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Thern.<.>~ar lcrmofoffi"efor Prcs identis

both long yct shorl. and as my t~""lIl eomes

to an end, I thank you all for your support
I wish to thank Councillors. Divisional
eonnn i ll~~ and many others who had
input ioln the '''~'l'e'<, fu l runnin!: of the
Sociely. Wilhout lhis continued donation
of lime and ""oun:es lhe.,..,iety will not

funcli'M'

lssces wo rth spectat menrion rhruullll my
term ioclmk lhe sueC<:5S ful running of
WESPAC8 • the 81h We-t ern Paci fic
Aoou>1icl1 Cun fcr,;JII,:C ~Acou"' ics un Ihe
M....·e· held ill Melbuume on Aporil 7.9.
2003. This inlffll,lllion.U conference was
orgu iSt."tl and ho,.led b)' Ihe Victnrian
Tli,·b ioo .. ilh lhedl'ivin g furce of Cha rles
Don. Thewcccssfulbi d fot' ICA20 10 isa
significant achievement and will ""lu in:
the support of all the membe...hip dunn g
the coming ~arll. A" ou., tics Austra lia
OOnlinued with its high quality puhli"atinn
and I must thank the b Jimrial Team that
bas prod uced it in a timely and

Welcome to the Augu"t 2Q04 i". ue' For
those who ha~e ..ot acloally thoug hl ahoul
it. let me explain somc1hing of ou r

" Editorial f'hilosop hyM. A"ou,Iics
Australia d t.. ,,, not aim 10 he a Ptim:try

Re....an:h Journal in competi ti"" wilh
Journal of the Amrl .Ilic,,1 Societ y of
A",,-I'iro. Joumu l .>/.'1<",,,,/ ,,nd lIif>tvli",•.

or App liNJ Aco rl.flie.... Rathn we aim to
publisb referecd papo;rs of goodK iemiroc
orll:c hnieal qualily that are chosen fo.
their interesl to men,ixrs Ofl he SOCiely.
We also include Technical NOles .md
discussion ile.... in Acoustics ~'tIt'\Im thai
arc nor senl to external ",fe "", . butdeall
",'ithby tbe Editorial ComnHtlee, Finally,
wepubl i sb itcm. oFgeneralin ten:stonn~'W

hooksan don ncw equipment, and nc'Wso f
, ,"""enl and futun: evenl, as"ICialcd wilh

Ihe Society or wilh the interna tional
aeou' t,esc om mun,' Y

Each year we I'uhli, h a Sjl<.'Cial Issue
deal ing with a tnpic ofin terest and otlen
rd ating toa eonfcrenc<:hcld vcry recenlly
This year 's specia l issue was pebhshed in
April and contain ed f'ivc imp<lftanl flitpt."N
on the subjec l of med l3ni<.:a1 ~ ibraliOfl,

professional ma,mer. The "ontinuc"dtime
and effort inve<1cd by Ihi. le:1m i. nnl
al"'" ysal'pa.e nt from theout:oide buI -...: I II
should be aware th at t his qua lity of
publiceuon does norcrcascasclf "swilh
all vclumary rasks more help will aJv.-ays
be wek ome and all members can
oontribme by p.-ov iding informalion ,
led ", i""" nnle. and dnmunin g up some
ad_ertising suPflO". ThcMcmber Survcy
and establishment of Priorilies provide
guidance for anuose involvc..l with the
upc"' lion of lhc So" iery, TIlc sut.'Cc", ful
,mnual con ference Aeousl ics 2002 in
Adelai de is being Followed hy
ACOUSTICS2Q04at Ill.:Gold Coa.'l1.The
theme is Transportal ion Noise & Vibration
the New Millenn iu'" and it is being Ilcld
3-5 November 2004. Ensure you ancnd
and catch uf' wilh your colleagues from
around the country

On the adminislral ion side the.e has been a
lot (lfworl.: updating rhe web page and a
bricftour rcveals a lot of inlonnalion ahout

dcn vcdfroma ron ference on th.a1lnp lC
held on Ihc Gold (;00,;1 in NO'vCmhn 2003 .
Thc Spcc ial Issue for 2005 willbcon
Mus;,;a l A<,:tlIJsrics and will rely fairly
large ly epon pare rs in Ihe ,""ui'lfIs
organ~'ICd by lhe Socidy and presenled
during Ihe Nanoe ar Congress of the
Aus1rahan lnSlitule of f'hysics, tn be hcld
in Canhcrra in January2005

With the present issue we rc'VC rt to our
usual pra<.:tiee of presenting a balanced
~prcad of articles ranging over ~a ri (lIlS

a'pect sofacuu, ' ics. There is nne paper on
the p,;y<:l'lr:ophy.....'S of m.....ic"l prn:l"pIiOll.
one un wn, p.-c"'-'t;d cotl ln~ fOf Ittc
product ionoF C[)s. oneontl>crcmarkable
sens ilivity of lhei\CJnaf Of dolphins, and
one oTllheprllctical a'pec ls of makin!: a
dinner gong . In addiuo n mere is an
e~ tend"d paper Ihat pre"",nts Iu lhe wider
acotJ.\t;';s com munity the activ ities and
plans uf the MARCS Audirory Research
Cen lre al Ibe Uniwrsily of Western
Sydnc'Y.

Finally. let me .cmind you all of the hIo'O

great Austra lian eo nf"""""". wilh

how the socicry opera tes and w~at it has
achi~, Most fonns and reports are
availab le through it and lbe Member
dallbase is now funclioning. All members

dtould logi n to ensun: lhal Iheir dctails are
up to dale and change lhem when
lIt.'ttssory. lnfu mrethrrt:'willbc only one
dataoooe for 0001<1<-1 details and e-mail
add"".. es and if membe r detail. arc
illCOt'n:..1 il will bc dueio rhe member not
mamtaining tbr m. Keepyours up to dale
As we continue towa.ds tbe Ml"' re rles.<
nffice" the ",eb and email willbecome the
mam means of communication bctwet.'TI
me Society, ils members and Divisions

Rememher. lhere is always spac e for
willing helpers, so become involved with
your Stlcie1y and lets alt help it grow.

acouSlic. contenl com ing up in the !lOt
wry di.' anl future. In the period 3- 5
N""e mher 2004 rbcee is the Sociely·.
annual ",,,, reren<.:e. 10 be hcld at Su.fe. ·.
l'a.ad i.... on the (Jold Coa <t"',ith the th<,:me

T.I1I' .<p<Jn "'m'.,... <I"d Vi!>"",;" " - The NI!W
M.ll ennlum hut also with sessions on
Under wmer Acoustic s and on
Architc..... tural and Buildin g Acoustic s.
Then f."m 31 January lo4 February 2005
in Canl:>e.rJthc Sociely iSf' artieipaling in
the Nati",, ;!l Congre.... o r the Australian
In,tiMe " fPhysic's . which has tbe Ihemc

";""k~f".'hc Nori,,,., and is organising
'IO.' '' MlS .m Ac'<.>usliC!l and Mu. ic. Wc
hopc t"!II.'C)'UuaIOllCur bolhofl~!

Finally. ifyuu have someth ing you ",uu ld

like 10wre wilh Ihc rcstof1bc Au. tnli an
31.'Ouslics oommwHty - a .........· ""ientirocor
lechnical advance, a signifi"ant projoct
rom plcted.an intere!>1ing l'ieccoh "",.,..or
aeontr'Jller.;ial..,. ininn for di"" u... ioo,
pI""''''' gcl in touch ",ilh IL\ . Thc F.ditnnal
C.ommiltcc is ",,, iting In hear from you'

N.....ilJe Ffelehe.
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LOW-BITRATE CODING OF SOUND AND
IMPLICATIONS FOR HIGH-QUALITY
DIGITAL AUDlO*
Adrl llnUS J.J\1Hnutsma

AI1'\"", '" Pro ' t".'I;on Dh 'ld on
v.s. Arm~' At rom t dic,,1 Rcsun-h Labo r;!.IO!')'
~'on Rudi.tl. AL 36362 -0577, USA
Adria n .Hnuhma~lml'dd.a rm)".m i l

AIISTRACT. The COO'l'X l Disc '.u""lt..:! in the carl)' 19lt01.has SC1a "''OI"ld .. idc .tanda rd for h.gh -<t""hl)' d igital audio . 115"""pling r.:lll'
o f44 .1 ~lIzalld 1 6-hit """,d .;n 'pp". ",d lO pnwidc cnouiili b.aoo..-idlh .nd dyn;ln'llC r;lnge l" capl utt C'<\'ry !lOUnd fea"'''' ~R:el.....hll'by
lhc human ear , Allhough d igilaltechnolog y lOthy i$ c.pahk o r del i, mOll .. It"o"elllarge ' dynamic and opee l", l range al re lative ly little ' ''''' ,
1M'" has btt n an ever-i~.,inl """' l0 produce dil ",,11OWld ofC D-equi>lIlcnl q"",lity at much lower himllc, than the ClY, 1411 kl>ill.
h ample. n"i",J.",,~ mjuonng """=r bitrale<arc digital audio b~. r"ed ·!'lc. d digi...1tap" reco""''', recordable mini...:! ,,,,,,mull;_
channe l cinnna StlUnd, ...,<1 illltn Kl audio. The or iN;"'" biHnmpre»W. ""hewn '" INflsfQrm . nd ""bb.nd coding develOf'Cd in lhe laIC
l llWs. both explOlling lhe known pcrccptual limiMin". of Ihe human .u.d "oty sy<fo:m. have now mo<Tly been~ed inlo , numhcTof
...ndatdizcd compk~ "odinll . y, tems th. t combine the he. t e1em.ntl orne m , ,,,,,l,,,,hem•• . (h iler l.don;ques have I>eeodcvclopN such
a.m"del."" scd p.ram e\ric c"'h ngwhcrcllOl lh.\.... ""fllml butmlhcT thc """'''''ijng panomc\C'f'lo"r .~fonn'll""C"a< ingl11O<kl.",

cn,:(~lcd .nd transmined, Synth..,s of thc inlcnd<d ..,..nd ,,'ovc isthc n iIIUO"fff>I, ..lC\lat the deooder end, Thi' lechniq"" "'ads In ad<litional
bil .. vinlt,.nd gi\~1hccnd""""COIltrol o",rplaybllckcondit;OO5 likc theposl'innin! ofs<>und """n;cs, Thi> (catu", is not only p<>tenlially
"",,(ul (or music playback in the ""me. bul:01010 for live electroniccon<rrts . 1. I""nnfe..."" ing. and multi_..", . voic. communican"" .y<lcm.

1. 1;'\jrRO DUCTlO:'ll

Hfgh -quahty audiois a co ncept thai is nor exacny defined and
lint always prope rly understood To some it refcrs din-clly 10
phy~ical "im ilaritybe1"'..ecll ateal~nd ficld andil t ele(1f{)o

ocou,tical tqlroduction. Within Ihis vie.....point . llOOuslical
know ledge and electron ic lC'Chnology an: the only limiting
facto rs prC'"CfIlingaudioquali tyfrombcingpcrfccl , To ol hers ,
however. audio qua lity refe rs 10 the audible similarity between
a real- life so und event and an elec tro nic rep roduct ion , Given
this view poin t . the human audito ry sys lem wilh all it.
lim italiom has bce omeanessenlia l fa,1or dctcrm iningaooio
quality

If one measures the locus of all pure tone Irequcncy -.
inte nsity combinations that a yo ung and health y listener is
ab le to per ce ive w ilhout ex !,,<,ricneing di scom fort. one
typically finds a frequency range exte nding from 20 li z to 20
kHz amI an intensity range from about 10 to 110 dB
FlL'qucn,-y ~pectra of m usical instrume nts and lhe huma n
voiec.C<MlSideredal1 togcther , large1YClWeTth ism:quency
rang e. The dynamic rang e of a full symphony orchestra is.
depending on si;rc and ccecert ha ll acoll-,tics. somewhere
be lwe en 90 and 1()() d B. although dynamic ranges of
indiv idua l inSlrumen ls are considerably smaller [I] , Figure I
show s rhctypical frequency-Inte nsity area for human hearin g
and, inside that area. a COnsclVlllive estimate of the area
cov.redhyconvenl ional music.

For digital Slorageand~roduetionof soundwith a
bandwidt h of 20 kl lz, one nccds a :;amphng frequ enc y of at
least 4OUl z. To reproduce sounds with a dyn amic rnnge of%
dB witho ut aud ible quanuaatio n noise. one need s a sample

Acol)Sl icsAu slral~

,.
nu_ of pU>,.

.1' , , - ' --- --k:.l-rr-· 101....

· -- - ,

· -- -- - - --
11>.-......of.udil>lWy /· L L L l~ -~ '"- '"-

Figa", I: The .a dilory frequenoy and dynamic range
Tho 'mu."c' .ang. is •• pre. enl.d by the da_bed area
(Fn>mRossing[ 421J

word si' e ofal least. 16 bits. The se c(lI\side ralions lcd 10 lhe
Com,,"el Disc fermat proposed by Pt uhps and Suny in the
earl y 19KOs. and standa rdized in 1987 [2]. The CO uses If>-bit
words and a sam pling freque ncy uf 44,1 kH' .. Thetotalbrtrate
in 2-<:hannel C D audio is therefore a lillie over 1.4 Mb ilsls. On
the market. lhc CD replaced the LP I'viny l'} forma t in a few
years, and quickly beca me an informa l standar d for audio
qualily acm s'lhe world

Ill sub5e<lUl.'lI1 years . slOrage and tnll>mission of aud io bils
became progress ively cheape r through adva nces in d igital
led uw lOll:Y and, co nsequ ently. a mw.1ly llX'hnology-drivcn

• Rcp,in"d from'he !'roc....Jinp" f lh.ln'<I1la';o...lC<>o>g",.. ""
Acou.uo ICA_2004. Kyoro,JortUl
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push towards an eve n higher digital aud io quality standar d
ensued, In some st udies. ev idence was found lhal sound
eomponenls well above 10 kHz can cause measura ble effects
on a· U :(j aClivily {3]. differen ce tone pcrc epuoe (4). and
othe r pcn:epI ual feat ures (5,6). The AOOlIsticRcnaissa~ for
Audio (ARA) Fou ndal ion,. residi ng at Mnidian Aud io lid in
the t: K. bas been systemalical ly pu .Jling to establish strict er
standards for higJrquality aud io on high-de n\i ty CDcarricn.
F l. Critical C''lI1uations of claims that sound co mpoo.:Tl!s
aboo.t'10kfl7arepercen.'lIb1eha\.-e,in1iOlTlt'e3Sn,uncovered
ani faets like equipment d istorti(>l1as the cause-of the observ ed
effec ts (8). Therefore, it <;t't'ITIS fair to conclude tha i
~ychophy$ical .....idencein f3VOl"0f aSiricter and~bit­

inlen si\t' C D standa rd is IlOl: O\t'J"\I\-helming. It should be
n.-oognin-d. however , thai for JlI'Il'IO'in of documenting and
arc hiv ing sound r~'COrd i ngs for bIer anal ysi s. a IIlOCC'

broadbandforma t than the presenf C D standard VoOUld ha\ '(: iii
mell l!;.

In many arr licationsofdigital audio otherlhan com f'3'Cl
disc or dig ilal audio tape. there is an inheren t band width
limilal ion tha t impedes or preve nts straigh t forward
appl ication of the C D standard. Examples are digital aodio
broa dcast (DAB ), digital compa ct casselle (()( X ), ci nema
sound (So ny Dynam ic Digital Sound, Dolb y Prol.cgic, Dolby
Dil!\ital). 311I1 sou nds transmitte d over the interne t In som e
case s, the required audio bandwidth cann"t be reached
because of hardware limilalions (ocq, and in other cases ,
there is bandwidth ccmpcunon with other desi rable features
of I ~e co mmunication such as video qua lity or the nwnbe r of
availal>k radio stalions. In all ofthese cases, one i<kal ly wants
to rcd oce the audio burate o f 1.4 Mh/s to S(lmelhing
eons iderab ly lower,....-ithoutaffcctingpcrcei\·ed",-,undqualily.

A !ltn iV1lfOl"\'lo-ard al'lJl'Wl.'h of loweri ng !he sam pling rase
would immedia tely be audib le a\ a reduction ofbnglMnc:ss due
to lhcatKen<:e of higb frcq ocnc ic:s, ....-hm:asa red ocli(>l1oft he
.. or d sil e ....uuld resu lt in (occas Iona l) audibilily of
undcsirablesoondeffcclSc::a~byquantit.atiOl\nolse.

BllnJt( red uction without audible 5OW'k1dcirada tioo can
be ech icved by (a) reduetion of statistical redundancy. and (b)
minimilat ion of percept ual irrelevllnct:. Both proceces arc
ind~nl and cumulative. The fi~t process It'lfIO\t's
redundanc ies in the rode , is a slrietl y stat istical mat hema tical
opera tion. and results in Irnsleu cOOc(i.e .• a code lTomwhich
the orig ina l OOIInd ....a ve form i-scomplct(ly r«onstructible).
Thc second process CJlploits known limitations of our hearing
sysIem in ordc r to remove ina lldibk: soun d clemc nts and 10
sdc<:tivtly al1owq uanlizat ion noisclha tcanool bc:perc( ivl:d
Th is result s in a lossy, but at the same time , a pt'rcep fually
tm"sf'</....nt code , From such a cod e, lhc orig inal sound
waveform cannul be exactly reoonstrUd~'C.1 any more, but a
listener wi ll not be ab le to tell the differen ce hetwcen the
ori l!\inal llndlhebitratc-roouc ed v<:rsiun. , Final1y, if bilTates
are redu ced to a level wh<,:reaudible ...."'nd ele ments are
removed or audib le quanlizalion noise is add ed the resu lt will
be a /w syand pt 'rr;.'pt lUllI),,ug rud<'d eod e.

2. T RA:'IiSP,\ REI'.-T comxc
A genera l .-.;heme for percept ually transpa rent cod ing is

so. VOl. 32(2004) No. 2

show n in Figu re 1. A run ning waveform is first subjected to
a timc-fl"CCiuency analysis. shew n in the top-left pan ,-,f lhe
fi gu'i-c.... hich ean "'~e 5C'Veml different forms depend ing on
the cod ing s1rat~l1Y. Soon time segments. compara ble to the
tt"l'llJ'l<ll'll reso lution of 001 h....aringsyste1Tl,are passed through
a set of uniform or nonu niform. b,mdp3ss fi ltCf'S, as is done in
SlIhha" J cnJIIIS (9). The output para meters of this time­
frequcncyal13.l)'si. bloclr.in Ihis case are the time respoo scs of
each subba nd to eac h inpul segme nt. TrUtujonn C'Oders
I)'pically usc some:unitary n-ansforma tion into the frequenc-y
doma in. for instance I C()l;illt' tr.msform (101. In this ca...:,t~
ou tput par Bfll(1:ers are represe nted by a se1 of Fou ticl'
coctrlcicnts fur each tn.n sformcd time~. Both subblnd
and uarbfonn coders are purely ...a\'Cf~-basnl and do IIlII
assume all )' 1r.nooIo-kdj:Cof ho<,r,' the ....aveform was produced

Figure 2: General sd 'eme ror pen:eplual entropy c<K1inll
(f rom Painter undS Pilnial [I S])

Another anal ysis strategy is 10 assu me lhal the sound
wave form is. in principle, made up of simple bui lding bloc ks
lhatcan hcm<,,<!(l cd and lldeq lllud y descri bed by a limiled .'lC1
of parame ters. Puru", ..lr;l" C,>d..n try tn <k""ri be lhe input
sound seg ments III teltl'L, of sinuso ida l parameters I I I ].
com binations of sinuso ids and noise [12), or frequency ­
modulated sinuso ids [131. Ou tput param(ln"§ then lake t~

form of sinuso ida l amp litudes and Ireqeenci es, noi se
imcnsilics and bandwidths. and modulation indic es . Anothcf
t'JIample is the linear predicti\'e coder-(1-1] th.o.l has bcrome
\erysucc:essful inspeechbulless WlCfi"Ufulinmu,iceodmg
It is based on the idca ofa souru-filler model of sou nd, ....hen:
the source i~ eilhcr a po:rindic pulse or noise and the fll lCTis
ann--poJe li....-.vfilln. SUChaSOlllldmodclseemsareasonablc
~t.ation for the human \'(lice and. 10 some e~ tenl. for
harrnorUc musicalinsll\lITlCllu. ltappcars ~appropriale a¥ a

mod el for inhannonie tona l insIrumc nlS suc h as bctts.gongs
or alhcr pcrtu.u ioo ins trumen u .

Itis ootlhc pu~ "f lhi s prcscntalion lo provklc: l

complete list o f all the cod ing strategies that have been
proposed or implemenled. A deta iled and ela bo rately
docu mented rcvkw of this materia l was recen tly prov idec:lby

Parnter and Spanias jl S]
The next general operation is the quantizatio n and

encodin g of the parame ters yielded by th( lime-frequcncy
analysis. The quanrizanon process is adap tive. whc re the
nomb,-r of bits availal\leforeneod ingpammeters of eacht iI11e
fram e is dete rmined by the results a psychoaco ustic analysis
show n i" the lowe r po rtion of Fig. 2. Th i. ana lysis typic ally
a.~scsscs( l )wh ieh paramelerscan""relybe droppcdbecalise

their effect is inaud ible, ancI(2 ) how much quan lizati Oll noise
ean be allowed for signal parameters w tthin tha i lime frame
The principal psyc~ustiCelTcct (lIploill."d is simu l tanco<Js
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mask ing.",hcrelhcpct'l;Cl'lion thrl."<ooldfur qua nliz31ion
noise in an y frequ cnc y band is raised by the ~ imultan.,~,u~ 1y

presenc e of a soun d signal (16 ). Fol"Avd ...n<J ba<:kW'~rd

lIloI>oking 117). in whif:h • S<'M.md signa l masks qu.:mrizlu iOli
noi~ in suc,~ing or preceding li~ fra lTlC$. can. in
pn llCiple. also be illCludOO. In l~-dlannd lotl'ffO "'Imo!
lNI.... ed thresholds for q u.:u>liul lioo noi..: may be l""' ITN by
bllla ur;alm.l...kingR'leue [ 1 8]. resuluntl in a ~lhigkr

b'l "~ioo in oornpari:tOO ....ilh mono IIOW>d. On the other
h.u. si@nlll infonna tlon In ltK' dilTcn:tlI sound channe ls can..
l>;) lUGle extern, be combmed. lawenn, ltK' ovn-all bura te

il "101. for mulll<hannel .lU sound ~allOll, sound
dunnel~ rna) ' abo be l""1 ,a lly com lnned POI. and ne-n
~lormcd inlo . single Tl1Ol'Iaural ctunne l ptus• otream of
l>,na.... 1J"'r:llmrtl:n.. as is done in 11,...,,,,.,/ O... CnJ", . (211
Tlo;" "'ads. on the cne band "" • vnr kM bill1llO'llIUIloJ
qua hry l1!lt io and. on lhe olher "" nd. pto\ -;d,:os ..-e lle1i ble
control ovn lIOI/I'tC posilioning It the oulpul in romparii()fl
", " h tor'IVeftIional mul li<hannd cnill1 1l and ~iWon

t..-dwliques
In tho: final S~1tC o( !be gcnenl encodero( Fi, . 2. all

IJ\alhcrnalK-.II.and ...ti\l.ic"redundanclalh.al~leninlhe
slpl code ate n:mom:I. This .lal.~ o( lhe~ if,
Inuku. ....-baas the pm........,. st..1ga;of the coder yielded a
IWS! code . Heece , the tnd rewl l i~ a /"',)' 00& . \Vbc:dll:' ...
"...l lhis wok it. p;TU;1"u.111y tr ..n'J"'Klll dqoo:nd,; prirn;orily on
Ihe .vai l.bl e bun le {i.e .• lhe numlx< of hlts Illat <;an he
.IJoc.atcd ineal:hlimc frame). Jt,I..,~h.... 'CVn.on
dd ail s of thc dc5ign ofw timcifreq ucncy anal ysis block and
on the fillC!l!IC .ndcom:cme$5 of lhe:p5yctw»cou'lt ical model
thali!' u'lCd

If "" . il;lhle bilD tes ere t....l kM in compa ri<oo ",i th !he
d~rec o f ,sorh i ~lieal ion of ~illn.1 rn:rruce~s in~ and
p5)'Ciloarou.'<ticanal~"'Cl>dinllarti f:ll1.wi llooxurthalan:

lil.ely to .ITl;"\,1 tho.:pctI;civcd_nd qua lity in I III:ga uve "'"ly.
SubjoxtlVely. such an ifad s may iOWld like brief irreg ular
bUrslSof.ud il:>le noi~. di\tnrtionof ti mhrc.or disrurbancesin

rm:ei\"ed Ioealion o f "' lUnd source imagC'S. A pan icu larly
well-k "" n anJ fl"C<lucnlly occ urring arti fact i.pr't'-«lta Thi s
haJ'J'Cn -hen h me fT1l11lC5.rc chost-n too long wilhrespt'C t 10

aUfal l i~ rcsol"ti<Ml . • od ' 5IrcMl l: music signalonS<:l (i.c.• a
casta net nr be ll sou nd) fall. in the late r portion ofa lime
fram c.lkcauo;c. lIOW11blequanliral ion noiiC eslimalcd hy t!le
psyc hoacouqic model i~ sprea d U\-tt lhe:entire li~ frame. n
is lil.ely III be audihle jusl hefore the onset . To esnm ate
obtai nable lim ils fOT tran spa rem cod ing . Johnston [22)
cevetooed a gellCD I com ruta lioll scheme for PiT1"t"p1uul
Emmpy based on qua nt,talive ~yehoacou.tic models for
simulllUl<.'<lUs and llun•• imultallt:OU.. ma.• l.ing. He predic ted

• Ihal.f'>r a \·al ietyore,,, ll'O. hilralcs cou l..!be lypically
reduced to aooul 2.1 biblsa,"plc ' atsampl i n~ rall'S abO\-c 40

kHz ) hefore rcrcepl\Lill trans p"reoc y is los t. Early lisl~ninl!

tests with an MPEG - I la)'Cr I coo.: r an ..! simple Iixed-,
dilTercnce or a.dal"ive fon:cd cooi«: procedl.lreS bct",~n fu ll

l 6-bitliJ.mpJc and bit--<:om presscd signal s. )' ie ldcddilTcreoce
dete<:lionlhres ooldsbctv.-.:-cn2 and 3bilsisample .depcodcn t
on mcsc fragmt-nt (23 ]. SUbsc:qucnl technica l dc-\"c1opmrnts
of co mbin ing the ht~ ekmcnts o( dilTl.,.,....t cod ing .tra leg>cs.

ho"' c:vcr.ha\'c yicld cd hybrid etldt'Tlllhal arc ahlc hl prllduce
rc rccptual1y tTan"p"rentC lldes.t nllcs lell.~lhlln I bit/sample
[24].
3. t:XA:\-IPU: or "sU DSA:'\;() c n lJt :K

Th i. SCCIion.kscribcs the princirl n of a specific ", bband
coding 1Chctnc known all MUSICAM (25 ] Ih.:lt became lhe
'-isfor lhe IS01EC MPEG l layen l and 1I . tandard [26). Tu
he:lp unders tand h_ lhis code r "'w h . a 1Chemalie
Il:Jl'"C"C"talJ<lllflfa.l-toncmu'l-ic!UJP!aI.gain""<tuatltU,ation
noi<ebackground typ~11y productd by. reM (i e.• CO-type,
coder is shownin h g 1 II w..., s tho.:maskoo Ihrt:shold of our
audJtory S)ste:m.gl\'CII llvc:cma.s k1l1glonc$at 250. 1000and
4000 Hz and ill a sound~lc\cl or~lmalCly 71) dH.

One can see th.1t .II the thn:o: l<lne fn:qu.:nc1rs, .udltory
thrcsboI dtwboxnr.aisc:dby;about SOdBcornpam1",iththc
IIR:.hoId in quic:t.(}uartMtion ooiK forsomc arb i\nf)' bi lnte

hasbccn~o:d.by.spmrallyl1al"-'ofnoisc."tUch

i. an oo-cNmpI irlClJu..... b.'CaJOCquant:intmnoillC.although

I " +-++-fI--\t-itH-t--\-H-i

om 0-1 02 0.$ I 2

I,~-

h g"", 3: Thrcshold tLn or . Itt.I t_ in quiet Pd irllht
~ofthrttsim..Iw>Mut >llnlt "","· Sha<k<l1fCI
reprcsc:nr. arbilT.lryquanti7.1riun .....

spectrall y broadb and, is typic ally neilher t1al norstl llOMry.
From the figure . il is clea r that . for thi~ 1,lual ,on, til<:
quan tir.,l1ion n"is e is aud, llIe in the valleys of til<: masking
profile. 31arrmximalcly 1100, 25 1~ ). and 100'~) Ill..

Figu re 4 illustrates how on e c<lultl ideally shape Ihe
quantization no ise so tbat it is always be low the rna_l ed
Ihr~ sh ll id crea ted h)' Ihe . ign:ll compo nents. C arcfu!
inspec lionrc\"ca lsthat lheltltal <tuanli/,3lio nnoisc rowcr in
Fig . 4 is larger than tha t in ~·i g. J. but neverthele ss the norse
shown in Fig. 4 will be inaudible. [I is al'll,lclear th:lt. becau se
a mu~ic sigoa l co nlinUQusly cha nges with lime. the
q uamiz auc n t1oi.... shap ing shou ld be adu pnv e and be updated
vcry rrcqul'llily

In or<k:r lo achic:vc lhis. lhe:mu, ic sign" l is cUl intu sh,,"
(Iypically 8-ms) l ime frames. and each l ime fram e is
decomposed into a set or resl"'ll >CSo r. ban l. of 32 cun, lam·
bandwi dth (700- 111) po lyphase quadrature rilte", . Referri ng
bac k 10 Fig. I. this i~ donein the ' timelf n:<lUeocy anajysi~'
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block otthe coder . The ou tput ' parameters' are the (tempora l)
fil ter respun se waveform s. All respo nses are cr iticall y
subsamplcda11 400 Hl., sothatat thc o utpul oft~ filler bank

thetotalbitrate is stil1th e same as llt the inpul. Parallel to this
fil1ering operation, the ' psychoacoustic analysis' bloc k
pcrfonn s an FFT on the time fram c ano.!comp utes a maskin!:
profil e from this spect ral rep resentation based on elemenlary
psychoa cou stic rules. Ne~t, from the tota l number of bits
a" dilahlc for that parti cular timc frame, bits are allocated to
eachresponsesignal inamann"'"that varies inversely witht~

Fii ur<: 4: Same a, Fig. 3, with quantiJ.at;on noi..,
divio.k.l"" ....24 suhbando. (From ....-.....,and Stoll 12S])

_...-
Fi gure 5 : Sree ttumnf a ~I , ...u king pa!tern.and
qu;tntl,a tlO1l not.., as allocated m an MI'Hi I -layer II
coder. /From Wiese and s",n 12S])

amounl of masl~'d thl\--,;oold dcvatiunatthecenter frc'-luerlCy

of jbe passba nd fer that signal. Sluc c alloc ution o f less bits
implies generation of more quantif.lltiun m.i..c. the uvcrall
Tl-"lult wi ll boo.' that the speclral prufi le of the noise will
gene rally confUfm tu the rna,ki ng pmfi le ofthe .~ ignal , as is
shown in Fig. 4.

Fig ure 5 illus trates the ac tual per formance of the ceder for
a female-vo ice vowel segm ent comp rised of 20 harmon ics
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ShO\lil1 are ( a)the liJl«lrdl oompooenls of thl: \'(JI/l~I ,.uum.l, (b)

the masking profil e Of lhis vov.'Cl scglTll:ntcom put,-d by the
psychoa co ustic a.naly1cr, and (c) Ihc spectru m of quan liat ion
noise allowed by thc ~'Oder. Onc can ob..ervc that bi lTalc savillg

is achieved in two '...~s: (a) by allocating fewer bits in
subb ands where The masking profile is hillh. and (b) by
alloca lina; nu bits at all where all signa l OOnlp<mcnlli within a
subba nd erc inaudible, as is the case in su bba nd S. It i5 also
d ear that, ifonc want>;10 mainta in pe recptu.al lra llsparcncy.
any uncertaimy abon the ccercceess of the psycho aco ustic
mode l will l'C(juire a largCl"sa fety margin between compuTed
masked lhrt'Shold and quamization noiscl evels. Thcrel~, tbe '

quality of lhcpsyc OOaooustic mode l has adireclinl1ul.'llccon
the tranSJ"'renl bieares that a cod er can ultimately acbi......e.
There fore, co ntinued efforts are made to further imprO\le
psychoacoust ic maslingmodeL~I27]

4, SUBJF.CT I\'E E\ 'Al .L:AT IO :"lOF soux n QUA I .IT \'

Bl"Cau;.c percept ual cllt r\'PY ~'Oders e'\plo; t lim itat i ons i nhe,,;nl

10 the hu man auditor y sys tem. cla~s ica l measUres of sound
qua lity such as sigllaVnoi\C ratio or mtal harmo nic distortio n
are inadeq ua te andirrelevant. Therefore, the per formanccof
coo ing schemes is typicall y cvaluated w ith The usc of human
listeners .

If one on ly wants To e"..luate whether a sound fn1m a
parti cular coder al a ce rtain enra te is perc cptua lly transpa rent,
the simplest and mos t relevant method is a forced-choic e
disc rim ination test. The onOcrlying thoug ht he re is that. if
hstcncT<; canllot aurally detec t thediffen:ne e belwecn a sound
signa l from an accepte d qua lity stan dard such as a CD and the
sam e sound signal from a lower-bitrate coder, then the two
signals are percepTua lly equivalc nt in all rcspcets and
there fore the lcwer-bitra te code is perceptually tra nsparent
The fastest form of sueh a discri mination test is an adaptive 2­
dow n r-ep compa rison mcthod [28 ] in which each trial
cOllsists of a presentation of a rcfercnce and a coded signa l in
random order. Li ~te ners have to respond on each lrial what the

prese ntat ion order was. and typicall y will reccive respo nse
feed back . A r unwilltypica lly start with a low burat e for the
coded signal, so Ihat differences between reference and coded
signa ls arc nOI difficult 10 pe rceive. After 1100'0 succes sive
corrcct responses. th c h i trate of thc coded s i gnal i s i ncrea.~d

by a cc rta in increment, making the disc rimination task more
difficult. This procedure is continued unti l an incorrec t
response is given, whe reupon the bitrate of thc cod ed signal is
decreas ed by one increment. Somcwhere the adapt ive tra<:e
will end up osci llatinll between increments and c ecremen ts. at
which point the adaptive run is cnd ed. Th e bnra te ar which
oscillat ion of the trac e occ urs is con sider ed the pc rccpl ual
disc nminauon threshcld and corn:s ponds tu a 7 1%curTl:\.1
d i..c rim i nal iunlevel i ffi~ed -di lfcrcncc run'",'C fe used.

Ahhcugh forced-choi ce di scr imin at io n method s are
stmightfurward inc lassicalpsychop hysics,l hcir ap plicationi n
thc present case is not with\>ut prob lems . Fin;tly. lTlI:aningful
cumparison of music frallmenls req uires some minimum
length of these fragme nts, which interferes .....ilh short -term
memor y and often causes Iislcncrfaligue_ Se«mdly,coding
artifacts have many di1T~rent perceptua l forms and can occ ur



atr4ndomtim<;~, li<.that thcsuhject is i neon,tantunccrla i nty

aho ut ..."""to listen, ...hut tolistcnjor and,i nc asesofspatia l
sound, ..,.h.·fI! to liste n, To m~ke mat1er, won;e. discr imin atiun
cues will not on ly quanmauvejy cha nge when the bitrat e is
changed but may also chang e qua litatively. This makes
adapt ive discrim ination runs difficult to perfonn, andoftcn
cause s unstable nOIl·conv erging tra ces and significant
leam ingeffeets.

A more popular test method is the double-blind A-B- C
hidden refe ren ce paradig m. stan dardil ed in ITU -R
Recommendation BS. 1116 [29], which is used for the
cn luat ion ofboth Jl<'feeptually tra nspare ntanddcgraded
codes. On each trial, expert hstcne rs hear th m: identic"l
mu,i c fragmen ts A. n. and C, " t.lrn' A is always the high _
quality reference and Band C are . in random orde r. the
refe renc e and the coded sillnal lislcncrs must (a) identify
which o f B and C is the hidden reference. and (b) rate the
differen cc bel ..~ BandCon a4 1·Jl<l i ntscale. A\'ariant on

this method is n U_T Recommendation P.800i P.8J O. which

uses a 7-po int scale and isin tended for more heavily degrad ed
signa ls. Incorr ect ide ntific atio n of the hidden reference
auto mat ica lly ass ig ns the highcs t ratin g (tpe rceprually
eq uivalent"] to the cede d signal for thattrial. Average scale
valu es assignL-dloperceivcddifTercncesp rovideani ndie atinn
of the amuunt of perceptua l dellradation of code d signals
This method of rating is iml" lrtant for situa tions WhL'Te the
highest poss ible qual ity of audio is desired but perce ptua l
transpare ncy can not he ach ieve d because of technical
limitations.

S. OR.n:Cfl V~: M EASIJR~:S OF snurcn QIJAI.IT\ ·

Giv en the many problems encountered with ~u"j L"Cli.'e quali ty
testing, incl uding the fi nd ingl hat ' expcn ' hst'mer s tend to bc
systc maticallybiascdintheir sen siti , 'itylOpan lcula rt YI":s of
perce ptual degradation [3(J]. it is oot surprisingtlull5CVer31
attem pts have been mad e to develo p object i,'c measu res fot
perce ived sound qua lity 131 ~33]. A fundamen tal problem
underlyingalltheseal1emptsis lhc factthat, since~tual

entropy coding is based 00 impd"fllC"liuns o f thc human ear. an
accurate and co mplete mode l ofbwnan hcari ng is ll.'qu iredlO
build a reliab le and objective evalua tion algori thm. tt is
oo,..ious that a oomp lcte nwdel of human heari ng docs not
exi~t and will not ex ist for some time to come, Moreover.
th.:rc is alwaysahiddendanger thal an ·oojective ' evaluation
algorithm ado pts the same or a similar hearing model as was
used in a particular cod ing algorithm . since all perceptua l
entropy eO<kNusesomekindofpsycho.1cou~ticmodel. r f th i s

is t hecase. thce\al uat ion a lgorithm is l i k ely to fa~o r the Clldcr

that uses the same hearing mode l. and will therefore be
evcryt hing hut'ohjeetive'

Oespitc thc inhcrcnt pitfa llsandpotemial sltortcominlls of
object ive eva luat ion methods. an 'int cm alional standard for
oojective sou nd qaahty testi ng has been deve loped and ag reed
upon oct " c cn 1998 and 200 1 by the Interna t ional
Telecommunicanc ns Union as Recommendation ITU -R
BS.1387 [34]. Th is standard cont ains a psyehoacou stic modcl
yieldingquant itativcmeasuresfortheinternalrcprcocntation
of signal fea tures . and a cogniti ve model for desc ribing

fea ture extrac tion and co mbination. It incorpo rutes six earli er
propo sed percept ion and cogn ition mode ls. spcc ifica lly the
Disturbance IndeX (D IX ) mode l [35 ), the Noise_to-Mas ked
Ratio ( Jv:MR) model (32J. the Objectiv e A udio S ignal
Evalua tion (OASE) model [36J. the Perceptua l Audio Quality
Mcasure (PAQ M) mode l 137], the PE RCeptua l EVALuation
(P ERC EVAL) model (38 J, and the ~CL"ptual Objec tive
Meas ureme nt (PO M) mod el (39 ]. The essence o f the
eva luation mode l i§ tha t il al....':l)' s co mpares a degraded signa l
....ith a high-quulity refercoce, and ClltimatC'lspec ificloudne<s
diffcrcnces in ea.ch cr itical bandfol1owingaclassica lmcthod
outlin ed by Zwic ker and Feldtkellcr in 1'J67 ( 16]. Thes e
quantitie s arc the n ......ighted and cornbmcd, and ultimately
yic ld a sing le quanti tative measure represcnting the percep tual
di stance between the reference und the corn..... sign u1.

6. CO:'liCLl: IlI:"G REMAR KS

One shoul d always kl.:e p in mind tha i lossy. percep tually
transp arent codes are meantto be listenL...Jto only. Th" y should
never be used for doc umentetlon purposes in which sounds
arc recorded and stull.'t1 1' lr physica l analysis at a later time.
The fact tha t such code s arc tran,p arent to our ears does noI

imp ly that they are rranspa rern to acou stica l or signa l
processing analysi s procedures.

The original waveform-based cod ing lecl1niques basically
allow on ly playback ofa music signal a.~ it ",:as recorded.
Modern model-based paramet ric te<:hniquC'Sall ow. besides
considerable bit saving'S,u grcal deal of ne~ ibi 1i ly and « >ntrol
orI the playbael: ,it c I40AI)
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ACOUSTICAL FEATURES OF MUSICAL SOUNDS
Howar d F Pollard
6 W", II Ptx~. Cr-.u II 1 2 1.\O.

ABST'llALT; In ~ardling for signrfocanl k.ol.-n of """""-l """" II "~ IO ((IOl\>l'rl "' . phrooal opccnl doLo iMo I
po)c~--...... fWIrrmnaryanatyoir;&Dd'lrJl............ oftllt 4-. tM.«rb<:. .. the coc...... 'Ookn:_... a:ouRJc'Ooa>o". ....

filleredand........mrdiMo~~1lIlpoIhcsn-c~_,....s.. ""lhcbrwl""'-Ihty_~in • ....".",.of.Jft
ofiro.:tea....... oatlOlL Ti.... &Dd~~OttUr1sirnu11.-..'Y al ....... COIIIl.... orholhthc .......-tcfi>.ticI,

ofthc sum., IWtuml -.l thcnmla! ·1&ady" .......... The IristiJnuM -.lIodof-'Y>" nnulalf'J Ihdproecwby ....,....,n.1he d\angc'>
dYI....;w.1III~ Io hochIi"",...t fmjUmCy.

I. RASIC PIIYSICAl ANALYSIS
In onl~r to ~I udy Ihe aco usl ical ()tJlput o f a musical
instru menl, I "Cl (If represcmetiv e sound~ IlkI)' he recorded
and displayed a.'I a lime display, a freq uency display or a
combinalion ofoolhusing asonogrdphll ). Such records arc
purely phyt ical in thal lhey are inde pcn<knl of the propcnin
of the ca r alld brain For 'l ud iesof inslrumenl mce han icsor
lhc d f« IS p", oJUI:ed by fOOlfl5, th is lyJlCof m: ord is l dcq Ualc.
Qua ntities thaI may he mca5Uml include lhe mean sound level
of thc cornt>ktc .. ouOO, lhe dura lionsof lhc staoingtransiem ,
steady ""'te and decay together with spect r um leve ls at
spec ific times. To have ~k",1lOCC to musica l problems il is
necessary 10 condlk-'1 fUOh<.T proces sinll. in par li<:ular, to
com -eo the mel ... eerneus inlo psycho phys ical unitl and
subjea tbt'1l1 Io <h;U1rNooion

2. PS\'CIIOP IlYS ICAl ~f [.ASL:R[S

....1lm lhc J'fOCCSsinS functions of the ear and the brain arc
takCIIinIoKOOUnl, fealUteSof tbcsoundlOl)'beCllITX1Cdcha1
caa be desnibcd. being psydlopII:.~ical. implyiftj lhat lhey
Me I comb'lI.iIIliOll o f ph)siul meUURmC nb I nd Gall
originating from urcrimcnls irr.-oh 'il1l! humanJudgmenls.
Pre lim in;ory pI'O':n!>inltakes place in !he coc hlea where lhe
fn:quaocy_iti'ehair«lls arcorganiscdinloa~ofband­

pass fllIL-rs. el lk,..,J criliCiI bands. \\'hcn e.cil~'d the hair ""II.
genera te dlgi lll IloC'n'e impu l5C'S lhal ~ Irammined via the
acoust ic n_lu I .crin of ludi lory cm lrn in lhc bnll n. The
crit ical band, play I primary role in do:Iermmin,~
pilch and lim hre . Th<:y determine speen] weig hling.
maski ng and som e limi ng functions k,.'3odm): 10 me3.'l.InS
inc lud ing lhe mean loud ness o f the comp lete ",,",00, hand
joudness ~peCIr. al ,pec ifl c times and hand lou<lne••
de rivatives as a function of l;m e (thc""pmvillc estirnales {lf
slart -timesand rtsc-rmes for thc partialroncs pre"ICTlt in the
soun d), The critica l bands have time cu nslant, of
appro . iTllind y 10 rn, at I" ", frequencie s falling 10 less than I

msal hil:h feequcncie•. Their handwid tlu arc such lhal . for
mosI mu. ical SOUlld... lhc first five or sh panial loo n fall
....ithin separa te Nnds - an importanl occ urrence for lhoc
~'\TTIt'1Ilofbolhp llchaootimhre.Forthchit:herp.rti. 1

IOOCllo, IWOor IJlOR: fall ",ithin I panicl.l lar band I'nluiri ng lhocir
inlcru;ilin to becomb ined {I" P'UCfiu. if u "fie" n ..' ..... ,. ...,
to IlM II sn 0/ .",....,1r",J onll .... halld fillers . R"'p" 'fJl/ I;~S-_...

1111'simi/llr '" III"" jOr enliNl hunobnnpl' p ,hi:m IlK"
bt'luw 400 H: ..*,,""nr _Ihird oae....'il,.." ,...,,...,. ... ,imn orr
,,,"gt'r 1M " 11I",,,/<.rcvn1"'p'...Ji1ff(umc(J/INJt<b/.

Proccsoing by the hnin is an imut ved and ",'Iy pan ially
understood dom a in. II is generally Illre ed Ihal the
OIpII iw lion of nC\lTOlls in the eoch lca by l"" ,r frequency
scns itivily is maintained through alJ IhcludllOl")" stage,; up to
the aud il"r y co ne • . The brain il1l:llldcs • •llIe. involving
com putali" n.L·" m pari.....n . c"r~lal ion a rw:l j n l~ ..ali" n couplcd
to a wry s0l' hislicated mem ory SyslClll 11lc result is the
ability 10 perform rapid evaluancn of iI r.mIoOC of fcalum; of a
snood. Pil~h . klUdnt ss and timb~ ;arc aSloeSlC'd as well as
mOf"C: !<IIblk a.>pe<.'1s sueb as shafJ'llC"ss (2), rou ghnc s.o[l J aoo
ftat um of the impo n.anl SIan;nll Inn>icnls suc h a. earty
noise, inhalTl100ic compo"c:nIS Ind doo1inant tonc:s. The
O'cn,lI elT«I Ofllllhis.ctivity i'lO~a ·soundnn.gc'

(JIf' ' oICOUSIK le'mplale" thai is s:tond for f..ure refm:ncc.md
tden liflCllliollof!lOUnth..

OatareoJUClKIIlplaYlanimportanl role inrtduo.: ingcach
rmlgt: to llll nocnti.al propcnic!.. For instanee , in 1-"-"C5sing lhc
pilch ...f I ccmplee MlU nd.1hc fil'!>l few partialklnn that fi ll in
~teo:rilicalho.lIlbplayldomilWllro1einallowinglhc

bra in In form I harmonic template oflbe sound and assip a
pilL'" 14j. Th i, Iw the c1TeeI of reducing I iarJlo: amount of
spccmrldatatoI5lnglecmll). S Im,brly,inIheCllSCoftlmbrc,
it is irllJlOrUlll lllal thc rlN j or 6 p.vt w lOIlQ fa ll in lCplU1llc
cmicalb:mdllbcfun:lhcsignal sarcplL,,-ocdo nlu lhe hrainf(Jlf'
asSC'S.mcnr In Ihc rristi mulusmelhod do..'SCribedhclow,lhe
Iargeamou nl of spec1nJ da la l s\OCialedwilh each nnte alany
g;,,'c:n time i. redu ced 10 l timbre coordinates. A fuo her
importanl property of the ear, brain sys lem Ih~l increases
O\Ic1'311 process i ng C"Conomy isadarlal ionwho.TCin ccr1ain cen~

respo nd mainly 10 changing signals, red ucin g Il>cir acti vity
whe n "" new inf"rlllati"n is prcscnled

A bas ic la, lfi.rlhe im-esligatur i5t n identify lhe csscn lial
features in ea l;h Iype of sound, For musicl ' KlUnds. the
~lalivcrnlcs of lhe ' sleady sound ' alld the trallsie1lb musl be:

asscs.;cd. {Th" I",.", " 'cfMiy ,mUM' is 11'" par1il'ularly
OCC1InJlr sill«' IIrcrr II,.,. .fiK"ijiCOIII mri"Ii"n.' of 10""1"",,.
p ifdr ",,,d n...hrr jontti1fg Cl""P""l·,,'J "I rihrn", '" ...Ili<* lire
bnU" U _ firm-/' In tbe:usc of limbre. some inWsl iga l<>rs
(illCluding lle lmhnltl: (SJ).~ ma i n tai.....,Jthat thebrainll$Cs
differc:nt l'w ccd un;'ll for lS1C5Sing"eady-state and transicm
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fit:I Swu ", Irnl>..",. growth cun"" for ilJI opc1I orpn piP<'
l !'l',ncipool g' , pih,.... G4. M.u'<:U<OCII orp... SJ>lo... d1urt"1l.
Sltl(kholm),1lle lime"~l'mm lhc hnl._"f

......1Id from ,he ", re f or thi5 pi"" , mo- is .., ,,,,, in,I"l noi.e
onlhcboonlb o:o"t.. n'nr part .. l ton.... K&9.10&1l.and 12-14.
Inlll"I Iy, p;ul i~1 ~ band 2(.s/M:Mn by t\c;tvy lillQ) ~re

......, ... ., 1. Aller a . 1ow ,u:art. thc funJa""",t. 1 ;"" ........... in
sU01lg!ll up 10 200 ms. The.econd h3rmonic ft1I\oI,ns rhe
'1"' ''g",ronlJ'I<''Iml.

sounds . Ol~r W1,)rkcrs consider thallhese l\\O(l a.'JI'CI.·a ,h(lul d

be CIIllSidcn.'d logethcr , timbre bl:ing a com pos ue P"'J'C"1y o(
the ...hole sound . [1 is nee dear how lhe min processes and
c~diru.lC'5 mfcem atjon relatin g 10 the sta.ni ng tra nsien t and
Ihc:Mc:ady state a.,d ,tfemrt p;trtsofthc bnnn take part. It ....,ll
be .....n he""'" that bol:haspo.."Cbuf limbrc can be roml>incd
inlho:_expcrimrntalprocedure .

J . A~ALYSIS PROCEDURE t'U R I.O UDS f.SS
ASO TlM8Rt:

For the arqJys is of .11complc1cmusical DOCe. tile IOUOd is
dJgitised. filtcfl:dinlo<:riric:aloronc-thirdOCU\'eblond$.llnd
stom:l in . OOIJl'UkT ror~ng I61· A , the ..und bui loh

up.~u an: made al 5 ms illlenals using. aliding
Ilann ing ...ind<Morl0TIIS~l\tlcNbarJdo,o,idth[6J. SWting
nmfmt5typicarly~~30andKOrm"'lIh_

$lringsounds ex~nl! lo300ms. The-O\Ilpulofcachfiller

band b comcrtl:'d InIOliD..-ar loodll<:U uni t5 I_ I and 111<:11
imolog.irirhmie Ioodnnsk\TI Ultlt5 fphons ). [Tfwlo,tarlrltMk
pJt<... _w u_ "wflJi"~~"-·Inft..J...,.. ./wIo11w

li......~..-_lrJ A produetroeIlo2y10~ til.: b3sic dal ;t
ii in I~ fUfm of "P'Xlnm growlh curvn ftlf the p.onial l" ........
prese m.

In cvl hl'l lin[t. the erilicl t hand Im..lncu ""' 1'OO'iC il i~

immalerial where a p.:ln icu lar lone fll ll~ wilhin a !'land or
....n erher the Inne is harmon ic or not. If lWO or m~lo~fal1

wllhin !he ~me hand they are 001 beard .., llqIlIr.lle loon ;
tlJc:ir intensities are summed 10 find lhe Cl.IUI\lakn l 1oodne!J.,
....ilhin tholt N od , for many musiclll i n"lUl"""l~ !he p" l1ial
lones are h.affill)nic altho llgh tbcy o neo dev iale flom lhis 5llicl
oondi lion in lhe fin! few milli~ '" the ~t:mding \/0T01:
1)'~MlI ii hcing C'llal,h shcd , Then: are coo5l:q....-nrly iRllial
non -l'UIrmoniclOIIeI pte:'ie'Tllln some inRrurne'n t5. such as lhe
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Fig 2 Uornlllall1 pon.ab for l~ obrlin, IraJbornI Or .. ohoe
nofe E4 flal The order or OOmi~;' !he l'un.bmmla1 to. ~

","j, paIl"13(~-28 j,p;artial$(28-34mslputial. 10.11(44
"'" on""lnk), T~ LI bel or .he fund.lmm l:ol;. .........n by
:ledol1e<! C"'1:. """, h,n, a Icvelor .wphons in the Slesdy

'moulh tnnt's ' bearu in the Illlie and nUl" "!'gan pipe [I )
Percussi"n inslr umen ls generally have no n-harmo nic p;.n ktl
tones. Under I\orrnal li' lcning conduiorrs, low-le vel initial
loncs arc lIi1Ticull ttl hear a, tho:)' an; ellsily ma_kcll lly
background no i!IC, espec ially by wind ooi se in lhe cue or
organ plpt'll

.t. 1:'\iITIAL I'R On :SSING OF I,OlllJ:'\iI-:SS
AND TI~IBRE l:'\iTlIF: I:\ NF:R F.AR

G"""dl elln n . ..d domh. anl part iak

An orpn pipc lA, ha::n dtrn.cn .. an exam ple nf a m....ic. 1

sound havin g 1I'IOlbal~ "'monicoc-.. 'dopmo:nt.oo Iloflkh i,
lIOIlkp.:ndmlonlhellWlnl"l'or p\.l)ringby .ptrfOlTlleT. A
eceirenson ...ilI be made ....ilh a lIOIe p layed (Ill a
TeJIf'l""l:TlblAeOl\.ilDtnI lmtnnno:nl. an oboe . Fi,urc l""-J'IO
:II rullsetof llfCMthcurvnt'romlheon>e:toflllJUnduplO"
ms for • PriOClpai ptpe. pitch 04. from the ~1aT\:~ orpn
in Sp!nV. ch un:h. SrocUlOlm. Tb<: G4 pipe:was sck"h:<Jfrum
the Il ft Prilll:ir-I rank of ptpn. The- fiTS! S pan iab rail in
scp8l11l<:crilica l banJ ",partials 6 and 7 in Ihe nc_l bond.t hm
8 and" lo'll""hcr.ltl llnd 11 , 12 10 14, Ht" Ill......c. for
~nlP'lrpo"'"' .~le i, lolOmuo:h inflllTllillil.lnin rigure l

rrom .. hich e'l&l"nlial f~"lum reed 10 be:ex tracte d
The dominanl pama l for a gi~cn time value. an importa nl

qllantity in lhe:aslnSmenl of the stan ing tra nsietll . is revealed
by Ille cmrcklf'l"oflhe: gflM1h curves (shown . s beavy curves )
The-lio minanl l' ''rt ials inlhe 8Iarting tfllnsicnt f" r lkc Principal
G4 I'ipc: ar~ lhe 6th (frulTlun S<.1 10 18 rns) , ,,ndl lM:2nt1(fru m
I II m. <Inwards). The funda menral is slow to deve lop lakin g
ilt least 200 ms 10 m1eh a 1eve1 com parable ....ith thaI or the
2odharmonic.

Tbere is no regul;u pee ern in the order orappearano:c o f
the panial lOOe:lfrom pipe:10 pipe even ""1lhin the same rank
ofpipn. Forifll1lno:e,flJl'theC4 pipefinmthe~8ft
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tl ll 3 Ikm'aIMCW'o'elforlhcfowr_ ...... p.. ual• ..t 1M
1'f1n;;ipa.lG4ptpc. nc doaed bl>nznnt,olltw .fIOO phono.'. it
.~k<.cI b lhc~<>f avt·h"'"'and b"'"

ktucadyou.IC:. n.. p,...."""oflhepetk of~KhC\IrWfl\'n the

ma1imwarix~ ano1 lhc'~ll: llIne

PrillCipall"3nk .lhe do."", R;u1I ~ial order is 6th. 2nd . 3rd lnd

~1 .. hile (or the E4 pipe the onkr is 51h. 2nd . MId
fundamm1al. The ~inc in thit orptl " in kCOfd wi th
baroque orpn Slyli"l_ A ddf~ dominaN partia l order
'oOOUld be C'~ pc'\;I.:d rn.n p lp:'l voiced ... . "roman",' rnanllCT

(I)
f iJ'": 2 shows the su mn g rrmsinll domin l n l paltial . rot"

I lIOle (£4 flal, rl~ on an 000c (data from Moom' and
Grey (7)). The order o(.~ann<:e ofdominanl panials is tlx

fuAlbmmtal ,0- 5 nul. ) rd 1)- 211rm l, Slh (2&-).4 ms) and
"" n ials ]0 and 11 (4f 1m onwMlk). As wi th the otpn P'f":,
this is a ra:on1 of I sin~k IOUIJ&.l and is DOl Ile«UMiIy
chanctcristic of all ohoo: nuI ('S. On wind . nd slri,,¥
instrullKlllS.thaeareoon.idl.'nhlclonal dl ff~ lla~

dltferml "' ltC'Spbyed 011the SlInKinlllJUnlt'l\t or beNoeen the
same 00[" played by d,lft m.t pl a~.

"roPC'rti el ..rlht sl .r1 in ~ l rln.kn l

For l gi~n ioOUlW1.lhc.o r.lc tlrrilie l1fl,,"dno:lo5 for each pu1 i. 1

lont i . d ifferen t . There an: fWDrelatedJlII"'"""~ ,lui. are

important in thc a.. SC'Ssrncnl of Incsbrl ing rrms itnl [S): the

maximum rise- rate and tIx li lTtC'10 IN<: h • slu dy sound for
eac h part ia l. Bulh qua nlil iu may be measure d frum
deri\'aliVO' C'Urve5, based on the mcasured l"udll<:Ss ,",iff<'fcnces
al S ms inlervals, Figure J shows smoothl'd ,",erivalive eurves
for the four faslest rising piJrl ials uf lhe l' rineip.a.IG4pipe.
Fromlhl"Sc curves thefollowillll valun are fnund :
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r ig . \'uwioll ofu.. ..mul... coonIo_,.,.A.JI, : .. ,lhlimc·r..
(II) I'nnci~ c...lIfIt" twpn f'l1"C'. fbI ohoc note FA flat. For
(a ), I sWU high It>en<kuca.-. ) owu lhL... in<."'rnllft.:
remains ... Ia.. ....ly . nody For (b) . t nl high It- falls
rapodly, y ,ncn;_ lafIidly at rn ...'h,!o:. lWU whvl lht-n--
'The stan ins lime for a [ti\"C1l pan tal il Illken ... the lime

whenthe Ioud""" s bTl rcacne,. 3 phool abcwe biKkgT1>und (a
differencc: ofJ pl1onl< In a lime interval of S ms i. equ i\ alenl
lo foOOphoru;pl"r §ccond) . Maxima sn r ise-ratc corresponds
with th.-:first peak of the curve (zero stope j while the duration
of the stamng transient corresponds wilh the return uf the
curve to the threshold valuco ftlOO phomper -ec:ond

For thc PrincipaI G4 pipc. t he Slar1 ing lran~ienl d unllt ton is

less than ~ms for ITkIloI f'lIrt ial toocs l>ulis a""rox lmald y 120
ms for part ial 142and in Cl CCSSof 200 ms for the rundamenlal
Furthe r e:\amplcs o f Slarting transient duralion~ ioclude a
stopped organ pipe fGcdackt ( ;4 ) 40 ms, the pn:v i ou~ ly

quoted oboe note 3S rns, a reed orga n pipe ( Vo~ l hnnana G4 )
l O ms, a d arinelnllle4S msand aviola nolc6S 111 s.

r r llnsitioo from l la rllnll:l ra n, i, nl lo . lflldy , lal,

With musica l sounds, t ime and frequcncy aspecte ne....d to be
etms idcred together. One of the mnarbble pmpert in of me
car and brain is the ir abililyto procc:sslime: and frequent:)"
informa tion simultaneously . Al Gahur [8,9) poinll.'d out, tllo:re
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Fig 6 Graph of brightnes.' (xIz)'as a function of time for (a) the
Priocipal G4 pipe, (b) the Gl'd.\Ckl G~ pi~, Ind (e) I~e "hoe
note FA Ilat. Forb<>th organr ;p".. lhe bri ~hme... diminisllcsa s
thefundamcnta l tone grows whereas Iheoboe notc bchavcs in
the ol'Il'O"ite sense

' : [~'J~/,~, ~\

:~
o 5 10 15 20 25 30 35 40 45 50

Time (ms)

1.00.80 60.40.2

00 +--_-_-_--~____"

00

0.8

0 4

0.6

S, TIM BRE PROCESSING IN T HE BRAIN
Fig 5 TriSlimulus diagram with y pl"u~d against x for (a) the
Principal G4 pipe, (b) a GedacklG4pipe, al>d(c) lheoboenole
F.4 1lal. The Principal pipe ,ta rts with a bright sound (r O.59,
.FO .lS, z=<I.16) and finishes with stronger y and inc,",.sed
fundamcnlal(.r--O.10,rO.60, z=O.30), TbeGe<Jad t pipcslart s
hrightly (x-O .54. ,v- O.29, Z"'O.17) and finishcswilh. " rong
fumlamenl. 1 in tht: stcady sMe after only 60 ms (x- O,09,
y-O .14,z>=O.77) . 11lcnhGCMlc<larL' withlundam"."t.l only
J~dfinishcs brighlly(~_5 1 , .FO_ 33, z-O, 16)

is no limit 10 the accuracy of a time or freq uency measu rem ent

carr ied 0111 in iso lation ( I variab le) bUI when carried ou t

sirnulran eously (2 variables) the rcsulls are limi ted by the

uncert ainty princ iple, Gabor introduced the concept of an

'clcmcntary , il,'TIal' or ' l"l;on' of area 6.l.M, where l!.t is the

e tTeetive durati<.m and Af is the elfeetive frequeney re, olution

A logo n is the smalles t allowable quant um of infor mation

govem edbytheuncerta intyprinciplel!.t .Af;, I . A profi tab le

applica tion or togons is in the analysis of musical startin g

trans ients [10].

Dur ing the starting transie nt, the signals change rap idly

with time, hence max imum time reso lution is required. In this

phase, a typicallogon for samp led filter mea,ure mcnb would

have At - IO ms and Af - 100 Hz. Orce the sleady state is

reac hed, ehanl,'Cs wi th rnpect to time slow down. Sensitivity

to pitch changes then become s more importa nl requiring

max imumfrequc neyrcsolution . ln thestea rlystate,accurate

pitch recogn ition wou ld require Af ,; 10 ms with a consequent

expansion of the time reso lution to et e lOOm s

ltcan be concl uded that t he cochl ea f ilters play a

fundame nta l rolc in ana ly,ingbothlhe stan ing lrans ienland

stea dy Slate part s of a musical sound. The brain then

interprets this basic data in terms ofa number of more

sophisucatcd ccncc pts

T ristimulusmrth od

The huma n brain is particularly adep t in reduci ng the large
amoun t of spcL~ral information im'o l vcd in l i sten ing to mu sic .
In the musical assessment of lirnbre, even though <ItI""st 10
separat e factors maybe involved [ IOJ,three parameters have
been foun d to lead to an adequate practical desc npnon [10 ,
I I]. 10 the tristimulus method. hand sp<:<:trum measuremen ts
are reduce d to three normalised coordin ates deriv ed from the
follow ing three groups [12]:

Grou p I: the lou dness of the fundam ental ton e in soncs,
Grou p 2: thc loudncssofpart ialt oncs2,3artd4 ,
Grou p) : the lou dnes s of part ial tones 5 and grea ter.
Because of its impo rtance as a reference point both for

piteh andtimbre , the fundame rttal is the only tone inclu ded in
group I. For groups 2 and J ,theloudness of each grou p is
compu ted using Stevens Mart 7 proc ed ure [ IJ ].

Tbreetristim ulus coordm ates, x, y and zcare then defined

x - N(5,nj/N, y - N(2.4j/N , z - N(I)/N ( I )

where N(I) is the loudn ess of the funJ amental, N( 2,4) is the
loudness of pa rtia ls 2 10 4, N(S,n) isthe loudness of pan ials 5
to n, and N -N( I) + /'vt 2.4) + N(S,n). The coc rdinate s xj- and
: describe timbre on ly; they are no rmalised for loudne.'s
(since x+Y"'z-J) and for pitch (since the fundamentalreneis
used as a reference pitch). Two-dimensionalgraphs may be
dr<lWTIforanyp;lirofcoordina tnsuch asxversus yorxversus
z. The me thod may be ap plied to steady sounds or to <:hanges
occurring during starting transients.

Figure 4 shows the varia tion ofx . y and r with time for (a)
the Principa l G4 ope n organ pipe and (b) the oboe notc E4 l1at
The tona l beha viour dur ing the startin g transient i, quite
different for these two sounds. For the Pr incipal pipe, the
propo n ion of high -frequency par1ials (x) falls rapidly up to
lOOm s, the mi d-lrequeneies (y) grow rapid ly duringthe fiffit
60 ms and then remain at a high level wnile z remains

5S-Vol. 32 (2004) No. 2



rel~ l i.-dy low, reac hing ils muimum value al 200 ms . For~
oboe nOlC, Z starts high, since the fundamenlal is lhe fiN

partial 10 oWn, lhe mid· frequenc ies lv) rh e Dp idly lhen
d iminish while lhe high- frequetll:)' com ponents (l) ......n
slowly bul domi na le afler .30 nlS. The WOo.:is briii:ht in the
Rndy slalewherelheroordinal" order is ;l. 'aOO ;:,

Fi~ S s""",aIri!il.imuhd dia",ram in ...'hi<:h Yis pIoucd
apm! ~ fOl"(I) the Principo.l Co4 opm Plpe.lb)aGabcl lG4
slUppCd pipe by "'-ay of~roon. .-I l c) lhc oboc OOle.

The Princip&lplpe~ ...ilhabri~ 5QUIlIi (~ - O S9. , ­

0.25. z "'0.llt )lI'Id rlJlioJlo in lhe.ceadywle(200 msor
l. er ' ...itlt mucb r'C'ducah . a stron J:,oer y and ani.....'telI '>C in ; (I
· 0. 10. , .. 0.60 , z · 0..30), The C>Cdao; kl pipe ..un. bright ly
t I - 0.S4•.~ · 0.29,: - 0. 17 ) and ll nishcs ....ilh a . lTooJ zin!he:
. Indy sUle ~n.... on ly 60 ms II = O.()<,l. y " 0. 14. : - 0.77 ).
The tnit' OOIe sta n . ...ilh fundamenul on ly and IIntshes
brighlly,l approximalely ,", ms(.. - O.SI. Y- 0 .) ) • • - 0, 16).

Fil:!ure6 !Jl()'A-slhc valucof l\.'z l . afunction of limc:f..­
lhe -o und. sho....n in fig 6. 1lM: ratio .ok lIl<'a...res lhe
co ntribulion o f the upper pania b co mpare d ", ilh the
fundamental and i. a useful quantit y dc..: rih ing lhe !"nat
balane e or ' brighlness ' of the sound . (WI"k ",,,,,r ~.,."m di5lik

/Arl ·",IXA' .....u· ..·Ar" o.ppliM lOo..wwoot.Jru- o.l.· .... "j i,·" .... '<1
hy"' ,i<'io..... I" nJIII""./w o. ·dul/ · .,,"""'. JJrjJ(" I ... unJ,Iw,~AiJ:l,

V: . ,,1..... . dul/ ..... nd. """" I_ m/ ll<'.' Unth the Princip al G4
and GedoK:lt (',4 pipcs show early high values Ihal gradually
dc\:ru -e .u lhe fundamenta l lone beco..... . more dumi nant.
The behaviour i ~ the re...erse for the oboe note.

Se n. il !>·lly of l h~ lrhlimul u~ method

The m shmulo. coord ina tes are ~CTY ~n.. "~·", to snu. ll
chan~ in the opectrum of the sou nd. The method is
JWIieularty II>oC ful for 51ud).~ng small IorIaI dl.11lgft due 10
di ffefl:lKC8 In playing tec hniques or in instN~lal

rond uk>N.. II IS pmsible 10 mea sure dla.ngn ... .ma ll as lhe
j o.-\I noI'«able diffnencn UN O) in timM fOl" ilhl rumm tal
tODeS. Aecord"'llo Colunan(J4).forskillcdm",iciant.lhc:
ND in limbfeo for fluleSOtlnds~lOl chanile of

only I dB in lhe In ..:l of a give n harmoni c. For leu K illed
'~men. lhe JNU corm.pon<i_ ....ith a change of abou t J dlJ
Coltman found 1....1 the sm,;"lIest JND \"lII tues ...w e oo..enal
with stn ..g "" ""oo ies suc h as the sero nd.

Coni idt,T lhe fon_~ng spccnum (lyp ic.al of a flu!e lIOIe

playcd forte) :

U..m,u nie; 1 2 3 4 S 6 7

levc: 1(dHI: 40 30 25 23 10 10 S

ForlhisllOllnd.A - 0.IIS• .'," 0.44 2. =" O,44 3.

U ,be kv el <lf lhe lI<'COOOh311TlOOic is pn'l: ressively reduc ed
by l . 2 and J d R. lhc y C"Ordin31ered uces by O.Oi5, 0,029 and
0.044 respec u...ely with corresponding percen tage change s of
J .3%. 6,6% <lnd 9 9%. Wilh stable scon es , rhe lrislitnulus
melh...d ca nre<,:ord ehanj,tesn fl heordcTo f2 -3o/• .

Chang~'S in Ihe 1C\"e1of the seco nd harmonic direCily aff0:..1
oo lydala in lhc lo«ondgroup and hencc:lhe y eoordinale.
li o." e" er. e hanltn a lso occur i n I and : a. a~uenC'C of

the nonnalisin¥ contl iuoo I .. Y .. ; - I.

--

6. CO NCU JSIO ,\S
Tona l pn'f'CT1ics "f bol:h lhe suning lr.lIlSicnI and the steady
Slate can be measured using a single methodin which sampl<:<1
!op....-trum d lla arc rtCordo:d at S ms interva ls. Co",,'enion ;nlo
ps)'I:bophy sica l measurn fac ililales inlerpn:!a lion o f ee roles
pI.tyed by doe coc hlea and the bra in. Cor respondi ng 10
fTequeftcy :lI>a t)~. perl'ormcd by !he: coc hJca. the j!:rowtbof
tho- partia l I",," ",i tlt t Ime. !he: presence:of donu naIll pamal
lones and lime nlC;a.....n:s assoc i:;ued ",ilb me $lat1ing uamimt
may be e~ IIK""'-d. Futthcr analysis in !he: bra in pruducn
esl imaln of Ioodolc" and pum (oo tlt one-d imen sional l and o f
timbre (mu1Tl-dimm sional). Appbeat ion of a IIishmulus
meIhodl't"dllCftlimt>rc ll> ttnedunerl~ alkJWi.. f..­
use ful gnphical rrncnl:olion

RFEH[:\O :S
[I ) C_ellcnllO M. RAl;ou<l"ical allalyl;i. of initial tran.i m l' in

1I1lIe· likcin>tnuncnts-,Acw.liro ll~. )87-lOO(lm)

III ll Nna rd Clvun. RShar]lness asan anfloote of the nmteeof
S1eady ~undsR. A,u'/l(',, 311, 159- 172 {l974J

[3] f'lomp R, ..A. pcc·ts of 10"<:"",osalioo", Acad<:mie P~s,.

U>mloo. I'l 76

(4) Harto,"" n WM. - Pitch. pe riodic ity aod aud,to ry
orgamsanon ... .l ,j"",..<I. •'it>c. Am. 100. l49 1-3502 ( I9'HI).

[5] Hd mholll HLF "011, 0.. 1M J .... ... 1JiIIU ofMll~. 4lh <.,rman
cd,tior1I8 85, Dovc:rreprinr,I\Y. i9 54

(6) 1'l>I\anIHF & J_ .... EY, ~An.1Jysis and ;a."~l or
mus.ical JWI lOl lran '>lC11ls-. A....:' /JC<I ~ I , 249-262 ( 191l2t

(7) Moor er JA '" Guy J. - 1.e_icOll of ana lysed 1......"- .
C.-poII".... .lIu..d t.23-1 i(1 9781. •

(ll) <iabor 0. ""Thoor)'of eummunicarioo- • .1 hu t, 1-:1« . E" f(
'J (J'aTt111), 4N-4 57 {1946).

19] G.Wot 0. ~ACOOI<t><;aJ 'luanta aDd !he theor}' of hnnnl( .
"'Drwr H ' , 591.5'U(l947}-

[10] Polbtd Ht; " I'cann _ Iyoo. of mosic.al >OIlndo-. ,.,..... "...,
"5. 2J 2· 244 ( IYkA)

( I I ) P~R tl Stec:ntkm IUM. ~Pbcr: dependenee c( lnnhtc:

in~ooundrrrido-.AnalOnf 2ll. 50t l \l7) ,

(12) 1'l>IJa,d!i f k J_ EY, RA m<limul~ mdnod fur the
spccif>calion nf mllWClll~-. A~ !'iI , 162· 171
1191l2)

[13]~_ SS. Rl'erui~ Ir:vr:I of noi.e by Mar\: VII and
Drx;bd. (EI ... .l Amltf/, SO<'. ,j '", ~ 1 . 5 75.(,{) 1 ( 1 972).

[14] Collman J. "Jusl noticeable ditTerw ces in timbre or the
nUle~.J. C"I~~'I Ar<>u.</. SOl'. :t, 26-33 (19%)

.'
Vol. 32 (2004 )No. 2 ·59



From as little as $S.70/m2 it makes
sense to use Matrix acoustic wall
ties to isolate the common wall

for stud, masonry
or Hebel construction

MATRIX INDUSTRIE S PTY LTD
144 OXLEY ISLANQ ROAD. OXLEY ISLAND NSW 2430

PH: (02) 655325n
FAX: (02)6553 2585

Email: sa~s@matri xindustrias.oom.au

Web:matrixindustries.com.au

L~
M~Wm(~ 2

APARTMENT

NOISE

Enqu 'rios .. JJdSll I....:

ENM
ENVIRONMENTAL

NOISE MODEL
N OISE PREDICTION SOFTWARE

CHECK THE PRICE!

• Type 2
• f1lpamkd memOty . 4,400 sets of

i"'~m:l ' data (Leq.LO, l J,15,LTO,
150,l90,l IOO}

• Ranges 30- IOOdB(A,Ia nd 65 - 135dB(A)
Fo:sl & Slow time weigh ting

• Col/opsab/e microphone pole stocks
inside cu .se

• Display enables sell,lp and cali bration
to btl'chKked on sire without comp uter

• Disploy en obles single
set of meas uremen ts
10 be reo d without
compu ter

• O pe ra les fOl'up 10
2 weeh using the
supp/ied battery

• Weother proof unil
• complete mtw design

• Reo' lime clock

ENVIRONMENTAL
NOISE LOGGER NEW
MODELRTA02

A co mputer p rog ram
d eve loped especlo lly

forgovl!'m menl
o u1horities , a co ust ic &

env ironmental
consulfonts.

industriol com panies
ond ony other grotJp

involved with
prPdjdion ofnoise

in the environment.

Specialistsin

ScientificPrinting

and Publishing

91·93POITOWftooRoad,CaringbabNSW:l229 I
POBol 2740TOretlPoillT NSW 2229 C p
~: 9S25 6S38 Fa.: 9S24 8712

(moll: prin~ng@dp.[OllI .au

AdlYlslonof (hlf LewIsPrlnltng

60 · Vol. 32(2004) No. 2



THE SONAR OF DOLPHINS*
Whitlow Au
Hawaii Institute of Marine Biology
P.O. Box 1106, Kailua, HI 96734
wau@hawaii.edu

1. INTRODUCTION
Research on the dolphin sonar system has been conducted
over three decades and have increased our knowledge of their
system. However, our knowledge has not matured to the stage
at which a sonar can be constructed that can mimic the
capabilities of the dolphin sonar system. Our research have
shown that the properties of the dolphin sonar are fairly
ordinary yet dolphins can perform astonishing target
discrimination tasks. Most of the sonar characteristics in this
paper are associated with the Atlantic bottlenose dolphin
(Tursiops truncatesi.

2. CHARACTERISTICS OF THE DOLPHIN
SONAR SYSTEM

Fig. I Representation sonar signals of bottlenose dolphins

The broad frequency range and excellent sensitivity of hearing
are two unique characteristics of dolphins. Dolphins can hear
from 100HztoI50kHz[l]. This is a range ofl2 octaves and

Acoustics Australia

represents the widest frequency extent of any animal. The
best sensitivity is about 40 dB re I mPa, which is comparable
to low noise broadband hydrophones.

Bottlenose dolphins emit short broadband clicks having
peak frequencies as high as 120-130 kHz [2]. Signals
duration vary from 40 to 70 us, having 4 to 10 positive
excursions. Peak-to-peaksoureelevelsbetween210and227
dBre I fl.Pahave been measured [2]. Two sonar respectively,
The directional projection and reception characteristics of
bottlenose dolphin are not exceptional compared to many
technological sonar.

The peripheral auditory system can be modeled asaqank
of contiguous filters. At a frequency of 120 kHz, the Qof the
filterisabout7associatedwithabandwidthaboutl7kHz,not
avery narrow filter [2].

3. DISCRIMINATION CAPABILITIES
Perhaps the most intriguing feature of the dolphin sonar
system is the ability of echolocating dolphins to perform fine
discrimination between different target. Three experiments
will be discussed. The first involved blindfolded dolphin
discriminating between the material composition and
thickness of circular metallic plates [3].

Metallic Plate Discrimination

With the standard target being a 0.22 em thick 30-cm diameter
copperplate, three dolphins could discriminate between the
standard and aluminum and brass plate of the same diameter
and thickness. The dolphins could also discriminate copper
plate of different wall thickness. Echoes from some of the
plates obtained with a simulated dolphin echo system are
shown in Fig. 2. When the incident signal was normal to the
disc, the echoes showed no differences. However when the
incident signal was 14" from normal, signals could enter the
disc and propagate to the endandback,causingthe eehoesto
have a structure related to both the thickness and material
compo-sitionoftheplates.

• Reprinted from the Proceedings of the WESPAC-VIII, Melbourne,
April 2003

Vol. 32 (2004) NO.2 - 61



.~=~+-=..u~
~.u~

~•.u.m

~ 25~1~
TIMEIPSECI 0 TlMEIPSECI 500

Fig. 2 Echoes from four plates atnonnal and 14° incidence.
The 14° echoes are at least-30 dB weakerthannonnal incident
echoes [2].

Wall Thickness Discrimination.

The second experiment involved the discrimination of wall
thickness differences between a standard (6.35 mm wall, 3.81
em Ol), 12.7 em length) and comparison cylinders with both
thinner and thicker walls but the same Of) and length [2]. At
a range of8 mthedolphin 75% correct response threshold
occurredatwallthicknessdifferencesof-0.23and+0.27mm.
Echoes from the standard and the comparison having a­
O.3mm wall thickness difference are shown in Fig. 3. The
dolphin probably used the 600ns difference between the first
and second highlights andlorthe shift in the spectra.

Material Composition.

The third experiment involved a dolphin echo-locating ata
rangeof8 m and discriminating the material composition of
solid 7.62-cm diameter spheres [4]. The dolphin could
discriminate between the standard stainless steel sphere from
spheres of the same diameter but composed of brass,
aluminum and nylon. One again, differences in the echo
structure of the targets were the probable cue.

4. USE OF SONAR IN THE WILD
Sonar experiments with captive dolphins and artificial targets
have pro-vided much information on capabilities but did little
toward under-standing their use of sonar in the wild. Signal
measurements of wild dolphins have shown that source level
increases in a 20 log R manner, where R is the target range.
This variation of source level can be considered a form of
time-varying gain for a sonar system that has little control of
the receiver gain. Therefore, instead of varying the receiver
gain, the transmission level is varied. When a dolphin forage
fora fish school,the volume reverberation level of the school
decreases as a function of20 10gR. Therefore, the level of the
echoes from a fish school will be nearly constant with range.

Recently work my colleagues and I have performed
involved modeling the use of sonar in foraging killer whales.
Killer whales in British Columbia waters typically forage for
chinook salmon that swim between a depth of 30 and 50 m.
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Our model is one in which the killer whale is at a I m depth
and the salmon at 50 m directly ahead of the killer swimming
away. Our field measurements showed signals had source
levels that varied as 181.4+2010gRwithacenterfrequency
close to 50 kHz. By computing the target strength of a 0.7 m
Chinook salmon as a function of angle we can estimate the
levels of the echoes returning to the whale as a function of
range. At a horizontal distance of 100 mbetween the whale
and the salmon, the peak-to-peak echo level will be
approximately 78 dB re I ll1'a. The threshold of hearing at 50
kHz is approximately 50 dB so that the echo is over 28 dB
above the whale's threshold of hearing.

5. CONCLUSIONS
Although the dolphin auditory system is not highly tuned and
the receiving and transmitting beam patterns are not very
narrow, the dolphins can accomplish fine discrimination of
targets. The use of broadband, short duration signals with
good time resolution properties is probably the single most
important feature that allow dolphins to make fine
discrimination. The high mobility of dolphins and perhaps
coupled to good spatial auditory memory are also important
properties that enhance the dolphin discrimination
capabilities. With their excellent sonar discrimination and
detection capabilities, dolphins have no problems detecting
prey at sufficiently long ranges to ensure successful foraging.
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DESIGNI NG AND MAKING A CER EMONIAL
n,NNERGONG
Nevtlr e Ftetcher
RO'K>ln: h Sc hlNll of Ph ) oin l Scicncn an d E .. ~lll rt'rln£

Aun n li an ".lion. l l rll;'('ni~·. (' ...bu n 0200
.I!'\i l~.nt'lch('r@:.nu .l'd u .. u

ABSTRACT_ .The _IC and Iftlto..lic desicn of . cnnnonial dllv-.er ""'2 for Ibr fillicth aani\-m.ary or UM-.nily II......... !he
A...uaJIallNationaI Unr..:nrty lldt'ombcd Thc ..... .. ma<kfrompolishcdwmIcsl Mtt I .. ,;Ih . ..... lnlll~ronoIr\InNliwDlbtKIIK

ti..u. ....d in buildi...... r.- H. II. and .... ohapocnf lhlrfrwM tdlon doew l hlly~ ..al.. or lhf:lbU m"hich ll ...ill~~...-
I. I ~TRODllcrIO~

Tbe AlUlnlillll Nalioooal Uni\enil)' in Ca nboerr:a .......,

established .in 194 7 as:the fV1l-t only purely r-t-,rafua1c
l' nl\-emt)' III Ausua ha, oIfenJll only PhD dcgrtn .. .. Inrc
....hm lhcw .. -m: otTeredbyIlOOI:herAuun.lianL:nivnJity In
1%0 il ant.;tIg;trNlcd .. 1dl ,M Canherr.roUnMnity CoIkfe: .
thm pan of the Univcn lly o{ Mclboumc. 1OlOnn WanmI
Auslr.alim I'alioNol Unn~I)'. ...hil:b offen~ ;II all
Ic\"ds.~gh the Rnan:h School. oCtile oOllinal AJ\1.IJ!IU
maintain .........:thinK of. ~lCc. i$~ willlin the ..hoIe
and a lln only rot gra.ble 1t1dt..'n1.i .

In 1950'~ ...., nub/l!.hN. within rho:original AXU .
f\"5identi.aICol~forSl\llkntsUld5UIlfwilhthe llIIe O(

Univers ity How.e. and in M.uch 2()().l Ihis in\l illilion
cclcbr,lIC'd its fift ieth .lInni><cnary. In the lOIJlliorl of
Uni'>:n ity Colle~. in f.llgbn4. UnMniry HOlIK tw a""-ays,
ba: lI a metting pbo;e for .. uoknI. and lCTliormemben oflbe:
ao:adtmic Ila lT, ;md a fat\R of lhil co llegia le life hon bc:nI
lhe formal dinoen be:1dach -...l in l!M:Gn:al ll a.ll. Thil hall
is nol3blc fur its an:h'ta.1unl " mplic:lty IInli !WIbI lety. and also
forlhc gr:mdp;l l1tlled paint,ng eoo.·ni ngtht .....ll bc:hind llig h
Table, pa inted by mJO'I'"DNAUSlr:alian lIl1iSI Leonard Frtn\.-a
To e.. l..brate Ihis anniversa ry, Unive rs ity Boo se
com missioned th.. .u..i~\Tl a.nd oof\l;trllct ion of a cncmon ial
dinner g'illg I" rest on High TaN.. nn forma l OCc.aSiOMand 10
!'uncluale th.. proced uln, Thc IIn ign and cons lruc lion of lhi.
gong was lIc1cgall'<1ltllh c worhh" p" " flhe R......an:h School
of Physica l Sciences end r.1lj!i11l'cring (R.S, Phys-S.E ) in lhe
University.nndthis nore dc:,..r ibc:l lhc slcJls taken lo COmr lt:le
this htlllorifictask,

2. ACO USTI C DESIGN

A ceremo nial din ner gong i, a "'ork of bo lh aco ustic and
v i~ ual a l1and, whilC lhc lwo ne,:cslll rilyin leract.fhey ere also
largd y .....pa rate . In the fl rst placc,the ... u nd ... pected c r a
dinn..r googisnnl wd l d..fjn..d. Prnvi&..lil i.r1ea"'nt ar>d
impr....i\e. lhe ...NJoo i. taken lo charecterisc thc perticular
gOllg. 'There are, howcve r. CCl1ain a<;IM1. lic princ iplcs that can
guidc the design inordc-r tbat lhercsullingM>Und may be

cbar.K1o:mcd &I '"pl..--u and jlllf'l'e"ive~.

TlIcrlnldnigndccisioois rheoo.-erallsoundbalance. In
this , a gong is genenlly Ifllcrmcdia le in wund bcfv,'C'CTIa bell,
...ith .....ll-dcfined IOrIaI qualil ies, ;ond a cymbal ....ilh an
abundance of high andcJoscIy t{YCcd \ibnlional modes . A
bell IChit-..... ilt tonal qual rty by beinlilcast 10 a highly eun-C'd
~ ..ith \ft)' !hick ...... U... so thai ...-all stiffness dom inat"
the~-x- md makes it alllll)lt compltltly linear . l: ndcr
Ihnc cond iliom.. the """'"' mode freq lltncies are .. -ell
separaled and c1tmy dcf'mcd. and !he bel1-mal Cl'" spends
mud! effort in lUning lheir relaln e frequcn(in 10 near­
harmonic ratills. AI the OIhC1'"endof lhe 1II;lI1t. a cymbal is
nearlyttalandbaifreeedges. \\'hcn struck d o se lO l!M:<:dge
wilh a bard stick. a5 is lUII3l.many higher modes....;Ih noda l
du.melns are e, cilcd and !he sound is ~sh i rrmcTln,~ nllhcr
than tonal . To add COnIphauon , the thmT0eS5 of the C')TIIb.iI

means dw \·ibr.ltiona! ampli lll<lt1can be Jarvc re lali\-e 10 lhe
thidno:ssoflhemeul fnxn ....hich iI is made . so tbal there is
romiderabk non lino:ar inler.liC1ion, Sivinll ri$C'10 scm and
diffcn:nce frtq ucnc," andtoCf\CfiY lranSfo:r bet\\--emlllOtio:ll.
AIJ Ihis conuibulcs 10 thc bright and inci. i\ e lOOnd.

A gong wund lies between these:IWO«lremn, and can
\ ary wide ly from 0llC des ign 10al1Olher. The meta l . hom from
.....hich lhc gong is Conslr\lClC'd is thk ker lhan thaI ofa cym bal
bot thinnc-rillanlhalof a bdl .and lbc <:dgc ofa gon g ilaimosl
uwariably turned dcM"II ro sriffen il allainS! hil,lh·fr equc no;y
mOOcs .....ilh noda l diamelm . In addilion. a gong il usually
SlrUCkwitha paddcdhammefSol bat lheimpacti l lprcad "" er
a~ app reciab le area. thus inh ibiting the ..xcitatio n of very
high-frequency modes .

n.ere is another Iceture of the sc und 10 con side r,llllll that
is its evolution throul,lh lime. The sound of a bell l imply
deca ys a",a y, wilhh igher pania lsdc-caying faSlerlhanlhost of
lower frequenc y, A cymbal . on th.. other hand.tends 10
tra nsfer mcrgy from 1_ 10 hiGher mr>o:IcJ because of
, ·ibrntiona loonhlw.lrity, andil alrf'KKlaprcan lhal lhc audih le
SO\Ind lC\-el lnc rea ....,.lllOmI:nlaril y bcfOl\' dtc ay ing. Gonp
can be built to behavein ..ither .. -ay. l.argo:, lhin, ncarly fial
gongs such as the Ch inese tam-tam. the pro fi le of whkh is
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f igure I . Profilesof(a)aChinescta m-U1m.(b)adowllward·
glidi ng oper:a gong, (c ) an 1JP"'4l"d·g lidi ng opcr:a gong.
(d\ the gong conSlructC'd for UDi,-cni ty Hou,,",
(Dmo-ings.,..,ootloocale.)

shown in Fig. l (a), can be nearly a metre acros s and not much
men: than 2mm in metalthickness, with a sma ll centra l dome,
a turned-down edge. and rings of hammered bumps. It is
slruc ltinlhecenlreby . large andl<l filypad dedhammer. and
lICluallybehaves moM impressively in this way,with the sound
building up from a low-pitched boom to a shimmering rush
mer a jX'riodiL~ loog iL~ two~o"ds_ [ ll The huge gong at the
~innjng of 1. Arthur Rank films from the 1950s is a
cOfltrillcdcxam ple. thoughi n this case it is not the rcal sound
o'f the gong Ihal we hear but ralher an "a rt istic impress ion"
constructe d by the percussio n section ofa large English
On:hCSln1

There is another feature of iongs made from metal of
intermediate thickness and fairly nat shape that shou ld be
noled, lf lhe s ons surfaceis l1at, underno initia lte nsion,a nd
esst ntially clamped round the edges by the turned-down lip of
the gong shape as in Fig. I (h), then vibrational motion, as
impart ed by a hamm er blew near the centre , will stretch the
metal radially and ituroduce tension that tends to return the
surface to a nal shape, ThisamplitUlle·de pendent restoring
force, which varies as the cube of the displa cement . is in
addition to the linear restoring force due lo mctal stilli'lcss,so
that the total restonng force F for a central displ acement x
looks like

F(x) .. AEJ 'u"x + 8l:.'da ·x'

where E is the Young's modulu s of the plate material, d is its
thickness, a is the gong diameter, and A and B are positive
constant s of order unity that depend upon the mode involved.
The first term refers to bending ~t i rrnes~ and the second 10
displacement-induced tension. This means thatl he vibration
frequency al large ampli tude will be higher than lhal at small
amplitud e, so thai the pitch of the gOllg will begin a linle high
and glide back towards its nominal value 85 the vibration
decays, a sound that is striking in Chinese operas [2 1,bUI noI

very pleasant in a dinner gong. From the fonnofF(x), such
behaviour becom es noticeable once the amplitude of the
vibration becomes comparable with die thickncss of the metal
from which rhegong is made
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There is another OiTltse gong that exh ihits the opposite
e ffect Ifl he melal is Ihin and the gong is very slighlly domed
10 a heighl aboot equal 10 lhe metal Ihicknt!\li as in Fig. 1 (c),
rhcn lhevibralionfrequetl(}'a..:tuallyfallswhen lhe amplitude
of theOSl,:illatioobccomeswmpOl rable withthe heigbtof tbe
dome . The physical analy~ i 5 is rarhcr rnorc complicated (21.
and derives from the fact thai, in theal>scnceof plates tiffnC'ls,
the dome has lWOposilions of stable equilibrium, normal and
invertcd,wilhanuru;tableequilihriumfora f13tc onfigu ration
inbelWten. Theaound of such a gong glides upwards as the
sound decay s, and this makcs a dram atic c\.nlrasl tu tbc ii\lUnd
o f the OOvrllward·gliding gong, Aga in, hllwever,this cffcet is..
nol appropriale for a dinner gong.

It turn s out thai there are two possibl e solutions that will
maintain the gong pitch nearly level <Iuringtbe decay of'the
sound. On.e is to make the gong frnm r:lthcr tbiek metal ".
thar ihe vibrational amplitude is always less than ihc rnctal
thick~ssand thc gong behavcs almosl in the samewayasa

bell. Tbe second is to make the gong with a domed shape and
to ensure that the height of thc dome is mueh greater lhan the
greatest vibrational amplitud e that will he achieved. Other
features of the sound such as overtone pilche s, alsodcpcnd
upon the metal thickness and shell shape, so that there are
many things 10 be considered, and the design ultimately
depends upon tradition and upon subjective j udgment

In developing the gong design for University House.uh e
second oft he1ieapproac hes was initially tried, the dome height
being about 10 mm, and this worked quite well. In the fina l
de~igll of Fig. I (d), htm tv cr, tl>e fi"t appr oach W85 used
because of the availability of approp riately thick sheet meta l.
There is another difference betwe en the outcom es in the two

cases, assuming that the gong diameter remains coesia ru, and
Ihat is the effect on perceivedpiteh. The firs t SOIUlion. using
Ihinner metal, leads to a low'er pitch than the second, though
the dome curvature tends to work against Ihis

The other acous ticadjusirnent taa t can be made is a Iinle
more sub tlc.lf thegong isSlntck near ilS ccntrc wilh a $Oft
hammer . then several vibrational modes arc cxcitcd and the
listener will notic e at least the lowest """0 of these, with the
perce ivedpitehbeing dclcrmined large ly bylhefreqoencyof
the second mode, as in bells . It is important lhal the relation
hetween lhe pilehes of the firs l and second modes is Ileard as
pleasan t. which usually means a simp le integer rat io between
the freq uenc ies. ln ourfirst experim enta lmodel. wilh slighlly
domed metal abou t 1.4 mm in thickness, die initial pilch
relation ship was nol good, so this was modified by incising a
seriesofdec'p rings into the metal at a distance abou t one­
qca ner of lhe radius from the centre . Tbese incisions, being
made near a node oflhe seccodmode bul closer to an anlinode
of the firs t mode ,sh ifled tbeirrclative Ircqucncic s to a mueh
more pleasant relationsh ip. For reasons of visual appea l and
matm al availability, however, the gong was ultimately made
from polished sta inless stee l slicel 2 mm in thickness and,
be<:ause of the much grea ter stiffness, doming was no looger
~sary. It tumcd out. also, tbatthe frequency relat ion
~n the low"et" modes was initially pleasant. so Ihal the
incised-ring adjustmenl was no looger rcquin.'Ii, This feature,
however. imparted a very striking and appropriale visual



Figure 2. Relalive soundpr'''''' un:kvd ll'ed raindR ab<lUt I .
after the slrike (ul'P"r curve) and abuut 6. aflcrlhe.lrike
(lowercurve)

appearance, and was t\'tained fnr this reason in the form of
lightly etched cjrcles

When tbe spec trum of the gong sound excite d by a central
blow from the soft hamrn<.:r, i. e~amined it is notable that il
evolves signifiea ntly over a t ime of about 2 seconds. The
bright initial sound has a pronounce d fundame ntal at 226 l iz
accompanied by a ser ies of app«>~i"'"'tdy evenly spaced
uppcrpartia ls, as soo.. "11 in the upper panel of Fig. 2.
Unfortuna tely there was no OflPOnunity 10 examine the
associated vibrational lnlllln in detail , so that OIlly a few
genITdl reman s can be tnaJ e. lbe grome try o f tlte gong is
also too complex for a simple analysis to be helpful, though a
finite-ele ment analyjis would give some insight. Where
axialjy symmct rk modt'S are concerned, the downlllrnoo rim
of the gong act s simply asa small added mass and effectively
the gong diamet er annre with an Cf;scntially free condition on
the extended bnur.tlary. For modes wilh noda l diameters,
however, the rim is elastically stiff in the tangentia l direction.

so that the edge ofthe gong is essentially clamped. Matters
are then further compl i<;:at~.,j by the 30 mm sloped edge to the
main gong plate

The frc'lucncies and rclalivc fre'luencies oflhc modcs arc
given in Tab1c I , If a mode with m nodal circles and n nodal

diamet er s is repr ese nted by the notation (m. n). then
appros imale calculatiol1!l sul(g~tthat lhefuodarnenta l pcakat

226 Hz istlte {1.0l mode and that ar 758 Hz the (2,0) mode,
both bein g slrongly excited by thc central impact of the soft
striker. Theprominen t second mode at 388 Hz is probablythe
anti.yrn metrical (1, 1) mode Cllcited by slight asymm etry in
tlte . trike. The strong modesat 454 and 682 Hz are puzzling
in tha i Ihey are almost exact integer mu ltiples of the
fundame ntal frequency. An intriguing possibility is tha t these
are lhe result of' nonline an ty and the abrupt change in slope of
the gcong surface towards its OUIer cdge.(3)

The sound decay of the gong is a rwc-stage process. For
the first two seconds or so, the decay rate is about J dH!s,
while for the rema ining time it is only about I dBls, lhcfa>ller
initial decay being as sociated with the more rapid attenuation
of thc uppe r partials in the sound. The actua l sound spectrum
at tv.o times afler striking is shown in Fig. 2. The upper panel
givcs thespox1ru m aboutooes«ondafier tItcSlrikc.whilethe
lower panel is about six seconds after the strike. Clea rly the
upper part ials decay much more rapidly than the fundamen tal.

The~ral harm onica lly related partials, indicated with
an aslerisk,defme the subjectiv e pitch of the gong , while the
strong inharmonic parria l with frequency ratio near 1.7
relative to the fundamental probably con tribute s largtl y to tile
slightly bell- like sound. As in cari llon bells, the ]X'rceivcd
pitch is more nearly thatofthe third panialat4541 1z r:J.ther
than thar of the fundamen tal. Thefact that there are several
strong inharmonic part ial. in the init ial strike note does not
lead to a discordan t sound, sine...these arc well-spaced pure
tones, and discords arise from rapid beating between tile
overto nes of complex tones.[4]

Tlhle! . Pro minent parti als In the wund

Frcqucncy(Hz) 226 388 454 530 618 682 758

Frequency ratio 1.0· 1.72 2 .0 1 ~2 . 3 5 2.73 3 .02 ~ 3.35

Harmoni cratio 1 : 1 - 2 : 1 - - 3 : 1

3. \'SUAL DESIGN
Visual design is a rather more subtle IWlner than ¥-'Oustic
design in this case. Gonparetradi tionally usually made from
brass or bro nze lhal has been cast or hammered 10 shape.
dependi ng upon its thickness . Th i. results in a monied
surface appearan ce and. in addition, these meta ls rapidly
tarn ish to a 11I1h« undistinguished pat ina. In co ntrast, a
material suchas sta inl essst~'CI ....il1 retain its origi nal surface
appeara nce for a \'ery 1011g time without further attention For
this reason . and si11~"C Ihe University House authorities had
asked for an engraved crest on the gong, it was dccided 10

lI1akeil fromhighlypolished staink~s steel shcetandtocreate

a surface pauer n by a mi..lure of etch ing and abrasion. The
availability of appn>priateshcclrnalerialof2mm thickness
and the desitebility having a Ilat sutface for visual reasons
also led to the adoption of tlte second acoustic design
alter nativ e . The final visual appearance of the gong
incor porated the Un ivers ity House crest on a polished
b;lckgroun d, Cen lred and surro linded bycircles.further
surrounded by broad area roughened by abrasi on with fine
gla..... hc:ads. and thnt a final ring with concentric abrasion
producedhyfinctr\>('ryflil per·

A gong i. not. hUWf,'\'cr, simply the meta l vibrating
...Iemttt l, but involves a1"" th...means by whic h this elemen t is
supported . The de5ign adopted recognised tlte geometry of
the Univcrsity floose G reat hall architectu re. and in particu lar
thegendyslopinl!wa lls,and tbcseare echocd inthcshapcof
the walnut timber frame in which the metal gong is mounted.
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figuK ) TM rompldN ~1OOl ,.... Ilttft ap iMt the
...... pan<11N ~ill. dlor...,. tile ftod .. ,..1 or !he GrcIt
.... llof Un..ft'lityHnuK,TM ............ corosmoct__

(L 10 Rl~ TOlly Ibrl"'l- SIopIln 11ol1*. ~~

BrooU. :-';mlle fko<hn . Iftd Roa Cnul......... (-'-"I
""'.holly M,,",Ur qd TOll)'()aIlnIl all ...... LS ~SL •
ANU (~brT... "'ftIocrd l)

~ I1IO' 1I1('lII g oflhe JO'IC 'u th' n ee woodc1I frame IS

IIIlIlbuuslYe and snn ply l'tqU '1n, from an KOUS!ICpoinl of
,iew, lha l d don noI ,nkl'ft«- ....nh lhe vihnlionof lhe gorIg.
The moun l thnefore oonsi. of 11110 loop< of 11)'100 ror d
passing IhTOtlgh SI1IlIll hoIn in the i""11 rim and 'RJfIPOf1Cd by
boob~ inlo the -.odcn frame

The oomp k-tN aon~ f<lSC1hc:r wilh IIImIhen of the
design and consttuC1iooteam, is s"-'n in lhe photograrh of
Fig . 3. The sIapc oflhe frame is clearly~ 10
matdl tnatof me Great lla ll hil e !he wrfao:e decora lion o f
!he metal gong show s up the UniYrniily lIoo~ cres t 10

perfection.

4. CO:"iSTRUCT IO N
1l1egong was constructed, B~ mcm iunc ll before. from 2 mm
sta inless steel shed. pol ished on 0 1lC . ide , To ~"eale lhe
necessary profil e wi lh smo..,lhly d......n-ta rned edge s. a
\\uOOCfl disc aboul 30 em in diamet er and 20 mm thick was
made that was a repli ca uf the required inside shape. This was
fixed in the spindle of an approprialely large laehe and the
cireu l ar~l pl ale Was clampedagain,li l ..,singBSlC1:ldi,kln

prevent s1ippageandtOl'ro1 lXt lhe surface oflhe eenlrdla~a

that was later to be decorated ,, 'ith the UniveTMity Il<>U1i(c!n1 .
The stee l wa-~ thenspun agai nsll he,,'O<l<lcnlCmplaICUl<inga

luhricant ;lOdapolishedbrt:JrUe form inll looltogi\'e.narrow
sloping bend and thCTIa smoot hly IlIllItiI-.down edge " sh<M'O
in Fig. l (d ). Themgrnved design was pn::xtuced nlemallyby
• scr«n pri nling l}pe procesa, lhedesij,'fl thmbcingelC h..-d
inlO tbe surface using an acid so lution
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TIle lim ber frame was made in the School's cerpcnt ry
shop. Wc ...ere ~cl)' fortunatein bcinllabk lu sec ure 'I\'l11e
thick walnut planks that were left u~cr fnom lhe or iginal
buikling of lhe Greal Hall. lind lht:se were buthsy rnbolically
appropria le and elso an ucellelll nuuc b to variou a exposcd
limbers and fumishing., in the flail , T he shape o f the frame.
as S«lI in Fig. 3. ecbees the pro file of tIM: Greal llall . and is
so constructed tha I the 1l1lf111 can be ea.~i ly ca rried using lhe
Iun d·grip II the lop of lhe fraOlC. Thcgong is suPfol 1cdin ihe
framc: byaligh lnexible coftlpil uing thtoo ll:h ....u hu k'll in lhe
gong rim and sC1:un -d 10 I..... 1I<.... s in lhe frame . The striker
f(JfIhc gong "a1l~ rmm lnc lOlme lnul lllIlnc frame .11Od ".
the head from ironba rk I-~ a bobbin ilh. hillh--«n.oily foam
layer wrapped ....ilhW{7\lal , lass fibn:fabric to ltivellW"f(J'W
cy linder lbout 60 mm in dWneler. [I Ii1s 011 IVoO"",ppomar
lherellofthefrllme.

5, CO:"iCL USION
The ce=nonial sonlt is !he sift of \11 Pauline Cni ff'n.
Honorary FeU..... and former Pro-Owtccllnr of lhe Un iversi ty.
I nd ....as forman y prnenled I" Un,,«<,ly House .1 a
~"Cdll'Uler oa"lan.:h )I , 2004 , 11 Wlllrcposoem

I speciall ), bui ll cablnct ncar !be Hilth Tab6e. to be used on
formalocaslOOS.bofhmthe .llll ll'ld dse"'~ ....1ttun
UnnTmty Hot.ne_ TIle leam from the Rnean:h School
.......nshopispro..:l tohave becII M'IOCiarfttwjlh iulbignalOd

~~
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ABSTRACT: MA Re s Auditory Laborat""",, i. a Univenily ResearchCen\~ at theUnive~ily ofW cMcmSydfl(y. MARe S .['C<'ialiocs in
"' sea rch on ' lJft ch, In", ie. and ~udi tOl)' processes. Thi. paper elaooral"" panicular ,., ,,,,a,,,h strand.<in MARCS _ Aud itory P'<Xe. .... arod
Speech Technology. the Baby Lab, Communi.:.l1'" M... io:lIlity, Human Farto,.. and p.".formJ"" c, Mo,;t Cognition, Srrond Langoo~c

AUlU;';';"", and Spc.x:h 3J1dlanguage_ and de""ribe cur",nlprojccl. in eac h o fthnc ot"' ndli. !hili. foU"",fll by a bricfhi>1oryoflhc
Cenrre andus mle ar Uwb

I. ) IARCS AUnI TORY LABORATORIES

MARCS is a research centre for basic and applied research on
auditory perception and cognition, with particular focus on
lhe significant domains of speech and music. SilKe Ihe
inccplion of MARCS in 1999 il h.a.~ dc>·c1opcda dynamic and
vibrant research culture lhal has 31t1'3C1cd researchers with
common interests in auditory research. Our mem bers '
background.s vary - es perimental psycholog y, var ious
branches oflinguistics, music, eleo.-uical engino:ering, and we
...urk ...·ilhpeoplcfromarangeofdisciplino:t;. including
music. linguist ics. phonetics, computer science. human
rert'ormance , and engineering. using our skills in cognitive
scterce.oesecca ces tge, statisncalanalysis, and computer
programming. So. while MARe S is I broad church . it has a
particular methodo logica l leaning ( Ilboratory-ba~d

experimental psychology and re1alcd aPf'machcs) and subjCCl
matter (auditory research) which direct our enserprtse .

In this papcr, ....e first discuss various rcpresemati...e
research projects at MARCS, and follow this with some
background infonn ation regarding the Univers ity of Weslern
Sydney, andMARCS

2. REPRE SE NTATIV E RESEARCH AT
MAR eS

A range of research is condu~1cd al MARCS, and lhe breadth
of work is conveniently collected under our 7 labs, the
Auditory Processes and Speech Technology, the Baby Lob,
Communicati...e Musicaliey, Heman Factors nnd Perform ance,
Mu.ic COb'l1iti"n, ~"nd Language Acq uisillon, a Ild S pecch

and La.ngtlllge. Exampies of rccc:nt research prujecls in these
labs are provided in the following sections.

AudllOry Pl'O(t Ut t andS~b TK bnolnaY Lab
Lah u ad"r: Dr JdTg 8..,,1r/w1:
Modd i llX ,h~ tlutli,...,. siglltll p""'nJ i"X o! ",,"Mrall'
.mull tl.•

The well-known coc ktail pany effect shows that ....e humans
monilor ....rious concurre nt "lo1.lI>d. in our environment, and
parsc their spalial and infonna lioocoolcru:. For machines and
in mathematical mOOclling, ct>ektail-pany processors are
often applicd toseparute the scpen mpcsed signals. Ahhougb
such lcchniques show promising lC$ults in simple scenarios,
they usually fail in realist ic - especia lly reverberan t ­
envinlnmenlll. H..,.,..ro'~, the human listener is able 10perferru
thi l complel lignalscparalion la~l, byapplying sophisticaled
monaural and binaural signal processing. Hence, il is very
important to understand alld 10modelthese auditory processes
in order to employ them in modern cock.tail-parly processors.

In lhis regard, the phenomenon of room refleclion ma~king

ha. been investigated in our lab and a model descnbin g tbe
under lying auo.l itory proces ses has been propo sed . The
proposed model is composed of four main stages: (a)
bandpass Iilterbank stage, (b) Signal Dependent Compression
(SOC) stage, (c) Equalization-Cancellation (Eq stage, and.
(dl decision device stage, According 10 this model-structure ,
the SDC STage represe ms the impo rtant monaural
mechani. ms, and the EC stage the important binaur al
mechanisms. The model has heen adjusted to simulate known
psychoecousnc data on a te~t reflection being masked by a
direclsouncta.well as being masked by thc direct sound plus
an additiona l reflection

With reference 10the fi rst masking condition, it was found
that an audilory model, wh ich is solely based on monaural
processes, could successfully describe the involvedaudilOly
processes. Wi,h reference 10the second condition, it was found
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The MARCS .."r>cialhad '"Gustav"limn i"ll lo a
perf~lIlIheS)dM)oOpefa H~

tha t binalnlproco.' 'Ie'i Ilwlle'e'd lu~ con\~~

tha t S«fTI to be successrully describedby !he ~"""ed EC_

approacb. Furthcnnorc.thcpropos..'daudilory""-"":l hasbo:e n
cmplo)'Cd to pmtict the masking effect or a compkte room

impulse response, m-eaiing tha t II'IOOlIlnl ~('»ses play an.
importa nl role in ....h wmpl .... lc'dWOliilioo •.

Bab) La b
l.ab UaJrr: Dr Clrroti".. Kilumum
RfflrK" " j""titHfO/ 'f'Nl''' p.orrt'plio" j"j,,/t' IIQ'

Younginranl:S~tand~sorS(l('('Ch\\.('lIberorethcy

can ~k 11Jcmow:,h _ l\cwhnms ren:eive a wide ~-alicty or

spec'Ch wunds bul then lxNttn 6 and.<) mon ths they bel!in to

fOl:'US C'SpCCillly on the sounds thlt are used in thei r _ -n

language oilnd disregard those used in otber languages. Th is

ha~ bee n found ror COll5Of11n ts and vowe ls. but the

(\('-,-elop rncnt o r the J'('I't:Cption of lODe in inrancy has bee n

relati ,~ly rlC'gl«:ted. Tone, lhe u..e or puch movemen ts and

assoc iated CUt:Sto COlt\'e")' meaning at lhe lexicallevel, is used

in A~ian tone languaile~ such as Can tonese, Madarin and

Tlta i, various West Arrican reg ister languages. and pitc h­

accent languages such as I apancse and Swed ish, languages

sro kl'n by ove r half thl' wor ld's ro l'll lalion. 1\"",' PhD otUlk nl.

Kar en Mattock. using a reinforc ed head -tum procw ure. has
established tha t Chine se babie s cont inue to focus on tone

variations in words. as lhcy get older . while Austr~1ian

English babies (for whom lexical lone is pho nologically

irrc lcvant) rcducclhcir allenliun lo loncs h....1W1;cn 6 and 9

momh s. However. when the same tones are prese nled as

musical pilches. AuslraliaIl Engli,h inranls · alll'nlion rl'mains

unc hanged bctwccn e and <) months . Further studies wi ll be
cond ucted on infants ' use of tone informatio n to learn new

words. The result s have implicali\ln~ for 'OCQJnd language

lea rn ing, idenlify ing langua ge de ficits, design ing appropria te

inter ventions. and for mac hine recogn ition and synthesis of

Chinese
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Com m unicath e ~1 o sica li t}, Lab

Lub L.....der: Dr St"ph"" M"I1",·h
Com",uni ",,,ti,,n lind "du.'uti",, : t/lt ", (1st ,,/ 1't'u<,hl'rtu

A majo r factor in childr en's early develnpment is tile nature of
the inlerJ.C1ions with those who fcaturc sillmficantly in tlleir
hves - primary care gi\"C~, pecrs and menl"rs. Reoogn ition of

the mter-conre ctcdnesa cr a child"s cogn itive, soc ial and
emotio nal developme nt h ig hlight~ the inter pe rsonal ur
intenubje<:tive nature ofoommun ication andedocalion. \\Ihal
encourages a p'-'T'iOI1 to engage with anotller'?Ccrtain ly the
con tent or the excha nge will be imponanl, but WMt of I~
underl ying dynam ics or the intcre llanltt'"

We iove!'>tigated the rcLdionsh ip bct...:m rated dcgrec o f
engagement be1'A'Cm primary-Khool classe s and tbcir tcaehcrs
and tim ing cllaracleliSlics of the \'t'l'bal Cllchanges in these
classes. This~h CO<TIC5 001 of pn:v;0U!I ....oor. suggnling
that conun ....icationb<.~aparcnlandayoonginfantlaltC'>

place through the intenrions(uno.krf}ing implll>(">foraclion)
andaffeci canicd by the "mu.~·Ii".e' qualities of their joint

vocalisation~ in eombinatioll .. ilh the jo int ' ohncc -Iike'
gestures of their bodiesand racia l tnOlo'l:mC1llj .. ithin a shar~'d

sense or rime - ceermumcative behaviou r called
conun unicam'(' ~>c3lity_ St~ Malloc h and Rudi Cmcec
from the Communicat;,.~ Mu<k3lity lab te-,nned up wilh
Catherine Srolt fromlhe Sdoool of F.docatioo at theUniwn; ity
of S ew England. Using the modl:l of CTNft_niolliw",...oJt:ulily
as atheo<ctical~,theaim_toill\'C>oligatethe

hypolhcsislhaltbcmorccngagodthcnud..'Ilban:IIoith!he
tneher.thelOOR' 'harrnonious'!hc: classroom inl:eraction. A
IOOR' harmonious int~1Or\ was defille'd as one IIo-uh (('\On

interruplionsando\'t'rtapping tlWllSand fl"WC'r instanC'eS of
s.IUdcnt-lo-sludcllltalking .. M cthetca<:hcr wlstalking .\'ldeo
record ings~ ooleoed of three to:achers from three schools
inSl1llCling 7iS year olds .F.xtra<ufmmthese vido.'O record ings
wcre rated for class engagement by ~ e1p'--rt 1':l1Crs
Measun:merm. were madeof timing categories in the vocal
into:rnctionsberweenteacher and Siudents,and ratingsand
measures were staliSlically com pared. S igni rlCant com:la tilms
wcrc found between I':llings and those vocal timingcaleguries
related to teacher' S1udem illtel1lC1ioo . As llle comm unicative
mus icality mudel ,",.d d predict, rating. of low cttgl gement
were "''lSCXiated with voc.al timing tha t w ggCSloo II more
disrup ted claWOOfD inleract il", sly le, lind IIIlings of high
eng.~~'lJII.'IJ! " 'CT\: ~,..ocialed .. -ithv"ca l liming 11lal!>Uggokd a
more "haJrnn nill\ls ' inlcra<:lion sty!e.

lI uma n Fact ors lind per re r man ce Lab
Lab Leader: Dr Mark Wjggin.~

In/ ormuti<1Il u,·qu;.I·;t;on. exp<!rli,I'e, umJ d,',·i.,iun-muJ<jn~ in
ad~anced t"clIlIology em';""nmf nb

There is con siderable evide nce to suggest that human
opera lors rclyon a sericsofvisua l,auditury, a",lIor l3Clilc
CUCSas the hasis ror t hc ir d~..::i,ions. These cues are extra cted
from a co mplex array of stimuli within the opera lional
environme nt andtheir significanc e is usua lly dc termincd by
previ ous e~perience_ Although the importance of cues has
b«n~""gnised fur some lilTl(', theacqui si li(lnofcuesandthe

way in which cue-s interac t to impact rcrfoTm3nocc has been



dim~'IIh to e.ta bliAh, Our P«'sc-nt research involves the:
d.....'elop mcm and eva lualion o f • IJw:oor~"l ieal mode l of cue
acq uisition and integratiO<lu the basis for imf"' wing hwna n
perfor manc e within applied indll>lrial erJ\o' in>nmcnl~ !iOCh as

aviation . In our most recent stud y, 50 r i10l. ".-e re a, ked tn
cond uct a sim ulated in-nig ht di ,'~ion , the: infoJl nat KMl
pI.'1taining 10 whieh ....115 pre>cntw in one uf Ihrw fllrma ts.
Thesefonnal~ .......~ ba5<:d on Ihrte d ilTerenl lypc . of rk.", i.ion
heuri stic!; (ruin Oflhlll11l1). The: 1TSU1l. indicated lha l lhe:

seccessfut inleg ration "f cue-based inf" rm aTion 'Ioa S

dcpcndcnl Uf'OI1 a numllcT of facton, ind ud mg Tho:f'l\ ••im ity
and pe1('cil.-aJ rela1l<Jnstur b<.1....ffn di ff~n1 f<>fm.ofc""_

based mfomuTIO!\. We abo e>hw:n-.:d diff~ 1Ict>o"C'CII
e.pcrirnccdand inc.pcrieACl.....pllot.in ICTIIl. " flhe ea,;c ,. , ith
whiehThcy pen:ei,"<'d Uw:",,.k . Spccific.ally.e~pcricncropilot.

prc ferredancnviroomcrtl in ....hiehtllJ.-relaledinformalion

co uld be aC\ju.. cd qui d ly and cffi cie nlly hc're,u
ine--.pcrirnccd rikolj F"fo:rKd an ~hin iUch ttcy
oouJd plan the..equma: .....ilh .. itie h mfortlMlion .......ld be
~ted. v,'hi lc the 1al1C'l" .. ... mon: 1l~"Ig. •

rewll~ in more ..............te In4lIu than raighl O!l'ln'\o.isc hr. "C
~thec","".o..Tran. lhelnUlll;~thattheprocet... " f
informaTion llC\jUi~ilion i. med ,ated in ran. by prt'\' kaB

e.~inThed"main. Thilhas importancilllf'.iealM:>n$f<ll'

The fiJure lb-clopmml of~ision Sl.IppO(1 l ySl'"""

..tum C~. iliool Lah

J4bJ~ Dr ~1" Slft'rlU

l ·.; ..g .. fl't'rlfl ..jjfl"'m.,"'rlOfiinliJ i ...'f"JfiKflwrpi.WHlk
"'".."", I..,,,,u sk

The Mu.-ic Cogni tion Lllb applltS m.:tho.b from e .pcrinw:nt.ol
psyehol og y 10 lIl, cs l iaa te pen;..p lioo . cog nil ion . and
prod uction of music. We, tern tooa l mu'ic is lID dTe'ctivc
Slimulu. andtoolloeumincjcllCr.llaudito ryr..:n'qllualarnl
cogni li\-.: pn:occs'.es.l.'l it ~ hijhly Slroc lurcd, !tive., rise 10

lc:am.:d e\p«t:u1Cin. andcan be eilhcrllO'-.:1 Of fami liar.
Researc h t<-.pio C(Jlo'CT-.:d b). OIIr sill poMarokluale Il:'SClln;h

)!udmts include piTCh and lime pcrccplKKI. syndu 'Uny and
adduivny of " i"ul l and aud itory cues in manmba
performance, all.::nti"na l capt ure for c. rn:"5 i,'e ...... -.:rnrnt.
lbe role of cont oe r in l"«,."t'llnilion of~J'"Ch lind m usic, and
de velo pment o f a p, ychumetr ic scale for measuri ng

psyc ho logical n:SI"K1'lC' lu dance and music

A rccrn lly puhl iAho.'t1n pcrirncnt u.'ICdno..e! and fanufiar
melodies 10 i"""""t il!ate cri sod ic rnernory fOfm u5ic. Melodies
......-n:pn:scntcd cilhcr ooce or lhn-e l1rneB, eJTher on Day I or
Day 2. and pan ici,"," l' made judgments abo<.It tile n, "COCy and
fn:<.(lIcncyofl"'"""nL lti'Mloft!w- mclodics. l) ilti:m lCcs emerged
beewccn accurac y "f j lklj:1l}<'DTS of n'\"\-n:yand fn'tlU<.'flcy.aIld
this intet':lctcd with whether melooics were ",,,,-.:1 or familiar.

Morol. Jl<.-....iflCally, the results indica tcd lhal episodic n "g n iti" n
of novel melod ies is based IIlllre on a l!e""l1I h,~.,J - n ·ling uf
familiarity" Iban I specific cr isud ic "' e mury. Freque'w y
inform alion con tribu tes IIIOIl.' strongl y 10 lhis generalized
memory than reomcy informal ion, and fom liltlOOof an cpiso;>dic

ml,:m llryfor a rnclody dep:nr.k cithet' onlhe OYl;l"'"lIfamilianly
oflht!<limulusor lhcavai lallililyof . ..'ahal lal'oel

Otllcr dcvcl op ments in the Music COl/nit;1l1lLab include
The: validatio n of the Aud icnce Respon~ Tool (A RT)
ccvejooed by Ph I) S100enl Ms Renee Glag. The ART 1'I:\:0n"
coee -eeoed lool1llingscalcrespor1 >Cli10 Ii\ e pcrforrnance of
d.mcc or musit . R....J1'l...scs inc ludc cog niti..'e. int~TJ'fCUl ivc.

ae. thelic. and affective rcsponS<"S. The ART i. now aloo
avai lable on hand-held ~vmptllers and. as well 35 recording
queslK... n.airedaTa ojl •-e e per rormance. rea l-lime co ntinuous

measures can be made as 11 (lC'rf" ..." anee unfolds. The
compu.tcriscd \"el'S1on oflhe ART and ronIi nl,O(llJ~ l'\'CUI'1ling
dc\ 'icn v.ue lIialcd duri ng I pl.Tfurrna ncc o f Sue Healry s
l'iM V .... T"",i.. at the Sydney 0pc0I H<O\l..., OIlJuly 2. 2tJO.t.

Mn nd Lan l:ua ee Acq .ii.ilion I ...h
Lob iLDd= M~ /J",,>lO Di 8 iau
""fi...Ll ,,.. ,,, i..k /"OK.-."'·i.. pri"'• .,.so\I.....I..

The Seco nd Language Acqu i~i lion latl>oratOl)' CCJndue-ts
;m.a;tigaliorn in IWO broad areas : .acqlli~ition of second
languagl:(U)in instrurnon.i1cm·ironrncnu. and biling:u.al
fi n l language acquisilion. Both ~troog ly relate 10 the
multiling"",1 nalu.re of Au, mllan (PIIn lcula rly urbanI
environmcnlS and hr.e imrl icah~ for The SUCttSS of

language irt<tr1Jelion and 1c2m"'J '" cduc:.atll...nal .. :ump
lcspccially with Theinaeasing~ of OOTnCU $Itd:nu L
as""-",l as forlhcmaint~ of 1angua",,inbilingual

families and oommunil)' CllVirunmcnb . The Lab is cvrrrntl)'
i....CSIiga lin8 acqui sition of Chi~En"l ish ( RuyingQi),

Japanese U (Salomi K......lIguchi), b pa.....'SC.E ng1i'lh (Yuki
Ibni-Ad.Jms J. AJ1Ibtc U ISlIW1 Camp hd1) Illllian L2 and
Span i5h L2 (Di Biouc). and EnSlish L.2(Clmphd l.Oi Biue,
Kw....guehi}. The Lab 's tbrore1ic31lor1cnu.lion is mainly '-cd
on~hI)'Tboory(PT)devi'lCdbyl"imo:manAand

ethers . Th is provKlcs a croiJ.... linllu ist ie i n ~l rurncnt for
rncaSlll'inglanguagc dcvd o'l'ment ill'lWC"lI ll!1a corn rnon pu;nt
or refercece for language proo.--c"SSin(l: in both corpllS"baSl:d
approachnandOll- l ince~pcri m.:lIlaTinn

A la'ltC proj...'t.1. recenuycom ple t.....", ith ARC ....pport. by
Bruno Di Biase and P"alriz ia Bcni alooll", ilh "t her~Ilm
and leachcn in' oIvoo a elassroom -buetJ IoollituoJinal study of
Italian L2 ka m ing prog rams in Ihrcc primary schools . The
e ffe<.:li \'eness o f fonn-focu-~ini Tcchnlq lJl"ll in ins lTUC1ed
IangUJlte devel oprno..'Dt wa.s •• ses-ed vii videorec .....d ings
taken ,,", '('I" an IS-mon lh pI.," nd, u~inll metria providc;dby PT.
11was foundthnt L2 program . in sch,,"l s provioc el,m. id.Tahle
lexical support bUI little , if anY. llralllJ11atical develo pment .
T hi. may lie part ly accoun ted for by the decidedly limitell
expos ure children may have to Ih... L2 in the school
env iron ruenl ll"weve r.olllheOl lwr hllnd, the projeet , h,.....s
tliat e..e.. mode rdle OOSCSof (dcw illflln~'nla lly rt1<Hkrared)
forrn--fllCU.....'t1 irtSlroct ion appear 10 boolst rup gra mn1;llica l
dc\ "CklJ'ment in the k arncrs

Sp ('l'Ch all d l... nl:ulOl:t"ub
1.l<b l.£u" ,.r: l' n !f lH 'l i&Bl<rtlh,mt
Su i'll[ U H..u~itlJ[

Opnc al info rmat i" n from fac ial move menTs of a talker
coo m bult'S 10 sf'CI.'Ch percepdon n,,1 on ly when acoustic
informa tion lS dt"gradcdor ..t.cn the li.t encr is hearing-
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impatred, b\lt also when the acoustic informat ion is clearly
audible. This is most clearly shown in lhe classic ~tcGurk

effect, in wftich dubb ing the auditory speec h sy llable [ba ] onto
lheliprnovmlCllts for (gaj resu.ltsin Ihccmcrg<.-nl !"-TCCption of
~daM or "1haM. lntuitively onc """",,d~~thal lhcreis 1inle or

novisualspecch informalionforthepik;h~arialioosassocWcd

with bical lOOe in Ianguagcs sud1 as Can tonesc and Thai .
H"",~"¢I", recently al MARCS labs we ......e found thai

Can tonese pcroeivCTSidentify bcuerthanchan«' theCan~
v.urdbeing said from visual infonnalion a~, ....tw:n gWen6

ahemat~ with identical phonetic. bul dilTm ng tOOl':lic
infonnation. Addi lionally, visual speechinfonnation ug:mcnb
audl1o,ydioc:riminationforpairsofCantoroeseWOl"dsdlft"ering
only in lOne ...... CantOllC$C' percm.-en, for tone language
~ven unfamiliar with Cantonese tones (Thais), and cvcn
for no n-tone language (Australian English ) pcTCCiVCTS!

CulTC1ltly wearc. with our collaborators at ATR labs in Japan.
conduct ing speec h production studies min g a co mbination of

signal proce ssing. biological ,and bcha vioural techn iques
(includ ing OI'TOTRA K 10 track thc lIIOVeTneTIl of the face
during speech) 10 identify the essentia l characteristics of tone,
affect , and identity and deve lop a comprehe nsive model of
auditory-visua l speech processing and comm unication. This
researc h will have implica tions for understanding of the basis
of auditory-v isual perceptio n and product iOflin tonal languages
and in affec tive communication, faci litate links betwee n

neuroph ysiolo gical proc esses and aud itory ·visu al speec h
proccssing ;and eonbi bulelOapplicationsin au totn:lticperson
m;ognit ion. automa tic speech recogniuon, Ic~t·IQ.Spcech

5)'SICms,and tallr.ing lttadaids for lheheari ngi mpain..'d
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3. BACKG ROUND
T he l! ni 'l'n ityof Wntu n Syd ney

Fstahlished in 19119, the Universityof Westem Sydney (UWS)
early on realistd that researc h concen trat ions in niche area.

wen' both in line with trne:Ii ing Department of f duca lion.
Scieece and Technology. and Austnlian Restan;h Couoci l
(A RC) policy, and an clTectivt: ..."3)' 10 realisethi, goa l in a
lJC\\-unr.-en ity.UWSJ'l'CNidtsinltrnalfundinglo ibrcscardi
centres, and encourages both internal gl'1U1t 3{lplication s
through,and highefdcgm:~rch placesat~fXI\tn:f,.

By such mean s UWS tw facilitated the ~Iopmcnt of ~

small number of~n:heeTIt~ of excellence. and MARCS • .

Labs is ooe of1hcsc.

' IARCS Alld llor') l.a bo ra lor in

UWS is silua led 011 si. campusoes, and MARC S is situated on
the Banksl ""'"11 campus. MARe S has sign ifICant affi lialions
and co llabora tions wilholhc r UWS groups- the Scbool o f
Psycholog y, the School of Languag es and Linguist ics, lhe
Cen tre for Ad\lI nccd Sy.tem~ Engin~ring, and t~e Prec ision

Robotic s Research Grou p.
MAR CS Auditory Labora tories grew ou t of the Macarthur

Auditory Cogn ition Labo ratory (MAC L), which was formed
io I9% uooer lhe directio nof Dr Kate Stevens. ldent ifyinga

niche in Austra lian research, Dr Stevens ap plied for
University fundin g for MACL in 1997, obta ined fundin g in
1998 and anfac1cd Deni s Burnham from the University of
~SW as inau gural direct or. In 1999 MARCS ~n life as a
Research Centre at (he then UnivCTSityof Westem Sydney,
Macarthur. and con tinllCdas such until in 2001 wnen (lie t~m:

members of UWS .malgamated and MARCS became II
Univcnlty Researc h Centre at the DC"''' unified L'ni\usity o f
Wcstcm Sydncy.

Sup port from the Ultivcrsityof Wcslcrn Sydney . and the
College of Arts.. EdllC3tion and Socia l sceoces, and hard
Ilo«t.byO\ll"coibboratonand .dcdicalcdbunchof~it;.

research and wpporl sutfin MAR CS has all",,'Cd MAR CS 10
grtJ"o' and augmmI!hcir cxlcma l funding. ioc~ PhD and
Researc h Masten SlUdcnl load and timely oompk1ions, and

buildourequipmmlandlab infrastru<;tun::
MAR CS oow coruisl~ of arou nd 60 mem bers . the

Director. Profe~5OI' Denis Burnham. and Dcpu ry Di rector . Dr.
Kale Steve ns. the newly appoint ed Pro fessor ClIthi Best.S
mcm~ from !hc Schoo l of Psycho logy and the Schoo l of
Langua ges and Linguistics. 2 Resea rc h Fen "",·s. 3
Postd octoral Ft llows, I Hono rary Adjunct Pro fessor , 3
Honorary Adjunct j euow s. 20 Higher Degre e ( PhD or
Masters) Studenl~, in any year around 10 Honours or Gr adua te
Diplo ma Student s, affi liates from the Precisio n Rohotics
Resea rch Group, and the Centre for Advanced S~tcms

Enginecring.6 Research Assistants , a Business Manager, a
Technic al Services Team Leader, 2 Software Enginee rs. and
an Admini str3tivc AAA istan l. There are 15 testin glaboratories
and acc ompan ying office space and recen t uoivers ity gra nts of
space and fund~ have cna llled the inilia tion of a building
progr3m(d~ foroornplction inSepl<'l1lbeT,lOO4) ...'ltieh will
double bhandolTtce~_Facilitiesconsist of'lOllndproof



booths. speec h and music recording labs , spec,; hJmusic
anal ysis editing and s}'Ilthes is f~cilitie., pu rpo :;e·built infant
test ing labs, s imu l~t i "n lab, move me nt an alysi s lab
incorpo rati ng PEAK Motus and Opt otrak movemen ttrackin g
device... a Portable Audien ce Response Facilit y, an anec hoic
chamber amI 3D audio lab, and an EEGIERP (event ",Iat ed
potentia1) lab

0'l:..i... t ion~ A"wci a ted I'l tb .\IA RCS

MARe S is lhe adm inistrat ive hub for !he Austra lian Music &
Psycllo log y Soc iety (AMPS). A~lPS I1o>.ts seminars nn the
ne.'lu-~ bclwCl:n p ,ych"le,:y and musie,dr4wing an aud ience o f

staff and gr ad uate students fro m psycho logy. music,
educa tion, physics, archucc rure, and aeou-,t ics

MA Re S Director Denis Burnham is the President of ASSTA,
the Australian Spc~...,h Sc ienc e and Tech nology Associ ation,
the peak spee ch science and tech nology a. , ol; ialion in
A ustralia. He is also Vice Chainnan of AVISA, the Audi tory­
Vi sual SI'C'e.:hA'''lI: iution, which is a Specia l Inte rest Group
of ISCA , lbe International Speech C ommunica lion
A....wc ial ion (ASS TA's illlerna tional COlIntcrpat1)

An Invitat ion , .

MARe S is always ready to collaboral e wilh pe<lfIle in neas of
mutual inlercSl;that i s ho", wc and OlIle~ lcarn an<!push back

the fronliers of sc ience. We jnvitc researc hers, in<!ustry
Jll:rl'Onncl, individu als 10 contact us about JIOl'isible joint
projects , eo nsu ltaoe ies, co ntract research. Co nside r tbe
research reported above and fin d out more On our web pa[:c.
You might like to visit MARCS and give nn inform al talk at
one of our M.\1Ms (Monday MARe S Meeti ng~ - see web
alldrc ss be low), have a look around, and talk about your
resca n:handpos.s ible co liaborations.( Wc al'\'j usI25 minutes
from Ihe cit y, andnglll next to the M5!) For all thesc or any
othe r questions please contact MARCS Director, prore, sor
Denis Burnham at d.burn ham @uws.etIu ,au

We look forwa rd to hearing from ynu.

" ...b ,\ddres~s

MARCS Aud,lofy Laboralories,
UWS' bl'P· //m " F' H\lf5cdu .aul

Mond. y MARCS Meetings
hn p Hm alC'iIl Ws edll a lllcyrn tslm mm /jndn btm

C'emrc fur Ad.a nc"d Systems En ~jne.rinti: , UWS
bllP-{fwww w. cd.all lrrsearch!rcwuf\;h. eulmiWl:

Prtti.i<ln Roborie.R~'<iea""bGroup. UWS

~. allm ho tW,w lnr¥lc*lrl'M:.rc b~

Ill:~
Au._mllian "'1... ;'; & ",y.;f1ol~y S"dn)' tll MPS)

b1lJli!n~~t.'S« t bi.... cboi l<:and/o r
conllodtlwc .....~r, KaleSl....""' (kj.•t......,n~u"'•.edu.au)
1Or<:«".,d<t.u t.ofAMPS _ iN ro.

lI u<lral;anSpetth S<'.m::e and T~A""'lI:ialion

~
AVISA, the Audu<><y.\'io.uat SP""'" ~ AS'OC'ial1on
~'l r l+} £!lrl·w1i", ,,"'Di'Jlrfily!lb!JD

ISCA. the lnlern.oh"....1S!'<"CbC..... lnUI\;,;ation A.socialio-lll:
Imn 'U" Wll j" NflCITb mt'

Pllbliuli" n.
A lisl of publi<:alions from MARe S lacalchcl'll,d .." ificd by fidd.
can be vit:wedon lbc ...eb-sirc luUJ.ilIllIlU.IIiU.~\IY.all!'

1 1~
INTER L UDE

MY t'AVOURITF. ACOUSTICS BOOKS

For those of you who have nol edited a jo urna l such as

Amus/ics A'I.WYllia - and r expect lhal is nearly everyone ­
there ate marters tbat are hidden frum view, or at leastthat
shou ld he. Have you ever nutieed that every issue of the
jou rna l ha.~ a number of ragl'<i thaI is a muhipl e of four ? 'low
is th is man aged? It ....o uld ('Cfh~ps be relatively simple to do if
the Edito~ po5scssed a pile of malerial lhat was awa itiog
pu blication from ....hich to se lect ilem s of appropriate lengtb
and style . but unf nn una tcly this is rurely tbe case. So, w ith
Marion Burgess a.....ay ..\..ersea.~ attending the INT ERKO ISE
con fercnce in Prague, l am fa~~dwith an i ssue that isone Jldge

shon of thc neccssaryq uadruplemultil'k, and there is nOlhing
in the IN-trny with which to fill il ! Hence this interlud e.

Wha t. I asked mysel f. wou ld he an ap propri atel y
interest ing fill er? As I loo k aroun d my offi ce I sec
book shelvesfilled with volumes on maoybmnchesufphysical

sc:ietlCe, and among them many volumes On acou stics. The
collec tion, of co urse . re flects my own individual interc. ts,.<;l.'
t hat lhere are large gaps - en~ i roruncnta l acousl icsbc inglhe

mnst TlOI>Ceahle one. BUIwhal is left? I have a good co llection
of book s deali ng witll the fundarnenlals of tbe sullject. but
pa rticula rly books on musical and biological acoust ics. thope
you will be interested if I share with you my vi","s on Slnne of
thc bcst ofthesc . lfl havc foun<!tbcm intcrcsting andhel pful,
Jam surc you willt..o •

Ge nH ala nd Hislork lll Aeou'lies

ScveF,d e\Cellent h....kshavehccnwril1enaboot !hehistory of
acou stics, which gues b~ck 10 the time of Pyt hago ras som c
2500 years ago. Am..ng those I lind most informa t ive and
interes1ing an; Frederi ck Il unt"s Origin .. jn AWlwics [1] and
Robert Be~r's ...",,,,J., ../ O" ,, 1imcs {2]. In a<ltli!iun. of cour se,
I bave copies of RlI)'leigh 's The Theory ,,/ S<,unJ ( 1894 ),
Ilclmho ltz 's 0" Ihe S"",utilJll.'..f To"I<( 1885) an<!James JelU1S'
SCiefU....""JMu..u: ( 1937), all available as Dow r l\-1' rints

Apart from numerous conferen ce procee dings, the mos l
genernl set of boo ks I have is Ihc E"cyc l' 'f'<'Jia r>jAcou..IIC'<, a
mod em co mprehensive treatment of tile sobjec t ed ited by
Mal<.:o lm Croc ker IJ]. Th is is where I go to find out in deta il
abllt rt mnny subjectswith\\hich l amnO l famil iar lt covers
e\'ery thing from fairly basic t<.> highly applied in a com pa<.:l and
jnformative rnaener.

If I wanted 10 remin<l myself offun<Jamentals, then I
would con sult Frm.f"", ,,,,rl1/s0/Acou.,tic.• by Kinsler and Frey.
or the moee recent ed ition with two extra aUlhon (4], an ea,i ly
reada ble and cemprehensivc book des igne d for ad\"alll:~d

unde~raduates. More technical and more de tailed i , lhe
cxcellentA m u.. tk s by Leo Beranek. reprinted in "IOncovers by
the ACOUSl ical SOCit1y o f America 15J.
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Of ~o ur.;",. if I wan! to delve quite deep ly into
fundamentals. then the best ptace is the classic Vibroti" fl <J fld
Sound by PM. Morse (6). or P<'rh~p s Ihe ~xpandoo ver, ion
T'heQrefiro ! AeQu.,ties by Morse end lngard P I. although
these may be 100 mathematical for mo SI people

Because this is OIIC of my area s ufspccial interes t, my shelves
arc heavi ly Iado..'TI .....ilh related books. Three boo ks by
Auslm lians are nota ble among the general or introductory
texts : Mm ,,, ,..,d 1i>tW.' l>y Ian Joh nsl' lll (81. and tho: I"",

volumes Arou"iCl Appli..J 10 Music and On."IIesfrul oM
Keybc><lnJ ln"".",.."uby Howard Pollard (9J. I n:com meoo
all tbeM: highly.

Ascendin g the ladokf of com plex ity «>me exce llent
books by An hu r Benade ( WI. Joh n lJack~ ( II ) and
Comeli~ Ncderve<:n ( 12). and !hen, for those noI put off by
mathematics. a 'o'Cf)' SU<."CnSful book rIJ] o f which I am co­
aulhor . and .....hichl oflm n«d lOconsu h .For thoseinlo"l"eStOO
in the~C5ofOOwo.:d ·string inslrumenli, lh<:n: isaSlJ pctb

and com~~l: collcdioo of p.apcn pub lished by the
Amc:rican Acoustical SocK!>' (141. Tbere an: also many
books OIlIIl)'shel ' "eSabout indi \'idu.aliMtrurnelllS

Music and mathcrna ticJ havebernc~1y link rd since
the lime of PyIhagoras. and a claWe and ifffiOl\'3tM modem
" posi tion . bu ilding on the ......n of Jl elmho lk, is givm by
Willi am SctlliI= in r""illg. Ti","". SpN-1",,,,.Sed/#- (I S1.
oomrJ cte " 'ith a CDofc....mples

Riologkallnd Aud itory AcooUlts

From a hu man pl.TIopCI:IWe. acousl i~ is ullimalely concerned
with hearing, and 1 \lav(o severa l exce llenl boo ks 00 th is
subjccl.. of ..itie h I melllionjUSI1'syc'II"I'>gyo/ Heun"g by
Brian Moore (16]. For !hose concerned ..~th the hearin g­
impaired, a l'TlO5Iimporta nt~ bookCOf,"'/, /"" r l",p la"ts by
AustTalian impll nl pioneer Graem e Clark (17) gives an
er...:ell~nt lR"almcnl

Turning 10 tbc ,, 'idcr field of animal bioacou slics. lhere
is an cx~llcnl SUfVq' from a biolog ical perspective in
Will iams Stebb ings' hoo k T'ht> A '~'lU'i" So'''f<·.ifA"jmQ!<
(18 J. and I have cxannncd the whole suhjCl.1 from a more
physica l \~ewpoinl in my own boo k Aroos,i" Sy stems in

/JioJ"K1' [ 19 j

Myinterest in architectura l aco ustics largely focuses upon
space s ~uch as co ncert halls dc~igned for music listening.
while I realise that many pract ical acousticia ns mus t be more
concerned with factori es. offi ces. a,\d homes in noisy
cnvircnrncras. In my read ing wuhin this limited areac two
bo,mkssland "UI. Th c first is by Jurgen Meyer, Aevuwks WId
Ih. · P<'r!ormuffl 'e .if Ma.'ie. mill is S'KlIl to come oul in an
ex panded ed ition if it has IIut already dune so (20].andlhe
second is by lMl Beranek , ('" "c erl /lull.,' and Opero H"us e.,·
[2 1]. BOIh are superb ly interesting readin g and highly
recommended. I wouldjust like to sec one writte n abou t
gOlhic cathedra ls!
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Conctustons

So this is a lisl of abotit twenty books nn my shd vcs that have
particularly caugh t my atte ntion over the years . I hope that my
mention of them here mi ght :;ugg<:st a few that wou ld repay
your own auennon

Nl!VilIe F/<'lcher

Referen ces
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:"'ew ,0.1<I ~"h>

7 P.M . M one: and K...U Inprd TMornkot Aex-<n<T :\k (l .n;·
Hili. Ncw Yori<l%fl

K 1. .JohnsIon M.......N',-" I_ Ill.... of "'r-'"" PuN~'fllt.

FIri5l<.>i and Phibddphia 2Q02

9. lI. FPul4nl AcoouliaApplitJlO~,~w- ( I""" l -.l~

<mJM)ft-.J J_(~21 H.F, l'\>lIanl.Cronolla"';SW
10. A H_ Hcn.adl: f ·--,-",u . tI/ M~ ......I An>If.lK"SOd'ord

UnMn.it)l~ Ncw. YodI976

I I . J. RackU5 "", A_IIC"'~b<s q{ .I1".ak .lohn Mart~.""""" ,m
12. C J. Ncdoon'Cftl kutl.. i<wJ A..,...eu "'HiJnJwi...J J.>lru-..l.<

"'orthem 1II,1'IOis Univ. Press.. ) d :.Mb1M
13. S .H. f1elcller and T.O.K.....'n" no.- plty<kr .., J/ rIDca!

''''fr1U<f<'Pff$Springer·~~''Ork. I ~~

I ~ . c..... Il .. d>,n. ~nd V IWnadrIN" ............ ,.",..... ~ IW i"
A"""'~ia / 97S- l fI9jI2 vob: A_ioo.I S«iCly of Amo:rica.

SewYori<1997
15_ WA-SClharcs '""i.X.T~. l(:w't__,:X..k Sprin@",,-Vcrbg.

""""" ,m
16. B.c. J. Moore J.,md....fiOlf '" 1M Ps)'d r"jng.,· of J/""ri" f:

\I acmil1an..loo donI 917

17. G,C1ark Coclrk.,. 'IIfJ'I(JnlJ "IP~,,"n$"', N"",' York200l
18. We. Slebbin. TIle ANuMir Sr"u of A.i,."I. · lIanard

Umvemty Press. Cambndi/CMa.... 1 9~ )

19. N.H. I'kt ch<:r Aro llSfic ~'''frms 'Of JJI"j.'t)' Odo,d Un'...... ity
PR:!;s. NewYurk. 1992

20. J. Meyer Aco.. llCI flM ,lte P'rTji_N:e of Music Verla>:lias
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Fund ament als nf Noise and
Vibra tion Analysis for
f;n2inecni

2nd Edilio n
) lid lacl :O; on n an d f)ooni.Ka ......"

Cam bridge Uniwnily ~ Cambri dge,
200), 652 pp (oon c....ell. ISBN
0521 49'}135 . o; ... ibUlOf Cambridge
Univer. ity Pr~•• Prn-ale ~! 31 , Por1
Meltx-ne-, Vic 3201, Td 0) K671 I,U I,
.. ......·.c:amlmdge.ortt 'ausl f'o« AS l50......
Thcflmedmonofth"book. ....,mNonoa ..
me ... author. '"''31 publi5hcd in 1'JIWand
qurllybo:<;arno,=<¥-"nN ao.aelauic<t>.1
Thc~iJIA<:ou.5lic:sAuslnJi&. wll8.no

3,p71ronduded ...ith tt.. ~ 1ha

-11Ic' ~ iJ " "'_fr~'t')' <"W........ ""
/ibnJry· . AtlhaltUllC'lh isbookfillN.1Iidle
inthalildnl.wilhlhc:inJct-l1:bledfod.b.,.>f
DOi.eand Vltnlioninlhc:oncYOl"""- and
thi> snllawlleSl<><by, Th,.K<'onded,_
mal"lal""lhc>lrvcturcof~ori,inalcdilion

but is sipifocantly upd>led ItI lak i...o
..xount1hoede\"t'lo('orrImlSiJlllw l9'Kls.

Ex~ chapa" hAs all IJIlroduct_ OUII"ung
lhc: aim aDd plal: ingil in<:oo.nI. Rtf~

md ""mend.,un: an: iDdOOtd.. Ihc tOO"f
ta<:he~.Th," i.fmeforlhc:JCrtfC'llCa

but il i• • lill it It di" ... ." find .bc
IlOnICrICla"""l""SC'forlt..~"""'nl chaplto"
...t.:nOOCiS u-<NlO fmd 'IIJIho: ",_ncbturc
f.....lhC'cnli... boo>f;.nlheooclocalion. lho .

minor .... I'1<1)''''''e ...... c.>ily ....-:...""" with
1he"" "f pllL'<tic !<Jr.

ChaJ'leT "lit r rll>'idu Iht ~<i. f.....
uooenta ndlOgofm<X hanicalv ibratiom , lll$
by f.r ll>elil'l'e<;!eN plcr in It.. book and scu
a .t ro" g f" u"d.t i"n f.... .ht.ub.ellUCtlt
CO" IC" '. Cb. plCr Iw<> "eo," ...ith the
fuodamcnu l. or ..,u od ....aves th"'''llh wtl ''''''
acoustics. Thc third chap"" I""",ide• • link
hetwecn acoustics and vihration hy
di""u..inl! Ihe iIllCta~li,," , hct"wn ." und
wav,," and Mru<;IU",•. Nuise and vihra lion
meas urement a" d ~"" t ", 1 p.." C<!u "" arc
discu.<sed in CNpter 4 , It i, ac,,"lIenge!l>
cover all this in around ~O p"~es. Inev; I"~y

""mc rnaleria l must he omitt ed and the
Iimitalio"s.", givcn in the introduction to
thiseh apler. ll i, surpri<ingth atin abookfor
engineers mum... aod "lIIduor p"'l'agaliu"
have hent om itled . CII., pter< 5 "n . ign.1
analysisand6 on m tist ica l ene'iy arllllysi.
repre..nt m.j " . updates f."m tl>e fi",t
ed ition. Chapler 7 de.1s c"mprehe ... ilely

with pipe O"",noi"" and l' ibratton aUhough it
i.l>ea""d"-,aca,,,srudy, Tbe final chaptto"
,h"'".. """ noi"" and v;\>ralion as diagno>tic
Il~,ts and alsohas ,,,b;lamialupdat.. todeal
.. ith mOOcrninte graled cond itioomooiwring
oy. IeIM, JlISl bo: rorethe append ie~ lhcn.",

lC!So f probk ms for .-...::h " r tlte chop"' ",. An
.ppen dlx gIves the .ns wen I>ut...·ithour . n
cxpbRalionoo ifl he "" mbcr doco noI mateh
lhe otudenlmuot "",", oul ,.tJeretl!ey wenr
',ironlJ-

Thi.bo<>ki . .....ll wrinen. is ea'l)'l'O . ead, has
good elC'3fdiagnrmand contai.... -..nJt h of
malCrial. Thchig/lhglrtingofthe integntion
ofacousriC'sandvitnlionthroughoulthe
bo<>l is of Jre.ll ~<l;lf>I,:C. This-.-J
C<!itionhasbttnupdaIcd ...hik keq>ing the
<>ril\inal aim in mind_ II i. highly
n:oommendcdf",~~

po»l Cradu-alC ,",ude"'. and pract,~ng

~ ...bounder1Mieany""""innoist
and >obmioa.

Concert Halls a nd O pera
Houses Music. Acoustics a nd
A rehtreceure

Z_dF-dil ioD
, .... Be....."",

SpriJIgft-"'mag, USA, 2004. Mol pp l.... "
COYCf), ISBN6-3117·9552 W. DI>4nI>ollol 0A
Informat ion Scn'icn, 648 Wb,tehnrte <01,
Mirctwn )02. Td 03 9210 1771, Fax 0)
92 1077llll, ......wda direct.com. PriceA S06

This..,.;ondet!,lion is up<!atcd.inceO>efirst
edilion puNi>hcd by !he Acoustical Society
ofAJnericainl~_ h is a""""'-""'I\>ook

lo br_,stthlOugIL Thepaperhasagood fc-c1
toil andl!ltUlloC'(ll'llm<) fonlg,,\"S anal1 illic
erre« ...fl ik ht ing very dear, Thc \a:!o'.All is
enr.p, thedi~r "", d ," r . "" e""'P"'mcnt

the bl...·~ . " " hite phut<>s

Two . hort intmduclOry ""clion. prO'o'ide an
overv iew " f m".;c, a~"",' ics .n d the
lanl:u. ge of mus;cal acou, hc•. The n follows
over 400 pages on 100 concert h.lI .. Twenty
$i~ of the.., aJe ;n t US .....ilh the "' mai"' k:r
rrom around the rld. Th""ef~muroJfrom

" ur r"l!-iol\includ~ the Sydney Con~cl1 11all

and the Chri.t~h"",h Town Hall. For each
h.1I there i. a . ho.t summa ry or the
hackgroood of the halli neluding il< intended
u.<C$. Any unu. ual con.tru ction. ; clemen"
are di<eu...ed. Suhjecti.'e aucx .mcnl> ' '''
given ind udlng in TIIOSt co."" Imprc>sioru
tmm theaul!>or following hi" ll<1ldanee ~

coocen. in !he hall. The basic muct ur.sl
detail••",.ummarized and. l. ble provides
Ihe leI:hnical det. il. - ooth phy.i~al

dimension• • nd . ome acoo. tic p"'perl i~

M"~ c,,mpre hen,; ve delal l . of lhe ", O'1SI,c
propeme~ of alllh<" hall. a", given in lhe
Appc-oo,cl'S. Plans,oose<:lion.to e«tnli. lly
the "'.Ie . ll""' fa:olc<>rnpari..,nof lhc:
"'ri..u II. , Thcph<>togr.aph.a... ..., 11
oclce"' dl<lh ishlish l llwkeyfcal\<..,."fcacb",,,
fol l""";ng the dctail> oflhe huodrcdc<>n<ert
h. lls a... lwo chaplc'" p.ovid'ng ""-"'e
inform.lion on lhe requ irement< allda_ of eoncert hall> and of opcm

~,The>honbibliovaphyrc.cu...on

Ibekeylloots .ndp.1pers ....hochha...e
contributcd 10 the r,eld.

It ...b in 1962 1Iw ' \I _ A~""loli<~ aod
An:hilCCttn 'bylkBJrl ...aapubli>hed. At
that lime ;t providc4 a <ummuy and

..............."f thc pc:rfomunc:eofoonoccn
halo md became:a "",Iucd rcfm:ncc-I>ook
no>~II'" book blJikil ........ lIw ...... and
,......, 11" Iht knowledrc I"'" has bccn
p...-.l dunng the,"' ......... ...,dccalcs. k is
....., lya""l"ored .ef......,.hool<fOl' any
.rudera<Iofan:hllectural aoouotlCSa...J for
any romultanuanddc$i gnen;involved ... ith

....ignand~=t"fCOllCC'l1 hall" and

"'P""' ,-,--""""",inIcTco6cdina<nblM:s
andm.we""'-""dal.. enjoy~lngth..

'''''
",arloot&u~",

M<lri.... a"ryt;rJ,8 iJ II ,",.....-eAv/f"" j .. ,~

ScAoo/ ofA~Cl.-;lwoJJ,J.'C'Io<¥rical

E",.,.,.yn·,,11.- UlVSW .. , ADFA

J"hn Wa" erm an ha. jo,ned W;lkin"",
Murray a. an A... ",iate. John il a mcchanial
engi....-cr "' ith I6)"Car'Sc.penenl'e in the
public aod priv.le ""'I....". li e ha~ been
inw lvcd ;n the con. ul. ,ng;lk1u . try fo.nine
yea", provid ing con. uh inll "" . vic" in
aCou<tics.odvihration.John h.. "",rIced
with lhcN SWS tateG c rnlllcnt ror the l...t
,~"''' yea"" initially Mana~c'" "f Noi""
A'M·"""'e"t,f,,r lh~EP" and for Ih" la>!I..."
a< M.na ge., Tran,,!,"", f"r the Majo r
In[,a>-lru<;ture A" c" mcnl Area " f Ihe
Ilcp"Mment "t" Infra. trllclllfC. I' lann in~ and
Natural R" " urc" (formerly I ' la nni n ~

NSW)

Violin Cumpenuon

rtM: Violin Socictyof Amcr i<a l"tcnu.l i",,,, l
('''''' peltl;'''' for new violins, ...i" l... ~c11vs.

w.-""' antl lhC'i. b0w3 ....ill htlleld ll--I4 N,,"
2004 in l\",land ~'<lII . ni. comI"--1 I1 ion

i$ h~1d blenntally and "Ifen .1Ie<>ppurlunlly
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fi" ma keB from all e""ntn"", to com pel\'
The purpooc I. 10 In>t"~ 1M CIUtIOIl of
OIl.'IIandlngqual llyin<lrummlS and~

M ore Inf" . mat i"" on lhi . nenl from

O« upationlll Nelse Upda te

T1wR" twd l\ . l aIC....~ .f '...l« ror
","oue M.-.a gc 1 and PlOtCCt ion of
Halml at WOI1l[MlIISC:2009 (2O(l.I)1 In!
bioI;"" wu declared on 2 Ju"~ 2lJO.l
"lboi", • pmnd 01"puhlic carnIIlftI end
~b)·thcWcrtpbccRclalionl

M.-sICft · C...-il tWR~C) in M~ 2000&
,_ code II .......l>Ie r"""
. "' ''' nntN: ,I'''',_'OtISlnl"anna l......-SOIIS
CPuh..cat........S

Afull~ofthcN......I Slan<Ianl.-..
~1.......1 Noi... and Na~1 Codo "' u
cndoncd ~ tM WRMC alliS May 200-1
lIlft1,n l . A ""- R""""'Rd........,~Gmt>JI

fllrTTlCd frumIhc Jllllejunad;"'1it>n"ttw: ACtl
and the ACT\J "' ill eOnltnC'fIC'C won"" lhe
0C0f'C 01"!he rev iew in No-crnhcl 2011-1
I. oun n pccted lo bc includcd . re

· Inlroduction ol"an ac. ion level . tl ...... of
1I0dIIlAl.nd ....._ of I 3Sdll(C);

• Non-• ...t,rorydkc",ofnouc;

· C" mh'ncd clk cl1 o l"""' oc and """....ic.......
'· ACOI>ICic ohnck:

• Rco<r-!ll1I'I'nof~pm..
man..f.......... and lUf'J'litn of .........

~

·Ul..... and"'~:and

· M""cn l'alOC'4l11 puh1~~OIIthe

200<C","
AIt)' co..._ah ....... 1d he r dc>il 1O
NOtlSClior~_ rho -x.

I ·... Prafl ~"al_. aM C;. W• • n
'blHta.l rclt-.i b' porbla;:~by tbe

l,;K llcalt~ and Saf ety C-.t,,..;.,,, '"
implnnmlthctU~.IAgcn"(~)

D!ruu w ean l'e""'"'frorlL.'..... bw:.p .1IlJ
CCI'lIUltknnoI<n' odllltl.hIm

R" w.. of ",,.,.,;L\ 12... . 9911 Standards
"'""Iralt.....ill be COIlSi<It'rin@ the public
c<>nll""nll","M>ddurillllhc abtoo""",iew

and ."""",illC'dediunM"f'''''fiveparuof
lhe l1~nd" rd .~ ltk ~ ly lo bc",ad1 bylhe md

or they... .,

Lou l Onvem mene l\oi ~e Guid e

The NSWlkparl....,nt of .,~·~' ...

CO<UCf\'lIlionl l.lI£I!la.• •clncd .... Sol.
Guidi: for local Gowm mcnt Tho:Guide:
.i_"'p""".pr... lio;. I ~lIidaDcc"'council

off" ",, ill t!>c day-lO-d:ty m;ona~cmmt of

7tl -Vol.32I~JNo. 2

lnc. lflOlocpn:>N",," and illtheinlcrpn'WiM
of uw,nl policy and lqi!llal,nn. lbc
Ikp.nmc111 has also relu 'C'd r.~c _
bnxllum. ad<Itn .inl: lICil!hbourl>ood noiK .
barki"ld"p .>dUcIc ....ue .abnnaand ll<Ji,oe
...1......... onlcn. F« more mknnallOOl
choc" _--..~_.,.,.....aII

. :n ll ra lth Report

The RT"'" on 'The H....IIh Effccu of
,~_~tal ......oe om.r lhan ll ........
l os_lias b«D rclca<cd ,1\ May and i.
.. ",ilab6efor..".1tkJad&cnhltp;.llmllcaldo.
nphp .• "" .• "" " u"" illpllb..' pd f' OIO,o.e.pd f.
11uIrcpM _dcveIopcd forlhemHcalth
l'OWIC1I"'IM~Sou1hW.,"II<"a11h

l.lcJ>onmomt."'i'h/UDdin,pt'l.J'o'idl:d .., 'thc
Austra ha n l.io\'c rnmml lk~menl of
IIc.ahh . nd A,.,iD!J' Tbcpnmary.imof'hc
rcpon;" ""I'f<WIlIc.~ ofll>chtal1h

clTt'Cl. at>d Ih~ ......a... "' ...·hich can he
d''''''I e<J. lc '''' '''''''''m lllJooi sema ... g.....,nl
ThiIM~ p."dt~umml ....,ill t.. "fin1erc' 110
. 11 100'" i n~olv,d ...ilh a"y UJ>t'C1 or
O1IV,,..,,,menb lno;..,

Acoustic Inventions

, "" Aile TV program, N..... 1..'c n1<.... . h""
fe~l\lf'll<i al leu l t.... . cOIl. lic im" n!ionl .
ChrioF"ICId.. ,.. lhe"",cnoful";nnt1'ofhL.
heal for lhcS,"""'eoi•. Thi.~. tlcvicel""l

l"''''Idon... I\&I'III''''''tilalioninbu'lding.and
pcmt .llmor'ClIIhlr.Il.,rfIo,. thananyothc1

""'1""",. It il .. ahcnwi'" '''''tilalion
'Y*"" forb.llh~and_~l

hu,ld lllp. a.m"""l!"'":I ia lO thc f",.h for........
AIIOd>cr . ... m.m l>avid Telf.,. ..-m. an
lIIt1bOaokYitt fOfContn>llillJbKteria

~I01ht prtlgflfll..""'~

__....-..cIirrilaIeIba.:lmaand ........
iOI. ..... andCOlltrollIhmL lIe lQted thall .
doca_ LiU~-;-irrilaIntlom'. _

it il...cdlO lUify . "llCf iOlft"irrmtOll .........
ondfor oktfllw>g

..·.... CP rcad """" . bcu lJte<;candOlhcr
i l\~cation . fr o m ...... .. . a bc .lId ...
_1IIWrII<IISI.~

I l'\C ~I II. e

In "-l.,y 2004 the INC office tTKlWed to ltl -1 1
S00lh r • •k I>n ~c. Sou 'h D. ndc:IIOng,
Vic","a, AtWra li... 3175. f'hont: . +61 311110
7400 f u +61 l 11710 1-1'1'1

HRU[ L & KJAER
Two- plane Halancin g
Con~ lI l la n l

The~ rdcucd T'OO-plaJIC BabK,...
C l )'pc TNO." i1 ..~ _
cff c """",.." ......... (rlddl~

aad ~t..k ha lanc"'c of RUUaa

......-.y A taD.~ ...... """"~e ,
pIll-o )UI 1y -'ufdylhrouPtbe
nccn", lIepI f«iCIWIl!up.~

. .. lidatiar: and l'qlOl1lnc- h ... tnrn~
usinguorcdrol<W<b1. it; . holUJ'l'Ofled 11w
~equaltlycanbe~,ned accoldlll1

to CII.bh.bed balaatt q.uln y &:fIdn (ISO
1'1-10- 1) or accmlllg '" l1\D.imun ......,hi""
, ibmi".,,- n,..balan<:inCpruccdurcc:anb<o
HT-b. <oed "' b ed onordrr nd..., rlll'lhc
""-", accura lC", lts.Tlk-Tn ,,, 17'lo'l>\il_
of many rot;ottlll! mach,...-ry _ I)'l is . nd
mach ,,,,, di~gOO$tics tOo>l I ollcfcd on lhe

PUl SE"" muhi.analY= r 111r"""

PULSE lite l'oCki'1 Nol' " lind
Vihralion Anal}' s i ~

n riicl" Kjac1' hal rck--.111lt PlfLSf .l"
LiIc.• rull reaIU"'d ..... Iy_JIl .......1l.17e
II Civn the.,...,a- of . Iiriicl & KjlCf ("r B.
ffTor RIilt-lIt" Ru n-dovrn . Rl lylC1' ,n.
p«kqeoman~lOrllin)<'UIboplOp

""\ ~POC~". Thatil.~i1 ia

ni<kaamed dIC -ro.:k" A~. pt;L"E

Utc;."'II "" "' .....IIMd~..I;IIi1a1 ...
_y", _ _ lt inc<JrpoJrllal ....,,- lIO)'U" uf

RriICl ... Kjarr 's "'-Iotdr:c i• .-.d and
......... _ .. and "*"atyllmtthal .

WI'-rIt "' llJ'C'*- Pl.:I.SE l.IIt: abn M••
P-" rot" if yog" Deedlc....~, o-anol
Jl'01C'I'II from PUlSE li te arc 100'1'

~"""' PlJLSE ... '"~ ..,......
1~_ fr-< lonilB..wi<4iKp'

~~"' .......b.lo~,.......,_



TUNN ELLI:"oiG NOI S": AND
VIRRATlOl\i l\IA:'\AGEl\t ENT

lamrcmin <kd of an cnlry in rhe UK }cllnw
pagt.-'S rhat licklcd ln<''K,mClu,..a gu. Under
"""'ing", lhe . nlrysaid·'"""c ivilc ngi"".,.."!
"'ell. Barry Murray ', pn:sc nl:t1I"n ro the
OI .-Nmas b"",kfasi on ~ I h o..",em!>cr last
ynrdisc,""C<I.amongOlher lh' llg'.lunncl
boring machi,," (TIlM ~). hul .. as anything
bul horinK- In fao,,'\, ;Il ;odditiOl1tn . oplend id
htea H ""t andanOf'S"""'lun'tylO ca lch ur,,'ith
C"lleal'uc" around bO AAS mc mbcn " cre
Ireatedlo. riVl'!ing "'. r....c....of ih(: oo!>C'al>!J
\' ihTat;oo i..,,, ,,, that l ri"" "" pro;"'C15 lhat
mvolve t"n nc l """<lnlCf1()n d n"C ,n occup'ed
building'

B. rry ~ribN rhe 'Wlleahle noise.nd
vibr.,i"n criteri• • nd lhe l roundbor no:
vibnll inn rroragatloo mee... n,...... im,,,I\"ed
He lhen """->wed cumple!;nf fO;i<\he.>den and
TIlfo.t'o -lhe l.... d"m in. M ..... fCtll nfron""l
oomtruc li"n \'ibralion _andd ,,,,,,,",,,,,,-,lyJIic. 1
IC'IC'l."bscTwd al vl ...."' . d" tance. lr" m l...
workf"" . , n,., ma.h'~ a~ 'mpfC>.i\'C'( !IOC'

TBM in a.enmpn nyi" g picrure j and 'I>enu;!iC
and vib,ati"n managemc " t cha lle"ges a""
significa nt

Asi frhat wa., ,,·t c"uu gh.!\arry tocnillu'trated
tl>ei..,uesa""""aloo wilb lhe "surf""el'ffiJl<s"
thai go hand in hand wilb lunllct cI~"lrud;on

pro;e.;ls. Aflcr tl>etalk.de l"lla..... """"ahle tu
juin Ilarrynna vi, irtnrllcC'rMi(' ,rl Tunncl
spoil· t.... dhngsile ll lltJurleeSlr«t The
II(:If('Sll'l"Sidcocn are "; lhin JO tn 4Ol'nofthis
f"",ility.lld,onoo.gain. lhe~ conttol

chall eng• • are .iiftir",anlg""n lhe Hhr
tunnell ingop.r:llion

PERCEPTIO S AS !)
IIEAR I!'iG
Melllhers WC'1'C' lrealC'd to (OOIonc. bUl) l'MI
intercstingt""hnicaI Ullu alrn., NSWrJ; vision
meeting on Tue",lay 22 June 21lO4 Firsl
Donald Woolf"'d p ll: an nVC'f\' icw of
Audito' y P<:rcCl' tin" . Psy choacous lic, and

Pr:oclice. Thc mlkilluslratedthcwidc.''''geuf
rrac lica\ ...... for psyc~ (lhc ha:<ic

.",iencctn quanlity audilorysensationjfrom
tbe design of hcan ng "ds. mea"" "ng
e~uipmen~ .ud io C'tjuipmcnt an<!traosdllCCTS.
researc h imo music I"'fC"ption . des ign (,f
enclo, ure. for mus ic . speech an d rou nd
recu,d ing. to the p"'I',"'ti"n of standud,
dl"' umenl'

Thc hi, tory of carly wo, k ill p' l cbophysic, i,
r.. cinatmg. record ;ng Krugcr \ " bscf\'ario ni n
1743 tharrh estrenglbof a , ensarion g,ow ,in
proport iont o an incrcase m stillluluss tfenilth;
Webe r's won in 1834 in cotablishinl the
nolioo ufJ"" ......i<:r.IhIc.. ,If,TCnccs (JND·. j
in d ' '''rml'''''lI n~ in" "."Y chung• •; and
~"'· """r .. I~,lhI".. u.. In 18Nj ", lali"g
...........uon aOO'ilJrnu:.... magn;IuJ.c. lnlhC' n' id
' 'XlO's. Sl...." "" propo~ • Ilene", l
p!lychoJphlsical law.aod ilS.pplicatinfl lo
thrcc SC'IIsorymodali' ie..... p. ,,""'tcd
h olier psyc bnphpics relied more on
.ompari",n. l>cf"""Xn various .. imuli . but
modem led mo logy and ,he """,pul",, h.u
greatly i .......-.:l f'Ol""!:>i lirico

Dondis flnl!u' .Jlocdhct.....en p"ycboll~icill .nd

php iol, ,, i"" l ICtUIorloc, . the overlap between
thc lw" d " " ipllnn . a,," lhe r."ll. " f
p' l choa , ou' lIc ra,a", . tcrs that ind u"c
1000dneS" I" '<h. lIlI.htg. tllnh", . loc. li,.alinn
and te",I"""' "'I""' Thc purc tn"C C<.lu" l
loud"""s l."Ul'\OO(,,,,, Lic""ln ped by ~''' lc'he,

.r.d Mu.-..nmIIlH""'rc pr="red lo """", '
,he ",Ia t;oo bct"""Xn phy, ically mC;L.,u r. hIc
soundpra;$U,ckvel and frcqllCrK.-y in relalion
10Ib e subject i"'c parameler of IOlldn""" 1.....,1.
Th i· ·UIIlfI~ displ<ly. lhc ."",l ute lhrc.hokt

fo r hi M11..1 f..,.. l'idd li. tenonl/.. and
lhrnllokb rIlfW.....mtn.llion andpam. l lon
lhen desc ribed Ih. rom p.",tiv.l y rec.nl
dcs'c1""ment of M.Ol.lni li~. p.)'C'hol"llY~.

"hichisamore ho li'1ic'l'J'fOO< h.aimingtn
.rtic u!ate tl>e.lrllClure nf humanthoughl .. ..J
aCliOllrcg ardlc.. "f bi"l~ica l ..' .. "' i. lca u..
The playing of a mu.;';" l in. trumenr llI\<l
rec ord ing a syn'pho lly o", hc. tra """rc
dcsc ribcda, highll devclopod c" llnihv.
,kill~. where thc ""n.,. tioll of "" unci i, Th.
hask C<lmmone leme nt

Don r. min<!cdu' of ""m e iTllcrc",ing a' p<'Cl<
of hearing da magc. namc:ly.

• Thar hoari ng d. ...... n . e >ult in
disrort iOlls. 10ss of boar inI acu ity and
'o melimes an unu. ua l Ilww lh in lhe
.c"''' 'ionof loodno:ss

·lbal desp it• • m, ld 10 "">dmIte ri.c in
.hso! ute lhrcshold, ... undopn:smted .... ll
ah<wc.h50IU1.th~Id, _h .. lho..,
typica ljy hea n:lby an """ """, ,,, l l' lay.o•. may
not he ad""""ly dlStonOO

. Th. ptnc'nc eofa hcan ng impo' r can
mll'OdllCe an .n no)·. '''' . rom''' nl m lhc
;cn"'lion of norm l l """nd ••nde....,<'I'ba le

......nds lhal ..."aJrc,adyanooy ing.

· Thc qualllificalionof lhe ps ychulog,u l
"""""pi of~nooyancc for particula. sound .
i. difficull. noIOf1lyhccaU>eofth. acrual
IIl>dnd "ruelurc a nd it. lemporal
charac teri. lks. bul for "ariah ih ly in
, u""<'J'r;bilily bc__ diffemtl i ndi~idual.

in . ucb a. adapullOfl, hab itu.llion ••nd
indi, 'idual >taICSv r t-ing.

lv... p' ycho. cOU'I "' rc1oCa'eh studi....."rc
citcdand outl ined Onc . lo i.....c. tigatc lhc
"" n,a tiun of aud 'to ry . pac ie us ne" in a
COllCcrt ha ll (ll , lheoth.r a stu dy in
c. leso ri<·. I pc:.ccpl ..... " r vario us l<ind' "f
"" und'i2). B<-causc " f its pro found
"l'p licalion roaud ' lOfy ,hwry a"dp.ycho­
phy,i ologica l " rae lia: . Don 's conclu d ing
,,:ma rle. briefly addrC'SW'd lh. Critkall'land
Cnnl.-cp~ used 10 ""plain suc h a'p ed s as
1uudneu.l'ilch. fn:q"",,,yanalysi.. maskin g.
pha>c ." odrimb""('l f mw.ic.l sounds(3~

I ~Audn<'lf}' ''''' '' i'''' : some furtllc'
p"yl.i>o>a<."OlISIJ<: _ 1, - lASA V.... XO
i2lAug""' I~,

2 " Spcc ua l_rempnral fact<>tS in lh.
idelltirKation "r environmcntal""undoM

JASA VoI1 15 111. ~tan: b2004
3 Sl·h." n (1~70, ' C ritical Hands~ in

"Founda ,ion, " f Mod. m Aud ;l('lry
Tbe",y" Volumc l l:d, Tobias J V

l>rPaul Niall rhen J6' 'C' very inlcrc.l illgta lk
"n thc Sys tem u>cd lor bc arini I"""
-,,,,, " \Cnrs in oolt'll"'f'"o'titJTI c1~ ;mo III NSW
Lk Niall i• • Co",,,, ltant Occ ur" h,,"al aoo
Aooiologka l Physician 311dis C11i.f "l ed ie'al
o m e''''' an" MOOical Refer« ", nh rb.
Compo....", rion Court of Nsw, P"oIlIl c' plained
","",of lhc difficulti",aS5Ol:ialed ..-;'h heannS
t- .-cssnlCNS, Ifllbl lIl )(;lhly lhc f...~ that
' hcn: ;'no ob>oioosdatc of injuT}', llc lhcn
l.">.f'laincd how initial an.m pts '" 4uantity
ho:aring \osshadu-edspcedtle!;U. b<r;. ..... r.o...
uf<Jk-'tthJlCfCC'plionispcrhapo lhe""""
.i l.tllifM:am imp:lct of hearillg~ IlJ\/o......T.
lhi.l1J<:II'IOO hadilJ<:Ul1'Cd.nWllhcTofJ'l'llblcm';
""" Paul """'I on lOoullinc thc d<-.dopncnl of
pu~ tone .ooiome t.y rt\<'thods dir\". opc:d in
Aus1lllli. alld lhc UAAsince tho: 1 9-tO~ and
di""usscdthecurrent p"",oo urc, rclC' ed III "'
lhe NAl p",, :l.'dur<, including: rhc ·.ondb;gb
cut-o IT value"" used in thc m. nt. :
c" lI.'<" i"" ' app licd for pn:<l>yc",,..;.nd tllC
"''I)' in whi<hbinaura IC"rf<l<ti" nsare .lppli.d
(""ighlcd t"" anl., thc"go<x1ear")

P.aul tben .,plaincdhow h. aringimf"llrmcnt
. nd comrco sation """,,,ment• • rc made in
conjunction with rhc ......url C""" ' guideli.....
OOIingthal certa in shghrlyi llul\ 'cal chanllcs
lu h:g islarioo WC'rC' inuoduced i" the 1 9I1O~

follnwing "lo utingn (0'1" bu.i n. .. in lh.
COI"lI9C!l-<alioo claims l>u' inC'S!, An i"",.. of
"" nicu lar d;flkully;'; lhalofh<>w h. bihly
can he sharcd l>cfwcen a num..... " rPf'C"ioou.
employe",
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IIIITSl'OO'" tO I qUC'Sl ioooo how ",,,, kpla,,,,
"5 <lXrcaliooal noise exposure is dealt with,
I'dul noledl ha' l\"I(;.rehfrom lhe J980's had
indicaledl hdln oi", induccdhea, ingJ o,s ",..,
ov.:rw helmingly the ",s uh of workplace
ul",,,,"e, buI.d nowlcdg<:d lhal workplae<:s
have hecome 4u iete r while perhaps
rccrcational plJc es(such as IIlghl du bs) ha"e
l>ccumenoi, icrsince 1hallime

wrvnH JIW INE NOiSE FORUM

On Mar 24, .he Vie di, 'ision held I Wind
Th, bine Noise Forum juinlly "" Ih the
I:nvironmcnlal Engineering Society. Nunn
Broner (AAS Vic Oiv chainnan ) ",,,loomed
lhe .peake~ In d the . boul 50.oou, ticians
andrngincenprcscnt

l'iN<l. Mn~n Whe.tley{Su'13 l11able Encrgy

AIIlhoril)') . po ke I>.oadly a!>oul "Wind
e""'1y in V;';I,.na ", FICI,'tri"lydemand is ' l
I'rcsenl ifl<rcu intt by 2 to )% per yu •. "The
rcnc'... l>Ie ......'¥Ytarg"'tIla..hco.."1leum:." ly
set at 11/% by 2010. to lIIdude 60(1 wind
,utl>in('ll.h conlal1" pruvis'on f",~,on

. 1... from ~hmna1. solar (boIh pboIo­
volta ic and heat) In d lida l wo n:cs. in
addilk>n.u .hccurren' 5% r".nhydro-powe1",
A Wind Ittl u has becn c._pilcd 10 show
..',nd <J'CCds • • 6SrnaIxM:~thn>ugho.>ul
I/ icrori. . I'or maximum IUm,nc d f 'd ency,
.. 'indinl= itldl"llowi' lhe m051e lfec.iw .
.. 'i.h ....ind ram , ""'put va,yiuga• •he cu""of
Ihc ", ind :f'CC'd. Guideline> r", silin!! wind
rami , include thal 'l>cy arc nur al1uv.cd in
Na' io."' l l'a'k..I ....ir vi. ual ..,"""1mIL,1 he
consid= d, . nd lhal eleCinc ily l' dnsmi"",n
Iincs looger lh.an )Okm a ", c~lly

The ...-cond speake r. Il r Ciraham Sluck
(Garrnd lJa,san PDcil," Pit , wind cnc'llY
consullants) desc. illed "Wind fafll' Msigt!
and plallnillg" a.< a prcccss of conlilllling
d", 'e1,,,,,....n!. The p'eOCllt m<W<' i. tnl n'llCt
turbine. bccau"" Ihe ene'll Ygenc'.led va" e,
a., lbe sqUtlnl of .hc wind hlades' diameler.
with diamelers currently up III 20m , For
maximum wind "'.c, hlodes arc of variah le
piICh with lhe genet3lors driven \' i• • vanahle
spce-d 8ea loox. Thou8h wind, arc var;Dhle.
the willd l\lfbin.... are stated In have .
rcliability or 97 10 9'l'tt . While lhi, cust or
gcnct3llng d ccm city pe,kWh i, ron. inWilty
dedini ng. it i,c1lrm> lly aroundScJ\ Wh. A.
the bltldcs rotate. a "hi, hing" ""1M (. I>road
hand noi'C) is ge-net31cd a.<thcy pass lhrougb
ll\e "shadov." of lhc tufbinc ropport oolurnn.
Rladc lip spocd", cri' icaJ in this regard.arcof
,he onlcr of 60 10 80m1s. Helical gc,,"
minimizl: gear \xoll nui"" . F.....hlurbi""i.
lak"""". p01m"",,~,"'l h l"' no,... I~I.
qUOfcd .....l. li\'C lOllte background noi""
(",h;';h IIyY include wind noi", j.

78-Vol. 32 (2004) No. 2

In sd ceh n!! wind f.. "" ilcs. ~""'JJ dHl,n

uadc."t Ts mu<tl>cmooc.• The high rie ... . inn
o f turb ine'S rai. es ·v i' '' ' 1 i..uc. Wilh
standard"cquiring rign", lls noi:ICl in,it••
noi", consllllinl,catl hc ,cvcrc.

fhc third ' peaker. Julien lIird (Nallnn. 1
Trust), spoke in qUDlimlivo Icrm, . bnul
,eco nciling lhe noed 10 muimize wind
energy li S. wlih varinus e nv i ronmen l~ l

sens i. ivi. ics. and of balancinjl mn imum
benefi ts againS!IDOnC1llry .nd el1vlfonn1enlal
costs and minimum illCOlI\t nience. Suitable
"·j nd, f"", ,,,,nlly occur ,n vi,ua lly scn. ilive
s ite>, Curren1 wca~"'1._ in ..' .... sm.:'"
procedorcs i"" ludcinad':'l ua le 'and scap"
..~.mcnl criteria ( .n f.FS is .."1 .1WBY"
p"'p .,..,d), and iI»Cllffieie.... environmental
prol.....-lion. Currcn 'ty. pro lcc.ed Itc ••
rom pnseJS%of 'hc:stalc . including4)%"r
its coas llinc Many c..vin,mmcnl. J1y
semi ' i"" land<cllp<'S are nor )'el officia lly
rccognil'.e<I. Wilhlht veryqu ick prog. ......" r
Ihe wino,lindu...'Y. care in J'l'CT'3f"ng [ [ S. i.
. ll thc more neces....-y,

Thc rounh speakcr. Dr""er TCllllll" C\"ipa<:.
Adelaidcl 8"' '' an """" ...... or Sla.lld", d . &
guidellllcsfor wlnd lwt>incnuiw. Cum: ntty.
.ben: """" in1cmalioeal sta ndard>. I Draft
AS, and F PA guidelines . ETS U,R-97.
A""""men. &; ••• ,ngo fwi nd fann noise, i••
UK revi.... documenl giving guid.""c on
noise ll\('2o\l,ltCn'....1 'nd -te1lingOO<c !im;I"
IEC61400. l l . on wind tIIrbine generalo,""
gi",s mclh.ods for dala reduclion. regress ion
analy, is, and ohta ining tonal components for
the adjllStntetll of medsured sound lewi s
The SA EPA 2003 Guidelinesdescribc noise
mea,u rcmcnt , asse ssment and pr~d ieli()n

proced" ", s, alld provide noise crilcria , For
wind . poe,," from 3 to J ~mist"" erileria for
. urb ine and backs ",un d 1I" ise ore,
re' l"'c tivcly.L.;l5 dtl(A),a ndL., + SdR(A).
An adlllS' menlof + S dtl(A) 10 the mea, ured
levol. need ing adju. lment .11""" fOf 'be
p", >cncc of I«nal component, and low
frc4ucncy noise

The rili h 'I""".~r, Cou"af Reulcrs",ard
(Richard Il~gic As""", Pll). >(IUt,e. boul
Wind farm noise as....menl The
proocdurc:sdcserihcd int hcN Z .. andard,thc
n ra ft AS••nd the SA IOPA CO uKleli.........
similar. lbckXround noisc kvcls . re ploncd
a,a func. i""orw;t>d If"""i. h lr3J>CO\ls
1lI';lICdalll (rroml",rrk , in..-ct>. fNjtS, elC)
need III be .e"""..,.j A .pecial i~cd

mic", ph..nc wind tJ, icld, and • •1>c1lcred
k...al"", rnr mca.sunngw 'nd""' ,..... ,..,ncedcd
loc hminatemicropb;"",wind .nducnJooise
Wealbe. mon iloring "'l ulp"", nt i• •1",
needed in ohfaining ""...,...j intluence-s Oll
"·lnddal• • lncludmgwtnddl"" :l'on al etfects
from eee .. ere. Bo..-cau>cwlnd",-,i .. , ·..,.,s
", i.h wind dircCliun, ", ind da la """ d to be

IoCf'lnlcd i"109O"0I' "...~4'· ... el.. '"', The
hi....inK r»i ,ocofbladeo ra ,..;ng th. towcr,
delce'dhle al up 10 600m from il. depend 00

bl. de . " d " ,wer des;!!n, wilh Ihe 1C\'el
aecnrdi1lgly , aryinllpe riodic aJJy by from2 10
S dll(A) an rachni!- a S dfl p""a lty
adju~l1""nl), Complaints oflh;s noi.. a....
Idle n i~hliearly muming phcnoo>cnon _ of
a.Ic"l' d.. tuItoing na'ure.

tlu rinll ·hcsul>sc<juc:nl discussionofhoY.·
po:ople"'I ..;l I" 'k" SC. il ",as ...~c.. cd lhal
during IIIe.by Il'IIOsrormer hlllll ",as more
annuying lhan ",·indlum, ncnoisc. T'!k' .
elfcc.. ofmach""'agingon ....indtlltl>inc
noisr:~Ii l l n«d 10bc COf\l;idcrcd

OCCU P,\T IO :'llAL. ;\,OIS E

Orl Jun IS . t 4pm•• j<>illl""""i ng".... ... 1d
wilh tl\e A""'nd ian ln...ilulcoflkcupatiooal
IInieo i. h . Alu Sim<lVski cWork..fc)
Jcs<:ribcd'... m- lscdVlCltlfl. n (kcu pali....al
lIe alth & Safely [NOI« ) Regll l .li~n.,

,nlr ,>duccd ;n Jan 200~, ' he significant
chong.... m. de. and .he implication, for
employers and cunsu ttantsin al'l'ly inKIhcm

III descrihlng lhe 2004 regul' li"",. Alex
, tated lhal, lwi cally,l hey wcrc . et"'" in fn'"
main """l ions __ Ihe Preliminary i"dn ( I ),
lncl uding lhe ir objcctive( to rcd uce lhc
inc idenccand scvcrily of hea ring 10"
rcu.oIting r...... ....."", ive expos ure lu "" ise)
and "",po'urc Sianda rd, u"d l'un . 2 1l, 4
dcsc. ibing lhe dulics uf plam d"" illner. ,
manufaclurers and supr 1iers, orelllplnycl"JI
andof employcc" WhiJe . ill1il. " <l'h" "" " f
1992. Ihey had supcrscdcd tbcm on Jan 30,
.n dd iffcrcd froml hcm in cert:.in . ignil lCanl
res""" ... These C<l111pri...-d removing Ihe
need ror Wurksafe to approve .ud iomelri.ts
and be notifjed of ernplcyee audiometric lest
resuIL_.de Jeling lhc hearing lu.>scrilcri. (.yp"
AI 'el atcd 10 age, ..nd changing Ihe
m.~;mum p".k e~I"" urc kve l from I ~O

dH(lin)l<l 140 dHlC). lhoughlbeK-h"u'
""JlU'u", r;tan<klrdremam.:d tlllChangoo al
teq - gS dlJ(Al nns . Orher changcs wcrc
made .o 'be merhods of reviewing noise
eontrolsafter ana udlOl"llicaJeuminali<Jn,,,f

""""t/'liling~tM Mi"'''lX'i''''''''1$

of anarea.orcon.u lllllg "·i'heml'~in

Ihc .b>cncc or . l lca lth & Safety Rcp. andof
modiJ)'ing comrol hierarchies .nd "'""CO
noisc ro ntrol plans



Peter Kotulskl

TENTATIVE FUTURE
CONFERENCES

2006NVAUS

2008NSW

2010lCA

2005WA

2007QLD

2009VI(

~""1U"ki br>rn""6 "'"",,rntx:r
1944. il1C'oerm.ony !>IInh .. Mum. . Pofub
~..._an....."Jf«u,,\lOworI<
~1loe WW n. Thcr."i1y(.llll"ll'1O
A...mlia" I~land~ ..."",tbedl"..r
hi. fllt.1l }ev" "brio! " ",d ",n ' Catholic
IIIgh & h••,,1. He grad... ,ed frol1l UNSW
....itha RSCin tbe IaIClIOs.Il.WOIlI.edfora
coup k of~.. at UNSW Schoo l of I'hr"'"
and Ibm m<>"Cd lOa """,b bener ....id' .. lhal
Ii"", ) potu,,,,, ""l h p.;SW IIe. lrb

Corn"' io........ """""" he_1ltO'lIy in>OlYCd
in~iooIIl ....... ' uucs l lc ;o mtdlhe
tbcJl Noise Iln ncb of Statcf'ol1U1ioo Conn-ol
Commi..i"n ISKC ). lale. I:n~ ' tunm<n '

~'1"'" AUlhooly of New Sow h W.la
( t.PAj. .........Ii.. ilscTral_in I97S. and
..."trdlhen!nllIbcIatc19QOL ' lclbm
c.-IpkIcd . ...J>Iom;aintndl... and ......
PIty>ocs and MalIIema1..,., i. As/lrlCkl and
Ialer WiIey Par1<High SC.....1s

Ih, lI.nowledg. w.. al>."I Uldy enormo~ and

ranged from Sciencc to Med icine. Hi"".y.
Ge<>llr:lplly. Il.elip.o and Polil;ea. hul lite
_irnprftai\'e ...... hi.in~llcct'IU'abilit!o

10 .-ler-.l doocuoa.ond~ tk _

...frlCUIr .Om"rlC and Iedm1l31C01ltC'f'b.
lie.unedf"h nl iDinb~200l-.it_

.Ii ,...",00...ilb Mdaooma From

De emhcr 2tI03 M ""' . io constant and
Iln""anbk I"',n, and lie had a numbfr of
<kY.,utin. d'ernolhc np y Ircal"",nl'
Durin@lh io'ImCM ...... i......ahblybnve

lluonh 10' hI' ""e rr l""",lIy "' ..... and
Ilncond 'l lOIUI 'ai th ... mMi dc>o1ed
C.l h(lbe and Ihe -.ppo:'O'1 from hi. rami ly. Hc

".cd"" 2b MI)' 2(I().t and left behind hi,
"' ,fc. dau~blc.and ......

:\lcmbtr

II.rv ey 1>.1100(NSW). Rachel Fo" " . (SA).
Ga, 'le Greer (NSW). Keilh lIe'well (NSW).
~Wt.>ktNSW). les.lohn.""" INSWI.
C'fl'C¥'lt)'s--art (NSWj. DIan"" Wiliams
4¥x:). Aln z.r-,r.' tSAI

G.....u.M1bwcrihe.

Cn,gM.lu'C"III 'AoAl

SIUMMI

laura FI«>ul ' (SA). Yoog·K<:.1 lee (SA).
Vlad,miIPnl_ietVir )

The Australw. ArotNiral s....~ ... hem
llJOCl'Ulai in il< IMd 10 III... lhe leA in
Sydnry in 20 10. 'Aolule II I<lUr1dS . 1nn1 lime
a,..y the in'C'I, 'cn inl ynr. will quicUy
d;';' ppt ar. Thm: .... . mullilude or ' cuo_
IMl male !he lCA C~rno. .o ' d) "J'C'CIIII
~~ ........ o..e,,"' lIi:o
avlyaalllBft"Uand K-.GCVI'l:f .... ..-x
~oflOpiclin~on..f\cooc""'luck

m... ira] ","""",in. ,pe«~. undcnt..alC1"
arou , lic•••,gnal l'ro,:c..ing. noise.nd
" h""i "n ton al1lc jusl . few, The ICA h., .
,,,,d" ion ufl,~, ing hi~h \jUl\lily plenory and
d i,ti nguisht:d prcocnUlilMw...l\ich """,ilk a
""' .....' ..r tM rutmU ,Ute of~~ in
1hI:_Tbuoanen<l'''C thc '''''lll''t!it .. .....
~ 1Ohq> "".iIh..tool ~ harP:ft-e ill
aUoedr"'lds .. ""C'II • .;...~1hI:

<IJII'OC'unitylO ...... ..c ll.....,........d popcn ...
l"r,e, ma' may be in fur <hIT"",nl r",ldsof
arou , lie. f" ""too.., in "'hieb youU>ua lly
,",01\. As ..d llo<1'C ~'" many po~11eI

","_ions ",ilh con"ibu!cd p.lpen and a
l«!Wcalnh,blli<>n-~lltbe f".: <by

procta m al....... 1hr I"""",ipe... 10 hcoomr
irnrnen;ed ;D ilCUUliIU Inronna_abouI
le A 20 10 ...i ll ""II' '' to aP'("t'ar on
..........c"u....in."'.a u .. '..n oo f"CPol'"for
l ... ~ (\o"""

Arnf;ot~ ""flQlliIa'''''1n __OC

~ondal.lilh<tr:II;fSrd.OIC'd 1n1he

""""'U roa1 of tbe«>nf""ntt ,""ll be
consid ered, Dead line fm d>!<lraru I I
O;tubc .20tJollU>llf....- ....f'N" ll May 2CI05

ln f".mal''''' b.'~

ICA 2010

rladiflWi<lol. _ IrXkinJ; _ "'" Il......
~ Mme det~ e f oc _

millsalion in boIh lill al rone' lind
ham" u"" Ac"u<lie communie. ' i",,, "'~ h in
Ihe w ry , h.II",",."On fi",," "fharbou~ and
Ny .......:11a It>c:~rlitlOr.ll ~1OM (l rr...-

(' o ", m unin'l i" n

Thi~ c" nll"''' ...ill be ho:ld in lilanhul.
T.ney.4 ·11July 200S_Thea on .. lorocuon
_ad>-ancniollbe..-of-n .....
~",Ien1n 1nluorbourand

rw....lll.c pfOI<'<"tioa. t«1Ui1y and
Cl>/TIft"IlI/liralioa in lhr~"",in>nmml.

A~u " f in' er'C>A ""I...x , fl.oIh acli' e and
....""ivc a''''' '<lie te-.:hn"lun for ha.bour
f'R'Iection atldi""bat",,", AOOIM and paosi'c
~"u51ic Ie1:Miqun for lll'lei deI""t i.....

ACOU STI CS 21Jtl"
11M: na llonal (, .. rc~nrt for the MS•
ACOUSTK:S~..."n ~ bdd }.~

p,a", cmbn 20lM .. Surfen Pandi oa
~,(".oIdC_Th<-C~

.hrmeis"T~I'OoUt &Vibnt.....
the NC"oM'llenftlLllll", OIher .....jorlopln
f.... ' tc Con l"m1l« will iocludc:U nIk .....'1lCr
Acou "'ic • • nd A", hll«I...-..1 ;md B~,Id;~g

Acous tics loul ~P"~ from all Ir e.. of
a<:<*<tico" ,lIboo,.,ludr:din tbe!""Srun
All utilln, l""'lranl lou bren dc.-\clt1J'fd
",thPlerwy.K.eynokarodlnri1nltp('>l~

in.,JdaiorllOtlKe<>nmbulalI"'J"'R-Tho:K
....,n"" ............. 'Jb"" WhceL'R ai! Noo.oc&
Vihl.. ,<>I'I, N"w B~ild ing Code of Auslr. ...
(HCA) and Ilull" '1I11: o.-..s n for
T.. n<porUl.,., N<>icC.... uul Prior IOW
«Jflfc...""c ......lbc.ShonC_ ....
f ....._qJ"' T~N -
P\a'IlliftJ...t tll~ lsoun

"Thtf'c..' I I"" .I""hnicalnh~.-n1S

• 11'('1)' ""';.1 program. So make ... ", 1"'"

Il'" y" ' lf ~;.lr.llon m-'fl
Inj;Jf_ " " IIu." · ..kot.....·..jtflm
.. " ... ....-ul('l ..........

:\ 0 \' £:\1 2005
NO\.'EM ~. IS 10 21 !\pril ... 11 be •

""",ialioed"",r~fOCU>CdUll~

Whn,quesin.xJw;ricl and>-.tot>on 111..
conf=nccw, ll be hek! in SointJtarIwll• •
omllll ."", " on lhe Al',,,,, C". " . nol r. r lmm
Nice International Airpor1. 1 1leobJ«I'~c is
",prom"''' dl~nandc'choJnlt'uf>dtas
;n. ",Iucd mnosr~. t<- topic_ .. ,II bo:.......,
I I I"mbctIOllbnoooe .......,..
2 ) Nuo-cI Ill<-..kUing awroaohn
3j l......,.,."li\o"c ...... :ri. l to:dlnologle'S
4IAd,ouw,;edldcntif",at;"'n lcdmi\j ll<'S
Abomacts(all be ... bmilled """" ..... tho:full
papet"*111 bedut by 1<4 Un InfQflftMM>n
1rofnhllvJ,."...........~.curI

!lj1l'WC~" hr Ib rbour
r roI Kt IoIl,I Juor-l Moc: uri t) :lnd
Shll ll.... .Wllln Arou ~lior

1 7«tuu~1
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Jan31 - Feb 4, 2005 Canberra

"PHYSICS FOR THE NATION"

Australian Institute of Physics
Congress 2005

Eure .... l'rl~e fDr Balm-in Or K.n ll<lldwin

hilS won Ihe 2004 Aus11l11i. n (lm 'e. nn""'l

Eurckal'ri..eforPront'~,"l( l ndmta nding of

Sci~l\~e for iniliotinl( 01\<1 champion ing 1m,
. tIlIual FASTS' ·Sd.,n('e /I,I..../., Purl;,,,,,en/.·

Congratulating Dr Haldwin on hi. win, thc

p""idcntof FASTS. Prof""'''''' Snnw H.r low

said~ .It. ...u p,.rlu-~I·lI"" ""c ome a

Slandouteventin thecale1ldarofpolitician.

and scienti .... F"r I"'''' da~ a )'Q r. 250
$Cientim . nd mole Ilu n 150 politic ian.

d,,,,,,," I """,,I<'TlI'tof idea. in clllting cd~G _

scieru;e.nd how Ihcse em iml'fO"Cthe 'luahty
of our lives. environment .nd «onllmy

Sd e1ll:e Meets Purlillmrnl iJ lt""" ""ay otrttt

Ih..1 h. s Irdnsformed both pol it ici~ns '

unde", ' . nding of thc diver:sily and potenti. 1of

'cicn~e and sc ie ntis l's und<.'r"t..nd ing of

pufWnenW)' r~"

Dr Baldwin i. thc Ch.ir "fthe FASTS' po licy

committee and a Senior f'cllo.... and I)epllly

[);n:C\<>r oftl1c ARC CC11 t'" "rhcellence for

Quanlwn Oplin ill the A"'lr1Ilian Nalion. 1

Univeoit y. The 11.'"'Ii.... M.....um Eoueka
Prius are Ihc tion ·.n~ compl'Chen"i~e

sci...."., ...... rd.. Now in it.< 1~lh Year, the
EurckaPril es rai"" the prufile of ..ie~in

'h e commllnity by . cknowledging and
fCward ing our.t an,hn g achicvement. in

~rdt.. inllO>"lllion.etI,i"""';IttJ. ua.ini....

Jl"lma llWfllnd eo!.....al l(lll .

The AAS I'ln lc l p~ln1 in & i...."... J{~"

f\,,{,.,_~. (or I"" f' ''1tome 'n:'OOJ and pl~1LO

10 ~"nlinue 10 haw <Om( invul... rnent - lhe

nc.' willl:>ein MafCh 2~

Session on
Musical Acoustics
supportedby the AAS
Call for papersout now.

Information:
htt p://aipco ngress200S .anu.edu.au!

7AS7S

FASTS stroog ly end<lne. Ihc recomlllcn(\alion
tbatthe posilion be ""'d e full time . lthough
our r,otionale gon 10 the import..nc.ofscience
"""ice 10 Gol'<emment rather lhan addre", ing
oonn iclof int=.1 i, ,,,,, , (as !hal Slillui.u.,
......ethertl>epmilionbc fuliorpan liOlej. We
.......ld pref... thel""ilion he Jl. lulolyrallter
than arsAI"'-,,'lton

Sc ience -'led. J>:arl la mu t ha. b« n
,""",poned from Augus( due to uncC'fUinly
around !hi: eleehoo dale, It will be hd d in
M. rch O!i. The AAS ~ h<>pi n~ lMl "ASTS
",; II I.ulICh thr- pol ic)' docu",,-'11 I "" Ih.: Fu~

of A<:<>IIShcs in Au", ;>li. during this co,-enl
Any oommcnrs. 00 ponic ipalioo in Ihi~ ....C111
.nd i.. ""st o be raise<lshuold bc for.....rocd1O
(Jen. raISecretary<ii.c Cl\l.<tiN.-a.",.o

{' hief Srienfl" FASTS II... b«n very a~l i...e
on the issueof theChie f Scicnm l .n d arc
ple. ", d with tbe oOleome of Ihe (Ju...emm~nt

repo n. Whilethe repon staledl halthcrc w.s
lIOev idencc thatDr Ballelhallthadbc:ha...td
in.approl' . i. tely or iml'rol"' . ly ., Chief
Scienh'" il said that the puh!ie int"""' l i. noI
bl:inll >encda. I""'ll a.1he l"' lWf'llOOu f a
<:orIfliClofi n1<rtllmno.... . lldi sll<l1Jl"'l'Crl)'
m....g<'<l.n dthalthe'appcarano;cof . confliC\
of interesl llas undenni ne<!I"' h1;e oonfidence
in the Office o f Ih. Chie f Scicnli '"
Att«d;" _ly. it rew mmend, ", ' IQl'ing the
!'Millon o f Chief Scienlist ,,, • filII-lime
Bf'P" nlm<rlt under pllhlic oervicccondl1ions

:;i=:,,~f Importa ll<.'. and .ound public

ACOUSTICS IN TIl E DCA
On Wedne<day 11 Augusl 2()(14.
appro~i"",'cly AAS mcmbers I nd gucsls
aumd <'<l a (mnd ing room 001)') mccIing l"
disc"... th~ nc,,", ao;<lU<1 ic J'WVl,,,or,, ,n the
UUllding Code o f i\lJ5lnl ia (RCAI It CSR.

I'yrmo nl prem;!O..'S. Thc talh we"" iw n l'»'
Jon Farren of Mars hall n ay ACOIl'l icl
( Sydncy)~nd M ichae I RY3n ofCSR,Jon gll\'c

nil ""er~ iew oflhe chang"" and add. d """'"
valuahle'"ompariw lls n. ' ed on hiscxl"'ri. ,...·•
..." rl ing wilh simil. r rodcs in lh. UK .nd
New Zealand, Michad c""" re<l somenfl h.
·d.....,mcd-w-... li. fy ' conslruc tion• • nd
infonnc d us Ih. t CSR arc woo 10 prodU<;cthe
f. mous ' ", d book ' updat<'<l and cxlcoo..'<llu

gl~e oomtnJclion. dtat comply wilh lhe new

UCA .And .leetronicwnionof lhercdboul
",'ill.lso""""be .... il.hIcon CIl

Son", " r tbe major col'H;ems n loedd"n ng the'

'l .....1I0nll n>e<c<slOll""""·-

• Is the wcigbled normali!ledimpact """ nd
prc"u re levelgiv~n i nthe BCA l n", nlOT<:
Ihan 62 dB) reason.t:4c~ M'.>A delqar"
fe ll th"t lh i s wa.nol~allld lhe j ~

d H used in New Ze. land -.l h)'­
CouncIJ.o; in NSW i. a b<1l... O('lion

• Should tho: impacl opcctrum . dapt. ti""
tcrt11(C J h.: posili>e (i.• . l . . .. C, ) " r
Mpli,-eti.e .l.u, -C,)orjn>ln<>tu..."J al

.ll ? II sem>ed lhat the pu:>ili\ol:$ign i. ..
pos. ible erro r and pcrn.!"'!hI: C, <.hould

bc:droppcd

• Is the introd uctio n of Ihe "P«trum
. d. ptalionlCnn C. (i,e , R.. + C. )fordllC t,

soil ",. sIC r>r Wlltcr Jul'l'lypi~"",,,fu l?

The opioioo "' • • Ihal the spec trum
adl ptalion term 1'". ducis and pipe< d"""
nol reflecl ao imp.w emcot io Ihe round
insulation rn t...-;.. (.s itdt .... fo.w.lI. ja nd
<.houldbe dropp<.'tl

• lsflankingror""'t!yc o... redi nt he IJCA·!
It wacs suggeot<'<l tha I Ihis could be

addr~..ro if m.nu f.c lure .. publi.h
suitabl . junction deUlil. for pan y_
w.ll /co rrido r.wali ..nd pa rty_

wall1exlem.I. \n ll

O\'e" lI. the new HCA wu welcomed due 10

Ihc impro~emcnl< in Ihe _ighted
standa rdised I.vd <lifTe. ence with Ihe

spectrum adaptallon lmn t o ..,.'" C.l for

",. Ib; and t100rs .n d aJd inll the ""n ion 0 0

veriflClllionrnct h"d .

The e"""ing cuncloo. d with funhe r &:bale

whilSl C11joying an excellent opr.:.doffi nger
food (rourI ""y of ( 'SRI and lndigu Ridge

''''inc;;
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AUSTRALIAN ACOUSTICA L SOC IET Y

CODE OF ETHICS
1. Rl'spnn sibillt y

The welfare , heahh and safely of the comm unity mall al all limes take precedenc e O\'el' sectio nal, professional and
privateinterests .

2. Adva nCl' thl' O hjfilt o( theSoclC1 y
Memb ers shall act in such a way as to promote the objects ofl he Soci~.

J. Wor k .. ithin A...,u of Compt'l fOU
Members shall pt:rforrn W{lrkonly in their area s or competence .

4. Appliclllion or l\n lll'tlcd]/.e
Mem bers shall apply their skill and knl',wled@c in lhe inlem;t of lheir employer or client, for whom lhey shall aet in
professional matters as faithfu l agen 's or tra stees.

S. Repui lition
Members shall develop their profess ional reputation on meri t and shall llCl at al1lirnes in a fair and honest manner,

6. Prnressiona lDnelopmenl
Member s shall eonlinue lheirprnfessinnal develop ment thmu ghoul tbeir careers and shall assi sl and nlCollra~e

others to do !IO.

l :XPLANATORY s ores

I . Il..poo. ibitity
In fulfil"",n t of thi. ~un.-nt .....nw.... ofthr s"c iely ....n
(al """id ~.. i gn"""" _ "'"Y <ln te «mlli<t ~tM

int~""IIl' of th.ir . li .... ernployrn . or employu . and the
pUbtici nl<"" l

(bj . onf"nn toa ce"l't .b ie ....,....,.,...t .lIIndordand procedurn.
and IW1"" t i nan~ n'_ Ih.t IfUY l.nowi nlly.i«>Po'di lC thc

poblie welf. ", . hcl it!>.or w M y_
(el·nd.3V<>urto promorc-ltoe.... ,t-t><orocof ' h. communiry, ,o,od,

if""""..ndod in lhci r~t "" tb i•. infonn thei• •hen' .
ore"'l'I"'f<1'5 "f lbe l...-ibk~u,lICfl.

(<I) corllribute to p"blic cli",u .. i<mun ,ru"t on within tl>cir
compo;tet>Ce wh... b~ .., doing the well.be ing "f the
comrnuniryo;rnb.- odvan«tl

Z. Adva""t lb. ObJ... tlnrtI>t Socl"~

Al'f""lPN le<>bje<tlofl he S<",iety •• Ii'lcd in the M""""",DdIrm
ofA....., il ,i"".",
ObjCC1 (. )

Toprornort.ndaJ",,~o<ouoriClin .n il. b..n<h.. a"" lo
facilillU. lhe fllc....nlltof informotionnttd ide... in ", Iati""._,

ObjC<1 (e)
TO ene<lora~ lhe .. udy of ..."O..tiCl.h ighlight t.cell... cein
JCtIU";CI ''''' to imp""", ."".l."" t. the gtn<ra l ..,d
tedwllal knO\ll'ltdge in.ny m:>M<"l'.,."idercd . ppm pri. t.
by the So<:iet~.

0bi fl.1(aj
Toeneoura~ ...........band tbe public.ri"""fn~'W

"""'''J''''''nr:.",latingtoI<OIISlic.

l . ~_ .. II. I .A""' OrC"",,,,,t~n....

In all cit!;um" ....... mtmben .....11
(1I inf_ tl>c1r ernpk>y<lf or di enlli f anyblianrnenl requ,,,,.

'1ualirrcalion. and/or npent_ ..O.l.ide lheir field. of
compe t.nce_ alld """"e p<>lI ib\e " Ill", app. opri.l'
recomrner>da'ionoin .~totbenecdfo,l\onheraJvice

(b lrcpoor ,rnake Illliemenll, ll" e ""idence or advice in In
,*"IOCriYe an<!lnIthll.ll manner and "" iy on t.... baoi• ., f
..seq......"-ltdJf

(el ..".ltht e. i.l<'DI:Cof anyim<re... pn:unilIryorOlherwioe .
' could be l&leuto affCC1tb<it judJf'l'<D' in lfC!tnic.1

4. Appllu, loo ofK-Ieol~

Mnn ben ..... ll., ali t;""... .... equilllbly and fuly in dealing
wilh", ,,,," Sp<'\.irroallythey ..... ll
(I) Sm""lO l\'Ord alll.nown"'poIeII1,a1coIIOi<u ofin l<fnt.

and k""l'emplo)1:ro nrclio:nllfull~ inlOr",.,.j .... a11mano:n.
fitw>ei.alor1«hnioal.thar"",ld lead10 IUCb corllli<u, •

(bl,.,f"""<:om;>maarion,financialororherwilC.fromlnOfflhan
onepury f", IC'fVicetOlld-c ....,..proj«t. uolell1he
cin:um~ >n fully di""l<w:d and apffit 1O br.ll

,nlfre<lodl"'niel
(c) neitb.. IOheit 110. le eepr f inanci. 1 or orhe' ~allUble

conoi<lerali"".fmrnmalfrill nrequiJ"l'f"t""l'l'lierlin
, etum for . p«i fi•• lion or "' commendalion of w i.
produ<1I, ,,, f",,,,conrnclonor"'her~e.deahngwirh

wi,,,,,,pl<l'yrt"' c1irn '

~. Ih -., ,, ' _tlon
NOmtmher ..... Uacti"'l""'l'frly 10gainI bmd'il arid.
......•...nlJngly. lh . ll .....
(Il P"Y..... offcr induce-rnonll, <>1h<fd ,rectly or indi=tly. 10

""oo"'emplo) m..., " . ....,.,g""""'t
(bl fal,i fynr mi""'P"""""tthrir 'l oalirlCaliom.,or ""perientt. nr

priOfraporl.ibihlinnnr malicioullynrcareleaalydolO)1hinc
10 injun:lhe reporarion. J"OIJ'<'ClS. OfbuMneasof otbotl

(e) .... lbe adv~ofpriviIeged J'OO'1ioD1 to """"J'<lf onfairly_

(dl f. ilto gi"f l""'fl<"" eredil for Wl'lrtofOlhml to whom <redir
il d"" ""'IO""l.nowledge 'h. ronLribulionofOlhml.

• . P" ,f... lon_I On-eloplO.nl
Memben .h:oU
(') Il~lo ... k:ndthcirknowlodll" and d.i llliJl otdet to

:;~::::::~in"""'iml""""""'n1 inlbe lCieo<' andpr""1i<e

(bjacti""ly ...i.. . nd ene<lut8getbooe Ut><!erlhcirdim:tion",
withw h,'"'they ..... ..""'i.t.d toad~m.;'knowledJf
and.l ill.
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I AUSTRALIAN ACOUSTICAL SOCIETY· SUSTAINING MEMBERS
ACOtISTlC RESEARCHLABORATORIES
LEVEL 7 BUILDING 2
~23 PEIlNA'flHILLSROAD
PENNANTHILLS 21211

.""P060X34
R~HLANDS 40n

ACI).VII EU CTRONICS
UNIT14,22HUDSONAVf.
CASTLfHIU 21S4

ADAMSSONENGlNEERINGPTYUO
POBOXl294
OSBORNEPARK6916

ASSOCIATIONOFAUSTRALIAN
ACousnCALCONSULTAJlTS
POBox 820
SPRINGHill 4004

BORALPlASTERBOARD
676 LORIMERSTREET
PORT MELBOURNE 32(l7

BRUEl & I(JAERAUSTRALIA
6-10TALAVl:RAROAC
NORlli AYDE2073

CSRBAAOfOROINSULATlON
ssSTENNETI ROAD
INGlEBURN 2565

GP EMBELTON&COPTYlTD
POBOX207
COBURG 3058

HPSTECHNOLOGY PTVLTD
17BAlLANTYNE RQAQ
KfWDALE6105

INCCDRPORATlOHPTY tTtl
63·79SOUTHPAAKORIV{
OANDlNONGSOUTH317S

NOIS ECONTROLlUS1WlAPTYLTD
70TENtffSONROAD
MOflTLAKE2137

NSWENVIRONMENTPROTtCTlQN
AUTHORITY
P OBOXA.290
SYDNEYSOU1H l 232

PEACEENGlNEERINGPTYLTD
PQ BQX250
NARELlAN2567

SOUNDGUARDPYROTEK
149 MAGOWARROAD
GIARAWEEN 2145

SOUNOCOHTRDlPTT U D
61LINKSAVENUENTH
EAGLEFARM 4009

VIPAC ENGINEERSANDSCIENnSTSLTD
279 NOfUM NBVROAO
I'(lRTMEL8QURNE3207

WARSASHSCIENTlflCPTYU D
UNIT7, r-s MARIAHSTREET
R!DFERN 2016

WDRKCDYlR
CDMPlWl CECODRDINATlllNTEAM
lML 3 , 400 KENT S~EET

SVDNEV 2fXXl

Achieve the ultimate
with Brtiel & Kjrer service
Bruel & Kj2Eroffers faster and better
service than any other lab in Australia
- at very compe ti tive prices!

For mo re information on how your business
can save on repai rs and calibration costs ..

Call BrOel & Kjcer's
Service Cent re today on

0298898888

t1EADOFfICI!,SERvICEANDCAlIBAATIONCEIiTRE
SUI.. 2. 6-1QTaIo"", . Ro.-l · PO ao.349 " Hort!I AVO-' NSW2113
T~~""oe 02 9E1ll~ 666II 'Cl2 ~!lIl!l*t
.....,., t>kal~."""'.au· .........,b.......COfn_...

AcousbcsAustralla



NATIONAlM Am RS
• Nol,TocatlOnof cllangeol . clilress
• Pl)tme~t ofannual subscription
· Prl!Cftd'llgsoI . nnualconTerences,.... ......,

MS- ProIessiooilCenvt olklslra lla
Priv.tl lla~ 1. ll¥\Inglkn l 2010
Tellfa« 0J) $4706381
::1=~lSe~:~ry@aCOustK:s asn ~"

SOC1 ETYSUBSCR1PTIOHRATES
f(l r 2r0tr2005 FinIneiallf ear

FoIIOWlnOMe<Mer , ,, . .. , . . $110,00
GrlCkll" ,_lalOlndS<Illw ibe' .. $I:5,OO
Rotnd ", moo
S4I.cIe.. .. . ~oo

I~ GST

DIVISIONALMATTERS AAS · Qu..", land OmsiOI
POIlox 160

[I ~";rit$ l't g.rdi.......be,.,Ii. SpringH,I Old4004
' M suslai. ift. mlmH rship Sec, Richl r~ Oevtreu<
s~ D"ld bl direl:1e1lfo l~e T"I: (01132110055
. ppropnille S" 't O" ISIDft Fax: (07)32110066
~c"'a" rclewreuJiJacran.cool.l u

AAS-Vil:1D'I. Olwia....
PO80x417
COlIirls SLWesl
POMELBOtnm£ 8007
Sec: Jim Ant"~O)pOlI I()S

Tel (03 ) 9526 8450
rax (03) 952684 72
i1m.anronopooAoSCt
hegpoes.lXIm.1U

AAS-WA O ~lsla.

PO80. 1000
GPOWESTPERTH6ll72
5ec:NortlertGltlrlels
T"' (08) 9316 3881
Fax(08) 93&16665

-~

GENERAL BUSINESS
AdYlrtiSiftgS ubscrlplions

Mrs le ioh Wallbank
POBox579.CROHUlL.A 2230

T. I(02)9 5284362
Fa<(02)9589 0547

wallbank@zipwtlrld.com.au

ARTICLES & REPORTS
NEWS, BOOK REVIEWS

NEW PRODUCTS
TheEdMf

ArouslicsAustfillii
Acousl ics &V ibration Unil. ADFA

CAN& RRAACT2600
Tel (02)6268 8241
fax(02)6268 8276

AcousticsAus1ralia(llacousta~sn ,1U

PRINTING, ARTWORK
Sco~ Wi lliaJllS

91-93 ~<lWCtrliI Road

CARI~BAHNSWm

Tel (02) ~6S88Fax (02)~487 12

email:SClXt@clp.romau

SUBSCRIPTIONRATES
Aus! Dvem n

1 year A$&3.80 A$ 73
2 year A$110.00 AS13D
3 ye<lf ASl56.20 A$187
AlJSlralian filles indudeGSl
Overseas subsClipMIlSOObyairmail
Dll counledl Dfnew subicr ipll Dns
ZO'lOo;scounllor extracopill"S
Agenfs falll"S arediscounted

ADVERTISING RATES
SusMem

$588.50
$385.00
$297.00
$247.50

DiscounledrateskH'3conseculiveads in advance
Spod. ) ralea iIViliI<lbII I1ll4-1:oIourpf lnling

Allen, uirilS 10: Mrs LeigtIW<llIbilnk

Tel(02) 9528 4362 Faxl02) 9525 ~7

wallb.1l1k@Z1pworld,com,au

ACLl-VIBEleclronicl 48 Kingdom .. . . .. . ... •nstoe frcntcever
RTATechnology 60

Bruel & Kjaer ... . . aaea ceccver Matrix .

ChltLewis & CrOllullaPnnting .. . . . 60 NATA .

. 60

. . •• . . • .63
SoundQuard . . .. .. &3
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NOR 118 Sound Level Meter
A Type 1 meter for
comp rehensive measur ing
and analysis

1/1 & 1/3 Octa ve filters
Statistical calculation for A· and C· (or Z) networks

plus all frequency bands
Parallel F. S. ( time const ants
In-built e lectronic level reco rder plots level vs. time

Multi-spectrum function provides spectra vs. lime
Reverberation Time in Octave and 1/3 Octave bands
Sound Power

3 yea rs warranty on all HW parts, incl . SW updates

Vjj NOR-121 Environmental
Analyser and Monitor

Specifica lly designed for noise assess me nts

Records the sound itself

Pure tone detection mode

Measures all time constants
and the 1\, C and linear

weightings simultaneously

Results can be exported

via PC slot, RS·2 32 serial and

Centronics parallel ports
Comprehensive marker functions;

user selectable labels

...and yes it has a
dual channel option

ETMC Technologies
619 DarlingStreetROZELlE NSW2039

Tel: (02) 9555 1225 Fax: (02)98104022 Web: www.etmc.com.au



Briiel & Kjrer +
"iooI'~..r ..... t' '' io
s.n l. ,"l~~_'.o."" ).6, _Ilyde~W. l ll ) SrcNY

T" ' 4 11 _ "" fu-. 4 11 _ 11lli6· _ .I:t>o,com... · \II-~....

MlUOUIlNf:*-1.2(--"'c-. ........_._ll1~ __
T.. , 41) 'I56011~ 1"" 41 ) 9$61 61OO . -.l*>o-""".. - I:t~_ ..

New l
PULSE Lite Pocket Ana lyze r
5ma ll and h. nd y, with an u ltra compact
PC ca,d . PVlSP~ Lit" il fuit a tlle lor
vib ratio n. acouftic a nd impac t t6ting
Featuref indUde
- 2 inptlU a nd 2 tathomete"
_Po we,f,o m lapt op
- Sin , I'Jo-~4\1o- . S',,·

l ong-te rm Prospec ts
fh " PULSE fam ily is a w lidfOtlndat ion
fro m wh ich you u n ene nd a fYftem al
~ou"equi,,,menU chang"_Th;fupand

a bility, a nd th" cont inu;ng d" . " lo pme nt
of n"w application l and ha'dwa' ".
eflfulef th " ,,"fet~ 01 you' in. "lIm"nt
now an d i" th"fut u' " .

Portable, coatact Solution:

Newl
Compa ct Front -end
Suitab lefor iIH a r an din-fligh t t... ting.
Pon abl e PULSETyp"lS60B i•• compact,
Kalab l.. an d portable da ta .<q ul,ill o n
unit. II ha. room fo ,twobatterie.and
, a n mu,ure cont Inuo usly fo, a mini­
mum 0 1 S Iloun;. Future,;n<1ude

• ~ in p ut ,h ann" I,
• Bat te. y, oc( 10-32V) o r AC o pe, al lOn
· Sjl..nl o~'.tionup to JS·'

"nv i,onm " nt

• Si2'" , '" . ~ 2"'·•10''' -

AG row ingfilmily
I'UlSE ·~. ou , be.t·~lIjng platl Ofm, is
built 00 Over 60 yUfI of B.iI,,1& Kj"" ,
IOlloYltion and npl rt i,e . 1I <o ns i,h of
I n ~v"r· jnu....ing num be , of .o tt ...... ..
ap pliulion, a nd h" fd war" mo dul",lo,
noi, n d vib. " io n . M ly.... The new
g.. n " l ion of h igh dyn am ic r.n ge
1,1Ii1i." , 14·bit te,hnology . vcu cee ma ke

h igh ·r e,olution (2a·bi t AD) mu s"."
me nts in the field o r in t h"l"bof alo ry
and prtXeu you r data wtl"fe~1 you
want


