Other
frequencyweightings may have other reference toneburst respon ses.

and which was specified to be less than 100 us for Type 1. In
practice the actual onset time varies from meter to meter from

10 us to over 50 I.ls and the unweighted peak response to an
acoustic event using unweighted Peak (Flat) may vary widely
betweenindividualsoundlevelmetersmeetingTypelspecifi­

cations in the presence of infrasound or high audio frequencies.
IEC 61672 has adopted C weighting for the Peak desigo goal
which is demonstrated by response to a single cycle input sig­

nal at 31.5 Hz, 500Hz and 8 kHz with additional tests using
positive and negative 1/2 cycles of 500 Hz. The response in

these cases is compared to the steadysigoal from which the sin-

52-Vol. 30 August(2002)NO.2

gle or t/j cycle signals are extracted. This approach will lead

to consistent measurement of common events with individual
instruments meeting the desigo goal.

Concerns have been expressed that the use of C weighting
for Peak measurement ofa noise event may bring about lower
indications where there are impulsive sigoals at the extremes
of both very short and very longtime constants. The alterna­
tive is to have the much greater probability of inconsistent
measurements from the use of Peak (flat) unweighted under
the specification in 60651. The high frequency roll off at the
lower limit of the old 60651 tolerances is essentially the same
as the design response of the C weighting network where both



are - 3dB at 8 kHz, Th us a marg inal Type I meter under 606S I
may well have had by default a C weighting response when
operating unweighted.

Measurements at low frequencies will still present prohlems
and are ult imately limited by microphone resp<mse which
varies widely amongst SLMs, ev en those that ",..ould comply
with 61672 . lt would seem logical to eonsider standards for the
meas urement of blasting events using Peak outside the SLM
standar d as this is a specia l case and requires specialis t
equipment.

J.8 Tlm........ightln gl (lm(lu h e)

It has beenfound by the workin g group that time we ightinlt I is
notsuitableforrating impu lsive sound with rcspcctt oloudness
hence it is flO( recomm ended for use in assessing the risk of
hearing impairm ent . The design goa l for time weight ing I has
been placed in the standard as an inform ative Annex since I
w'Cighting is still referenced in many docu ments

4. CO,"C I. USIO:,,/

The new IEC61672 Slandard will em ul'C that 50und level
metersbu ih to i l5 desi gn goals willhave enhanecd and~

consistent perform ance than under the older standards, If the
Australian comm unity adopt s IF-C61(,72 [S1as an AUSlralian
standardtben an idea l opportu nity will ar iseto re!lOlvc the prc­
sent hiatus iTlVQlving pa llen> appro....al of noi.... mca~uring
equ ipment.
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PEN3D2000
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VALUING NOISE IMPACTS USING HEDON!C
PRICING AND STATED PREFERENCE METHODS:
WHAT DOES THE EVIDENCE TELL US?1
Mark Morrison
Faculty of Commerce
CbarlesSturtUniversity
Bathurst

windows or other modifications to the design of houses pro­
videsanindicationofthebenefitsofreducednoise.However,
the benefits of noise reductions are more typically deduced by
using related or hypothetical market data. Using these tech­
niques, it maybe possible to estimate the 'non-market' value
associatedwithchangcsinnoiselevcls.

The purpose of this paper is to review the existing litera­
ture pertaining to the valuation of road traffic noise.
Specifically, the results from hedonic price studies and stated
preference studies conducted both in Australia and overseas
are reviewed and compared. In Section 2, these two approach­
es are briefly described. Then, in Section 3, the results from
applications ofthe hedonic price method are reviewed and, in
Section 4, the results from the stated preference applications
are reviewed. Conclusions are offered in Section 5.

1. INTRODUCTION
One of the main negative externalities arising from road traffic
is noise impacts. Noise impacts arise from a vehicle's power
train, from rolling noise and from electronic equipment. Actual
traffic noise is a function of quite a few different factors. These
include traffic volume, the type of vehicles using the road, the
road surface, the distance of properties from the road and gcog­
raphy(ie the existence of natural mounds, bluffs and vegeta­
tion).

Traffic noise is measured using several indexes. The most
common of these is the LMq.rindex. L~q.T stands for "Equivalent
Continuous A-Weighted Sound Pressure Level". This is the
average (logarithmic) noise level (expressed in dB) that would
occur if traffic flow were uniform, within a specified time
interval T.

Noise is considered to be a negative externality because it is 2. METHODS FOR VALUING NOISE

~:~::~~ :d~~:~t~;~:~i~:~s~r~~:et:~s~h~i~~~~~~~:::~ IMPACTS
impacts are on sleeping patterns and general amenity. But there The most commonly used method for valuing noise impacts is
are other impacts. Noise can affect stress levels and people's the hedonic price method, which in the economics literature is
ability to communicate [I]. described as a "revealed preference technique". Revealedpref-

The existence of negative externalities is a cause of market crence techniques use information from related markets to
failure, and provides a rationale for government intervention impute a value for non-market goods [3]. A related market is
within the market. This intervention typically takes one of two one that indirectlyreveals values for environmentalgoods.
forms. The first is modifications to roads to minimise noise The hedonic price method uses differences in property
impacts. This might involve the construction of barricades to prices to impute a value for changes in environmental quality
block noise, or modifications to road surfaces. Alternatively such as noise, air quality, water quality or river health. Inmost
compensation may be required, particularly if property prices (single stage) hedonic price studies a regression equation is
are affected by road widening and subsequent increases in traf- estimated where property prices are a function of all of the
fie. The critical question for policy makers in either of these attributes of the property, including environmental quality.
circumstances is "what value should be given to noise The effect of marginal changes in environmental quality on
impacts?" Answers to this question are needed to determine property prices can then be quantified. However, to estimate
when the control of noise is warranted, and/or the appropriate demand (which is required for valuing non-marginal changes)
level of compensation that should be paid. for an externality such as noise is more complicated.

Some information about the value of noise can be derived Estimating demand requires data from multiple, distinct mar-

~:;g::i~~i:r::~::to:t:~r:~~:e~t~~~Ye~~:~~~~r~~O[~i]ngF:; 1. An earlierversionof this paperwas presentedat the Bureauof

example, information about expenditure on double glazing

Acoustics Australia Vol. 30 August (2002) No. 2-55



kets, as well as informatioll on theindividual purchasers of the
differentiated commodity [4, 5]. With distinct markets, the
value of noise can then be calculated at different levels of sup­
ply, thus identifying the demand curve. This is known as a sec­
ond stage hedonic function

Economists tend to have greater tRJl,1 in the resulh from
fcveaJedpreferenee smdies beeausc they are based on existing
markCl data. However. uhe results from the non-markct valua­
lion luerature indicate that the variation associated with est i­
mates derived using revealed preference techniques is often
very great (and typically larger than the other class of tech­
niques, which will be described short ly) 16]. Moreover, value
estimates are subject 10 the jud gement of lhe researcher. Value
estimates can be affected by the atmbutes seleeted tbe accura­
cyof measurcmentofthepollutamsinvolvedand the functioll­
al form used [7, 8].

Uncertamry about the capacity of the hedonic price method
to accurately value noise provides a rationale for using other
non-market valuation techniques. The other main class of non­
markct val ualiontechniques arethoseb~,;ed onthe staled pref­

erences of individuals. Stated prefere nce techniques involve the
use ofsllrvcys frum which estimates are derived of the non­
market benefil\ of dilfcrentre>;our"e usc allcrnalives.

The mostwide1Yllse dstatedpreference teclmiqueforesli­
malingnon-marl;ct valucs is thc contingent valuatioll lllethnd
(CVM) [9]. CVM queslionnaires contain several well-defined
elements incfudlng a description of the study site, details ofthe
proposed changes (including a mcthodof paymenl), an elieita­
tion question and a serie> of socioecoaornic and attitudinal
debrief questions. State-of-the-art appljcarions of the CVM
gcncrally ulilise lhe 'Teferenda ' format for the elicitation qucs­
lion, an example of which is shown in Tahle 1.

Under this format, respondents ere asked whether they sup­
port a project given thaI thcy are required to pay a certain
amount I""""rds it, wilh the payment amounts being varied
between respondents. The responses 10the elicitation question
are then regressed against several variables including the pay­
mentamtlunt,respondcnts' allitudes, and socioeconomic char­
actcnstics such as income, age, education etc.. Thi~ equalionis

then used to estimate mean and median wilhngncss tc pay.
The CVM has the advantage of being recognised by respon­

dents as a standard public choice instrument (as it is similar to
a referendum). HOI'."Cver, despite its wide usage, the CVM has

Do you support the proposal to reduce noise at
a cost of $50 per household, or do you oppose
the proposal? (tick one box)

I support the proposal at a cos t of $50 D
I oppose the proposal at a cost of $50 D

several limitations. 1t IS rclatlvely cosi ly to use, provIdes hm­
ited information about people's preferences and is arguably
prone to various b iases [10, 11]. In Australia, it has become
controversial since its usc by the Resource Assessment
Commission to estimate thc environmental costs of mining al
Coronation lli ll [12]. Similar controversy was experienced in
the USA where cootingent valuation was used in the Exxon­
Valdez oil spill case [13].

A second staled preference technique that has been used 10
estimate the va lue of improved waler quality and could he
appl ied 10 vailling the improved environmental quality rcsult­
ing from the control of noise is conjoint analysis. Conjoint
analysis has been widely used ill transport economics in pre­
dieting market share for trans portation options and valuing
travel-time savings [14, 15]

Conjoinl quesliunnaires are simila r 10 C\'1I.-I queslionnaires
in that they contain background informa tion about the non­
market good, an elicitation question, and debrief questions.
The main difference between the two methods is in the fonn
ofthee licitationqucstion. lnconjointquestionnaires,respon­
dents are presented with a series of alternatives that lhey are
asked to evaluate. This evaluation co uld involve rating, rank_
ing or choosing one of the alternatives. An example of the
choice version of conjoint analysis is shown in Tab1e2. From
each ehoieesel,respondents are asked to choose their pre­
ferred alternative. The alternatives in the choice sets are
defined using a common set of allriblites (ie effective speed
limit,rcducednoisc level from road traffic, reduced length of
waiting time for pedestrians to cross road, annual cost per
household in terms of increased local taxaeo n etc.), thelev els
of which vary from one alternative to another.

Table 2: h ample of one cho~ . 01 in a choice modd ling que<l;onnai",

Please indicate the alternatives you prefer most by ticking one of the boxes below:

Speed limit
Noise level
Wailing time to cross road
Increased rates
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Alternative 1

50 kmlh
60 dB

I minute
$90

o

Alternati\'e2

60 kmlh
70 dB

3 minutes
$30

o

Alternatfve j

(the status quo)
60 kmJh

SOdB
3 minutes

$0

o
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In oonjoint applit ations goods are de<:omposed into a set of
'attributes' or th.oua<:t~'fisl ics. For example, a car 00II1dbe con­
sideredto be s imply the slim of its compon ent parts ie 4 whee ls,
II cl\a$si$, an engme etc . The:rrade-off s respo ndents make when
choosing between altemati~'C$ are quanti fied w;ing ~tiSlical

techn iques . \\~ one of the attribu tes involves . monetary
J'iIYTTICOt.tbcresuhingtrade-offscanbcu"Cd to tsl irnatethe
.....lue of each oftheenvironmenUil qualityattributcs . Tb is can
bcconccpruali~intheu.'<eofpurchasjng .tar.ExilotinglTlM­

ker dau. might show that 00 r ..er:age people may be willing 10
pay SIOOOntl'a for lirconditioning-Ibis implies tluit air coo­
ditioning is \l.Uth Ibis amount of money.

Conjoi rn llTllllysis has severa l ad\;u! Ulges O\-er con tingent
llaluatioo. II provjdesmuch greater inf<Xm3.tioo about poople"s
prer crenccs for nobe reductions . Th is extra infonna tion is par­
ticularlyuKful for benefit coSlanalysiswbcremull iplcall erna­
tivesal'C t) pical1ycvalualed. Oftcn thc fulJ rangeofpolicyah~...­
nativellm ay not have been iden tified before Ihe non-lTIl\rl;l:Ival.
uatioo exerci$Cha'lalenplace.WilheOlltingenl\'lllua!ionil
may be necessary to undertake a new exercise if a rn:w policy
option is i<1entified. In contras t, the results fmm a CM applies­
tion can be used 10 value any alternati ve wiihin the space of
att ributcsu sed in thc cxercisc . Thisprollidcs thedc cisionmal er
with much grealcr flcxibility. l lClWC'.lCr, eonjoint apphcalions do
involve I greeterlevel of com plex ity than is involved with con­
tingent valuation . In subsequenl sccnon s, estimates arc pmviu ·
edofthc value of noise generated using beth rcvealed prcfer .

erce and 51atNpreference kch niqun.

3. IIEOOl'liIC PRICE ESTI.\ IATI:S
Hedon ic pricc studiesbitve primaril y b«o II5Cdas. basis for
deri~'ing est imates of the \"'uc of lIOiK impacts in Allitral ia.
For instance , the Roads and Traff ICAuthority(p.lt2)~esnnw·

ed that property values depm:iak: on ...-erageby a me with in
the rmge of 0 .8% to 1.28% for every decibel o"n- SOdB(A)~
116). This finding ...-asbasedon report rommi~ by the
Resource ASSCS5ffiC(II Commission (5], woo in h1l'lIprimarily
basedthcir findin gs on a m'i ew by Pearcc and Markandya 1171.
....ilo prima rily based thcir f llldings 00 a rcvicwbyNel'lOll(18)
whicll "-1l~ published in the Journa l of T~J"Ol"I f.conomics
and Policy. In Nel<;Ofl 's study, IIcm-jcv,-ed ninc SlUdiespub­
lislted bctwten I974and I980.andidentifledal1lllge of adjUSl·
cd NOSI's' of 0.08· 1.05%, with a weightedmun or o.4O%

T'bC' usc of al1of thcse niTJC ~iudies in ca lculal ing this mcan

l:Stimale~ has been questioned by NSW EPA ( I]. They com·
rncmrhat:

The sample siu al'pt'ars inudeqllule ill ,T<>me "Jlimal('.'
su~'h a." flail ('lui. (/')7 8) wlto haw afillal .mmple .,iu
of l l ; w.d Huilq (/977). ....h" ha"" II sumplesi:euftj().
The envir onmental J,'OOd is " o1 carefull y "' O:<l.lured i"
u w ruleJlimale:S..,wlto do 1101 measure noise levels.
BaU"y (/977) UM:s lh.. "o/urol /ogofJi.t1I1"u wltixlt.
" 'lll'.f which H..l3mr (/ 981) sugg..stJ ~f all '''lIC"ll'' lIl
Qlt~ariw 'butil ignnrf'sthef'O'e"'illl "Jf"':Iof'opng­
ruphY Oil 'w" ../.....,lr...Ab o. "...IIY of'he 110.... ........' ure­
_110 crwrr II .....,. shorr time~. I II ~uuX!l<l1l QnJ
Hw;l;iru (197Jj . IIOiS<'IIleQ..uremelllS .....re 'uke" jonmly
J mi" ules a l NChsil". "

AcoustiCS Australia

Further erilic isms could also be made of these stud ies.
Apart from being fairly old. they used only single slage
regres sion analysis and have spec ifICation problems scc h as
from eollincan tlClll19 J. TIley alsoonly exam ined the impacts
of highway noise . NSW EPA II) reported thaI .....hcn tbe $IW'
ics that an:sccnto ha,~ le" relillbilityareexciuded,lhemc.an

oh hc more rel iable eSlilN.tcs is approx imately 0.25% perdB
s.".·eraI h<'donie pr;cc studics of road traffIC ooise have

beenconduct ed in AUStra l1L The first two ....'CTC rudimcnl&l'y
srngje sa ge hedon ic price mode ls with relatr.'cly few rcgrn­
son. McCaldcn andJarvic 120] ina srody in!'Ol:\II'Ctitk csti·
mateddtat the NOS I was0.20%. In another study condllC"lcd
in Sydney. HoIsmatIand Bradley (21Jestimated that tbe :-;OSI
was 1.80% for IN.in roads wtlcrc noise levels ....'CTC gcncnlly
h;gher,and O,70% fOffWll'leIs~.

A tllird study was C<lfIduetcd by Williams 122J. who cxall'l­
ined the effect of ooise impacts on propcrty pn cc:s aloog tbe
South East Freeway in Brisbane. While using only a ~ i ng le

stage hedonic mode l, the study was more robust than the pre­
vious ones. The study ....a~ based on a sample of 21S houscs
within one kilometre of the freeway. The initial model iocl Lki·
cd 13 n:gre sso rs that were subsequently factor analysed to
produce a set of five unccrrelatcd rcgrcssors . This is a fairly
novel app roach. in tile non-marker valuation htcrature. for
dealin g with problem s doe 10 multicollinearity, Williams (22]
found thallhe cosl Ofproximily to the liTn. '3Ywas S4.48 pct'
metretS872 for an average house or 3'Y"o1' average house
price)in ASI978.WiIliarns [22j sus.'N:I thatthisimp,a ct i,
primaril y due tollO iseimpaerS.ItO\I.e- er noiw: lcvels wcrcnot
measured al each ofthc bous ing sites Hence it is l10l possible
wdetermme tllc impaer on lJoosepri("t'Sfor d angcs in noi:ole
levels.

A final and more recent Austral lWl otud) . identifi ed by

Renew (23). that '#l'8S conduc ted in sareet s throu ghou t
Brisbane.estimated a NOSI 1L.,,)cl 1.01:1%. The data 5CI
indud..-dJ50houscs (acrossJ6strcel!» ....' th !.I.\e$ <lCCUTTing

ccer a sbree year penod . Noisclcveh"''Cttmc.asured for 24
houn at a rcprcscntat;"~ sit(' in each street. A linear regression
model ....as cst imaled, and ten attributes (including noise lev·
dsl wcl'Cuscd to""plain~liOll!> in housc priccs.

Thus lhe A1,1., trahan eviderocc sho.....s cornliderable vari·
aece,with lhe NOSI r.Ll'lging from 0.20% to 1.80"4 . It ;s JM­
sible thallbe diverg ence cou ld reflect Ibe di fferent nature of
Ibe towns (Newcas tle bein g a rural centre). Ho'Wcver, ll>cre
may be ether explanatio ns such u the ditrercnccs in when the
srudicswcrcconductcd (ie changing Uisles),ordiffercncesin
methodology.

Oiven the lack of convergence of the Australian est imates,
it is app ropriate to consider other estimates derived in North
America and Europe . Since Nelson's [18J study, several other
studies Itavc been conducted 10 value the impacts of traffic
noise, ."lOft1C of which are reported in Table 3. OveTall, lllcre
appcar to bc rclarlvely few 81Lkiics cond ucted 011 the valueo f
tnlffk: noiseeomp,a red tothe rclatively broad I11crature wllcrc
lhc hedon ic pricc:mclhod IIasbf,,'CTl u...-dto ~.,.lue airuaft noisc

2 S oisc Dcpn:cialilln Sem,ti\oity lndcs.. This giVC$ the ~ge
pcm:n~ ehan~ ;"~ pri<:csperdecibd.
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and air pollulion. The uudi es repon ed in thi, table Jbow a l im­
ilar vana tion In estimates 10 lhe A~lQli;m studies. "'i th thc
NUSI T'lIng'nll from 0.21% 10 1.26"/. , with I mc;mofO.71%

lllt' similariTy in the spread of wl ues 10 thc Austnli;m
Sludies ill .. >mI:Whal , urpri sing, gi~·ertlhe differencesin cullUT'll1
context and lime periods OV~ .....hi ch the llariOU5 studies~
conUl>CIed. Th is implio; eithcrt hat( l)noi'ICi' VlIlual similarly
aCl'O!is c\lllUres or (2) that diffcrences in methodlllogy arcl"lt1 of
the rea.'IOIlfor the convergence. Given what is known annul how
sensitiv e hedon ic price eslimales are 10 mclhodo logical
variation&, the laner ~anation is likely 10 be lmpotUfll , TIlls
suggcsl s that il WIJIJld be pcudmt lO conduct a ~Iy!;is 10
dctnminf: thevalllCoCno~ ODCC allalo.-anccbn~ nwk for
differmcn in nxtOOdoIogyiU1d culture

4. STATIm PREFE R[l'\CE FSTI!\I ATES

ScvcnllUledJRfnmcc~hlrvcbo:cnconduc1Cd in

EwopeIO.-aIuc tnllflC~_ This includes the_ofbottl wn ·
t~ vUution -J conjoinl analysis . The fina two o f tt­
Sl\Idies by \'Iinio (191 and &m:tro. s.nthet and \'i1U\cb­
Gnu (lS J used the con tingmt ~-.luation method, Tbc bner
appIQlioa.. by Gnrod. Scarpa and \\ 'illis [2611lSCd CtlCljoint
1N1ys.i" Given that only a few staled ~fcmu awttcations
ha~'e beertconducted to val\ICnff1'C noise impacu , they .' i11be
revie'A'ed in grnto:rdrtai l

The study by \/amio 119) paralleled an al'('lication of t~

hedon ic price memodthai wu report ed in I~ prev>ous seclion
Vainio [19] ~nl a ~urvey 10 700 househo lds in Hclsinki
Finland and rcceived back 421 valid rnpt.n!IC:s (60% ) In thc
survey lhey L~ked the following q~i..n In cslimale re~pon­

dcnts ' wilbn gness 10 pay 10 reduce no;1OC in e nreet where they
felt noise wu a pat1icular nui!08l1Cc:

Tht PU~po.ft' of Ihis eq uil/loll Is 1<>,s fi", ,,,,, how mu. ·h
people would be .. '//Illig 10 pa,~ f<lr Ihe elimilluli<>11fir

cOlIJiderabie reduclionoflraffic liulsulice.

le I s ro>Uide~ lite ideu Ihpl lhe rucJ<U,I,.'el Ihul U
CQIU;"g 'lie 1Ionn COl'Jd bt>ruJ",ed be eg (/iw ";" J: 1Iot­
IruJf~ eUnt'lwn or intu fJ "'""el.so 11Iot lhe ,"",I_1d
~COtt>.....,nJIOQ -,,"ide"IWJs~-. ne" , ideliU of
1Itt '/l'ffle-ld slill "'-'C'itbut llwllll'r",glt~

",voJd be I'ro/ubikd. Tltu _Id illCl<rCOJu wlUclllfHll

IOf" Ji.~i"",..Jj"sOlfle .. '<l",
H<1W"'_ .... wotJJ,.....~wi/Ji"glOfKl,.
fo~ fhe lraffi c _I..", e to d' '''i ''u....
evtUiJerolW•••{I....e 1WUe}"wiMllfCrr

l'\SDI

lbus\'a1Dio I19IWoCdan~elic"

lal ion fonmr COl estJma!Ing ...i1Iinp>as to
pay. Thi. type of format is 00 klnga rezard­
ed n ..ute of the art. The refnrndil formal,
...hich is 11-' by Banrim, s.ntha and
Viladr iclt-(Jrau (lSJ, is now preferred
because it ill In5 smcep tible 10 SlnIegic
behr. iour.
The data from tltis study _re IN/yscd
\IIinllordilW)'Ieast~(lincar)regTC$-

.ion . The codfic M:nls of SC\-'en! important
cxp lanalOf)' variables were signif ICant, includIDg noise ,
incomc and """," ~tu.... wftichJ'fll'llidc-s ,"meoonfidcncc in
the va lidilyoftherestlIlIJl,elll:nted. H~lheCl<plal1lllof)'

P0\\-'Cf of lhe rcgrt'Ssions wasrelatively low (adjusted R ' rang­
ing from O.OS 10 0,27). willin gness to pay for a changc in
no i1OC lcvcls from Leq 6S 10Lcq SS """" estimal cd to be $ 1032
l$US)pcl)'C ar or $ 10,320 (annualised using a 1000IOdi.'lCO\lnt
rak ). This contl"l5ts wilh an es tim ate made using the hedonic
price mcthod of$ 2662 . At fin t glancc il appcan thal lhc con­
tingen t valu,llion estimates are subsWltw ly greater than lhe
hedonic pmt estimaTes, ...itich ill suggestive of )'Ca-s.aying
behav1our. i'~n.the arbilrar)'s.-lectionofalO%discount

rate has probably l!fa;tcd the compara biliTy.Empirical evi­
do:ncc .ndiclltn that dl..:oun1 T'lIICs. in cont ingenl n !ualion
stu<;!in arc typICally farlugher than lhi$, often hcing3O'llo 01'

hildJer· tf ll nlOR'appropnalt discoun trate wc-rt SoClocdtd. thcn
lherewould_"ktlyhcgrntnOOll\~~ lbe

""~"The second stt.Idy. by Barmro , s.mcbez and Viladrich-
CIT'lIlI [2S~ ...u --.thcr application of the contingml ~-.Juatioa.
me1bod 10 valtae reduclinnI. in tr.tff1C~ in the ciry of
Pantf>lona in IlOI1hemSpa in. Pamplona is a moderalely -.in'd
dry .. it/t a popuLalionof about 200. 000 inhabiWll , . Pamplona
ili are latjvely llOisyctty. withS9%of~throogn.

OIIIthccitybeing aboul6SdB(A) and an ;r,'~cnoisc le-.'t1

of6 7. l dB<A).
Barre iro, Sanche7 and \'i ladrich-Gmu 125] descri bed 10

respondentsthrce r roje:cts thatthe locaJ gl.Yl-'tfl\Jll",I COlild
imr lemcnl lo redece traffi c noise. These included : ( I) a noise
cen tro! cam paign. (2)a program of surve illance thai would
inclu de fines for infringcmcn rs and (3 ) modificalions to road
surfaces. A double bounded dichotomous choice fonn at wu
used 10 determin e willingness 10 pay, Wilh this ferm at.
respun dent. wt're firsl asked i f they were willing to pay a
givcn amllunl. lf they alL......ered pusiti ~o:ly the)' werc ..ked if
they were willing 10 pay a lugberamount, and if thcy aru...: rcd
IICgllti'ICly they...:rr: a.J<ed if th~ ...'en: willinglo paYI"'-f
amount. The ",",ple size: for this study was 600 respondents

The da ta in Banriro,So1nchcz and Viladricll..Orau ·sot uUy
were analysed tl' inll a binary IogII modc-I wi th a~ simrk
model spco:iftCalion that included no socio-dcmot:nphic or

0.2 1-0.54%

0.42-0.52%

0.9%
1.26%

0.7%
0.91%
0.36%

0.6%

0.2%
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5. CONCLUSION
The results from this review indicate that there is considerable
uncertainty regarding the value for noise. Both hedonic price
and stated preference generated estimates differ by up to an
order of magnitude. The wide range in these estimates appears
to be driven primarily by methodological differences,howev­
ercultural differences may also be contributing.

Noise is particularly important economically. Button [2]
reported estimates of the cost of noise ranging from 0.02 to
11.18% of GOP. Given the importance of noise to policy deci­
sions, it is surprising that such little attention has been given
to establishing the value of this negative externality, in
Australia and elsewhere. For more accurate and informed
decision making, there is a case for undertaking further stud­
ies to establish the value of traffic noise in Australia.

12.6% increase in prices. Assuming a median house price in
Australiaof$145,200[24],thisisequivalenttoanincreasein
price of $2904-$18,295.

Now let's compare this with the stated preference estimate.
Household individual income in Australia was found to be
$47,326 in the 1996 census. Willingness to pay, based on the
results of the stated preference studies, was 0.19-4.84% of
annual household income, which is equal to about $79-$2004
per year for a 10 dB decrease in noise levels. Assuming a dis­
count rate of 10% over 25 years, the present value of willing­
ness to pay is equal to $714-$18,187. Thus there is a fairly
similar range of estimates generated using both the stated
preference and hedonic price teclutiques.

This result is similar to the findings of Button [2]. Button
conducted a rudimentary meta-analysis of noise valuation
studies and included a variable that represented the use of
willingness to payteclutiques (as opposed to property value
teclutiques). The coefficient for this variable was not found to
be significant, indicating that stated preference and hedonic
price generated value estimates converge.

[5] M.C. Strecting, A Survey of the Hedonic Price Technique.
Research Paper No.1. Resource Assessment Commission,
Canberra(1990).
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THE VIRT UAL BOEHM FLUTE - A WEB SERVICE
THAT PREDICTS MULTIPHONICS, MICROTONES
AND ALTERNATIVE FING ERINGS
Andr ew Berre s, John Smith and Joe Wolfe
lk bonlo f Phy, ICl
Un in ni[)' of :"iew So ul h Wal eil"S)"d nt')' 20!\2

ABSTRACT, We report . web "" vice for lillie playc", 'n." Virtu.ol Boehm Flute' , thaI provid... all.......,;~ , mguing, which may be easier

IOplay.I ....."'kwar dlO finger Uldior more inTllne fordif'f erenl cin:um . 18nce' . h al' o provideApos.,ibl efingeri ng.formultiphonics(chords)

Il U!lCsan expert sys tem lIlar~d icl< the (llaydldi l)' of lll,te. rr<>mfealure . in the input im~e Jpcctra, based"" the playability of957

impedance mimma as dele 'OI;ncd by an expert flUli.e, U..,d in conjunction with a Illcoreticat tno<le1. """"loped from detai led cxperimcn lal

ITIQ3Urements, it can predict the ""o uMic imrcdance spec trum for 39,7 44 differenl llCOuoticoonfogurations of thc flute. The ,<,suiting

databasc providc'S,v;aamu,ician.friendlyinlc,face. lheprediclel'l po.'.;hlc nn~. and mult;ph011ic.forany .clcC1edfin~ering,and all thc

p<Jssiblc fingeri ngs pred icted 10 1'13)' a <Se.ired n<>!e or mult il'honic, 1'he se rvice is at hnp J lwww.phy•.un_.edu .~ulmu.iclnute

1. INTRODU CTlO:'IJ
A particular combination of kcys pressed on a woodwind
instrume nt is ca lled a fingcring and <;orresponds to an acoust ic
<;onfiguratiOIl with specific tone holes closed or open. One
might eXp<Xt that a flute with 17tone holes would have 2"pos·
sible configu rations , bUI the number is smalle r because of link ­
ages and cfutches. In this paper wc describe a databa se and web
service that allow flute players to search all 39,744 acoustic
configurations of the modern Iluie, both C and B fool. We
beg in by explaining why it is interesting 10look al so many.

A few dozen finge rings are ' standard': beginners on the
inslrumen llearnoncorper!Japslwo 'standard ' fingerin gs for
each of the few dozen nOlcs in the normal playing range . \1ore
advallCedpl~rsll"lfTldozens of altcmalivc fingeringsthal

havcdifTcren lpropertiesof pilch ,stabililyand limbrealdiffer.
cnt playing loudncss, or tha l may be used lofacililllte awklVlU'd,
fast passages and trills (rapid altem anon s betweo:n noles)
P layers of comem porary flute mus ic are required 10 use many
more fingerings. Some of the se product: multipbooics, or
chords,i n ",hich tml or more oolCSare soundedsimultancous­
ly.O!hers produce microtones: notcs",ilh pitch intermed iate
between those of the equal tempered scale. Yet others are used
to produce notes with unusual or contrasung timbres . The com­
poser Berio [ I ] was one o f the early users of these techniques.

Of the 39,744 possible fingerings, OlIly a fraetion are given
in advanced teJ<~for flulistsor forcornpollCrs ",riting for the

in:<trumenl [2,31, so presuma bly many playable dKlrds and
Illher poss ibilit ie-, rema in UIlknown . Fun bC(", sean::bes cannot
be conduct ed easily, A com poser wislting to ll.<;c multiphonics
or intt:TC'Sting effects of eonttaSling timbre-; (or a player
required to play them) has hitherto had no easy way of finding
out which ehords an:possible and how they may beplayed. The
Vin ual Boehm Flute aims to overco me these problem s.

2. ,"' t Un : ACO USTICS
Much mformarion about the acoustica l properti es of the n ule
for a given fingering may be deterrmn ed from the spectrum of

Acoustics Australia

the acoustica l impedance Z(j) , the ralio ofacouslic pressure to
volume flow of air, measured at the embouchure hole (the
' inpuI' ) of the fhne . For any flngerrngfhe Ilute plays note s
whose frequencies are close 10 those of the resona nces or
sta n di n g w~ves i n lhc tubc o fthe i n 'trument for lhal fi ngcri ng

The n ulC is pl ~yed wiTh the embouchure hole open 10 the
atmosphe re,alld sn its resonanc cs cm respondc1 01\Cly to lhe
minima of the acoustic impedanc e at the embou chure. The
acoustical princip lesofth c Ilutc are reviewedby Fletcher and
Rossing [4]

SltmJ<lllifi l'lgerillg.s

In many standard fingerings, all the holes are clo sed down 10
a certain point, and (nearly) all open beyond that. Tna crud e
approx imalion. rhe flute wiThsuch a finge ring acts like a tube,
OpeD at bulh ends, whose lenglh L is aJ'Jl'"Oximatc1y Ihat
bctWC'Cllthe embouc hure hole and the fiN open 1000e hole
The minima in Z(j) cor respond to standing WllV es wilh .", ."Y(:.

lengthsof W II, wherc l'l is an intcgcr. Thcsc TeSOnanCC5givc
rise 10 a harmo nic series. Thus the flute can operate usin g one
of these resonancesas the fundamcn l<l1. and producing har­
monies that are suppone d by the higher reso nances .
Vibrations with frequencies in hanno nic ratios together pro­
duce a pcriodic wave and are lISually recoglllsed as a single
notc.ln practice.the standingwa\~sprupagalC a linle pa.stthe

fi rst open holc, and the gt:Ornctrynear thc embouch ure is
complicated so accurate calcula uons of cach resonance Ire­
quency are rathe r moremvolvcd.

Lro ss fi llgmllXS .md m"lt;pJIOIlics

Cross fingeri ngs are fingerings in which one or more lone
holes 3Tl' closed downst ream from thc f trst open hole. An
open hole aets like a I,,,,..impedance shunt (act ually an incr­
tance , thc acoesn c analogue of an inductance). Some of lite
rravetlingwave is reflecte d at the fi rst open hole , and some is
transmined,only to be reflected at the next open hole or series
ofopcn holes. These two reflections can give rise to two dif.
ferent startding waves, which the player may be able to excite
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simuhaneousJyinsu~rposition. Al the lengths i ll\lUJvcd are

not in gmera lsi mple harmo nic ratios, these IWOdifl"eren tlt'IiOJ­

nancestoondtogethe-ru achordor multiphooic (we Hg l ,.
Thn'e an: ~J oonstnints on producin g them. Fim, t~

jet IIeoomo:s iPCteaSingJy non- linear &I one bIowt. harder, to

mode lo d j "l ooxwrs(S). Conwqumtly, m uJl ipbon ic . can usu­
a lly bep roduced only a t rdati~1y low d yna mic level•. Funher-,
tbc impedance of a s ingle:, large, open bole is Mllow I I low~
qucrkin lhat litlle power in !he WZ\fC is tra.n....ined beyondit

QmseqJ.oently.lhcnarrfew mul liphoo ics in t!le low ranJCof

lbeinslJurnent.andthoscwtoeroruthe~fTQjumcics

Mrlnlllllly!holelhalUM:the5lTa1~bolaintbcinlitnunelll.u

the r im rd k a ion. Mu ltTphonics have btm srudJed aoousIica"

Iy by W\'rnIlauthon abo ha\'e eumined tbc reillionship

between the sptC'tn o fthc noInprodutedandthc'tnplll lmpro ­
&Dee!lpeCtr\lm of tlw: tnslrummt (6,7), tbc rela tionshi p among
thc:f'uodamaltal fn:qUCllCics of the noIn produted (8), md the
bo:haviour o fthe sound speoctra in plwc: 5pKC (9, 10 ). B.:kus

(7) JlUdKd muir iphon in by re illing the sound spmru m 10 the

inSlrumo:nll impedance spect rum. He rcptJl1 cd heterody ne
oornponmb from tbc inter1ll:lion, ind icl tinil l non- linea r super'
pos itionoftbctlWootes.

•• Q Q!

Flrure l . A s1,"",hoftheconfigurarionohflulClhar'*'lIplay l
mull1phonic wilh_clo6eto CS and FS,l!nOIliod>en. On Ibe
nll1t' l<:hematic, black and ..hi teindic.atc clol;cdandopenholes
resp«ti""Iy. When ltlt' sma ll bole arrowed il c"-d. Ihis
fins<Tiny ploys FS, .. t.ose51anding wavc is liketclledI t Ibc top of
tho figure. Whm open, this bole prod llCt'Sa rd lcC'lion whoao:
<lII>din,...vc ilapprmillllltelylhalofCS (lheo«und I1uldln,
wave ~kete:hedl. 1be ~ has. lub5Iantial mdelfeet; the
inenan«o(lhesm.allbokbcfta,.nhke annlnllmgtllofbore.
tiindicared.Thegrapll isrbe n-..rN ;~spKlnllnfor

Ihis fmpng in MCl « "'''U /II'. ('T'he dB saJr .. 20
Io&,.(ZlMn ~) The plz:.-.bilitirs JftdieIrd loy!he nrm sy-.n
arc5bowll fot adl o f llae idom f''"'''_lboId-*rs.JiI
eaiest, Oisimpo;Ju -"}.
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4, FRO" Z(j) TO PLAn~G FREQUEXCn:S

~an::~R:IWIlII why playing mquenciesinl flutedo

001 coincide with tho.;c: o f the mc:asured m inima in Ztj) .
Atrhough these di rrCTellCt'S an: 'ooly' a few percent or leu , thi~
mean, thai:lhey may be:a subollantial !Taction of I semuone.
Flutists raiSt' the t('lTlperiltu re and h wnidi ty of the a ir in the
instnlll1Ctltl , md thus raise tile pitch overall. They can I l""vary

the pitc h by varyi ng the extent 10 whic h Ille lower lip CQ'Icn Ille

emboucllUfC'hol e . Thc:y al<o vary the speed of th e ;el.
We ei cc ied to inciude allt llesefaclorsina sinllle, e m l'iri _

cal funct ion . Two flulist s were I. ked 10 pl ay the flute UM'd in

the experimenta l lIIudy. They were a.'\ked to use their nonnal
nnboucll~ and to avo id COlTt'(ltng the pit clI when .nd if ille

instrumartwasOU1oflUne,llleyplayedeacllnolt'f"Nt'r t~

range from 8 J to 1::7Imn¥ standardr;n~ngl and mai nta i","

mil! the OOIe for wvenI KWndii wflile a p itch mt'uurnnml



Impedancez m]

>122.6dB

Figure2. A schematicdiagramof the C5.0 decisiontree.

s 116.7dB

Similarly, playable expert data were presented to Cubist to
evaluate a set of linear equations rclating minima pararneters
to a degree of playability P (0 ::;P ::;3). Whereas the parame­
terdependenceanderrorrateofthcdiscretedccisiontreeare
well-behaved, the composition of Cubist's output is somewhat
fuzzy. This is for two reasons: (i) the physical minima para­
meters have a wide range of correlations with the expert
flutist'sdiscretescaleofplayability(P,,"I,20r3),and(ii)the
minima parameters themselves are strongly correlated, and
can therefore appear interchangeably in relationships.
Nevertheless a rough estimate of playability is useful to a

the parameters are strongly correlated. The neural net method
was unacceptably slow for these data, even when only subsets
of the parameters were used.

The successful method used decision trees, developed
using the C5.0 algorithm suite. Decision trees are an artificial
intelligence technique described by Quinlan [21,22] The set of
expert decisions was used to train a two-tiered system; the
first decision tree predicts whether a given impedance mini­
mum is playable orunplayablc based on its physical parame­
ters(usingC5.0), and the second decisiontrcc ranks playable
minimaona continuous scale of 0 to 3 via a conditional set of
linear equations (using Cubist, the continuous form of C5.0).

When presented with the discrete expert data (i.e. whether
each of the 957 impedance minima are simply playable or
unplayable), C5.0 evaluates a decision tree relating physical
minima parameters to a decision of playability. Cross-valida­
tion was used to test the performance of the decision tree with

(I) unseen data. In this process the expert data are randomly
divided into ten subsets, and in each iteration a single subset
is withheld from the C5.0 algorithm and used as a test set.
Using this technique, a decision tree may be pruned to remove
spurious dependence on any of the minima parameters that do
not improve the error rate of the tree. The decision tree which
demonstrated the leastcrrorratc (5.2% during cross-valida­
tion) is shown in Fig. 2.

a~ 1.0293,fl=0.8588ifjm<350Ilz;

a=0.9769,fl= 1.1674 if350 sj,,,< 1700 liz;

a~ 1.026, fl~0.8074ifj;"<: 1700 liz.

was made using a commercial tuning meter. The use of only the
impedance minimum of the fundamental to estimate playing
frequency is a crude approximation for notes at the bottom of
the range, for which several harmonic minima may all con­
tribute to the playing regime [5, 20]. However, this approxima­
tion should be valid for quietly played notes, where the jet
behaviour is least non-linear. Flutists are used to correeting for
the variation of pitch with loudness, so this approximation
should not greatly reduce the utility of the model. The differ­
ence between the measured frequencyfofthe note played, and
the frequcncyj. of the minimum that corresponded to the fun­
damental of the note played, was calculated using the following
relationship, which corresponds to three straight line segments
in a plot of pitch correction vs pitch.

Quantifying extrema in Ztf).

The frequeney range studied was 0.2 to 4.0kHz. This covers the
range of all playable notes on the instrument and furthermore,
Z(f) has very little structure above about 3 .kfiz. A set of para­
meters (Z~f~!if",) was calculated for each extremum (maximum
or minimum) andstored.j. denotes the frequency correspond­
ing to that extremum, Z. denotes the magnitude of Z(f) at fre­
quency I; and !l.f. denotes the bandwidth. Q '" j;;!I.f~ was also
evaluated as a variable that might influence playability.

Measured 'playability t ofnotes

The presence of a minimum in Z(j) does not necessarily mean
that a note can be played at that pitch. The 'playability'ofmin­
ima was measured as follows. An experienced flutist ranked the
notes corresponding to each of the 957 minima present in mea­
suredZ(j) data for 76 selected fingerings on one flute into four
levels of playability, from 3 (most readily playable) to 0 (impos­
sible).SomeplayabilitiesareindicatedinFig.l.

Predicting playabilityfrom parameters of Z(f).

What features inZ(j) are related to playability? As well as the
sets (Zmj~,!l.j.) corresponding to each minimum, the influence
of other parameters was also examined, particularly the pres­
ence of higher minima that are harmonics ofthe minimum stud­
ied, the impedance at these minima, and the proximity and mag­
nitude of nearby minima and maxima.

Three methods were tried to relate playability to these para­
meters. Linear regression yielded little insight because many of

The correction never exceeded 35 cents.
We neglect variation among flutes: the measurements were

made on a standard, production model, prepared in a standard
way [20], so this is the flute being modelled. Different flutes
and different players will give different results, but in this con­
text it is worth noting that players vary frequency by more than
10 cents (atenthofa semitone) in different circumstances.

5. PREDICTING PLAYABILITY FROM Z(f).
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musician , and we found il pms ible to rank the playa bility of a
minimum with frequency/. on this cont inuum scale usjng only
thc follow ing rule.

P~) O if~ < IO)l dB .1...

P - O,6+0,n log~ - 0,37 1011?¥,? + . ,f,)d O"J (f:::- f",) (2)

_ 2. tO" (f", -f:j+S,1O·)if.. -j:') + OOOS N + 0,OI8 11

The=~:~!~_boItoo.. --~~~

.,.-.~ " _._" ._--­
---..c:o

Q a ..., ", '_ «_0

·O • • e. a OoOoO ~ ElO
,OD ~ [E

Figure ) . Thc cntry pa~c f<>r Thc: VirtuaJ BochmFlute"howin~

the thrcc available 1001.

Ranking them by pitch allows the u.'<CT to seek mierotone fin­
geri ngs for a desired pitch

Alternative fingerings arc very IL'Cful tu musicians: play­
crs often praetisc as illgle phra.scm any lirnes because of the
awkwardness or poor intonalionofthe slandard fingerings for
a particular series of nOles. Co mbinations of fingering s arc
o ften pan icularly awkward in the higber regis rers. The alter­
native fin ge ring tool al1owl players 10 include certain keys
(lhatmightbcalrcadyu<.cdintheprecc:dlngorsuccecofing
note) or to excl ude keys, so that all fingers lIlO\'e in the same
directio n. Forcu mplc, the rapid alternalion(tri 1l)be1W«lt tltc
notes F6 and A6 is awkward t1Sing standard fingerings. A

search for an aftemenv e fingering forF6 in which the stan­
dard kcysdoscd forA6 ...ere included yields the fingering

(kecwn in text 10 a flute player as (Th 1 2 3 1 I - tr2 0# )
whic h yields a comforta blc, easy tri ll .

This tool can also find fingerin gs l!ull are easie r 10 play, or
havebeller imonali(ml han lho._ givt'1tlS standard rart icular ·
Iy in the founh ectave. One ofthc aUlhors (a p layer of' reed
instruments whn rarcly plays flute) is unable 10play F7 Wilh
the standard fingcring (- 2 - 1 - - 3 lr2 D# C#). The
Virtu al Boehm Flute suggests a fingering ( I 2 -1 - 2 lr2)
wilh which he can play it cilber so ftly or loudly.

6. THE VIRTUAl. BOEHM FLUTE
The folJowingpl"OCCSs is performe d to predict the playable

nOles ofany fing~Ting : (i) calculate animpcdancespecU'Umfor

a given fingeri ng using the de~cloped physical model, (ii)
extract the phy~i cal parameters of each minimum from the
spectrum. (iii) u.<;t the developed expert system 10 determin e
which minima are playable end their degree ofp layabiliry,and
(iv) correct the pitch of playab le minima for playing conditions
For allY fingerin g, P'Jirs and triplet s of playable notes that are
nOI harm onically related are predicted as possiblcmultiphon­
ics. These steps arc repeated for each of the 39,744 B foot and
C fool fingcring"lhc cnt irc l' rocess requiring approximatcly
12 hO\lTlllo CUlllpulCon an Inlcl h nlillm lll PC.lbcre;ulting
data are stored in a Sllbstanlially sized relatio nal databasefthere
are in theorderof l50 ,OtlO[lOSsible notes). To access these data
ina manner whic h is useful andint\.l ili\'t' for a mu>ician,a web

interf...:e wa~ develope,J following !be principles of Gn=JSPun
(23] and N~lsen (24). This web service, titled 'The Vinual
Boc:hmPtcre ', providesthreetools for flut ists and composers.
lltC'Seat't' stKw.n, ,u lhcy appcar onlhe !lC'fe-m.. in Fig. 3.

The firsl I tlol al1~ the user 10 inpUla fingering, using a
graphicalinlcrfacethatreprcscnts tllc kcysonaflUlein a ....ay
that is obviou s 10 flut isl~. The Virtual Boc:Ivn Flute return s a
prediction of all posl'ib1c "" Ies. Wilh pred icted pitches and
playabililics. and a l i ~l o f mulliphtln ic possibilil ies

The second tool is used for alternative fingerin gs and
microrcne s. The user er acrs the desire d note, and some details
about the flute sJhei s using. The database is then searched for
all possible fingerings Ihal prcdict notes wilhin haIfa sernitone
ofth c note soug ht. These mayb e ranked by playabilityor pitch

:::~da~~f~:::~~::;;.~t:~~,:e:ft~~Cf~:e~c::~:: 2.:-::n=-"~ _ .
c1oscstminimum bclow [. . ~ [-r·-~ · ·- 0 .. - 0 ...

The harmon icil y of' hig her minim a was included in the ~ : • : : - . 0_. 0 _... . .. ... . , ._--- -
study ~au~of thcir p',~.iblc involvement in ' mode locking' • __"'_"__
of the non-linear oscillation regime of the jet [5]. ~Iin ima at _ ...n_ .. _ I~ . -I ---- ......
frequencies .bm' l. were deemed <0 be harmonic if their Ire- " :"''' : " ' ~ "._. :§ ' S,. ., . ,. • e c
quency ll.:I.. in the ranl:c,,( I±O.05lf_wheren is ap<.lSitivc ime- §L _...:a ~ §L _••:~ ~'2.

get. The: hmnonic number N was the IOlal of such harlTl\mic ~ '6
mimiml . The harmonicily function H was the ncrage of
log(zy" for the harmonic mmima. The small coefficients of N 11__ _ ~ - 11----

::~i; :'':I~: ~~ry~:~i: ~I=~~=~l~~~i~~~ _3 .~-:-~==::- .._
However because of the various corre lations among the input -_. --, - _ .

~"riabks. ;llClooing l~ in C(juation (2),~ should be rau- [C'[ rrrrrril
;=.,;; ",mif", ~" r"=~tr.f ,",••" fmpl" ' fgh<f,g L: ' _ !~ :.i ' : . Ii I~

t;,;-..::: ~ g:::.:!-_
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The third 1001 searches the database of m uluph o mc eom bi­
llations that are input by the use r. Il may be used for examp le,
by a cornpose r who wishes to inc ll.lde a chord for the fll.lte, but
who nttds to know if the chord is possible. Trad itionally, com­
posers an: expected to supply the fi ngeri ng when multiphonics
orothcr~uliardTeclsarc r'''quin:d.

All too ls allow the usc:r the pussibility of runn ing the thoo_
retieal mode l fur the selec ted fingering tu prodoceZ(j ), whose
minima may be ida1 t if~ with notes using the mouse.

Th e Vinual Boehm f1ute is wide ly used by flutists aro und
the "'"OI"Id, whose co mments have been highly favourable. It is
locat,'1l011our musio;acous tics sile at

<bnp :flww w.pb)1l.ul1li.....edu.au/musiclflutcl\linual>.
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ACOUSTIC SHOCK*
Harvey ()jllon a nd I\fic hllel Fisher
."rI atiODaJAcou , ticLaboralorin
Chats.. ood, JIO SW

ABSTRACT:A~sbo<:k~be.probIem IOpn>pIe. MdI .. call<enln:openton, .. ho..... "" achclslo make Of m: rivt: I LoIJCI'lIIIn­

\In oflO'lq>borw w I$. A dI:ricc is dnaibo:dthai sipif><amly n:du<a tM bulihood of~Y1"ll " K....mc tllock

1. BACKG ROUr\ O
11If!proIJlnr<.-Occasionrolly,inlcll.'C,llllwanlal.ignala.,;o;;idrn-
Ia1lyoccurwithinlbe~kpbonenefVoOf1r. . Thnc signal.ucv .
~c:alkdaooustic shoc..s" • ..hoshocQ.K'tlUSlK shridI ...
hig,b-pi1cbed1OIlft. Thr n aet IlCJUfU of an indMduai~
shock is USUlllIy w-n. but ,-.nous sourttS are poMiNc.

stdl asalann sipWs. signaUlnlllOlln., .. tu.l kt,. wfeoedhKk

""""""Thr Iasl:may be the _ com P'lOlland can cu,Iy~.

sudl aswhma conleu.lelephonc is brousht looc;loM to~
btie~ ...flile the baK __ ..... itllYnds-frft' kIud-

speakft opntinJ . A high-pitchod 10M Ihm fftU llJ in j llQ d>c
same -r dm. public addro. 1)"1ml squeal• ...tIm the~i­

rx:ation i. i~loomucll.

Although tho:w higb-p ilchrd !OMS can . fJea anyone , pro­
pkusi",.~J.tland-he1d 1clqlbolw canquicUy_tbc:

phone rwry from lhc:iTear. th.... Ilmit;n, IMr sound npxun:
lOaftar;tion of . JeOOIICI..

CaI1~ 1n' opmokJn",b<~. -..ally .- • h.cacket.
whidl takes conoidcn.b1y Ionra 10n:Ifl(WC from the cal" weR an
in~ ..... nd 10 OOC\II' . Theyu- reca..c . grealer ooiw: ClIpo­
sure than fot people w.ing band-hcld.,oonn. 'The probIcrnmay
be eucerbatc:d if ca ll ccntraarc 10 noisy tIlI l thc OJ'Cf'ilors
need IO~ the volllll1C.' conlrol l on their tdrpll~tumed up
higherlhan wuuld bc n«cl lW)' in aquiewr plllU

71Jf!t'JJm l : Unexpected high-Ie.-el sounds have hem l'q')lH1ed

to cau'Ie a variety of wymrt oml. SymptllfTllO tha i have been
n:ported.in diminillhing Irequencyof'occuetence, ioclude pa in,
linnitus, vertigo/nau!lCa, altered IIt'n"lllions (block ed, hollow ,
o:<; oo;nll- fullncll5;n eu, hum;nll or lingling), hyperocJlllitivity IO

loud " lUnd., helldachca, hea ring JlISS, altere d p"ycho logica l
statc(shtlck, anx iety, depression. "f t ircdn~'j;')' and numhncss
(Milhinch, 20(1 ). In som e uses, symplOms arc reported I..,
co nlinuefnrycaraaftcr lhc incidc nl,a llho ugh mo""oommonly

thesymplumlaresh"rl· lived
S...me e peramra whn es pcrienc e 'lII lOCnUslie shockunuer ­

slan,bllly fec I aflTlrchenai~c , Ix"' l us ing the phune or abou t
IouJ wmndlin~IlCTlI I. Mea",-,rement. ofluudncss pcn:eption,

based on lhe Co nloor leM (ClIa el III., 199 7), performed on 24
lelcpN>neopcr.aI,nal aullcentrcalwtlichloeVt:ralcases of
ec......lic abock bad occurTCti. illdicalcd significantly ab norma l
Ioodnesspcrccption.Although~pcrccplion",asnor­

maJ at low~lalion Ic<.'els. 1oudncs5 growt h was steeper
lban tltJl"I\1;Il, leading 10 a loudne;sof Mloudbul O KMbcing

achincd aI kve ll 12 dO leu than normally 0CCUl'5.--

····-;- 0 ''·· ;'

~/f~" " .....;/~.
·~· · · ·· "· O · • .. ... . / :.. ., ,

..... ·/ .-:'0 ~,.~ ....
;';' ",,,,,,,

.../ ..-: ....8o'L- .

1 l-~~-~-~-~---'

20 40 60 80 100

Presentat ion level (dB HL)

fistn l .A-.kulDess~~b-2.~

openns.....nina:in.cal1 en1lrr irt-tUcb-xohockl.had
htttr.~ S'f-c$ .-e forSOOth.llldlN!llln forl

kHL Dala for kftandrighiearJha¥c'-n cornbtnod. 1ht:
oobdliDe tbc lDCUlf.. --..w~IiDenen,and"'"

dashedliDoa !he ...~ tlw IIkco in 80% oI"ltl<II'1naI-
hcronngliotcncn .

n...damage medwl"is"" The moch&ni~ n using the..:lvcne
symptoms i5not k-.. wi th CCf\Binly. II w:emshigttly likely,
bawcver, thaltbesoundCApo!itl.l'l:clicil5lnacouslic itanlc
rcflcx (Paruzzi, personaI oommun iealion). (Thcll4ll1c11.lrt1c
ren l'JOcana lsobcdieilcd by anullt:s poctcd louch or pufT lIf
airto ibe eyes). Whcn startle oceurs, numerous 1Iluoclc, inthc
upper limbs, shoulders, nec k,cycand ear (the slape diltS mul '
de and the tensor tymp an i muscle) arc activated. If the noise
exposure is loud, or if the person is inan aroused ' ti IC (c.g.
anx ious , fearful) prior to lhc startle, lhc rrt>lgnitudc of lhc mus ­
cular respons cishcighlened . lt l\CCmsp " ssihlelhalthe on go­
ing symptoms are lhe alt cr-efTo:<;tl on the muscles and liga­
ments caused by the musc les bc inlllcn!ICd10 an unusual
deg ree.

It is well establishcdt lml lheemolio nal state " fa pcrst>n
affect s the start le rcspon le ( Buller el aI., 1990 ; Cook el aJ..
199 I, Gri llonelal., 1993). A fea rful 'la le, ror iOltanee, low_
ers lhe l~ooldofwttnd al "'hic htbe slartlerc fleJl,oeeun,

and inerea.'les the magnilUde o r lhe rcspolUC ...hen il docs
oeeur(CooketaL, I992) , ll lhU-1M'Ct1lIJlO'S Iblethateall-ec:n­
tre opcra lOn ...iJo fcu thallhcyWlllbc>nJuredbylnacouslic

ra i, paper-..asoril inally JIUbl 'shed in t!>cNAL AnnlWR~
fur 2000-2001
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shock may lruly be al greater risk of injury than Iho!ICwho aJ'!'
notapprcttcnsiveaboollhchkelihood ofan incidenl. lflhis is
true,then inc ident. are more likely to occu r in call cenlres in
which incidents have previously occurred than in call centres in
whkhthere havc bcen no previousincidenb

Thc linkb Clwcen Slart le responsc and emotional statc opm s
the possibi lity that thc after-effec ts of an inciden t haw II self­
perpetuarmg eleme nt even without further headset usc: Loud
sounds normally elicit the stapedius muscle, either with or
without a start le response . lf such musclc actioncauses fur ther
pain or discom fort soon after an incidenl, the person affected
may beco~more appJ'!'hensive aboutloud sounds in general,

Ihus increasing lhe likelihood of furtherslart le reactions.
Funh cnnore, repeated app licatiOllof the staped ius muscle may
even lone and strengthen it, thus omabling il 10 exert Il:\'ClI more
f'M"ce on the struelUreS arOlmdi l ( Patl.LZzi,~I (;Ommoni­

calion.)

Note that while NAt has e>;lcnsivcJy rcscerc bed means to
minimize the incidence of'acoustic shock (see below). il has not
directly investigated the undetly mg physiologica l end/or psy­
cho logical damage mechanisms. The stalements regarding
dama ge mechanisms in this report are inferences based on
reported symptoms and the known pTopert ies of the startle
response .

It may be of interest 10 eote tll3l one ofllJ.e autllor:s once
Cllp..'T'iellCCdan acOllSlic shockwliilewearing headphooes con­
eectcd to sorne (fau lty) laboearory equipment. In th is case the
~ymptoms during tbe exposure (of approairnarely one-second
dUllllion l were a high level of pain and felt similar to being hir
abu ut the head. Symptom s in the 30 or so minutes after the
exposure i ncl oded llll~and d isoricntation. Thephysi calsCll­

S<l lionsduringandafter cJ(~UreWl:re 5imi larlothal causcd by

an ejectric shock.(which lhe same author has also experienced)

2. SO LUT IO;,,\;S
The potentia! sckmonstoihe problem listed below II'CTC iden­
tified. Digital signal processing code That impleme nted the
first two aspects was devised by NAUC RC (see Figure 2). This
code carried OI.Itlheoperatiuns ofaotumatic volume contro l.
limiling. and shriek rejccli(Ml. The code included digital tikers

that were the inve rse of respon se characte ristics ofpanicular
headphOfles. so that the eode cou ld control the SPL generated
by the headphon e al the eardrum of the average user. The dig­
itafcodc was installedina proIOlypcde....icc developed by
Tclstra that was desib'lled to be insen ed bctwee n the telcphooe
console and the headset . (h'CT 1000 units of this version,
which was spec ifically dcsib'lled for Telstra call cen tres. were
constructed by Telsrra and insla lled by them. A general-pur­
pose version, known c..,mm~rcially as lhe SrnmdShield, has
been producedondo;r licence by Polaris Communications fo.
applicat ion in any call centre. The device, shown in Figurc 3,
was designed after consideri ng the fcllowing potcnnal contrt­
butions 10 ' solulion:

Soun d Iimjtjltg. Simple headset amphfiers that limit the
amounl of ilOUndproduced bythehead.-.elSha~·eno1 solvedlhc

problem. Th is is understandable; outpul levels cannot be lim­
aed to too low a lcvet.or ee clarity and quality of speech is
ad...ersely affccted, pan icularly in noi sy call centres. Lirninng
is, howe...er, an important part of the sohmon so tha t all
§(mnds, including high-pilched lone s. are no louder than they
need he. Lim iting should be car ried out in such a way that it
introd uces the minimum possible distortion of speech. Th is
requir es limiting 10 be accomplisbedin several stages. com­
prising inslanlaneous, very fast-acting and somewhat slower
cUmpr-essiOll amplifier s. The instan taneo us and very fast-act­
ing limiters also minimisc the impactofbrief "spikcs"'(elicks,
pops and impaci SOIIJ1ds ). The effectiveness of limiting is
enhanced if it is com bined with very slow-aetin g eompres.~ion

tokeq>The ov.:rall lc-o-eln car thecomfort le"'c1of lhc operalor .
Limiting should allow for the I'rc<;juency respo nse of the head­
SC'l on lhea...erage hstencr, Sucli frequency-depc:ndentl imiT.
ing is necessary if the opt imal amou nt o f limiting is 10 be pro­
vided al each frequenc y.

Shr iek ,, 'jecrirm , As a startle response cen occur at levels as
low as 60 dB SPL (Blumenthal et al, 1991). il is nnt pu"ib1e
to prevent startle by limiting alone while '1ill preserv ing
.pe ech clarity. Mure soph isticated processing dj fferennates
belweenwantcdsounds (such as speech) and unwanted high­
frequenc y wunob .sothateachcanbe processeddill"erenlly.
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Whcn a high-pitched tone occurs, its frequency can be mea­
sured, and of'any sound at this frequency blocked. In rheimplc­
mentation devised by NAU CRC, the tone is typically detected
and blocke d with in a few hundredths of a second .
Consequcnny. fhe durat ion and loudness ofthc acc usnc shriek
is greatly diminished without i;petx'h being much affecte d

Call centre design, The design of the call centre will greatly
affect the level ofambicnt noise expe rienced by the operators .
Achieving low noise levels enables the average level and limit ­
ing levelof the headsct amp lifl cr tc bc rcduccd which min­
imiscs the level at which any unwanted sound occurs. More
informa tionabout thc dcsign of call centresan d specificallyt ai­
lored call-(Oentre servi ces , such as audiological testingbearing
rehabilitation, and a.;oustic mea,ure menb , can be obta ined
from NAL Consulting

Confide nce builJing. TOl he extent that the problem has a psy­
chological compone nt. the solution also requires a psychologi­
cal aspect. If apprehensive operators are more likely to be
adversely affected by high-pitched tones, then demonstra ting
the protective qualities of a headset amplifier to operators may
increa~ their eon fidence i n the i r equi plT>('nt and thus decrease

the likelihood of incidents. (This assumes Ihal the headset
amplifiers are sufficiently sophist icated to provide a high level
of proteetion.)

3. OUTCO.'\U:S
Tests with a variety of real and synthesised high-intensity, high­
frequency sounds revealed that the signal processing was well
ablc to detect and attenuate unwanted narrow-band sounds in
the presence or speec h. Human a~"CCptance tests onthe proto­
type prottx'tiondeviceswere carri edo m in a call-(Oentrelhat had
previously experien ced a high incidence of shrieks. Operators
reported that they preferred the sound qua lity, clarity and eom­
fort of the prototype s, and felt increased confidenc e that the
device protected them from harmfu l sounds . {The high level of
protection provided by the device is easil y demo nstrated 10
operators , and developing this confidence by thc operators may
be an important clemcnt in providing a comprehenSive solu tion

10 the problem.)

AcOUStiCS Australia

The new device, in both the form of the Telstra prototype ,
and more especially in the oommercial Soundxbield version ,

is expec ted to play a leading part in protecting hearing by

reducing the incidence of acoustic shock, especially in call

centres. There is considerab le interest in take-up of the
dev ice, both within and outside Australia
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SCATTERING IN THE OCEAN*
"J. lla milton (editor), S. Ansl«, P.R. Cha pple. M,V. HIIIIa nd PJ . Mulhearn
) b ri timf O pua tioal Divll ie ll,

OdelK lr ScM-nn & Tftbnoloo Orpni..li oll ( llS TO).
p.o. 80'1 .... . r ,nalla!, :"IS\\" 2110'. ,b . l n li .

I
A8STRAcr Aaluaic oeanerin, in lhe _~"...,_::-:_=:-......,=:;;C.--;.....::-:""_---"'-."7f -""'---:--~""'-_----"'_---"''''-''''''-''''-­
onlnnosmemes,bubblca. Ihe........marandomtelJufface.theoabcd,mdorpJlisms,e....... in_or_JlI"CU"'"I
M_or blcbc_ Slimu1alcd via lhae~b)i Idi\e_~ ba:omo"l incRalinlly lneful .. ~_iftt:lOOItill

=~~,Thew.:~:;na~~~:'="~~IIC~bar~=:
phys;c:aIto:::aamJIImechanismsinYolwd.

&c bcan erW.........:l il t"" l r-'I or 1M ...... o.c.onem;l IOIllIdthat
l!''''''' bad<-.rdI1hc KJIJrce

Some actiVl: 1OfIal'I1tC '"t:!nMd.a.nd w
. ...llh bmldwidt!ll " rone or

morc:OC!a'Ic:S.SudI........ C1.ltlpul_ tM ea n l(lpear ' nc:ofter\ortI
or-"";.yM,bul lnow1ed&e orlheeU/;'l~rOtmal\ooo.llhe_

prooeIl<lflOoekcl unly ecboc:o....lh aac tly _ ho... qyer.........
Ihetrlr,r,TCIlIyiD;re... mglheaignailonotsel1lllO

P( fJ) -P. ( rJ) + p, l r J) (I )

the IWn of the onamal. i..n.krtl r leld and I llC\Io' KGucwI
fie ld. Scan=all is a raad l.lttoll of illl:)dtnl ~K; maxY.
Rq1«1i Ofl is a sper;U.Iease of SQ" cn nll ....!lm: Ihc: sanem:I
rlCld mams mosl o( tbe infor1Tl.llion in the:1OCidenlrte:kLIf
the interface is complC'lC'1y fl.1I,tJv: rrl1ected rte:1d is (10 with­
in ascale fae:tor) j~tJv: ;nc;dc:ntfte:ldtlw ...tItIldhaveorigi·
n.aledf'roo1 asourcepbc(:d al lhe~l1ectcdpositionofthetrue

source X/l rlen ttK is usua lly tu (:n 10 mean lite:~ genc:raI
cascwhere most oftlte:oril inal ptlau informat ion islostand
the bulk of the informalion carried by lhe scattered fte:ld
describes tlte:intcrfll:e il scanere4 from

Scane:ringis a functinn offrequc rlCy.heinll slrongerfor
higherfrc:qu ency comptments of a .i l!l1lIl, and al'l1. oflh e site .
compressibility, shapc , and den. ily ofthe It anerer, which ca n
beoncormore di'iCrett otljeclli. <l1" roughOl'ss elements 00 a
continuous surfa~e , At low mquencie's (WlI\"clen lllh ). much
grealer than,;c anerer size, lhe Rayk igtl criterion)ltlIl1erinl is
omnidirecti onal , while a' high frrqucncie s the scanering
becomes directional (and the: object will tlS l a slu dow)

I. INTRODUCT IO N !My em il is usually puhd and ro~,,'. IJlOR like II bsn
Sal nm nl from the ocean mvi ronmenl causes n:wrber3lion. II beam lhan IIte« !l, with tM meT'lO'centred 0111rclati~'ely nar -
major~ of thc W1WU1led background noise lew ll hal hinden rowbandof frequmc.cs' .
mi litary ective SOfWS seeking 10 doet«'l sound SCIlnered by Whc1IlheTe is no change In sound speed. • sound wa\~

snips. ...~and mines . Military IOfW"des igns lm-e pre. ~gakf ""'"" from tbe socrce IJldennile ly.nco."CTT'etunllnll.
viousIy IOUght to supprns env1ronmmtal _naing 10 enhance H~'ef. .. ben. tra~lIing .. -aveeooounkn In I brupI: dwl~

their targo:t'l«king . bility. HOWC'\u. environmen tally or intnface betweal two;> nlC'diI with dl!f n'ftl l physical
.banned' IOUnd nlJW finds. surprisingly large number of propert ies, (lilly part of the wnc is lRmminnl across !be
applications in lIllderwatc:r~. k is UKd as II means o f interf ace, ...ith!he: rat muminl to !he:original medium..lhe
mnote smsins. and AI audl~ be II'Cd 10 quietly "-amine ~t1cd and mumcd waves comai n.ddirional information
blJ:coceanicYOlwnn,«Iarge_oftheairt'KlI«xa.'boI- abow: tbcintcrfxed>ey~encOOedasptaa.cand

tominrafacn.Opfic:aIdevicef;c:xpericncc higb allCflUation,but -..phtudc:tlwlgn.
4im;t IIOlIIldtr-.ni.Mion and~ blw.:beaocT o;an be IDed 11Ic:rte:1dafter the "'nc: bill. .., in1crfacc un beu prnKd
toprobcotanlCprotaIftO'>'ttaYefYwilk l'n=quo:nl;y l1lflge as
(f a 1(1 MH4 M.aayinlc:ral:inl ptoyAa.Iproblems ariJe in
llW'Ulc: M;OU'Jl:Jc: ~nl- sinc:c:il involvn intaattiomwith

physical, ebcmic:al, biolosKal ,comrttK:aI., and geologiCIl

propen~ of tJv:tm'ironmmt. Onc of thc: rnoreinlft'tSting

appl ications tall be found in s>dnean SOfWS,whiehprovi&
high-rno!\dion pitrwesof lht ~bc:d .inularl(l \;dco imllgc:ry.

Other betkxal1er dc:\-itn tan infer tOI'lCe1lm ORlof suspc:od .

ni ~ids athigh le\c:II ...-bue optKaI mc:as\lrtl aredeft<ncd.

2. SCATTt:R ISG TII EOR\ ' A;\"D HIG H
FREQUt:S CY SONARS (S, Anslee)
Iligh -frc:qucnc:y w nan aI'Cth e ac:o\lm e tq\l ivalent o f vision
s~tems, and I01>ri< in lTIuchthe lame way, If !IOIIIC1hing radiates
sound, a lIOnar can u.e the phaoe and amplitude informa tion in
the radia ted w. vel to e. timille the ltlnlion and nature cf the
sourc:e. Howe:Ver,mulitoftheumlerwalerenvironmc:ntdoesnot
spontaneo usly radiate so und. so many IIl}na~ rely on scane ....d
lIOUIII!, thaI is, sound bounced Irom ohject s and interfaces
Optica l vision systems can oflen rely tin intense external
sources of radiation s the lun, r\lom lighting and so on e to pro­
vide: a rad iatinn source . Natu ral sources of acoustic radiation
are mut h weakCT. although the tc:<;hnoology for IO Il<ln relyieg on
-ea ltcring of m " iro nmenlal noioe, sc ta iled "ac:oustic daylight" ,
is in deo.elopmc:nl (26). Molt "'.na .. rd yin.g oo scene red soued
are adiw , that i~ !hey provide the:ir <Mn mtm lC 1l:000litit Rd i­
alioosoun:e.lDOIIt oftm adJ~l lo tberettivet_The lOUnd

~ O( ..M'ft · .. """::oo: - - ....-,. i-.mI.Ioy . __ ..... ......,lNp<lIIOq __ n. .....__ 1bloI"of_~_
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In gcnenl OCCIJl WlIlcris lurbid for lighl. bultrlJl..,...,m1 for
soun4.~"KV'CfaI hundmbofkHz.beuu-'\C~par_

licles '..etyp>cally 110 IO microns in ~ze, wh ic;hmakcs !ban

Iargatlw1optiul ..~kngths.but1lllalkrthan~ic;aj
wavekngths (. I-MHz ~"'ro'e h» . ....>'tlmgth of 1.5
mm ). The optical CTOaI xction of . l)l'icaI putw.:1e (bw. J)Ol •

bubblirj is limilar 10 lIS SC<lmCtl'lcal crou-IeCtioll, but its
KOU1Ix: CI'OSf ~iOCl is mucb smaller than III~

CTOIf.lCC1ion 16). Acoustic back5unerin& can then:fon eany
~ tnnJY 0'l't'I" Ionp d,$UnCC$ than optK:aI.....vd eaf1bl-

p l r') - ( I +Rlp.. (r ') and. V 'p(r')~( I -R )V 'p_ (r') • ...here R
i5 tbc pbnc- wave reflectioocoeffie ienl the surface would have
if il wereunifoml and I1.:tI. "Then !he solution for tht- scanered
~~equationcolbpscslOa functionoftht-incidml

~ and is cur to n "3h.lolle. Th is is tbe KireilltofJ or
plrysicul <KOIUt ia appnnimation. Experimetllal ly It is a food
fil for bulscatter ..fleD the sonar IooU steeply down Illhe
scabcdorupll thcse;a surface. and for f.........-ardsuner. .. 1onJ
as !be Surf"KCisPOClOOl"OIIp. II is a poor arprolimalioo
.. fleD lhe sound approac bcs lhe surf KC frmn a sbalkM qle,
bld in sucb~anolher appnnimaliort. tbe s1fl>lli~

approximation, IQ)' be: used. ID this arprolimation,. snbed
rougImess is ttealCdas a vn11C11 perturbation ~lI)' from a flat
surface and !be swfacc prnsure is perturbe-dby III &mOIMlt

p ,( r ' ) .. - Ir(t)p-,t):+ iJp,"fih ), a'here ; is vertic.aldircdion, lr
the \'ertic.aI ruughnn.s scak andp,o, ee pre:uwt' field that
woWd be $C<lttered from a perf ectly l1.:tl surfacc . ll lums OllI
tbaI Ibc: r1t$l--order COIrV'rlf' field is zero - !be toYghnca..~

(2) makes no diff t:rel)Ce 10 the energy refleeted from the
uooerlyin£.J1al surface, bu1 the fint order dif!lUe ori""""e,,""
field is eon -aero The dllTuse f ield is sensilive to the
propor1ion of poinb Oll lbc surfllCelhal happento be: (~ctly

separatedto scanet sound at the observin g direction, 115though
the surface were a random ensemb le of Bra&lt dllfraet ion
granng s.dn between steep and shallow il)Cidenl angles, il i.
possibl e 10 interpolate between the small rouglmess and
Kirchholf rcg imel . or use other, more genera l approllimat illlU.
I n si11.lalions ofextrcme rou~ess. a ll o f thcsc IJ'llroxi m.oliOOl

brea k down Ind an empirical approach is taken

3, ACOUST ICAl. SEABE D UI AGl flrri G
(P,O, Chl pplt)

Acoustic bacbcaner fTom !1M.' seabedcan beused 10 ill\llgelhe
seabed. mahli ng active sonar sysIt'mS 10 pI'O\'ide Vlhuble
informa lion about _ bedJ"C'OPn'1in. ACOUSIiC's is patticularly
irnpo!'Unlinlhilrole,!l«aUllCoocan .... reTSIte IlSUlIIy IOO
deep and lurb id for <>pIicl l imag ing 10 be eff ective
Informal ioo obta inable il)Cludes balhymetry(depth). seabed
loanIncM.c1ulln.llopeand the~"f'D(%ofob;«1sM the

5afk>or . AI frequenc ies leu lhan aboUl50 k1b, signirx:anr:
eT1CTJ:!ycan penetrate the wa bed, pa rticu larly for so f1
Kd iments. and some sub-bonnm informa tion ca n be OOt.:lined
using suitab ly dnigned . y.IL......... Alhigherfrcoquencies,lhere
is ' "eTY Iinle !It'abed penc1l':l1tion_ and informa tion obeamed
from seabed backsca tt~'I" t'll,,", tially indicates the prorerti n of
the seabed surface . Using frequencie s as high as SOOU Il , it is
pnllSible to imalle the ...abc:d with 10 10 20 em horizontal
reWIUlion, althn ugh rangci. oftcnlimited loaboulIOOm.

The must p""ular mtlhnd of acoustically imagin g the
seabcd is usingsidcsca nllo nar (Fi£.ure I) . Acoustic energyis
emitted from t ither side of I moving vessel , or from a towfish
pull ed by the ve..e l, f!"Om hori zonta l linear arm ys of
transdocer'l 00 tbe plln and starboar d sides ....-hieh point
slighTly down.....rdl . Thebcamwidlh is IWTOW in the along­
track dirKl ion, bul broad in d n ·ll ion or across- trac k
direction , enabling a thin SO"ip or narrow ....."3the to be
ensoni f>ed perpmdkulat 1(1 the amy ..-nh each sonar ping

urte'f . bjllCbnd sa rfa«ll
Scattel"lng b)'~n objects and $Uffacn is moR: complicated,
with a OOInbinallOll of rcfl«liOll and I"3ndom~ncnng COII­
tribu ling 10 Ihc total prnsurc field. "The field Kattem1 b)' an
arbitruy cjceed surface can be mure ly <leicnbed by the pm­
sun:s andpra.suregT'lwCTltsal!he $Ufface. "Thelurf;ace can be:
eonsidcml as a ro llection of elementa l sourcn and drpoles,
each radialing in all dirn.1ions . When the ~urfil\:e is perf~lly

flal. the individua l comributions all add in phase leohcrcnlly).
and tho:form of llle scattered pressure is similar to the fonn of
the inciden t pressure, but appearing 10 come from a dtflere nt
!IOUI"Cc - Mspo..'l;ular~ ilCatleti ng.

Both lhCilCabeda nd xa lurf accc anbe: lppru.\i matOOasflal
wrfaces perturbed b)' roughnesl. and lhe Kltlercd fie ld can
lhen bepredic1cd. H~cr,the resuttini cqualion is llcIlCfaJl)'

difflc ull 10 1oOl\ll.'
If _ assume that each surfacc clemenl acll " kc an infini te

plane and ipn any intcf3ction~ ~ clcmenl s. then

The .....1nt '""m.. object n a"flhl:re ofp immencd in.
liqu id, c a., .. air bubble iD _ n o \\ 'bftl a mono-fmlumcy
plmc......e w,l/1frequcncyfllradiam pnseo::ondtRvcbthrough
the liquid and arnkcs tht- 1phne. the toW rteld thnnfler
includes . a«ond, kanc=i rleld, p~ fol" RlI)'lo:ish Kanning
lhe tICaltcred~takCltht-fonn

2 e....- ·
p,(r,l) .aok - , -

lIere, r ia lhc radial dislancc; .l -21l 1~i5Ihe"'avCTIumber;and

<I, i ~ a complex cun ~tanl. This is ~i mply a travelling WlI"C
radialinll outward from the scat1erer, which funclions li"e an
elCll'Clllary source. The wave comains no infonnaliun about thl'
socrce oftheincidc...u radiation ,excepl for amplill.lde. A vcry
smali l iquidur~1id sphere al,;o hlbthii form of ecaue red
rreS~Ule, but with an additi onal dipole term that preferenti ally
fOl'\\lard- and hack-scatters sound along tht-direclioo of
propalt&tion . An arbi1r.uilyshapcd~allobject al... go:nenll~

tht- 1IoUne fonn of !ICattem1f....,ld~ a ml all sphere . llell<;e, when
a IoOrW" pings at water contain ing suspended :'iCdimenb and
plankton. eachpart ic;le acb ~ a splw:rlQl 5Qtten:T and 5OfllC of

lbe energy is backscattere d to the ~ as volu,."

~fio... A!tbough lbe inoomingsoundiawherrnl, the
particlnareranOOmJy distribuled andtbebacbcattcra1sound
is an ift(Q/,"",' sum of ""3"CS ",ilb nodom phud m d--

n ·VOl ·30Auvusl (2IXl2)~2



(Figure I ). Beckscanered energy fium the seabed is used 10

bui l d animagcof lhcscabed.sttipbysuip.as thc~=I Illll\'es

along. The timing of the retu rn signa l from eac h aco ustic pu lse

is used for cslimating the range of the patch of!ie3bed
ccerributin g to the signal. A".. 31crfall~ display ofthe seabed is

formed as the vesse l moves along (Figur e 2(a))

The dept h of a sloping seabed earmot be reliabl y estima led

from sidescan sonar. A flal-bottom assumption is made in order

to estimale the locat ion of each part of the imaged seabed

which is calc ula ted from a co mbination of range, estimated

position of the towfi sh rela tive to the towing vessel and the

differential u PS posi tion acquire d at the boat. Unlismg fhis
information, a mosa ic image of the seabed can be formed

(Figure 2(b») from numerous boar trac ks

111e texture of sidescan sonar images can be used to

characte rise the seabed by segmen tation into regions with
different textural statistics, indica ting the presence of mud or

sand,scattercdrock andothcrbol1om types.Se~cral difficultics

arise in this approach: (il The appearan ce ofthe seabed in a

sideocanimagedependson the distancefrom lhenadir. There is

generally poor horizont aJ resol ution in the nad ir region , (ii) The

eppearance of' features such as sand waves depe nds stm ngly on

the direction of ensonification . (iii) Seabed slope significan lly

affects the appearance of sidesca n imagery. co mplica ling

attempts 10 dcterm ine seabed type

Mu ltibeamechosounder systems allow seabed imaging w ilh

bathymetric inf ormalion. Whi le the feature det ect io n

capabiliti es arenOl usually as good as for sidesc an sonar. some

modcrn sys tems such as lhe Res.on 8125 have very high spalia l

resolution. Rathymeuie re lief images can be '5egmented 10

de lineale dilTo:renlbruad-scale lex lure regions, with thc sca bed

characl eri'lalion indep L'Odent of lhedire<:lion of cnso nifi eation

Funh er seabed informal ion can be obtained by meas uring llle

backscaner magnillKk as a function ofth e angle of inc idence of

the acoust ic wave 011Ihe seabed.

Figure l : {. ) T""' ed sidoocan........

Fi~urc 1: (b) End ~ iN' of lOWfish

Acoustics Australia

,
_Ran~c_

Fi@ure 2; (alWatenallima@e,thal llCrolls down..ardodlllini
dalaacqllisilinn (from tbe Kl~i n SSOO "do.ean sonarl, Smoot h
seabed on th~ low~r I~f\ is di.uupted by tbe rolljth surface of lhe
Sy<lneyHarbour lUtulCl

FiJU!e 2: (b) Mosaic image of the seabed of Sydney CO\'e.
induUiltgCife lli", Quay wharve. and the roogh $u,face abo..-c
the Harbour Tunncl

4. SF.ABED PROPERTIES MODELLNG A."'i"J)
ISVF.RSIO ," TF.CII~IQUES (p.J. Mu lhear n)

The sllapcs and Cllcrgi es of echoesreceivedbyechosoun~

dcpe ndonoonomacous lic hardness and roughness. The first
part of the echo shape is a peak dominantly from specu lar
relurtt, and lhe secon d pan is a decaying tail principall y from

incoherent backscatter eonuibut ions. Rough er sed imenl
surfaces pl'O'Iicle more haek.'\Callc red encrgy lllan smoother
surfaces (which simply reflect the energy away from the

dire<:tionofthe tra nsducer ),so llleirechocs areexpcc ted lo
ha\'c lO"'u pcaksandlOl1gcr lai ls lhanSll}()()thcrsorfaccsof

the same composition. Echo shapeis also affected by sob­
bonom \'Olwne rcw:rbcra lion includ ing contrib utions from
gas bub bles, and eehosoundcreharaelerist ics such as
frequen cy, ping length , ping sha pe, and beam widtb.
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where "(is the ratio of specific heats, and P, is the local
hydrostatic pressure: P, = P g (z + 10), in which z is depth in
metres. Fora radius of2 mm for example, the resonance
frequency at the surface (z = 0) is 1.6 kHz (A = 94 em),
whereas at a depth of 500 m it would be 12 kHz (A= 13 em).
These wavelengths are much greater than the bubble size, so
the scattering is omnidirectional. The resonance wavelength
being orders of magnitude larger than the size of the object is
an unusual phenomenon. For a conventional Helmholtz
resonator such as the milk bottle, the elasticity and mass are
both those of the internal fluid, and the resonance wavelength
is comparable to its length. For a bubble however, the
properties come from different media: the elasticity is that of
the gas, while the mass is that of the water. For a bubble
encased in solid tissue, the shear modulus also has an effect on

backscatter versus grazing angle curve. From these three
parameters it would then be possible to infer sediment type.
Curves for typical sediments are shown in Figure 3. However
echosounders obtain backscatter versus time over a range of
grazing angles, not backscatter versus grazing angle.

To examine the time evolution of the return pulse from a
seabed surface a model, called BORTS-3D(Bottom Response
from Inhomogeneities and Surface) was recently developed at
NATO's SACLANT Undersea Research Centre in La Spezia,
Italy [24,3]. This model uses the Kirchhoff approximation for
the surface scattering and Small Perturbation theory for
volume scattering. For a given transmitted impulse shape,
surface and volumebackscattered time-series are computed
and summed. Figure 4 shows the geometry of the set-up.
Surface and volume responses will generally overlap in time.
Modelling of responses from various realistic sea floors is
currently in progress.

5. VOLUME BACKSCATTER (M.V. Hall)
Volume backscattering from within the water column gives
rise to reverberation at any frequency, but the results discussed
here are confined to frequencies between 2 and 20 kHz (A
from 75 to 7.5 em). At these frequencies the major scattering
objects are fish swim bladders, which contain air. Many
species offish have a swim bladder, with general function to
keep the fish neutrally buoyant. Large shallow water fish have
muscles attached to their bladder, and use it as their vocal
chord. Small deep-sea (mesopelagic) fish do not make sounds
with it, but can pump dissolved air in, and back out, to
maintain the bladder at a constant volume as they make
diurnal depth migrations. Although only around 5% by
volume of the fish body, the bladder dominates the scattering
at all wavelengths greater than the fish dimensions because it
contains air. In addition there is also a low resonance
frequency, which is determined by the elasticity of the air and
the mass of the surrounding tissue and seawater.

Simple bubble resonance theory

For a free spherical bubble of radius ain water of density p,
the resonance frequencyfo is given by [21]:

A number of acoustic seabed classification systems are
commercially available which can be used to estimate seabed
properties from echo characteristics [14] using one of two
empirical methods: (i) echo statistics are obtained at a number
of sites with known seabed type, to calibrate the system. The
whole area is then surveyed, and the seabed classified as
belonging to one of these types; or (ii) an area is surveyed and
the echoes are grouped by some statistical technique into a
number of classes, which are subsequcntly ground-truthed. At
times the first approach may reveal seabed types forwhieh
calibrations were not obtained, so that some post calibration is
required.

The oldest commercial system is RoxAnn, which uses the
first and second echoes from the seabed [4,16]. The first echo
simply travels from the transducer to the seabed and back to the
transducer. The second goes from the transducer to the seabed
back to the sea surface (including part of the ship's hull), back
to the seabed and finally back to the transducer. RoxAnn uses
the energy in the tail of the first echo as a measure of sea floor
roughness and the total energy in the second echo as a measure
of sea floor "hardness". These two parameters are really indices
of seabed acoustic backscatter and acoustic impedance,
respectively.

The second most used commercial system is QTC-View,
from Quester Tangent Corporation (QTC) [25,15]. QTC uses
only the first echo, calculating 166 statistical parameters from
it. Principal Component Analysis is used to derive three "Q­
factors", which are linear combinations of the 166 parameters.
These three Q-factors are the three major Principal
Components specifying the shape of the waveforms. The
system then clusters seabed types in either a supervised or
unsupervised classification mode, much like methods (i) and
(ii) above, respectively.

It is important to better understand what these empirical
seabed classification systems are really measuring, and to
determine how well they can be expected to work. To these
ends existing models of seabed acoustic backscatter are being
utilised to examine the characteristics of acoustic returns from
the seabed at steep grazing angles (e.g. 65° to 90°) for
frequencies between 10 and 100 kHz [22]. A widely used
model is that of Jackson [2], in which seabed backscatter is
modelled as the sum of both a surface and a volume term. The
model provides backscatter as a function of grazing angle, but
no information on backscatter versus time, so that it provides
no information about the shape of a return pulse. Examination
of the model indicates that for the above range of grazing
angles, and all but the very roughest of surfaces, the Kirchhoff
approximation provides a good model of the surface scattering
contribution. It can also be concluded, for realistic ranges of
input parameters, that the dominant factors influencing
backscatter are: roughness size; the ratio of sediment to water
acoustic impedance; and a volume backscattering parameter,
av' the dimensionless backscattering cross section per unit
solid angle per unit area due to volume scattering below the
sediment surface.

It should be possible, from real data of acoustic backscatter
versus grazing angle, to estimate these three parameters,
because of their different influences on the shape of the

fo=.J(3"(P,/p)/21ta (4)
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whnl' ",is theratio of thc u lemal 10 inlema l volumes of the
shell (m .. 2),Ois the shape colTCl:tion factor 10 allow for the
bladder being non-spherical (, "I .I) ,an d di s the constant of
proportiona lity in the relanon between tiss ue shear modulus
and freqcency -squar ed ta .. O.OOll::glm).

ScaUt"rinl: cro~s·§,ectlnn

The scatteri ng cross sectio n (0) of ~n obje<:t is 4rr.times its
scattering or target strength , since c gives the power scattered
in all directions, while tbe scertcring strength gives lhe powcr
scaneroo per unil solid ang le. Al highfrequencies(J.. < a ) lhe
scattering cross sectio n approximarejy equals the cross­
sectional area of the object (0 .1t<I for a sphere ], At low
frequcncies the genera l behaviour is that (J "' J' (Rayleigh
scaneringj. end any resc nance .....ill appear as a perturbation
The scattering cross section at frequency f of an objec\
Tl:SOflanl at frequency [. is gi\'cn byI S]:

B'
(dB)..,

.. ..
Grazing Ang le

o (l) -411 a' ![f/,' /f ' - I Y-+&'] (6)

Figure3. Modelled baclw;..ouc,"" .. u.Gr.....ingAngle Curves for
diffcm1l bo!tom types . using typical ""dime". parameters for
each typ<. BS - Backscaner Stn:nlflh

Figure 4, Con,' ,"c !;on of I . imulated lime ""rie. fo<
reo:onstruetion of bollom eehne•. The echo SIan. on lhc fi rsl
'o'eMica! conlaCl of the ping wi!h thc ""abed, and for .ub""'l""m
sampling intervals i. the . um oC a . "rfac.: conlrihulion from
annuli whose radii increas. wilh lime. coupled Wilh volwnc
contribu tions

tnc l1:W I1aOCC frequency [I) . By mudd ling the bladder as a

shell,the jollcwing approximatc expression has been derived

( I I) '

j, - v{3mY P.I1'h ' a' p l+ . 4(m- I)J) } (5)
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where oSis the acoustic damping tenn . An expression for oSfor
a free bubble was discussed by [8], and an adaptatio n loa
swimbladder was given in [I I] . In general its nrder of
magnitude is O. I.
At resonanc e the scanering cross sectio n is

(7)

A5f lf, .....O,~ 411 a' iflf,r · E.quatiOll (7l is nnt valld for

high frcquenciC's. since ilsderivalion assulTlCSthe press ure 10
heu nifonnovert hesurfaceofthebubb1e, wtach Is equrvalem
10 assumi ng A» <3. As f lf. .....00 , Eq. (6) yields0(/}-+41W'
for small S, whereas the CotTCC1 asymptotc is rr.a' .

Bio-m n. "tima ln

Volume backscallerins has been used by several institutions
world-wide 10 estimate bioma ss. In Australasi a the most
active have been the New Zea land Ministry of Agricultu re &
Fisheries [9,7], and the CS IRO Division of Marine Research
[10,18]. These surveys used narrow -band ultrasonic
projectors as the sound source, and made usc of tbe bcam
panern of the cmitted signal. A study mvolving cne ofthe
authoo (12j uocd smal1e:ll.plosi,·e chargcs as the sound source.
These an: omnid irectional but contain useful energy over
frcq ucncie~ IlJ' 10 20 kllz. Midwater trawls were wnducled
concurrently with an 8-square -metre net. The fish caught~
weighed and 5OI1edinto classes based 011 mass. For each class
the swimbladder size was estimated and the corresponding
resonanc e frequenc y, for the known lrawl dept h, was
determined u~ing Eq. (6). From the population densi ty of each
class, the reverberation in each third-octave band from 2.S to
20 kHz was compoted u:;ing Eq. (7), and the results were
co mpared with the measured reverbera tion . Ther e was
generall y good ag reement at frequencies above 8 kll z. The
main dll'-ereocc was thaI al1hough the trawls did nol c;ltch any
fish heavier than 3 g, lhe aCQuslic results indicaled that many
heavier fish were in fact present. This difference was
atlributed lo l hc abilityoftheselargCf fishlo C'SCa~ capture .
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ElTed on sonar

It is importan t for act ive ",nan to havea narrow bea m rattan ,
for both loca lising a llIrget.and also to redu ce the le\-el of
reverberation . Because of the lar ge volumes of water
enson ifie d by a sonar bea m af long ranges, volu me
reverberation is genera lly the environmental parame ter that
limit s tltocperfnrm anee ofl ong range ae tive sonar . Ryh aving a
databa se or mod el of the de pendence of backscatteri ng on
frequencygeographic location, time of day, and dcpth, a sona r
ope rator can adjust the ca rrier frequency ofa sonar to obtain
the optimum perfonn ancc for a give n location and time of day,

6. T URBID ITY (I..J . Ha milton]
Measureme nts of susl'<'nd~'<i >edimen t concentra tion (SSC)
profi les in a'l uatic cnviron ments are used for diverse purpose s
e.g. elUU11 inat ion ofturbidity or water clarit y, po llution studies,
unde rwater visib ility, sedimen t transport rates, and kool., kd ge
of the dyrwn ics afftt ting turb idity e.g. wave processes . It is
pos..iblc to est imate SSC al high temporaJ {0.1-1 s) and spatia l
( 1- 10 em) resol ulion~ ....-ith Acoust ic BackScaltef (ABS)
instrumen t', and to n:moTcly and non-imrusively monitor and
image suspen sion procClS.'CS in real-nme. ADS instrum rn ts infer
SSC profilcs by emilling bursts of MHz frequcncy pulses, and
time gating the return, Narrow bcamwidths are used e.g. 1..5· ,
Ranges of 10- 20 01may be obtained at 0.5 MHz, and abuut I 01
for 3 MilL. After allowance for transmiss ion jesses. and by
mak ing some simpleassurnptions about suspe nded sedi ment
properties, the backscatter can be directly related to sse.

Th e backscaner processes may be described by single
s~ attcri n g th eo ry pOl- Neg ligible gra in shieldi ng and
negligible muhiple scane ring are asswn ed, with allowance for
near and far-field tran sduce r beam patterns, beam spread ing,
and absorption due to water and the suspended sediment itscl f.
A bWfll tion by suspe nded sediment is assumed to be
proportional 10 sse. a simple assumption yielding goodm ult1
pO)' Anenua lion cons tan t for a pan icular sediment parti cle
size may be ca lculated from fonn ulae [27,28), and abs.orption
due to ....a ta- is calculated from tcmperatun: and salinity
mea.1uremc nts . The backsca nere<1 pressure or voltage signa ls
rcce i\ ed by the tra nsducer from scaucrcrs in a pan icular nlOge
bin an: (n:al~'<i as incohen:nt {291 (also see Scct ion 2), .lJ owin g
them to be squared and summed without phase consid erations

lf backscancr wen: sensit ive to pa rticle volume , then for
constant panicl e densi ty, changes in size distribu tion durinll
m easuremen ts would not affect infe renc es of SSC 120].
HIlW~'\I~'T , in the Rayleigh reg ion the size , shap e, 311ddensity of
irregu larly shaped part icles ch iefly determin e the backscatte r
[2H,27]. To overcome this il is co mmon ly assum ed particle size
di slribut i"n and pani cle bacheaner fUllCtion at a site are
invariant during measurements, and that only total
conce mra tio nv aries at any de pthin theeolllmn,anccnsary bllt
....-eak link in Ihe eahbration 120 ]. To reduce ,a riability in lhe
Rayleigh dis tributed backscatter from a JIilrtieular rang e bin.
bac kscatter valUl.os are averages for pllise tra ins. With tltocstated
ass umptio ns, backscatter is linearly profl'Oniooal on ly 10
concen tratio n, and sse can be obtained to wilhin 20-3 0% .

Ca librat ion is usually performed afte r laboratory
dclo:nninat ions of sse have bee n obta ined from water samples,
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but u.o;eful fie ld cali hrations can be maJo: in eonjunc li.m with

optical dev ices 113]. In the lates t dc\ elopmcn l.$ in this field,
multifrequency devices are used 10in fer both SSC and pan icle

diamete r [19,31), although in\'crsioM are 'SUbject to noisc , and

only short ranges of about I metre are obtai ned ADS
inslnl lTlCnts provide a highly versatile means of routincly

obtaining infonnation on dynam ic tu rbi dity events and

suspen sion profiles

7. CONCLUSIO~

Acoustical bad ,sealle nn g is an extreme ly useful mean ' of

prob ing the oc eanic environment which finds application over
a wiucrdngeof techno logy and physica l proccs>es. In

usefu lness and scope it may be compared to satellite based
remote sensinll techniques, although having a more llrrutcd
!!C1l1e, with both techn ologies being able to probe large areas

in shortti rnes ina ~peatable fashion.Other appl icatmns of

acoustic bac kscatterernploying vcry different rorineiples than

those: disc ussed here also ellisl e.g. use of Dop pler sh ift from
scatterers to in fer curr ent prof iles : elmracte risa t ion of

\"e@:etation by classifying the jagged pattern obtained whe n

transi ting the vegetation; and ntima tcs of fi sh popula tions by
echo counting . From being mere ly a hindrance 10 sonar
applications, bac kscatter is now a fully realized too l for

diverse oce anic investigat ions
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Formulas of Acousti cs
F P M«htl C<'d )

Srnnger Verllg, 2002, 1175"", ISRN 1S4!J
42548 9 (hor d cowr). Oi.tobu,o . DA
[nfOfmanon Serv ice. , b4~ Whil eho... Rd,
Milch.m 3 132 , Au.tralia, le i 03 92 10 7777,
fax0392 10 7788, Pri« AS 37S.67 ind GST

In the prcf acet o thi. bookt lic c<litor make. the
fo llowing . tatements with which I amsure. 1I
will agree "Modern ac""" tic. il more I nd

mOre ba"'" on com"",. li""", and eampu 'a ·
ti""" arc based on formula.s. .. .11 coMumeS
muchhme andeffonto..,....,hfltClk<lfonnu·
los during lbe aclllll ..""'-Thi.coIl«liono(
fonnura.c (:(lmmcnood wrIh \he cd,"".. .......
corupil wOlI andhasadd,tiono l«>lltnbutions
from M J Manj al, M \-brWwIer, P KoIInc h, M
O<:hmann. ACumminp, W M~Ider, W
Amold and 0 Rudcnko. Youcanbe ."", of ''''
com prcl>emi.'e ""'",," go of "' II boolc wilh
.uch. w..ll re' pe<;lcdlistofeon lTihuu>n

The collection ' hould not be eon"; ,lercd 10 be
a te.t boo k il.dfOOt it doeo ~ive .. ""c dcn~a­

lion' and, ~ery imp"rlllnlly, .. ,.n,,' e ",fe"'oee.
wbore more dela il' can b. obtained . long
nplan.lion.wouldoot bc •• pectcd in . och a
compilationbut thcrc ar . many detililcd dia·
gramsandgllphs ...llich ..,iOlthere.der lO
undcrmnd tbe apph cat ion ofthe formuJ ...
Thes.cfigum _-<ijao<ll1to .... relevanlsee·

tiua llOtI.. ....,dfor fi~ numbers"".bcc1I

~lJldClOpbnn~ areraretyneces"&ry

T'he l.ll7pog('Sof ,t"sbookoredntided irtlO
19 a.e .. of acou.tics com men cing ....I'b
Genenl lincar Fluid ACOOSlicslJld <;:OI\Cludinl
", i"' N"" U roe..-Acoosti<:s, The heading s for
euh ofthechaprers are .i ml' le to llll<kn l.llnd
.ucb os lI.eflcetion ofSouml Porou.Abwrt>Cn.
DuctAeo~icsetc

With """ha laIlle am<>unt "fm.lh""",' ics it i.
likely lhere will be some CITON wllhin tbe book,
Mecbel advi,.. .....' be w:'e . lUll rc'I'0,,,ibihty
for anyprilllingcrr0r9and :<eeksf""d ..... k from
,.,. den .. well "" re<Oltatl<1'Hlalio", for c~pan­

., oo in lUture edirioos of lhe book.

Thi>comprehensi." book is bighly rccam mcnd·
ed ua ...f<'ttrICCl>ool< fur anyo.....bohaaro:ed­
ed to seek a nwhemar kal Mll"'''''' 101putiw­
lar probiemiDlICOIbU~h>JoouldbeCUllSidcred

,,",,~>I1addition toanyhtn<ycdloction

ofR'krmce books 00 acow:l ics

Roo m Acoustics ( edi tion)

SpoDPre", 2000 , 349 W, ISll N 0 419 24S80 4
( hard cover ). Di, tri huHlr llA Infuno . l ion
Services, 648 Whit<b."... Rd, Mitch. m 31J2,
Au. lI11ia,tel039210 7777, f.. 03 9210n88,
Priee A$ 291.72 nerosr
Tbcrlf5lcdition ofthi. book in 1973 l imcdto
·p'-" ..... thc f\oMbmorllola"f lourn~. ina

sysemancarldCOll'¥Cloons;veway' . Thc booll.

.., bin -cd this gOll1aDd bccamc a "" lOCd rc fer ·
c-nceforanyooe tryin8 to llrl<i<-Mand the

acow.lics withlJl rooms. Subscq"""'-abIionJ ln
1979 and 1991 and this re<aU cdibOOpr<Mded
theaw.or ,,"ilhthe opporl\lflilylO<:<rYnthoenew

idoaoand method s for room "" omIic _lyoi.
n.""",_~,,"withf_ ,,,, !iOUfldand

hearing .. rel",·am to room ac<lUItic.. lbrn r" l.
low"sccIi<>nsonsound , .. lds, rc fl"", ioo, ocallcr·
ing. fO\'C1bcral ion, enc rgy density . ",l ouund
.b """"iorL The remaining holf of lhi; ho., k Ct"' ·
CIS,subjectivcetrCCl,;,tnca.>ul'Crnentlccbniques,
dc, ign cons ide-rations ""d.I«Irt>I<ClMlSlic insla l.
lal....... hi.inlhesclancrcl\arofcnl N tl hi. 4tb
cd~ionofthcbook 1wl ba.'lI (Ol1. klcrably updat.

cd. Inparticularthc increascd "l'PJicatiunoi com­
putersin mcasuremenl mclhOOland in modellin£
haslcd lOfC'Vlsion,o.pansionandinlroo"':noool

_occtions...rn as"""""...I"'tlOll.

This bo<>k manal('. to ac b~ . bal l""r

l:Jc-twccuin..dcr!hco" geofthoe.lo<cc ry lhe·
ory ...ithdcar . ..""'pl d aw 1iclh E.aoh

~::~:::::-th~":;:::~:~
comi nurdimprovem<n1. Thi1bo<>k l$ eertainly
recommended for anyone "",kinK in Ih. area or
roo macousticd..ign

Mari" nBurxe..

Marl"'" B"'V.. .. " ~__• Offn' ...i,h ,he
Ac",,-,'icJ- <UtJ 1 1~ l.Mtl ttf tltr t.'.I__ilyof
Nn.,SOW"fliJ l. , .- ' ~lI.jeN. F;,,,:.

Ac""""", Slwu"..olVftl '~ _ ....J ........
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136 MorrlclMlle lloOd. Mar~cl<vile2204

"'~_ PIlone0295502144 Fox 02 95&l 6101
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The ABCR cxpn::s""d its grati CI.Jde 10 thc
f orum for its ro nstructive inpul and agn:ed 10

c<>nvene a commineel o move the processfor­
ward,Ata,gctdateo fI J""uary2oo3was seT
for tbe change in regulahon , A "Soull<!
In""loTion l'Tovi. ionsDirections Rcport " has
fC'CCntly been circulated by TheABCIl inror­
ponu ing lheO UI':Qrne.of tbc:Forum lopro­
vide lhe indu""Y,,·iThs uffieieot] ead_in time
10 prepare for thc I January 2003 ehange.

Ky", flww",ru'" aM RellZOTrmh,

I~
ABCD Sound Insulation
h n m l 61h Apr ll lOOl

Th~ A~'1ral ian Buildini Co"" ; Board
(A BCB)prodU«llandmainlJlinsthc Building
Cod. of ALiSlr.Ii a (~ RCA), • reiulalory
mm C'\ll'Ort. .canJar di": nlla minimum foem of
consTruction for buildings in Au<lmli". Of
pan icula. inl Cfu tlo AAS rncmbc... ar.: thc
sound insulation provi. ions conla ined inthc
RCA thaI ha~ esse ntia lly .= a;ne,t
unchanged since iu first ~l.a.-e in 19'10
Sjnc.lhatlime. l~rehas ~n a drnma'ic

increase in !he number o f P<'uple Iiv i ,,~ in

high-rise: apartments and t"", """"",,, ami a
correspo ndingscmingof di. plca'u",.buu!
Ihe poo r quality o r !lOUnd inoulaliun l>eing
provided in them. NeW'NIX" headings
foretold tht grim story _ " lli t h·ri O<'erisit
looming", "Boord c"oo u. add< llJ apartmem
tower,,''''''"and"Towrn "ftroubk ", Wllil"
,;omeC<lmplaintscanbctrlcedl0 jn.~. of

~lebuilding constnKtion PfaClices,

lhe "''«all imp'e-s.ion is lhal l!>eminimum
requirements ill tbe BeA an: DOl rel"""" l 10

loday\ . W>dard o f Ijvin~ and IIe.:d to be
upgraded

I n<lcOO, acompari"," ofour~ilkntial soUl1d

insut..lI011 Sl<lOOard< with tllosc of many
developedrountrie< indicalCSthatourwund
in.u lat ion perf orma nce ~uiremcnl. are
amo..gstthelowest.

I.. 1996, lheCily ofS ydneytool matters inl<>
it.<MTlhandsandupxradedlhesoundin.;.ula_
lion perf,_~forbuildingsin ilS jurisdic_

li on The Assoc iatio.. of AIlSTnoliall
ACOUSIicaJConsullalllS(AAAC) a1<owroIe I<>

lhe ARCB ple>di..g for changes TolIIe Be A
The ABCB m;og ni<ed thaT Coonci!s going
lheir own""'y'M>Uldres ult i.. apro lif.....tiono f
.\oOUndi..sulation.tandards ha\inglheelt~1S

of UI1dcrrnining the intenT of the RCA and
(f',l<1ltia11y)rom p'icating regulatiotL

l.. thc pctiod Janu ary 200 l lllrough To
f cbruary 2002, thc ARCB released three
df>CUmc..lsentitlc<l "Propo.a l to Change lhe
SClund In,ulation Provisio... of The Ruilding
Code of Austra lia" Which incorporate d
recommendationsarul fcr dhack fromvariollS
.1akeholders i..dud illjo1 !he buildi..g industry,
bu ilding products manufacrutcrs, Counc ils,
the AAAC, acoustic cOllOulta..ts and the
Housin! lndLI.,'ryAssociation . ltwashopcd
that the I.... of the .., docume nts "",uld form
the tCg\Ilatnry fra....,....m for a lIN' updaIed
HCA 10 apply from July 2002

1l~'Cr, as _ undc:rsUnd iT, thc buikling

AcoustiCS Australia

indu rny andits supp!icrs WCTCnoI >Uppoo1ivc l. Cook of Prul ic'C for Admin i.I nl ion,
o f the docum ent and this pro mplcd lIIe ABC8\ role in preparing !he IJCA is only 10

ARCS 10 com'e'\C a "f'I.":ial Forum on !he prodIloe a building po:rfurrnancc .Wldard- It is
16Ilt April 2oo2 to find ""t why. Forty nine not AIlHn role 10 adm,n,>lcrecrnfocalion of
peopleancn<ledn:prescntin! lhcmarl<etplace huildmgworl<s-thi.isperformedby Counci I.-
.ta keboklen. Kym B~.. cr and R~ or oIhcr rq:uLaklr)' IIUfholritie$ (in NSW
Tnnin rep<nmlrd the AU<Tralian Acou. tical !he Itgal framework for adminc<trali"" and
Sociely. Other AAS mem~rs representing .~enificalion is COf\hIincd in Ihc Environmenlal
'n!e""' tcd panICS llIeluded John Invy, Mark - Planning & A"">lmlcnt Act). lbe Forum

~~;:= Faltorclto, Bob FT~t1 and ::i~:~;~~=ti~ ~~ ~r;':~::"
Coincidentally, on the 19Th April, Kym Ccnif....otion of bt>ildillJC v.u'o.. ~ . _<:>......y

::~be.::~~: :;~h~~~;:~:7-:= :'h=:~~i~~::~~~t-~ tt.tt
SeICCT Committee on the Qualily of Buildings
"" tlining their , 'icws in respeel Of Thc poor Howevcr, in "'.pecl of $OUnd i.rnu l~hon, there

sound insulation pcrfo rmallCe achi", 'Cd in is no satisfactory st.1.ndard ofc en ification. lt
current day residential buildings (this t'Cf'Ott was The",fo"'r<:~ommendcd tilatthe ind llstry

is now ava ilable on www.parliamcllt sct up a codc of plllct ice (or the
lUw.gt1l'.au) admin imation o f Ihe BCA having the

Th. f orum's common consensus was primar- endo"",ment oflll e AIlCR, The co<lewill he
ily thai the proposed BCA regulations have given lega l status if the Counci ls a nd
SCV\!tal inoon, i" elll:ics and problem, that regulatory aUThorities incl ude It as a
rcquire futthe.investig. Tinn. It was appar<:m condit ion of oonscnt in their Dcvclopmellt
lhat the !"<'ViSIon would not achIeve its inteod- AppliClition . Rell1.O Tonin has ta~n on til;"
ed go.l of "elimina ting the complaint," . The ta.,k on behalf of lhe AAAC.

rcason 'WCfCmany; tbc:propo '>Cdnew metriu ~. CommunII)' a nd l adu ,t ry £.I1.... tloll. It
fOf &QUnd insulation( Rw+Ctr) andforfloor """ rccnnunendod 1haIthe following due..-
Impacl l l.n ,w+CI''''t'f<'too rom phcal ed.thc mcnts _ "Guidelines for Des iS""" "'
dttmcdlocomrlycon.truetioo. werc llnte<l- "Guidclincs for Ruikb-s" and "GuideJinea for
edand unprovcn(lnd rnaynot bethemost I'urchasenw_shoWdbel""'fWrd lO ~""'"

::~~:II~::,:sl: ;~~:I:~ : ...=~n:;=,~~
:n~;~'::.i~::.~~~=~:a: roles. For designen, gocd practicc:guidd ines;

:'~k': ~::.~=ntta=~":: ~~~;:::ly;;:":=:
li mrdat dea ltniW,lh problcrrulin The lu.ury lOe"'fl'lcl and how- lodo i~

...... (If !he marl<ctand weold illl:ur unneee<- S. C• •I Ana ly.ls . It "as con.red thaTtM

..ry COIl at Ihc con" une< end. indicaTi~e cos ts o f lhe new rCllulatioo

AI The conel""i .... o f a ~ iinrou. dl>cu""ion prqI an:d by the ABCB """" not realistic and
process ehaircd by I profc... i"" al facilitator, . hoold be ......ie-d
Ihe Forum iden tif ied that the follCIWinl! 6, Id( ,u 1fr All S " l' e (>sues. Tl>eBCA'~ per-
lICTion , n«cl lllbetalenby lhe ABCIl: spcclivc was ronsidere dlO be a narrow one

1.P..,..forftlan u S.and ard s. It -.a' ul!iml tely and .houl d eml:Jraccall noi'>C issues, in multi_
ag reed Ihat the prol""' ed ne w metric< d""lling living including wall and floo r
repre.e nted I sullic iently hil!h . taoo., d for sound and impact transmission,W3STe pillmb-
!he new RCA and . hould pl'tVllil <ie,pite their ing, reticulation water I\()isc, SIOtttl-walt't
complexily. Howe ver, the . tandard . for noisc,li fts andplantrooms and cxTcrnal noi",
wa, teand watorsupplypipenoiscc",u ldbc intrusion. The AIlC R considered that the>l<l
,imp lif led i..ues wcre on i" fulUr<:agc:nda.
2. ll .em rd In Sa lid y (il lS' Ccm, trucUnn•.
The proposed COn<ITUcTions .h " uld wotk in
the field nnt just in thc laboratnry and . hnuld
bc economically&ClUlible solu ti"" .. It wa.
PfOl"''iCd tha t Ihe"", "" lution. should be
submiTted by indu,tryimlUlufaclur ers!
as""" iations, A "'l( ime wa. PIllJ'>O'cd for
accq>Ia"",, of DTS C<>nmttction . includIng
labota Tory te.ting, demon str lt ed field
pcrform ance all<! a de la lled con'tructlOn
spccifica tionlO cnahk !he ' ySleml o be b..ill
in thc.amemanncr consi otently.
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Fede ratio n Bells
The objecls o f Ihi. 2002 Victoria Division
tecllmcal m«ll~8 1M:1d 00 AJI< 10 ,,-ere
t-...:>fold : 10 lM:ar 1M f ederalion Bells in
Melbourne , Birrarung Mar. pan., and to
Ieam somethin l: ofl lM:delail$oflbcirde'iign
Theme~ing ""' l led byDrNciIMcLachlan,

Scnior Rele arell Associale in Acous tic
Ecolog y and Soundscape Srud iesar lhe
RMITS,hool ofArchircclurcand Design.

The Federalion Relb were,<,mmiss ioncd by
lhe Melbourne Fe, li, al of Ihe Am 10
edd" ale Ihe centenary of Auslr alia's
feder-Ilion. Theprojeclwasbegun in l 99'1
and is nownear ly complete. Th.insttumenl
comprise<39 I><'lIs of differenr pilChe~ and
were de. igno:d by Neil McLachlan and
manuf""rured in Vic10ria by 1M Almnl lian
BeIl Co PtL

Thc mecti"ll:Iq:anal 1MBirrarung Marrl><'ll
sile wilha m: italoffoorspeeiallyoomposcd
bell pice eto by local oomposcn Terry
McDermo l1 (2), Ann Boyd and Drenlon
Broarlstock(l.""h). Aficrth eperfonn.:LnOl;:
Neil Mclachlan explained lha l lh is
in. ttumenl has yet to bc finally voiced and
tuned

li e al,o explained Ih., . when ,ounded. lhe
I><'lIs are norma lly played onder compulet
••..m no l. wi lh composed and prognlmmed
mo. ic. The loudI1essofeac hnoteplaycdca n

bc "" ried, and ;s conlfnlled by the lime for
wt"cll eachsolennid·dn~mallctltcad;s

mo rgiud. Becau<cl hestnking or a bellis
thla sl""..... or faster. lhe oompulcr C<M1tml
J'l'OI!.r2fflhl s al"' lo include dlte al",",'ar= for
lhi. ",hen lhc panicu!ar musiocbeing p1:l:l<-ed
requi"",, !halI'Ml bf! I• ....,inlende<! to he
stnlCk ""a,'n.n',,\d 'nvthet. Varyinglbc
m.atcrial of the mal leI 1leads alw varieslhis
1000dne.sand, in addilion. the tonal challlClef
of lhe bell 's toUnd

Afterlhe f<><: itala m"redclailcddescripti"n
of the bells ' dc. ign wilS given al RMlTby
Ncil Mcl achlan . This included a,pects of
the ir acoustic and en~ineeringdcsjgn

Fromthc arowli calpoinlofvicw, justtun ing
o r lbe bells ..... adopled ...itll frequency
flItins or9 18 or l0i9 fnr major or m inor tone
intervals, ~ 1 6l' 1 ~ for semiloncs. Fromlbe
engi,,""ng polOl of view, a numbe r or
diffetcl1le.\PC'rimcm.. w-cre lried lnOf'ller lo
pll>ducc bd l$ ha~in8thcir~ in a

lwmonic >Cf'i¢>. This aspecI _ described
a• •llape nptimillllinn. 'Them alOhel l . hape<
used w= cylindric.aI. C<miocal and cupped
Though hell. are mo.e usually conical or
coppcd, some n perimen1Swcre carriN 001
nn cylindrical bcll.

Sincew;theachshapeahellcan nc s
c ircomferenlialJy or ax ially, , ·ario u•
Icng1hldiameler ralios were lried In check the

effecl on lwmonicco nlenl. It ......,foooolhal
aoJjus-rmrn1 of the shape OOIl ld 8i~e de>ired
harmoniea lo ...ilhin :t 2%. Varialion of bel1
lhick...... _ al!iOfOllndln he a ronlrOlling
variable. A ... ilahl.arran/l. rncnl"·... found
IObe withnwltm uml hicknes... .. the c1nsed

end and minimum III the op:n . It was al...
fOlloo lhalconiocal bclls, if oc.aledup forlhc
krwer nor... , .......h1 nor be loud enough for
prorcr halance. !lOI.....l for lhc.. cuppedbells
"'"ren~""'Y.For f; ner ll1n;ng.lhep;lchDf

a ben cnuld be vaned by ~arying lbc wall
thic\<nc•• and conc anglc.lncreu ing lhe
percenlagcnflin ",,,-,fnu nd tn 'u<lain 100
duralinn of tiDg. Futlhere.petimentsW<:rc
made wilh "po lylone " (Euro pean) bell s
lIa...inlt lwo fund.amental tODesand set. or

harmon ic• . A Cnmpuler program "'"" wrinen
10 incorporate rhe effecl!lnf lhcse variable.

In gcnenl. it wasestablish ed that 100 natura l
fre<luencies nf bells are invnse1y
pruportionill 10 lhe oquareo r lhe".......Ieng\h!l
for purc ly . ifCllmferentia l or axial vibn.1ions.
andlhe"luare roorofthe massdensiry.
Tbcy~ di..<.1lypropom nnal lo lhe "'.,.11
thickno:.. andthc sqoarc roor of thc c lasticiry.
If a cylindri c. 1 oo}ect iscqually scaled in 3

d;men.ioo srhefre<l""ncy ... i ll be ;~1y

prol'" n innal 10 tbe scale factor.

CWUU f'i,"Vl-'
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ACO USTI CS 2002

l1le AAS An......1 Conference, AOO""ics

2002. will be held in Adelaide:. NlJIIflllMT
13- IS. TbeTbemeis lllDOWlion in Aoou.<licl
andVibralion. ll willproo.ide afOOl m for lhe

I'Il'<enution of . widc range of papersin all
lL'peelS of fundam ental and applied

Acoustio " and Vibmlions A 5~ial mea m

OIlunderw'leracoustic"",ith a~ "P"aker

from Cana da i. planned . A ll submin ed

paper s will be peer reviewed under the

COO1'<linationofascienlif icad\uorypanel

Two Worhhops will run parall el willi the

Conf=nce. One on Auditorium Acoustics
run by Keith Ballard (from Marshall Day
NZj w,lI incl ude hi, torical introduction,

fundamemal. ,

r·ycllo:.>il;~, <.ks. lgn pr~Tcqu;,...­

men!s, design rool., mea.,uremenl< plus I

revi""of one or two flagship projects. The
sccond on Acous tic Nois e Model s to he run
by Norm Broner (from VIPAC Melbourne)

will ~r an overview of the ~arious

plIchll CS a~ailab)e. prediction and

r;alibral;on, uo;o:fulncs.and validity of thc

r-kag"" for ~clion of blasl and k>w

frcqucncy ooisc and a " , hooI .ou r between

f\oOorth=packagcs.

The Con ference will he he ld al Hocel

Ade laiM lnlernational in Sorth Ade laide

near~1ands ancl adja«nt lo ap~

ofQf<of"ll is within \WJking di5lanceofa

wide range or accom modat ion and

mlcnainmcn~'d,ning. The co nf"""'Ce will

otan with a lOW"oflbcCapri Theatre ...ll id,i.

rich in hi.lory andmllSic, fcalUringa giganlic

urpn,eontai ning a lolalof2076 pipcs. Thc
opening oflbc COIIf..-ence will be held 00

the ~dnesday eve ning al the ~oolh

A" .. ",lian An Gallery, On Thu"day night,

all con fercnce plU1lCif!lIIts will bc: l...ated to

dinner (with special enlffta mmenl) at lhe
Hotel Adelaide" reSlaoranl. which offers

ucellenlvi~ovcr\ooking lhec ilJl lIldpark

Iaoos. The coo f..-encc fcc will inel ude thc

Capri ll,mr (. nd wine t. , tinll) . " I"'n inll.

dinnerandwork shopll

Infnrm' lion: Aeoustics 2U02, Dcpan mcnt of

Mechan ical Iingin..,ring , Adel aide

Universiry, SA 5005, AUSTRALIA. Te l
+6 1-8-8}03 5469; Fu:+6 1.8·83 03 4367;

a• •2002@mec henll·ade la idc,cJ u,lu.
...........',aoou.'liaasn ,au

ACOllSliCsA uSlralia

WESPACfI
The tech nica l prog ram for this inlCmarional
eoo m-cnce 10 be held in Mclbourne 7·9Apn1
2003.i, n:ally ~ing I01ookC'llciling.Thc

c>ce lleM Plcnary. DiOlinguishcd and
Keynol e LcclUrcn will CO\IC1"a broad range
oflOpica. f,.-.mUltrasonICS to SJlC"Ch.from
NoiJc Conll'Ol to Room Acowli es , from
M....ic to UOIlcrwaler Acouolics and the
Environmcn l,and much mor e. A nombc-rof
.pccial .....ioo. have also bem organised and
include : AClive NolSt: Acoustic Imaging,
Audilorium ACOllStics. Building ACOll>liCli,
Codes of Praclice , Conlull . nl Acou ",ics ,
Eleelro ·Smd io ACOUSlico, Enviro nmental
Noise, In. ulImema tioo M",i ea l Acouslics,
Noi~ and Vibration . Psyc hological and
Physiolullical. Suund Quality SflCcch,
Tru",port Noise, Uln a.o nics, Underwatcr
Acoll>tics

In addilion. the:,e will be a oomprchen. ivc
lradc:di'p lay in an ilfCa.,adjoin ing the Icctun:
rooms, which m-crlooh Alhcrt Park Lake.
Dur ing thc co ofe'c nce will be a bus h
barbecue althc histori<: OOrne.lead of Emu
Bonom and a conferencebltnqllCl

The deta ils of !he technical proJlfarTl """
SOI,...oflhe abstrae t>.f'Cllistn tiorl dcl&il' aRl
all a....il. ble on ....ww.we>pac8.com.

INTER'\"OISE 2003
The 200 3 Internal ion. l Coo fereocc and
E.\po:Iition 00 Noi5e Conll'Ol Engineerin8
willbc:hcld . tthclnlemal ionlll Convcnl ion
Ceol e, (ICC) JEJU Kon . from 25 10 28
Augu.. 2003. The lbemcot thc oonfercncc
....ill be Noi~ and Vibration Contro l fOf
Human and ElI' ironlncn l. The COlIfefaM
will ha", di" inguisb cdspcakcn, n",", 1!wI
IO parallc15CSl1ionsfnreonlnbuled papc-r1
and an e~tensi\tt' leI:hnicaJ u hibition , The
internaliona! eoofe rc' to:e venuc is on Jcj u
Islaod, an islan d of my ths , pictur esque
scencryandmild ...... Tlx:r atld "'""' of lbc
lfJOI;tpoflula'lOurist ootinations inKocea
Abstraets arc due No'.-emlx:r 30 2002 and full
papcn;by Man:h3l20ll3

More infonnatio nfrom
hUfl:/I"'........'.;nrerno ise20ll3,com aod
inlemoi .., 2003@covanpco.eo,kr

ICSV10
The lcnlh Inleml lion. 1 Co ngress on Sound
IIId Vib.. l ion (ICSVIO) is eo be jeld 7. 10
July 2003, in Stockh olm, Swede n at KTH
(the Roya l Jru;titute o f Tcc IUlole>gy).
Participan ts ....ill be able take pan in I

C<>ngre.. ....ith a first ..lescienti ficprogram,
and al.o uflCfience lbe man y siles o f
hist urical and gc-neraJ inlefeSf inandaround
Stockholm. The ICSV IO banquet wi ll be
hekl.l tbc V. .. Mu setun . Thc Vasa...... a

SwOOll;h...-..nhip. ....hich ....... on '1$ maiden
''l)'age inrbP I71h ct1lTury

Th is Congress i. spoll5Oredby KTH ( the
Royal lnstiMe of T..,hnoklgyj. lIAV ( the

Inlema 'ion al lnstitute of ACOllStics and
Vibf31ion) and SVIB {lbe Sca nd ioav ian
VibralionSociety) ,Abso-acls are invilCd and
details can be found f' om
http ://www,i iavotg

;\,O ISE AS A PUBLI C
HEALTH PRO BLEM
The eighth Intema lionaI Congre<s o n l' oi...
asa Public Health Problem witl beheld in
Rortcnia m, Nethed ands. 1Tom29 Junero 3
July 2003 . Tbe pnmary aim of the cc ngress
~' lopromoletheex,hangeon knO\Vledgeon

the biologica l effects of nnise . Other
object ivcs arc to enco urage internation a l
cooperation and promote commumcano»
amo ng lhose work ing in the fie1d

Thc pro~ram is organised around the: nine
team s that de fine the Intern at ional
Co mmission on Biolog ical Effecl.of No ise
( ICB ENj . These themes include : no i..,
Induced hearing loss. no i.., and
<:ommunication. non audilOfYphysiological
e lfeeu , effttl. on pc-rform anceand "" .I""",
com moni ty res ponse If! ooi.... noise and
animals. nolSC combmcd ...,th OIher agcrtrs
andrcgulalionsandsWldards.lnadd ilKm IO
lhe sc ientific prog n m will he a fTade
n h,bltion and a soc ial prognm, More
informa llonfrom .............icben2003. nl

Rad Vlb ..lIolll is lhe tidc for a Handbook oo
wbolcbodyvibr.. ione.JlOI'..... inmininslhat
Iw been comp ilc:d and ...-titten by Barb ara
MePllcc,Garyfosterand AirdrielonSforthe
fu int Coa l Boiudl lcallh and Safcty Trust. Thc
haI>dbooIr.airm lOl13i"pc"Plc in llte mining
~l<IU,;uy 1O id<.'f1Iify and manall e lhe fio;bas>;Q-­
cWed wilh vibralion cxl"O"urc, It rs divided
inlu oections wilh on """" mpanyillil checklisl
and (llb~.,. information to help reader identify,
aoscsand c""trol fi.... as' oci. ted wilh ....'ho le
ROOy Vibnlli,m and tn cval... te correct ive
actilln. Although it i, aimed at lhc mming
indusuy it contains a wealth of infonna tion
t1wcoo ldbc:uliliocdinnthC1"".....k C1"l\inm-­
ment. wile'" Ih..-e i,the potenrial for execs­
oivewbole body vibrarion, lletail . from thc
JoiIlt Cual Bollrd,td 02 929 l S666

Lo udnru orTV Ad' '' rtt ....... nl . T1Icrei' a
oommonpercqlIKlrl lhat lhe noiseIc\."ls for
idvcrtiscmcnts on TV .... ioodeIthan thc sur·
roondinllprog....... ai.mcdllldravoinS ·ncnlion
IO lhc ilCtUbcingprornutedlbc A~

Broodcast,n8 AUlhorily has l\'C\'f\lly ",l~
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RiHltlllui AcousticRJllors/lDpera!lle Walls

ilS rqx>rl on an irM:>liphllllinlo this i..,,,,,
Thcyh.Jy" concl uded lhat hm"ing,e<tua hstng
and ~ion of .ignals=l<:dmiques

....hichcanbcusro lomakcthcad\erti~

soundloudcr.Theoutcorneoflhe~igalion

io thallhe induotry "';lI be m:plired to <Jnooolop
aCodcofPndicelhalcnsum; tbere .. ben ...­

bo lanccbroo«nlhe~softhcadvertlse­

mereand the adjacCl\Iprognms. Moo: info.-­
mationfmm""""",, aba.gCN.au

Sn u nd lhlnkln ~. Acous' ;c Rc~carch

'- ahor:lloTie. (A RL) and Acous tic
TcchnoIO\liCI h.>~ j oined fo;JR:n .o form The

SoundThinkingG"",pof,ompII\~ Scund

Thinking Group bringll logClhcr lhc-lC>;/vuo;.al
urcnioeof lbe lWOoom~ lo l~lIy

mh.utcelbc<crviC(: lhey can glVC to lhc
acou,"c fratem iry in Australia

ARLi slheAu.<traliandistrioolOro f the Rion
rangeoflOWldand vibr.>tionmca""";nllitbtr'U­
m<:1ItI. ARL i. abo lhe dcsigner and rnanufa.;_
ru=ofporiable noi<c and vibrarionl<Jl!&CA
AOO\IIlic Technologies' background is in lhe
<Jnooolopmclllof 3oCOldlic recordin:g.~n~

and;>pa)ysis sY'lems fOl' militaryappl~liom

Thc lar.n1 thinkio g u pen i"" lhaIi.r.1li labic
....ithinACOU<t1C lec hnologicsi.lIO"' awi lablc
10 . ...idcr maA etwhik utih. inglhe ..lcsand
le<,:hnica l c~pcr1isc avail. ble withi n ARL
"""""" . ....idcr range of indllSlric.

ThcSouJ>dTh inkinl': Group will bc bascd in

Sydney with offic.:. in Melbuu~ and So ulh Mea;urenlenl can be cOfltaclcd by ph<mc on 1
Aw;rrali. and agcnts in ulhcr .to IC•. ConY,1S 300 SE!"SO R, fax 03 'lS~O 6499. "_.david_
for Ihc SoIlnd Thin king Gl'OOf'are te l 02 SOII.com.'Uor emai l in fo@d. vid.lOfl.com.au
94840SO(lor ww ....60undlhinking.C<lnl.au

O..i d.., lI .ca lihn fiua !""" h. from lhe com­
O.·W IO SO ' C OIIII CII The new Davidson binali on o f Davidson MU5u remcn l and
Mcuumncnl co ntact nurnhct-. I 300 Sr:N· ImelEng Ply Lid to ol'kf a Iolal 5Olulion 10
SOR(I 300 7J6 767 ), give. quid eccess 10 ca1ibrationmanagCl11Cfl1. Thcy ...mbebwv<n
solutions for • wide n1nge o f .......". and os Davidson cCa liboalion serv ices . d,vi~,,,,,

instrumcn 18lion rcquimncnts . Now C\~"" of DavidSOl'l Men urcm enl , Dav;.....n
in AUSfraliahas t llmple pllonc nurnbcr lOltSC cCalihrali on Servi ces will offer . 100I1solu·
when mak;ng goneral salescnqu;ries,wanting tion 10 ca libralion. which incl"""" NATA
10 h,v e l'<'p.i f'l carried <>ul Of ,\C'Cding cahbra - accred itation and on ~ile ca libra tiun, includ.
lioll ofpn:s. ute , VlI<'uum anti d Cl.'lrical mca- ing value addcd scrvm IlUCh • • wch-hI<cd
SIIfntlcnl d"" iccs an . ' !h.ecO>l of a lo..:al calI lechnol"l!Y. lI"SCl m.n's:cme~I, ... I c<, ,,,rv;~

[);M d"'n Mc' <Il", menl cuntinuc> to deveiop and repair.. Davidson cCa hbra liOll can be
"'a)' lu "," kc it ea. icTfut you ro access infor- contacled un lelc phone ' 1.3 00·SENSOR or
ma' ion and a..i" anc.: whcnmc""uringprcs- ",'WW,ecalibraliOllcom.au
. urc. vibration , di. plac<:mcnl, . n ain, a,:<>usties
and (~, Remcmhct- I 300 SENSOR for Acu-\1 b Elec rronics your one ",op Acous1i,
Y<>W' ''' ll<Ofand ,n''rwnc nlal ionnceds and VibrJlion Sale. I Ca lihu hon I Renlal &

Repai r I. bor . lory mO'VC\l 10]:lf¥cr premi<cs in
Tra nl ca l a division of Trans marion, July. The new add re.s:si. Unil 14, 22 Hudwn
1"" .{Nasdaq : TRNS), a lead ing dimi bulOr of A\'tIIllC. Cal lie Hill NSW 2154 . The tele­
1""1. mc........~l alWlca libration instrumt;n- phone and (u numbe lS will ro:main lhc ..... \C.

lalion . hal . n1lOUflCed Ihar Davidson Tel: (02) %SO 8 133 Fu : (02 ) 9680 ll233
Mca surcmc nIPly, Lld., is flO\O'rqlrC>Cnl ing Mobi le: 041 3 g09 llOf'>.......... ....:u-v ib.OOflU U
Tran>Cal in Aus trl lia and New Zea land
Oi vidsurt will prov ide WlI.... dis!ri buIlon, II NC E. ImCflUlI,ona l l~"lution of Soi..,
lq)lI ifandNATA cert ifi cdca1i bration "" rvir:cs Control Engineeri ng.. the sponsor body lOr
(Of T", nsc. t . rro<!ucts, .,incl uding the n clu- Inlerno i", Con rcrcnccs has a """" .......... page
si~ Transrrun ion and A1lel<hrands. Davidson http://www. i · in~ .orgI

\

Rintoul has recently designed. developed and laboratory-tested commercial and
studio acoustic doors having STCratingsrarlging from35STCthroughto51 ST.C,

Incorporating the innovative combination of a new drop hinge and sealing
conncuratlon. wehavecreatedan acoustic doorandframe packagewhichprovides:

tmproved acouencperformance

lighler/easieroperalion

floor sealing which will accommodate vanaton in existing floor levels. thus
outperformingconventional dropseals.

Performance data sheets andsncpdrawingscan beprovided onrequest.

Wealsomanufacture acoustico perablewallsandwallpanelsandhavean acouslic
tes tin g faci lity fo r hire.

Forfurther details pleasedo not hesitate10 contact

Mr.Stephen Middlelon
Rintoul Pty. ltd
Ph: 9958 1474 or 0411474457
emacstecnenmemtcur.com.au
Inlernel: www.rintouLcom.au

-~.

It·WJ !4am·W i l
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l"UWAVE

A whole new range of products aimed at

noise control in bui ldings is abou l to hit the
market '.,h en a new prodl«;tion plant being
buill in Sydn"Y~ sou th west is cortl(lle1ed in
the next coup le of months. NuWave oorrier i.
a""ry flexible and dcnsc polyrne r which is
able 10 mO\le slightly under the impact of
soun d waves and redu<:e most of the energy
tromlhem.Thisres ultsi n high levd,ofnoise
reduction right across the frequency rangc; so
even noisc source. like home tbea tre , y, tems
and loud voicc l<:\Ielsare marked ly reduce d.

They provide a much ,im pler so lution than
oomplex,ysrems with scvera l layers of noise
rated plasterboon;l or mason ry and gla.. or
polye. te, wool insulation Simplic ity and

maximum perfo rmance i. Ihe goal for
NuWavc

The range will iDClude;

Nuwa_e flexible high per formance barriers
for hotb framed and so tid walls to SlOp noise
tratISmi. sion ,s.

NuWavc "lo\lI Profile" Wrap for waste water
pipes inb uildi ngst o minimise noiseinlrus ion
at all hours of the day and night

NuWa"" "lmpacl " which i. a simple and
inexpen , ive solulion 10 reduce impact noise

betwo:en floon of buildings . This unique
system ha. bee n deve lope d wilh rI'e
assi stance of inpul from ar<:hileCIS and
aoous ticconsultant s

All IheSCprndU<:tswill he furtherdevel<>pe d
unde.a researe handdevelopmempTOllram
eost ing nv<:r $200 ,000 and NuWave is
cnoouraging industry input and feedback
from arehilects , cons ultants, b uilding O\"ncrs
and developers and tile building trndes as the
new noisc rClNction standards of the Building
CndeoFAustral iacomeintoplacc

Info nna tion : Nichola s McG loin, NuWa""
Noise BarrieJ I'roducts, PO Bnx 427 Janna li
2226 , TeI 02 9 792 82&8,Mob 04 17 2440 19
Fax02979280R8, nicmcg@ bigpond .com

ARL
Rio n Sfmnrll .e..- I \ let ...

Two new sound le",,1 mete rs are availab le
from Rion and both com ply with the new
IEO CDV 61672_1 standard . The RionNI.-22
meetslhe requirements of Cla ss 2 while the

NL-32is a<Jass I insJrumentu nderthc ncw
standard.

AcOuslics Auslra lia

Both meters feature the .imultaneou s
measureme nt of Lp, leq , LE, lrnax, l rnin
and S se lectablc Ln values ac<:ording to thc
.el eeted time aud frequenc y weigh. iup
chose n. Aux iliary processing functi on.,
cnablcthc simultancous measurement of an
addit ;onaJselectablefunction

Both meters bave an internal memory but
mnst data is stored nnCompaCI Flash Cards
forc asy transfer to a oomputer. f'orexample ,
the storage capac ity ofa 16 M B card is
864,000 data sets nr 200 hours of data. For
thosc who prefer iI, the capa bilily 10

download data via a cable output 10 a
compu.er us ing either "" RS232 or USB
conn ection is availa ble

These newmct<:rs can accep t program cards
Thecarciscurrcntlyavailableenable hnth
metersto measure III and 113octa\'eson a
step through balii. while the =ond is a
universal fi lter. An audio record ing card, a
real lime III - 113 octave card and an FFT
analys is card will be availahlc in rh<: ncar
fumre
Information: Acousti c Rcscarch Labnratories
Pty Ltd (aSnund Thi nking Group company)
www.soundl hinking.oom.au
Tel 0294!!4 0800

BRUEL& KJAER
PULSE Da ta \lana~pr

G<:t more out of your data with PULSE'>'
Data Manager, a family of data manage rnent
solulions that enab les measu rements from
PULSE or any o f its applicm ions to be
lab elled and saved to a dat abase , The
measu~ment data can the n be easily
mri eve<! for di' play, , imple cnmpari5OJ1or
reportin g via a range ofqueryoplions. Based
aroUlld Micw S()ft® SQLdatab.uc, PULSE
Data Manager stream lines data handling, Icsl
docu menta tion and aIChiving for PULSE
The software can run indepe ndenlly or from
with in PULS E and integ rates with PULSE
Wnrk Flow Manaller l'y pe 77S6

PULSE Li tp

PULS ETl" Lite is a lighter, s.impler versio n of
Bnie l & Kj""r's Window s-ba ,ed PULSE
\lulti-analyzer. One, two , three di cks and
nov ice and exp ert alike can start
tro ublesbnol ingand making valid.nundand
vibratinn measurcmc nls right away, With its
, treng th in it, simplicity, PULSE Litc is
espec ially m ilable fortoose'Nllodonol
require a system assoph i, lieaterl as a full
PULS E system

Thctask-nrienteduser-interfaceconsi,tsof a
simpli fied menu bar with "andard
functi onaHty,defaultserup values and a ta. k
bar. Ir you work ",ith TEDS tr4nsllueers and
acccp t the pre-.>etmeasurcmem cn nfigurat ion
(cO\lers 60 - 80% of measuremt:n t.) yvu can

start measur ing immed iately. PULS E Lite
doesnol bet:omeobsolete but rather forms
the foundat ion for an easy upgrade to arnore
powerfu l T'ULSlOoolution, To upgrade, all

~~:,,~~~oh~~:r:or::i:';;:..:~~are

DIRAC Rnnm Acoust ics Snl\ware Type7Ml
isu.<e<I for measuring a wide rangc of rnom
acous ti<:al parame lcrs . Baserl on the
measure ment and ana lys is of impulsc
~sponses, DIRAC supports a varie ty of
measurement conf iguralions , For ac<:urale
meas=rnents according to the ISO 3382
otandard,yoocanuscthcintcma llygencratcd
MLS (max imum_ienglh sequence) or sweep
signa lsthTOllgh a loudspeaker sound souree
Survey mea surements are eas ily carri ed out
usinga sma ll impulsive snund souJc<:, sucha s
a blank pistol or even a ballon n

Speech meastlJ'ements can be carriedoUl in
compliance withthe1EC60268-16.tandard,
for male and remale voices, through an
art ifi cial rooerh -directional loudspe aker
sound snureeorthrnugh dire<;tinj eClion into
a sound sys tem, taking into account the
impact of buckground noise. DIRAC is not
only a valuabic lOOl Forfield and laboratory

:~=a~i:~:t~:::;i~~i~~~sn for researc bcrs

PnckctEar is de signed to help youlonk aftcr
your heariUjt by showing yOll Ihe noise I....el
in Ihe cl1\'ironmcm YOllare in. A red light will
appear if the leveJ e scee ds the pre_set I"" cl
which can be ollCo f thrc<:lcvels - 65, 85nr
WSdB

The 65dB le""l shou ld be used for , imal ion,
where conce ntratio n and e ffortl ess
convers ation aIC r"'lu ired. for exa mple,
schonls and offi ces. The 8SdB level is the
noise-at·work limil fOT8_hour expos ure. If
you arc cxposcd to more than 85dB,therisk
of hearing damage is signif icantly inereased
and it would, th=fnre, be a good idea to use
h<:aringp rot....tinn. The 10SdB lev el is usef ul
at concerts, mus ic rehearsa ls, et<:

Asth e name implies, PncketEar fit . in your
pnckel,meaSlltl'samere4.Sx7x 2emand
can be anach e<! tn your key ring. Each
Pocke.Ea reomes in a ' 0lll11rlisplay bnx thaI
also inc ludes two high.-quality earp lug, from
Alpine MusicSafe, a muhili ngual ifl5lTU«ion
leaflet and a Type CR243013V battery.

LlMA""NniSC'Mappi nl:

Th is isthc firslsoflware pa<:kageespec ially
des igned for 13'1>e-..alc noise mappi ng.
\\'idely IIscd by leading noise map ping
amhori ties , LIMA olfers a range of powerf ul
datahandling3l1d analys istnolslhalmakc il
ideal for large sca le noisc mapping with fi ne
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WESPAGiIlJl)))VIlI !'!:!:..-r..
MELBOURNE 7-9 APRIL 2003

http: //www.wespac8.com

reso lution for. ranlleof'ource type.
acoording to. widc range .. f nal innal and
inlcm<llional 'lal1<.\.1rds. Vers ion.for'llllalicr.
scale ukul. tion'ote also.niIJble

,"oioe C.k ulalio . Sa lh u "

E."'Pro"" i< apc~ ""rn."""pact.age for

lhe easy rno:.>ddli"ll,Jn'Cioe pred iction,3Ild
coSf-effcclive . imulalion and desigoo findoor
and OIlttloorenvironmental noi", . It i.lSO
% 13 compliant and ih advonced 3D graphic
u. er_interface lnnl' allow )"'" to quickly
m"del complc~ noi", environment< such ".
directi " na l noi.e ."uree. , multi-slope<!
barriersand cylindricallowcrs

It can prmi lie <ro,,'sect ional and 3D
vima li."'liono f a..., i",map in a gcograph ieal
areato shownoi .<e rorulal ion e~posu", 3Ild lo

idenlifY noise problems. E.NPro can .1""
'lo k kly calcu late future scenario. by
idcntifying lhcir ,JiffCfcoces from lheresul",
of Ihe current sce nar io . "Scen a.io
compariso n" and - """"" rank ' ma ps
inlUttlvcly 1010rm you how 10 ctTcclively
reducenoisc in oolhcx' ''ingrnul!i ·OOIlrce
a",a.and fulu", l.n,j dcvelopmcnl

In fonn "tieln: Brucl & Kjaer Australia
Syd0294~1 2()M Mclb OJ 9370 7666
lIri.07 3252 5700 Per\h 089J8 12705
bi;~'I"-,,;tr;" .com.• u www.buv.eorn.au

KI:\ GnOM
II THASl C \"t :R.'i!O , 9

I-ITBa' ic Veroion9 for .....n......'providna
rtlmed and elCJ3Ilt prograrn dc\'eloprnenl
. yll em for loxhno logi sts, eng i""",, and
scienti ""who neC<lrhcmathcm.nicslOOls _
nor mally found in comm""ial vi. ual
<levelopmenl "Youm and is the bsre.t.nd
most cfficient way 10 code in the Rocky
Moutll. in BASIC (RMB) cnvlf'Ol1tnlmt y<'I
One -click access with Ioolbar.. pull_down
menu. , dial"l! bo~es, undo and redo make.
mlU,tJVeRMRP"'l!rammingeasierthan cvCf.
Funhc r HT1la' ir: irll:ludcs a load and run
cap;.b ihly for SOlllC Hewlctt-Pllo:hrd Rocky
Mo...nui ns BASIC P'''I!rantS or, at Ihe "",,",I,
an advan<:ed edi ting aOO deb,,"ing f~il l ly

for Iho.., prog rams on Inle! type computcn
IlTB a.ic \'CT9 isimplcmen.edin 32-bj, co<le
ma1.inll itcom pa'ible "';tb the late>l 32·bi'
VCn<iOM of Win<.\(M.including Windows 95,
Wi,,,J,,,w. 98, and Windows NT, 2000 &:XI'.

Informalion and. dcmon,""tion CLl from
Kinllllum Pty Ltd tel 02'1975 3272.

FAl\TECH
RK ra nllular Siwneen

~anlccll ""' c:<f'1ndcd ilS langt of rttl"ng ul..
.il cnccn 10 sui1 ill; JIOllub"scricsofl\Jwcr h""
in. lincccntri fugal andmult,now fans. l1Ic
.. lenc.crca n be coupled lOlhei nlcr orOlllk'lof

the Powcrlllle fan and ..... bceodcsignodro
ach icve oplimum acOll. , ie pcr formancc.

Infom' alion: Fan'ceb , tel OJ 9560 2599,
inf<>,Qj f3llrK h rom au

BRJ\ DFORD Il\ SULATIO N

Sm""C\ll is '~lonarynew""rvicewilh

rbc .... Iil)' ''' (til gb •.......""l androckwool ll;l
,,!,« iflC shapesuli"l! . method thatisbuth
timc aTldCOSlelTed iw , TlICun ique oervice
uses "'att oft hcar1 coml"' ler controllcd bigll
fIO'\-'CI'Cdwal<'1" jer .... lhccull ingmeclt.nism
l1Ic 1C><uhinll. eUl i. c:<lremelyac curatc and
lend, it", lf to com pli' ated designs whir:b
means insulMi"" i, no longe. dictated by
conventional "ha"" .

Information : td l 800 354044,
www.csr.eom.aulbrad fonl

I f'li SULCO
Acou. t1-\ I.. Pndk llo. SO....a.-c

Insuleo Acou'ti-Ma~ is the mosl
wph isticaled JlIllK""" fOTthe prediction of
noi. e tran.m i..ion loss in wall. and
n...or/ceiling oysn:m\. An tsSC'Oliailoo l for
csl;nu ling the Transmi",ion Los. (TLj overa
range offrequcncie"u "''ell as Weighted
SUWldRe<luctlon [ndices ofS TC and Rw, lIS
re~uircdby the Building Code of Aum ali.
Acousti.M"" comcs p.c ked with fCOlu..... and
function•. With c.t en"ivedropdownmcnus
to ",, 1<'<;1 material . and simp le choices fur
eonstnlCtiondetails. you can quicklyn'al""l e
d ifTcrnr l c"".tructi o n. aTld insularion
ma teriala. Arou. '!i · Max also provi<lct an on­
saND picture of your constnIC1ion .TId .
,rarh(or tab lc)ofl hcT13nSnli"5ionlooocs
II o ffers fundamenta l produ ctivity and
wotkllowbcnefi" 10 acoust ic <:onIoull. nls and
archil"" t.

Infonna lioo: tcl 130065 44440.

in. ulro@ tasbuildpro.com.au.

I '
~ I

m k.In!: . cou. tin p.~n a nd record ,

I feel sure lhat amon ~ our mo", senior
11ICll\bcrslhcre musl nowbcsomcw h" hlIve
over the years accumulatcd numcrous m""t
......tu l .cou<Iic.papetSandorbern:cords
whi,h , m our relircmcn l or semi· rctiromcnt,
wcool",rlllcr n«d. Allhisstage,wc lCfldlo
dl.po$Co fthcm •• "'.... te parer· I'm """' I""t
mceh infonnalion aboul notable past
arou.uea l",,,,", ,andabour lhec.rIy dayo o r
thc AAS lIaoin tllis", aybecncompk<cIy IOSl
10l""'lCn ly.

I "",,uld like 10 mak e a ve ry stronll plea
indeod lO. ll who h" 'c such accumulali"" s of
aco""t i' "JI'lpen and rccord. 10 ",riously
think ofdnnaling and <ending thcm tel lhe
AAS Arehive rather Ihan Ihrowinglhcm out
... ruhbish.

Thcmosl importan li l"",. IObc f('lamcd in an
arc hive lire AAS divisio n comminc e
rttinutCl;,cspcc ially bur OOIoo1y from Ihc
pcrind 196410 197 1 ",bcn !hc, c wos an
NSW and a Victoria Division bef"", ,he
!IlICiely -..a< inco<porall:d... an Au trahan
So<;iCly in 197 1, '¥lher with period 'cal
n~.and loxhnica [ bullcliM, conf"""",e ere

prncced ing<,Il'Chn ical p. pcro givtn at
ct:mfercnccs, <cminars and ' cchni, . l
mccting., and .~ "" lbesoe confcrcnces,

scminanalldl « hnlClll meetings.

Thosc histor i. n. a'-I" UI, who are
compihng accoun ls o f thc aoou ' rieal work,
rescarchc!;, sue"","... and .d,ieverncnts of
ourcuTTet>1 and formcr memhcn a"dother
acouslicians"''OIking in lbiscountryarc all
too awarcth.allhcrc lIICI.....'C i"P" in our
'urrcnt rewr ds

At prescnt.allbough thi. Archive ILu some
reo;01<.1. of these kinds. lhey are far from
complctc.OurpIe. i.th.t allwho~

collcct ionsof"oou.t icspapcn< . "d rccord..
think "",riously of donati ng them to thc AAS
Arehive The genc ml <ccrctary, D,n'id
Walkins, or myse lfwou ldbcvCtyplC3.<cd10
hcarof, aod hclfl you to ,li, p"se of, such
valuable records in the Arehive.

Loui~ fuu"):

fie/llri " Di....iwr Coo."' r'n....
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DR RONALD GEO RGE BARDE N

18.116.192 4 -64,07.2 00 2

Ronald . lld hi' tw;n brolher Erncst wcreh<Jrnat
Ro<;h<,~inEngl.nd "libe" 15 he obtllineda
~eenly contested apprenticeship as a Finer and
Turner and Design Draught.man at the R"Y"I
Dockyard, Lll . lham. A few months laler the
Seco ndWocldWar brokcoUi and the dockyl'ltl
was placcdunJc r in"'"-,,,"'.!<'=.maimaining
and ",pairing ship. of the Roya l Navy. At Ill .
oooclusionofhis app", nti=n ip.Ro n had gained
top place of.U the M\I<lents who had em<:redt1,.
Roya l Dockyard Schoo ls throu£ hoot Hrilain in
thai period. li e then "'0" loy ",," min' lion a
Whilwunh S<hobrship enooling him 10 begin an
cng ince ringooLll'Se 3tLondon Un i""",ity. Afte r
grad,,"-!ing, hi. firot n>(I\IC [rompn>c lical eng;_
"cenng lo Ihe acad emi c was an appo intmctll as
LCC1m"ral thc Battersea Polytechnk
H, ....~. Au'lrdlia beckoned and he arriv.d in

Sydneywi th hisw ifcIJelty inSeplcmbe:r l'J4'1
to take upan appo;nlmenlon theenginem ng
staffof thc Unive"ityofNcw $outh Wale•. An
appo intntent as Sen ior u,clure r al lhc
Universil)' of Addaidc followed in 1952 . nd it
wa, l~ere l~al he obtai ned his Doc tora te . In
1963 he bocame Foundal ioo Professor o f Fluid
Me.;hanks .,odChainnanoflheDepartmcntof
Moxhan ica l Enginee ring, Mo nash Universil)',
Melboum . guid ingthe Depa nm enl in. pe riod

Robert Glee " jo ined the Comm onwea lth
Department of Works during the mid·I950's
whcn lhcy h.d ju ' lbeen given control <:>f dc ' i<!n
and co nslruct ion for an ABC Wilt'" pr"l':t.J.m of
m.jornew TV aoo Rad 'obuilding •. Bcc.aw.c of
his expcriencei nac ousries . nd phys ics &!l ,..".
inviled lOj oin <he arch ite<;lIIra l rcam engoged m
theducumenlalionof lhe,e "~,,ks. Duringafive

ye ar pcriod, under Ihe leadersh ip nf Senior
I\Jcllil""I Coli n [}~,hc pm- iJC'dlhc tk l.1ilcd
..-ch ,... wral ~N: d ign, i"d\ld r"ll """'"
isolalionandairbomenoisecontrulfor thtn,."w
TV broadcastin g prod uct i" " com ple xes at
Sydn ey, Brisbane , Adc laide , Perth and Hobart
and the PerthRosch ill Rad i" comp lex. This was
a very sltmnlating pe riod of fe llowship ", hen
the AUSlra lian aco usl ies industry and professio n
had becn boos le d by lhe s imultaneo us
consuuction of so many ABC and comm ercial
T V prod uclionea l1rcs.

Eklb's \OtIrk bro ught him int" eon lact Wilh ABC
perso nnelan d in larc l959 hewasinvilcdto jni n
them in the p", itio n of Arc hilec t in th ei r
Build ing s" rvic.:s Depart ment althe Syd ney
Head O ffice . Over a period of l9 years hc .. as
involw:d in m. ny major ABC stud io projects in

Acoustics Allst ralia

o f rap id develop menl with gre al sue".... .
Having a keen interest in no is. andvibtali on I-.:
inco r poraled lhe subj« l inloth. re : u l"
Engince ringCo urse and stane<l special Sbcon
Courses for pw pl. employ ed in ind u,lry .

Duri ng 1% 9 he was lhe Visiling Prof• •wral
lhe In , liM. of Sound and Vim tion R...".rch
(lS-VR.) at So lllhamp to n. R..I,.n,nl 10
Mon .sh h. workcd hard h' plOOlOl. I~ ~bJ"'''

morc widcl y and 10 prepare fora large oonfcr_
enceofgrcalsignifk anoe .Thisw asthc "No isc ,
Shock and Vibrat ion" Con ference spons ored by
his DellanlllCn t ofM«hanica l Engi neering , lhe
Austra lian Acous tica l Soc iely and lhe
Insl illllion of Engin eers , A ustra lia. " ,." held al
Mo nash in May, 1974, the keynOle spe aker
being DrL.L.lknme k

AsthefirstChamttanof lheAco'-"tkSociCly in
Viclo ria, Ron Bardc n disp layed the sameener­
gy.nd""thu , ia>m lhal he put in lo . ny j ob he
tack led an d a' the applica tion of acoustic prin -

~~~~~~~e:~~~~~c~:.~:ee:'"~ :~~
Sl.ndards ....""";at io n

Lale in 1 "7~ the g reat variel)' o f noise an d
vibra tion I-""""'lems dea lt wilh in prh1l le ptac lice
amac1ell h ,m lOOOhe dcc ided 10 ma ke a chang e
fromuni•• tlit)' life byjoining lhe practicc
whic h lhe write r had establ ished in 1959. The
pannersh ip of Riley, E1arden and Kirk hope
came inlobeing. G iving Ron thc op('Onun il)' 10

apply h is grcat expenise and knowlcdge in
manyim)lOn.ntpmj«ts

Port Morcsby, Raba ul , Darwi ~, Alic e Spri ngs,
Cairns , Town svi lle, Mackay, 'loowoomba an d
Brisbane , unli lforced1oresig n forhealth
rcasonsin 1979. Subsequenl1y he went inlO
privalearooslic prac licea.<eo",ullanl lo local
and ovetli eas orga ni zations, ope ra ting as
ACOllslecl'ryLtd, unl ilrc ce nl times

From lhc ear ly days, whenAusl~dlt.nacOU<lics
was a m uch , ma iler fnllernil)', Bo b was well
kn own and beca me one of lhe foundati o n
tnen\ber< of lhe Soc iety. He played "'acliw:
role in advane mg rbe scie nce and pract icc of 1hc
d isc ipl ine. He enj oyed Pro fes sor An ila
Lnu nce', in spi ring lwo- ye ar O rad u. te
Diplom a co sc in Ad,'anced ACOllilics eo ursc
att~e Uni" sity o f New Sou lh Wales in 1% 7
and I96R. He invo lved himself in Soci ely
ac tivilie. , prepari ng and delivering a number of
tec hnical pa pers Fru m 1973 to 1975 he wrote,
Icrlllrcd and 1II10rcd al the UNSW in cou r$cs 011

Slal;"' ics ,Acousti" an d Clima lology ,as we lias
lecturi ng in Material s Sc ience. Wilh Bob
Milchell, he a lso pre",nled a seg menl on
Ae(l\ll;tics for V nive rsity o f lheAir

Boll w"sdceply intcreste<l in researc h. He bad
drcamedofrescarchinglhe slrirlcrappliC<ltion of
",,0IIS1icprinciples1oRadioandTel~isionsru

dio proltlt ms by dcvclopmg pcrf","","nce lCSled
pre fabric arcd cons lruelMms as far as p"",il>le.
Qncsuchdemoontablcslndio ,"'Uaclllallybui l1

C<llTlf'l"OJn ity Sc<vice ;l'! a~ im)lOJ1aDl to Ron

and he d id a 1""'1 deal ror lhe Deafness
FOunJal"'" (V IC., ) o f lO'fliclt he II<.-.:amc
Pm,dent . Th....ut ...... . ~I.n<kd to "Taraly.· ,

lite Ad visor y Council f"r Ch i ldre n wil h
Impaired Hearing (Vic .) which heassisled in

lIWIy"~,

ROI'1 '\; p<of" s-, ional " and ing w" s recognised by
I11Jl1y In, lil urions: F. llow, Inst itut ion of
Mec hanic. l Engi n. en , Lo ndo n; Fell ow,
In.t iM io n of Eng in..n; , Australia; F. llow,
Faculty of Eng ineeri ng, Monash University;
Fellow, Au ....a lian Aco"'lir.1Soriety.

1lJere is no doubt lhat ltis eonlributio n for
,o,:ou>tio.inAuwaJia ..... IlJDI. He am vcd nn r1te
~1C "h.,., 41IIUO f"w....J<m,uod its imporranc;<:

in engineering andlosociety, and he pt"OCC"ded to
sprcad the mcssage , . ry effectivc ly.

Ron ald Barden was a man <:>finlcgrity and high
principlc , with an undcr lying scn .. "f humout,
forwhom his C<llleagues , hi. staff , an d all lhose
who iillew hi m well had greal .-e'P<""t. lie ha d
be en d..ply sad dened by lhc dca lhofltiswife
Betty in 1985 an d it was only. few years lalCT
lhal he dec ided 10 rClirc fronI private prac tic.:
devol ing his lime 1o his f. mily and CJ<ped.lly
h is gra ndch ildun. lI e look np gol f and bridg(:
and in 1996 entered iJ110a happy marria ge Wilh
Shir ley Hogan who was his b ridge part ucr. li e is
survi w:dby Shirlcy 3J1d by hischi ldren Annette,
l'en clo pc and John , and by hisgrandchi ldrc n.

G~raldRilry

as a privale projeCl. hdid perform excc llcnl ly,
btnwas ... veradopted;.uch radicalapproach
",,,, bard ly a priority wirhin a busy bro adcasrer.

He alw camed out jo inr rcscarch with the late E
(Tcd) Weston (whom Eklbrernembcrs withaITcc ·
lionandre<pCCl) .Tcdwasinrcr,,'codin Bob .the·
oreti,a lim,'esligalionsofl!>ecrilicalcffoctsof
placetllen l on absOlknl effic .....cy. H.g.ve B"b
-'~c lfll! ...,.... l<> the Commonwcallh
Build," ! RC>CaI'Ch l..oboxalOJy\ so phislical ed
f:ociIN"",.nablillg altoo>l 8000 scpara te expcri.
menl' lo he madc 1() vmfy Eklb ', hypothes is
Th is work "'as pu~l ishtd

h was in Adel aide, Soolh Ausrra lia where, as an
A BC cng incCT,1 firsl met EklbGree n du ring his

" isit< rega rd ing buil d ing matters for radio an d
lelc visinn studi os at Colli ns .. uod, Sout h
Austr alia , and eo tontl)' centr es. Bob 's h igh
sla ndard of profess ionalism w.. apparent and
wed equal1y with his a~ilily lo enlcrtain with

hisane.;dOlesand pilhygoodhnmour

Bo b G r-.. n recently ce leb rated his 80 th
binhday. He followcdin the lrad itionof lhose
pro fc<sio na l, in aeo ll$lics , bo th he re and
oversea s. who eannot qUil al 'lie rccogni!icd
reli ring age , bul , o nli nue 10 make a
contr ibu lion . \\ 'i: wish Robcn Green a h. ppy
andenj~ ablerctircment
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