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At the last Federal Co unci l meeting I had the pri vilege to be elected Pres ident of the Australian Accusrical Society. I am
looking for"..ard to this role and thc cballengcs it offers .

In taking on this role I rea lise that I am following a Pres iden t \'''00 has work ed hard to ensure that the Socie ty has been
successfu l during his term. Bob Hooker bas also made my introduct ion as Presid ent an easy one wi th no oot standing i. sues
remaining unresolved. I therefore exten d my personalthank>, and I am sure the than ks of all the memhers of the Soc iety, to
Bob . I also thank all pas t and prese nt Councillors and the other mem bers of Divisiona l Committ ees . Each memhe r gives up a
substantia l amou nt of time to help the Soc iety ccnnnue to prosper and with out them the Soc iety would not furc no n Spec ,al
tha nk> mus t also go to those people who prepare Acoustic s Austra lia, a Jouma lthat we can all be prou d of Many years ago
I partic ipa ted in the ed itorial committee for the predec essor of Acousti cs Australia and know how much time and effort
thcsepeop k give toprod uce.uch a high quality publication

My role as President has been made easier by the effort . of people sucb as Bob ll oo ker and the previou s years " Cou ncillors
and comm ittee members . But there are a number of part icula r cha llenges for 1994 and 1995. The-mos t impo rtant cha llenge
will be to increase the awareness of acoustics in the com munity. In the area of envi ronme ntal noise 1Tl<.'mb. ,TS of the Soc iety
are aware that long term exp osure to noise will affect the hea lth and well be ing of peo ple but environmen tal no ise. n:ma ins a
low priority to the Gove rnments of Aus tral ia. Hearing conserva tion in indust ry and in recre ation activ ities is also not give n
the high priority it deserves. However, internation ally the hea lth effects of noise are be ing recog nise<t. It istheref~

impo rtant for the Soci ety to pro vide information to our po litician. and the comm unity abou t noise and acocsuc s so that
appr opr iate deci sions for the future can be made.df we do not face this challenge, fund ing for research wi ll continue to
dec line and standards will fall

At the last Co uncil mee ting it was agreed that severa l important steps would be taken to increase the awarme M of aco us tics
and noise

I , To prepa re an articl e to forwa rd to the Federal Minister respon sible for the Environment and to the proposed Nation al
Environment Protcc.tion Authority . Th is article w ill summari>C'the,known hea lth effec ts of noise to encoura ge go , 'em ments,
to reccgruse that norse can have SIgnificant healt h effects and IS a significa nt fonn of poilu lion.

2. To support projects in wes tern Austra lia and in Victoria to prepar e publica tions on acoust ics and noise. Thc. e
pub lications will be aimed at diff eren t aud iences but will both help to increase the knowledge of acoustics and to make
studen ts aw are of career opportun ities in Ihe aco ustics area

3. To support a bid 10 hold the nex t le BEN in Melbo urne, This Conferenc e is held every five years and brings together
experts from around the world to quantify the relat ionship be tween noise and healtheffects.

As members of the Austra lian Acoustical Soc iety I ask yo u all 10 encourage a greater understanding of acou stics in the
comm unity . I also ask you to encourage young Austra lians to develop skills and knowledge in aco ust ics and noise so that
Australia maintains this high leve-l of expert ise wel l into the next century, A s part of this we should all look for opport unities
to suppo rt research into aco ustics, partic ularly into the health related effects of noise such as sleep disturbanc e studie s

Mos t people. particularly Ihe young, are conce rned abou t jobs. Theywil I not study acou stics unle ss they see a need and a jo b
in the future. Politicians an- also intere sted in job s and w ill not direc t funding into aco ust ics unless they see a need
Opportunities in acoustics and standards will therefo re decl ine over thc next dec ade unless w'e ensur e Ihat the community i.
awar e of aceusncsand the effects o f noise. I be lieve that the mem bers or the Society will meetthe cha llenge o f the last pan
of this Century and therefore look forward to my term as President oft he Au stralia n Aco usnc alSociety

Joh"Lamb.-rl

Lette rs to the Editors are 1U\'Ued on an}' re levant mat ters.
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LOCAnON OF BURIED OBJECTS BY AN
ACO USTIC IMPULSE TECHNIQUE
A. J . Rogers andC. G. Don,
Departm ent of Ph)-~ i(S. Mon..h U"h·I't~' t)',

C11)1on. Victoria.

Tbi. pl lN" .... .... rdfd tbcl99 JPRESlDr.NT'S PRIZE
lhc PrC's;df:M ·. prilf, ''<Uob1i~ in 1990 by thc Australian
Af;OO"lClIl S<M;~. i• •warde d [0 the bnl I~,hnical l"ll""
~nlnl in tM Annual Australi.n A,o uSlical Society
Confcm><.:c

Abonl n : Ofl en II is desirable 10 locale a .hallo" ly bunt<! object and deduce somt1h,ng of 11. shape and ~'lC. without
digg,ng lip lho:ground in ,he process,If lhe ooje<.1 is mc1alli\:. lhen metal d"KIOf> ""' adequale. how,"cr . non-metallic
obJtrts l"'ll'lI:nd;fficull\QIocatc.S ince the acomlicimpc<la"ce~nd>OOlonlyon lh••urf"" c prOJl<'rties of a
substance. bUT" 'hat lies ",ilhm IhI: regIon pme lrlll<.'d by tile w und. an object under the . Ufr.e<: will CIU' • • chan~. in
impedance Compaml IO. IloTnogCll<:OOS sample

R""rnlly. a leclmiquc. u1ihzing til,'" microphonf> fil uidi<lant from I <table impulst sound >(Iurer.ha.been uiled to
!<>cale a plastic object b~ried under ~mall pebbles, The method involves examining the dlITeren«s between the two
Tttordcd signab. one of " hieh e()/1UiMa reflection from an object unOCr theground. Thedcplh uf the ubj. <.1 ean !>e
dcdU«d from lhe llme delay of lhe reflecte<!impul,;ef romth eb W"ied objecl.lkcau-.: i1Srcfleclivc .u rface is only al onc
depth. a flat. horirontal obje<:1 gives a larger retum 'i gnal lhan the ",me obje~1 when tilled, An irregular lock will give .
JIlOn dIffuse signal. Wilh .u itable . ignal proce« ing it i. p", "ibl. 10 di"in ~u i,h betwe. n unlik. oIlJe<:t' and to make an
esnmatc oftheirshape, ~ize andp"' loon

Re' ult' are PfC'Sro te<.! wh i~h di' l ,nguu,h bo:'N.tt1I pl.u1O: >UtI''' dub u d rO<'hof varying sizes. buriO<! in .mall pebble.
bctwern 4 em and ISem deep_The .J''J,IlL/.."n~,.J l.ml\,ll........of ll>otcchni'lue will be di.. u,. ed

1. I~TRODUCTION

In our plastic oriente d world, it would be usefu l to have a
method for finding and identifying buried , non metall ic ob
jeers . A tccbnique for achieving this aim has recently been
developed . It is based on the re flection of aco ustic pulse.
from the gro und surface and has applications in finding
drainage pipes, archaeological arte facts and even plast ic
landmin es.

The technique relies on sensing how the pulse wa....efonn
recllrtled ab<m~ the ground surface is ahcred by the aco ust ic

impeda nce prod uced by the objcc t immersed in the grou nd
matri x, lmped ance is oftende1 eml inedal nonnal incidenc e

( !] bul it can also be ca1culalc-dat anyangle do wn lo graz
ing incidcoce[2J. The nann a! incide nce method ce iemunes
lhe localised impeda nce ofthe area directly be low the mi
crophone, while lJ>,il1i lll'u ing inc idcoce givcs an averaged
impcdanceoverthcwholeRgionbel...-een the scund source

and ihe mjcrop hone. To seerhe implicarioas ofrbese ideas .
itis co n\-enient lo brienyexaminc lhemeasurcmentofsur

faceimpcda nce

2. II\lPEDAS CE OF PEBBLES
Measu.rcmellls WCf'(' undert aken over a large bed of ap
prox ima tely Icm diameter pebb k s, which perm itte d partia l
penetral ion of the sound as well as be ing a relativ ely home
gencous mcd ium, allowing easy placement and retriev al of
bun ed objec ts. The de plh ofthe pebble bed was over SOcm,
which meant that it co uld be treated as effec tively an in
finilely deep mediu m. Fig, l (a ) shows that over a pebble
surface whi ch has been smooth ed as flat as pos sible, the
nonna l and graz ing incide nce method s gi....e complex im-
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peda ncc values which are Rl ati\'ely frequency independe nt
out to IOkll l,slthOllgh thercaleomponent tend'tobehigh.
er for the graz ing cond ition

If the surface is roughened, by producing , say, 4cm dee p
dep ress ions, lite effec t on 1Iw: normal impedanc e is very
poin t depe nden t compa red to the gra zing result. as is epper
ent by co mparison of Figs. Itb) and (cl · Th u!', u woo ldap'
pear to be adv'an lageous 1o usc Ihe grazing incidence tech 
nique llS lheresulls are \'iTtually indcpendCTIt of the surface
roughness . Howe....er. the inheren l averaging over an aR P
makes it impossible 10 locale a buried objec t precise ly.
making it necessary 10 11.se a ncar norma l incid...'11ceseem

"'Y
When a Iayelofpcbbles is formc-d, by placmg a large rig

id shcet at a known depth bc low the lop surfa ce , broad 'RS '
ona aces ' occur in the impe dance due to interference be
tween sound refleeted from the top and botto m sur face, As
Sho"'T1in Fig. (2 J. the two geo metries result in reson ances
atdiffcrentfreq uenc ies

A buried objccl creates a small layer ju'l underthe sur
face, which can be modelle d as pornon ofacoml' lele plane
and so wou ld be expected to prod uce sim ilar hut smaller
magnitude reso nances. The problem is, howe ver, that ir
regu larities in the impeda nce due to the surface roug hness
are of the same magn itude as the reson ances caused by Ihe
layering. Th is can be seen by comparing Fig, 2 .....ith Fig.1
(b). Thus. it is not immediately !"'-lssiblc 10 state the ex
iSlenecofanobjeetbyits laycring effect alone

In Fig, 3, resultan t wave forms from a pulseren ccted al
nonna l incidence from two different reg ions of a rou gh ened
layered of pebbles are displayed. The first pressure max i
mum, A, is due 10 the reflecno n from the rough surface and

Vol 22 No. ' - 5



3. DET ECTION OF BURIED OBJE CTS
The geometry adopted is shown in Fig_ 4 where a micro
phone is I<~ated symmelricallyoneilher sideof a vel)' re
produeible aro lJl;lic pulse source create d by I loud speaker
acting down I long sound rube. Over I unifonn surface.
bolh microphonell"«ordlhcsamedirecla ndrenectedpu1sc
waveform s and lhe difference bclw«n the two sib'OIls is
appro~imalely UfO. When anobjecl hes under the surface
near 01>(' ofthe mictopOOnes as ShO"'ll in Fig. S. il ehanges
the impulse wavefoml o f lhe sound renecled 10 Ihis micro
phone and consequent thc difference betwee n lhe two mi
erophon csis nol onll:et zml

Vol 22 No. 1-6
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Figurc ) ; PIabc "",ef"""" OOtI'aed~ ra."O arcas {)( a

roughcncd~ ofpcbbl~

11le impulse JffiIrce conSiSIS of a JBL hom driver pow.
ered by I n amplifin conn ected 10 I Dala Preclslon 2020
polynom ial wl vefonn synthesizer. The signals arc captured
using ,,""0 Brilel & Kjzr II. inch microphortcs and Iype

2218 sound level metCT5 cee eected inlo a Data 6000 wave
foon analy)('r. At lhe J'fcsenllimc the data are man ipulaled
in The anal}'1('rbuT as mcre sopbrsticared processin g is de
veloped. jt is expected that the data will be down loaded to
a PC, in real lime. The scnsiliviTyof delL'Ction depends on
the height of the mfcropbone/source probe abov e The sur
face and the ~eparJ lion ~lwecn Ihe micruphones. Thes e
faclOrs are nnl indcpcn d",nt, but ifse paraTionis Too large the
grazingcoodilion is approachcd and lpalial rescluuon is
impaircd . l f thc microphon csare looclosclhcybo threceive
C'»CTltial thcsame rc nected sigrtolland dclech nglhcobjecl
become s more dlrflCUlt. Tbe opIimum sep.aratioo is. also
linkedtothcprobablewidlhofthcburicdobject . Tbeprobc
used in lhis srudy hasa separati on of scm and is supported
4cm above the ground
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~eneou, ground "'owinglhed;red si gna! fromlhe 'pu n:c
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f igure 5: Probe and wa"cf"""o over a buried object
shtlWing the additional sign31from the object
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r;g uIl' 6: ~ 0\~r buricl strlp: (a I Wa\"efonns ....ilh
ooc microp"""" tbo w;nll ..,fl""tion from strip, (h)
Sub!racrionofwa,,,form . , (c) Corre lat;onofsubtraclion

FiillfC 7: P'rotoeovCfsmOOlhsurf""eof hcJffi<>ilcncou,
pebhles: (a)Wavefonn."ith noolnp. (bj$ubcract'on of
" a,,,f,,rm., (c ICOfrelali" n"fsubcracl'on

In exami ning the idealized signals of Fig. 5, 1110: char
iICIeristicrene<:liOl1 of lhc objC'Ct can c1carly be ~nin bol:b

the individua l and the subtracte d signal. However, as dis
cussed above, in actual measurem ents the reflection from an
uneven surface is sufficienlly variab1ct hat the signals do
not cancel and may partiallyoverlap with thepulsefromthe
object. T he wanted ref'lection is a funct ion of the orig ina l
pulse waveform, but the random surface noise remaining af
ter subtraction is only weakly relat ed. Use CM be mad e of

this fact by correlaling[3J the known direct pulse shape.
g(r), with th e sub tracted sign al..s(l), 10 obtain a modifi ed
signa l,x(r). where

This proc e!oS enhances thc required ~f1ection as theoutplll,

:t{l}, has a large magn itude wheneve r a port ion of the sub
tracted sign al has the same waveform as the direct pulse

As an example of this tech niqu e, the signals obtai ned

over a smooth ed pebb le surfac e. with a l lcm wide plastic
strip buried 7cm deep, are shown in Fig , 6a . The reflection
from thc smpshows up as e small imp ul'C at aoo ut<,lOO,ls
(arrow ed] in the sign al from one of the micropho nes and is
not present in the signal from the other micro phllne. Even

ove r the relatively smooth surfac e of the pebbles , the diff er
ence signal, Fig.6{b),is domi nated by the n..,idu e, arris ing

uom the surface irregular ities, precedmg tbe required re
tlecti on,H owewr, atler corrc1attng with a dn'C'Cl pul'C there
is a sittnificant enhancem ent of the refl ection . Fig. 6{c)
Compare these moults with the signal s in Fig 7. where

there was no buried strip. The final processed signa l. Fig 7
(e l, cootains the unavo idable remaindcr due to surface fluc
tuations. [No e lhat the vertical scales on Figs , 6 arnl 7 are ar

httrary u they ha\'C oceo adjusted ro display .he signal vari
arions.)

A roug h su rface increases the amo unt of no ise in the co r·
related signal. As this occ urs before the reflec tion from the
obje ct, it can be t ime isolated with a wmd ow which in.
c l\lde~ only the portion of the trace where an objec ' rc·

Acoustics Austrlllill Vol 22 No. 1 - 7



FigllreH, The find numbc:rvs disulnC<= alang pcbble bed
fora2 1 cmwi dcs rril', buricd7cmdcel', .hawi nS lho ac.
tual posilian af lhc slril'

Ilecuc n may occ ur. By summ ing the square of the in
stantaneo us values of the correlated signal, suc h as Fig. 7
(c), a single ilind numberi ean be created for lllal prohe po
silion. whie h ean then be used 10 locate the buried object
An exam ple of the success of this t« hn ique is I"resenled a..
Fig, H. where the probe ....as progre ssively moved in 2em
sreps acrosstne bcred se-p . NOIe Il1al there is a tenden cy
fa r a min imum to occur in the find number when the probe
is directly over the strip, as both microp ho nes then record
esse nliaJly thesamesigna l

• Tbe pcsiticn of the time wintklw can he adjusted l" suit
the Ikpt h be ing examine d. For a deepl y burie d obj ect. there
wi ll be a greaeer time de lay beforc the appropriale refl«tion
arri, ·os at the microphone and so lbe appropria te lime
window ....i1Ioccur later. In the example ofFig.8,lhe ....in·
dow commenced 620llS along the correla ted signal and was
320~ long , These values were determ ined experimentally
hy inspec lion of lhesij!nals buleouldbecalculaled lheo
retica lly if the acoustic I"ropcl1ics of the matrix material are
k~~

A'lhestripismo\edd~rlOlhesurfaee lhcstre nglhof

Ihe rel1ectio n incn:asc s.oo"'·ever, ilbegins ta ave rlap the
surface no ise. $0 the signal 10 no ise r<llio n:mai ns ap
proxi mately the sam e. Ahh Ollgh .. is eow almost imposs ible
10 dist ingu ish lbe object reflected pul.... in the microph one
oulpu~.theoom:lateddirren:nce signal lndicalcslhala sig

nifica nr reflectio n occu rs from lhe objec t The techn ique
can also be used 10 find smalle r and more com plex objec ts
II has suc cessfully located a flal9cm wide plaslic strip , Fil!-.
9(a) ,whi le(b) and (c)show lhe locatian of a 6cm diameler
plas tie disk4 and a similar-sized but irregularly shaped roc k,
all buried Scm unde r peb bles, Funhe r, Fig. 9(d) indicates
tllat it is possibl e kt dist ingui sh bel....een the rock and the
disk"henfhey are!luriroaooutSOcmapal1 UnOOlhepebbles.

More com plex analysis, such as the useof mulnple nme
windo ws , provides a way 10 esta blish the dept b c f' the bur
ied obje ct. In facl, dual window processing was used in Fill
9(d ) la help differen tiate betw eenthe objec ts as, after cur·
rela ting , the irreg ular rock gave a signal in both windows
whil e the nal disk signal occ urred only in one wi ndo w. A
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Fis.ure 9. Thc find number for (a)a 9cm "'ide:Slrip. (b)
a6cmdiamClnd,u ,« )aro<k.(d)bnr h lhe ro<k and
lhe disk d 'lel addilionl l pro«< . ing

tilted obje ct will also give rise to readings in more lhan one
window. It is probable lhal different objeCbll ll have their
awn speci fic find numbe r signature and thus further te
scarc h may make the pn:<liclion ofthe size and shape of the
objeetpossible

4. CO:'llCLUSIO~

Thesyslem .asitSlandsatlhemornellt,can e;u ilydeteetab
jeersas small as 6cm in diameter. buried as deep as IScm in
a pebble bed , A traverse is mad e in the drrecuon selby lhe
axis ofthe 1" '0 micropho nes. If lhe object is midway be-
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tween the micro phones or large enoullh 10 ex tend beyond
both microphones lhen Chemicrop hone signals become al
~ iden tical and 1I minim um in the find numbe r may be
recorde d. Th is is because the syste m is esse ntlalty anedl£e
detet lor,senlinl£achangeofi mpcdance. A numbcr of lra
verse s must be made to estima te both the lenglh and width
of the object , two more m;crophones posilioned on an n is
perpendi c1.llar10 the dim:t ion of Ira~ C'DC w()\lld gi~e in-
forma lion llbov l the oIheT dimen sion , This is Ihe ne>;l sll1ge
inthe developmenl of tM in~Nment

The mdhod is stiU loboel es led ln 'eTOIher mal rill ..... len.
als, lIllhou glt ili supeded IO", 'ork over dry soi ls and sand s,
when: the S01.md will penetrate rndll y. [I is unlikely 10

wonr. on hard p«ked or "lI l<:r-soaked fieldl . Wilh furlhcT
de>"i:lopmem. 1M s~em coul d be prqoroanmmed ror a
pI"ioIlarmatrill ""'teria l wlhallhepredKledpulsc ...-a\·e.
form for the reflection from a simple object buried in lhe
matrix is calcu.la1ed and !hen us.edm lhe cort'C~lion cakul..
bm 10 gi\ e an irnpro~ed findligna l.
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THE TOSCA ALEMBA 
RINGING THE CHANGES

1\10)'11 Hend er son " and Neville Fletcher"
* 10 Cornic he ROlld, Churc h fo lnt !'is \\' 2105
.. CS JRO Aust ra na, and also RSPh". SE, Austral ian :'rri a lional t.: n i~en lty, Canbrrra 0200

Ab.lr.lC'I;The T....... AI.... hd ,salU:>' ·tunnipercuss;on in,;trumcnl"' ilh st«l rodslxnt ;n.OJ'(llI angular.hape h vibrating
clemen. .. The v,bra hons orttJc~ prnla ngles are communicated l" a carefull y designed ", undb"" rd '<I enhance radial ion
of the;, 10WC1m<><In, The h 'S1Of)' oft hc de"tlopmenl of The insmullem from an earlier !l 1M11>i2 IIsing triangu l. , vibrating
c k mcnh is lr.><ed. and the des;," of the po:nlangle- ro nsid... . d in <!tlaiL The "haJlC' of the.., ek menn is . "ch as to allow
rhe 111111° 1 of rlve mode fmjutn<; ics "" '" 10 produce closely harmonic frequency relal ion,hi~, irK"ludinll:a minor third.
and a ron "' q.., m mu:S>Cally ;Utraet ive bcll. lik. "'und

I. I ~TRODUCTIO~

Many orchestral scores call for the usc of percussion in.
struments for dra matic effect. The timpani are the mos t
commonly used ~rcu"io n instruments, but cymbals and
triangles are also uscd ol,:cas;,mally. Some compos itions,
however, make major use of percussion e for exemple. in
the finale to Tchaikovsky's lSI} Overture. where we find
not only church bells but also cannon!

While it is possible, with modern record ing and mixing
tcchniques, to usc actual church bclls and cannon to pro
occe excum g recorded performances of such works, llli, is
much less satisfactory from bo111 art istic and acousnc poinrs
of view inlive perform ances. Leaving asid e cannon.which
wuldpresumablybc sim ulated usingreal explosives , tllcll:
is a contilluillg problem with 1he production ofbcll soumio;
in urchestral rw;rformances . This applies not only to the
mass i\'e soundsrcquir~'" by the /lUl o."f':"" rebul also to
1hemuchlllofe subducda oo careful1y !>COrcdbcllsinoperas
such as Puccini's To"cuand Wagller'sPursi/ul. In each of
1heseoperas the bells arc mjuim:l 1oplay particularnotc:;,
ratherth an simply ma~ing a joyful noise

Theso lution usua lly adopted in ort hestr..s is to make use
of sets of rubufer bells, These are hollowm etalTubc:sabo ut
20 mm in d iameter and up to I m long, suspended freely
and Slrud at a care fully M'ICCTcd point near one end, The
sound is ttrta inly Mbe:ll·1ikeM

, but not a close approximat ion
to th...'>0000 of . chu rch bell, Thc basic problem is the lack
of any low. pi t~ 1ied furnlamental to the sound. so t~al it h35

clarity bYTnol:....~iltht

With this problem in mind, we have d~"igned aoo built a
new son of bell- like pcrcucsion instrument specifically to
produce bell sounds such as are called for in Toscaand Par
si/ol. For the present tIM: instrumen t is called TOJca Alemba
for reason sthat will become clear . though some more gen
eral narno:mightbc appropr iate wlten it is fully developed .
This article describes sornc cf the acoustic problem s in
volved in tile design, and the way in whicll they were
solved

2. COf\;CEPT OF TH E I\S'fR UT\lF.NT
The Toxca Alemha had ilS ![enesis in anolllerpereussion in·
strument simply calledthe AI..mha ....hich '""as dcve lopcd by
one or us ( M H) more than ten years ago. As dcscribed in
an earlier public anon [I]. tIM: Alemha consised c t e set of
tuned triangles with one apex open. each coupled to a quar 
ter-wavetubular resonator by a taut cord ,",hich drove a my
lard i aphragm coveri n g nnc end oC th~ revona1 nr . The length
of each res<mator was chosen so that ilS frequency matched
thaTof The Iowcst vibraTional mode oftbe mangleto " 'hich
it was coupled . and tllis tlM:ndefined the nominal pitch of
the note produce d. The triangles were inil:lally cquilateral,
and ~ he bend u dius oCthe comers ,",'as adj usted empirically ,
10 gl' ~ The best sound. II was later Cound. agai n empir
ically, that by lengthening the middle sidc ot thc trianglcs
two ofthei r modes could be: broog ht into nea, ly octave re·
lalionship - a frequency ratio oC2 :1 - with a conseq uent
imprO\emen1 in sound quahty
The ,· ibrational modes orthe .~ /l'mbu triang l es havcbecn

discussed in some detail by Dunlop [2,3] who used a fmi1e_
element method to calculate the vibration frequencies of a
range of isosceles triangles with the apex open hut with a
variable radius o f curvature at the two other corners , From
calculations and measureme nts he , h'lWed that the empir
ically designed triang les had mode frequencies in the: up
proxima lcrdt ios 1.0, 2.0. 2.35, 3.(1. 3.6 and 4,\l. The second
mode (the IXtavc 2.0) is well tuned, as is the fourth mode
(tile twelfth 3.0,. Thctbrrd modc is a somewhat flat-tuned
minor tenth (ratio 2.35 insteadof 2.4) which docs not match
wel l with tile sharp-tuned sixth mndc (ratio 4,9 instead of
4,8) an octave abov e it. The fifth mode Iratic 3,6J is similat_
lynotverycollcordan l

The AI"",hu produced an excil inll new .. nmd end suc
ceeded in many ways in reaching it. d~."illn objec1ives. The
first version of the instrument produced was a med ium·
pitched treble with a rangc of two and a ltalf chroma tic oc·
raves from CJ to F, or 1301 0 693 Hz. (The pitch nou tion
used here is the American stand~rtl. in .....hich the lowe st C
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Figure 1. General shape of a pentangle, showing the ad
justableparameters.

on the piano is designated Cj, all the notes in the succeeding
octave arc similarly given a subscript l,the next octave a
subscript 2, and so on. Middle C on the piano is C4.) The
base of each triangle was arranged to be horizontal.with the
open apex hanging down, and the instrument was played by
striking the base with beaters, the weight and softness of
which could be chosen to give the desired sound quality.

Subsequently, at the suggestion of Sir Charles Mack
erras, a bass version of the Alemba was built covering the
octave Cz to C), 65 to 130 Hz, with the objective of pro
viding orchestral bell sounds for Berlioz' Symphonie Fan
tastique. While the sound was full and pleasant, the in-

.harmDnic("out-Df-tune") higher modes were judged to be
tDDprominentfDrtheinstrumenttDbercallysatisfactory.lt
was the stimulus of solving this problem that prompted the
design of the present instrument.

To provide the freedom necessary to tune the frequencies
of the higher modes requires the introduction of more ad
justable geometric parameters in the design, and it was pro
posedc on aesthetic rather than acoustical grounds, that this
should be done by replacing the triangle with a pentangle,
again with one opcn vertex. Again for aesthetic reasons, it
was proposed that the pentangle have reflection symmetry,
as shown in Fig. I:Fora given musical pitch,and thus total
length of rod, there are two side-length ratios az/a,anda/a,
and two comer bend angles 8 and ¢available as parameters,
if the pentangle is not required to nearly close at the open
vertex. This compares with only two adjustable parameters
for the triangle problem at this level,though in fact thetri
angles in the Alemba were required to nearly close, thus
leaving only one parameter. In both the original and the
present designs, the bend radius at the comers was taken as
a further parameter, though in the pentangle case it was
treatedasasecondary,ratherthanaprimary,variablc.

3. THE TUNING PROBLEM
Since our aim was to design an instrument with a rather
10w-pitchedfundamental,itwDuldhavebecnconvenienttD
base the pitch on the lowest mode of the pentangle, as in the
original Alemba. This first mode is not satisfactory as a ba
sisc howevcrv since its frequency iStOD far separated from
those of' higher modes to produce a coherent tone quality.

For this reason the second mode frequency was taken to de
fine the nominal pitch of the pentangle. The tuning problem
is then to adjust all the available geometric parameters to
achieve a set of overtones in nearly harmonic relationship
to this basis mode frequency.

A "brute force" approach to the tuning problem, using
for example a finite-element approach and SDmeglobal pro
eedure to search for solutions giving frequencies in nearly
integral ratios, was quickly seen to be impractical because
of the volume of' the four-dimensional parameter space to
be
searched. An altogether simpler approach was therefore
adopted. This has been described in detail elsewhere [4] and
will be only sketched here.

With four available parameters, in addition to the total
rodlength,itshDuldbepossibletotunethefrequenciesDf
fDuruppermDdesrelativetothenominalsecDndmode,as
well as to adjust the basic pitch. TD produce a bell-like
sound that is musically concordant, we must insist that
theseuppermodesare3,4,5,and6,sinceanybadlytuned
low mode will inevitablydegradethc sound quality. Mode
I fora bent bar lies at about one-third of the frequency of
mode Z and we can almost ignore it, since we can arrange
that it is poorly radiated in the final instrument. It takes the
place of the "hum" tone of a church bell.which is similarly
not part of the main sound.

Ina Western church bell [5] the important modes in Dr
derarethehum(frequencyratiDO.5),theprimeorfunda
mental (1.0), theminorthird(1.2),the quint (1.5) and the
octave (2.0), although higher modes continue in roughly
harmonic progression. Fora bell with fundamental pitch
C), these pitches would be Cz, C), H 3, G) and C4 . The mi
nor third component is characteristic of Western church
bells, and we should try to design it into our pentangle
bellswithamajorthirdinsteadsDundaltogetherdifferent.
The other important characteristic is the close frequency
span covered by modes 2, 3 and 4. It turns out not to be
possibletD bring successive low modes ofa bent rod into
such dose relative proximity, so that we must be satisfied
with a wider spread.

To simplify the caleulation, we first made the initial as
sumption that the rod from which the pentangle was to be
constructed is thin-a quite good approximation c and the
comers of the pentangle ideally sharp. Withtheseassump
tions it is possible to formulate and solve the in-plane vibra
tion problem exactly and to determine all the mode fre
quencies for a given shape. The computational strategy
adDptedwastDmakeaselectionofwellspacedguessesfor
two of the parameters and to search for values of
the remaining two that gave reasonable approximations to
integer-related frequencies for modes 2-6. Interpolation
then suggested the regions of pararneter space for further in
vestigation. This strategy greatly reduced the computational
problem SDthat it was easily solved on a personal comput
er. Just three acceptable shapes were found.

Since the pentangle was to be produced by physically
bendingmetalrod,itisnotrealistictoassumeideal1ysharp
comers. Indeed the sharpest reasonably attainable bend
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~
Flit"'" 2. T.. c pnctinl~ for Nncd pmlmg~ ,....
brau"lldtrnC"tll!<.

COTTeSpoodS10 bending tIx rod around rtsetf and e\-en len
extteme bends a~ desir.tblc in practice. A fimte clemmt
prognmwas thcrrfore uscd torl:fil\\' lhe solulionsarri"cd
at from the sha'1H'<)nIcr approximation and 10 tum lM,m
into practica l designs, This eliminated OIlC' o f the initial
share s. (or which the bends were 100 cxlrr mc, and lefl the
' '' '0 shown in fig. 2. Pentangle [i sncarly rectanllular, with
the terminatinll sidcs overlapping. so lhat they mm;t t>et>ent
shghtly out ofplene, whi le pentangle II looks rather like an
open coa thnnger . (l l has 1x>C1l sugge sted that it should be
eallcd a "boom erang Je" toc onfer anAustra lian t1avour!).

T .<\BLE I. :'I1udeFrequcn q 'R lli os

Penlaoglc I fidcal) 1.00 2.00 lOO 4.80 6.00

Penlanl!le l fca k ulalcd l (0.35) 1.00 1.% ) ,05 4.112 6.13

Pentanglel lmeasu.-ffl) (0.35) 1.00 2.01 3.05 4.79 S.9l
Pentangle II (ideal) 1.00 150 2.00 3.00 4.80
Pentan glel l ccalculak'dl (0.32) 1.00 1.50 1.99 3.04 4.76

Pentangle II lmeasur-eJ) (0,33) 1.00 I A9 1.96 J.OS 4 .7S

The calcu lated and measured ITlO<k frequmcin for the
n",) wpn a~ given in T",l>k I. II is ck"r lhat .. 'C "~re

able 10 achieve quill' closely o;-ooconbnl frrqueney nlli"" .
includinglhedesi~dmioorthird( ralio4.8). andthatlheU·

perime"1l",lfrequmcielo3gree\~ry .. dl .. ·ilh lho!.c n lculal
00. The pilches oft he p4n ials in l!M:wum l of pcnlangle lat
3 nomiT\:;ll1 pilch of CI ",rc appn nimatcly (H I)' C). C•. G•.
es, G j .....hile those of per uangle II are (f l). Cl• G ,. C•. G•.
Eb " l hefi~lmodc r i lch( in bracket\ l nol l:>e intt~all y ~ l·

evant

The out·of·p lane mod es arc quite inhartnonic in fre
quency rd alion. which is actually an advantage since il
gives the performer the abi lity to alter the timbre of the
sound by Mriking dire ctly or obliquely, Allcr subjective
acoustic evalu ation. penlangle II was j udged 10 give a better
sound and was adopted for further development.

4. T HE I~STRUMENT

The ~aling proble m for the pentangles is quile simple. We
C3IIeithCT~alebolhthe 1inear dirnen.ionsof lhepenlangle

and lhe d iamncr of the rod IOgClher. in .. hic h ca"' th<:fre·

qL!ency s,ales inve~lywiththelengihof the rod. orwe

can keep the rod diameter lilted and scale only lhe pen·
I3ngle dimension s. in which case the frequen cy scale s a.'
the inverse square of the lmg lh oflhe rod. We adopl ed the
second allema live. since it is much more econom ical o f rna
lerials. lhough foc an insln.unent wilh a really lal'j!:e compaM
some step- ,, 'ise Ka hng of rod dia meter would be Ik sirable

lkeau...ethe rod from .. hk h t.... pentan gles are made is
only 12.S nun in diame lCf. their radialion efTIdem:y is ~'ery

low er the fmj UC'ncic$ of modes I 10 6. Some sort of radi_
atingstructure is lheTeforerrquiredtoeouplethe\·ibralion
of the pentansles lo lhe sulToundmgair. Variow.possib il
ines were tonsH.kred. incl uding individual tu ne<ipipe res·
onators, as in the Al.,.mNland venous ,,~of ruM<! or un
tUl1filsoundboa rd resonalon. Wbile re<iOlW1l pipes have thc
adva ntage of' being lu.n:able 10 the tndh ·idual pentangles,

they alt' necessari l)· large and cumbersome for a 10" '.
puc aed instrument. We lherefore decided 10 usc some form
of soundboard radialor and 10 eoasmrcr an msrrument wilb
a full chrom atic octave of pentang les E1 10 EJ to cove r lhe
rcquirc mcnls of the iiCorcof T'l! ('<l

The design problem jor a scundboard radiator for the
combined pentangles is closely similar to thaI of the design
of a harpsicho rd or piano soundboard. The soundboard res
onances mUSI be well distributed over the full compass of
lhe fundamem3ls and upper mode, of lhe penlangles, and il
musl be possible 10 provide a COlipling tha t will drive u e t
ficiemly . The soundl>oa rd as finally designed by Graham
Caldcr<milh was enclrn.cd on ilS lower surface. to g;yC ad·
eqca tclow-Ircqucecy radiation from its ralher small Sill' .
and ClOSS bracing was glued to ilSu nderside ina pal1em de·
signed 10 give an apprt"Jlliale dist ribulK.t of resonance .. as
ched .cd b)' measurement. n..:§Oundboard tapers from ba••
to treble. and tltcc;,,'ity,oIume isn inlegr.tlpan ofus de
sigtt- n.einstrument is .oo.. n in general \; ew in f ig. 3.



Each pentangle is coup led to the se undboard by an elastic
cordvsimilar to a guitar string, connect ing one ofits sides.,
near a comer, to a point on a line offset from the mid-line of
the soundboa rd. This configuration provides efficient driv.
ing of the soundbcard while the point of ane chmentto the
pentangle can be adjusted so that the vibration ofthe pen
tangle is not too quickly damped. The elastic properties of
the linking cord are such that it damps the highest Ire
queneies oftl\e vibration and makes the sound more mellow.
lbe whole design is ergonomic, so that the player can strike
tl\e pentangles conveniently and see the conductor through
the upper part of the instrument. In a refinemcnt of the in
strument " I' have now provided dampers. operated by a ped·
al. that can stop the sound quickly, as ina piano.

5. CONCLUS IONS
The succes s of a musical instrument depe nds not so much
upon its technic. 1virtues as upon its musi cal effectiveness,
and this can be judged only by performers and compose rs.
The Tm C{JAI"",ha instrument produc es a new and inter
esun g deep bell-like sound at a loudness that is adequat e for
cltamber music or a small orchest ra. For large groups it
wou ld probably require some form of amp lificat ion, which
cena inly detracts from its integrity as an acoustic in
strumeruand raises the question of using a cernpletely elec
tronic synthesiser instead. Ho", cver it does havc the majo r
advantage lhat its nmbre can be controlled over quite a
large range by the player - by using beaters ofdiffercnt
\"eight or hardness, b)' varying the pos ition of the sm ke.c r
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~~:~n:;~ :~t~t~t~~t t:P;~I~ :~:~r:::.m..O:~nlt:~~
pret a musical scot'e rather than simply acting as tech
mcrans

A prototype of the instrument has now b«n built and
will soon be availab le for evaluat ion by the musical com
munity, Follo wing lhat, the design willcertainly be re fined
in detailbe foreitis sertled. We believe theinstru ment has
anirscresting musicelfutcre.
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AUTOMATIC SPEECH RECOGNITION

Mary O'K ane
Vnlven ity ofAdelalde.
Adelaide , South Au.t n lia

Abstraet: DiIT~rcnl bask approa.;hes10 1M problem of aUIOm.ll k speel'h recognition are reviewed and I"" i, SllO:teU

co mpared. A SUl'\q' is Ibm gi~", of AUUl'lIhan~MCh in lh;" "' p,d ly d..,.'clop1nB field

I. AUTOMA TIC SPEECH RECOGNJTIO~ 
WHAT ISlT?

The l<'ftn automatic speech recognition means different
things to diffe rent peop le. The popula r vision is ot some
thing like Hal in 200! or the sign in I~A_ Story. To those
who wor k in lhc field, a more satisfact ory defini tion is that
computer speech recognition is the process of mapping au
lornalically'SlJuOOpreSSUTe wave into an appropriale set of
linguistic entities (phones. words, phrases. intonational
•truc tures, concepts. etc.j. Scmeumes lhe tenn acaomanc
speech undcrslarlding is used for lhe process o f mapping the
soulldpressure wa, 'e to oonceptsbul inrttrntyearseven
Ihisprocess hasb«niochJdedinthelenn ' speedlrecogni·
non'.

Automatic recognition of word s in some particular nat,
ural languageis not neccssarily a hierarchial ta. k of first
recog nising phoneme s. tben putting these together to fonn
words. and then jo ining the syllable to form words. and so
on. Over time il has become c lear thar it is easier, by and
large, to recognise words or phrases directly and not to go
through a proce ss of hierarchica l linguistic combinations.
In many ways if is an easier task to recogmse words aulO
matically tha n it is 10 recognise phones .

Ge nernllysJ'l'C'C'l;h recognition is quali fioo as being either
' speaker-independent' or ' speaker-dependent' on the one
hand. and 'continuous' or 'isol ated-word' on the other
Th us speaker ·ind ependenr, continuous speec h rewgnilion
isaconsiderablydifferent {and hardcr) rask fm m speaker.
dependenl. isolaloo-word sJ'l'C'C'l;hrecognition.

2, AUTO:\1ATlC SPEECH RECOGNITlO~

- WHO DOES IT?
Automatic speech recognition is multi-disciplinary, draw.
ingon the field s of signal proce ssing, statistic s. phonetics.
hnguisnc s, psychology. art ificial inlel1igencc . and hardw are
de!oign. ln univeTSilin il is often carTicd outwithin elecfTi·
cal engineeri ng deparrm ems or compu ter science:an ificial
inlelligenc e l!epanmenlS although it is commo n 10find lin
guists work ing in speech recogemo n groups within these
department s

In Australia mere are groups working on specch recog ni·
non research in Sydney, Canberra, Melbourne , Brisbane,
Adelaide. Perth and Wollongong. TelcwrniOTC bas three
groups workin g on . peech recogn ilion rese arch and de-

velopmc m. A sma ll number ofi ndigcnous companies carry
oUl commcrcialact iv il ics i n this fieid-onc ducs spc~'Chrcc

ognition research and develop menl dire ctly. others import
speech recognition technology and use it in systems they
sell . Severa l muhinane nalcompanies are bringing speech
research produC'ls into Au.tralia. albeil in a w mewhal limit.
ed way,

Before uamining AUSII3lian activity in this area. it is
probably won h m ,iewing the history of intemat ional reo
search in Ihis fi eld brie ny.

3. A VERY SHORT HISTORY or
AUTOMATIC SPEECH R[COG:'IIITIO~

In the driv~ 10 incorpo rate intelligent JlCtception capal'tilillcS
into compurers.euromanc specc h recogmnon has been seen
as onc of the hurd prohlems. Speech is a highly complex
and redundan t code. There is no simpl~ mapping between
the sound pressure wave and useful linguistic entiti es. The
developmcnt of adequale mapping has bccn lhe busine>so f
!heau!omat ic speech recognitioncomrnunity for over I....ell.
ry-f ive years.

While Iinguis,," in lhe 1%Os had made some aucm pte af
automatic recognition of limited sets of words using di s
criminaliontechniq...es. the fim . major, large·sc ale a!lcmpl
ic tackle the problem was a multi-million dollar project in
the first half of the 1970, funded by lhe American Ik
partmcnt of Defense Advanced Research Projects Agency.
The ARPA Spe<:ch Understa nding Project [I] ended in a
surprising way however. The Projec t specifications had
staled that Ihe goal of the various systems funded unde r the
projecl\\iaSlheunderJ/und'''g of simple queries (10 tbe lev.
el that the sysleJm could generate a sensible respon se in a
highly -restricted linguiSlic domain ). Of the four finaiisl
S)"Slems cany ing oul lhe dehbcrarcly-restncted las\< in
volved . only one system. Harpy. met lhe Project goals of
over9S·... COlTtC1understanding of semant ically - and syn
tacncally e resmct ed urtera nces in a hrmted dcmam of dis
course, spoken by oneof the speakm for whom the syslem
badbeentrained. What made Harpy such a surprising win
ncr ....as the simplicilY of its archi tecture. The incom ing
speech was signal-p rocessed using a ~ ing lc processing Icch
nique, then the transformed speec h was fed into a simp le
phonetic decodcr whichassignedcachsu\~~ssivesmallsec·

lion of speech to one oF98 possible quasi-pbonctic labels.
The label string was then fed 10 a weighled network. paths



through ", hi. h represemed all possible legal utterances in
the restricted domain . The best-pat h for the input label
string was declar ed the utterance. Other finalis t systems
had used much more sophisticated architectuTCs with ret
ativclyindepcndentsub.systellU laking carevariousl yofse
mantic, syn taclic, pragmatic In d phonetic know ledge and
analysis. Somehow the con"pt of 'compiling' IDO){ of tile
syste m know ledge into a single net....crk seemed messy and
certa inly was a difficulty when new know ledge (new vo
cabu lary items, for example) was 10 be incorpo rated ill the
system. And this indeed was the problem ' The Harpy net
,",ork lladbecn hallderafted . Tbe handc raft ing of rnore gen
eral systems clearly was nO{ feasib le. Until someone
worked out bow 10 gcncratc sucll networks automatically.
tbrs apprccc b seemed sruck

Aller tile end of the ARPA Speech Unde r~tandi ng Pro
jcclot herapproache~ were tried , most notably lhcnot i on of

rule-based systems which hlld lhe advantage of a simple but
easily mod ifiable srchuecterc b UI which . [ike lIarpy, did
very welt in restricted siluations bur failed incrca~i ng1y as
the problem was gene ralh ed. Automatic rule genernlion
was needed here in muchthe same way that automatic net
work ccn structio n was needed to generali se HarpyClearly.
in both cases. slime form ufma chine learning was needed

An importa nt step forwa rd was the realisat ion that if ma
chinc lcarning was to be ..scd. then l ar~. 5ystemalically_

coll«l.-d..and·labelled spc«h data ooll~t ions "'ere necded

on w'hich machine learn ing algori thms could -lIain·. {Be.
~nrc this a remarkably large amount of recognition won
was done on a remarkably small set of somewhat odd data ,
chosen because of the difficulties to recognit ion the ex
amp les presented. The favouri te sentence in the U.S.A. was
" Wc w'crc away ayearago". lt was o llensaid that lhe fa
vourite in Austra lia,boIh for synlhesis and rccognition re
search. was "Good day 10 you, bad kangaroo ' "] Initiatives
were startcd aroun d Ihe world to collect and label large
speech databases

A major breakthr ough came in 1988 when Kai-Fu Let'
[2] al Carnegie-Mellon Unive~ity demonstra ted a speaker
independe nt continuous speec h recognition system rec
ogni sjnguneranc eswil llgreat~rlhan 9<l% aceuracyfroma

restricted-domain. lOOO-word vocabulary. The key 10 its
success was the usc of a H idd~n Markov Model (H~t'''1) as
the basic architecture which recognised the input speech as
a series of ovcr lapping trigrams and which in mm rea
sona bly easi ly yielded wold strings. The system. called
SPHINX. was automatically tra ined on a hand- labelled 00

ubascof 4200uUetancesfromI05spcakelS. Here was the
generalised Harpy, not 'un derstanding ' much perhaps, but
rccognising words we ll - farbettcr infact tllan humanscan
do on certain tasks such as the recognitionof digit strings.

II seemed that the recognition task (speech 10 str ing of
words) was soh'ed provided one badan appropri ate rrainmg
database covering all possible words in tbc utteran ce. And
of course this is where one of themaitl problems wilh gen
eralising this technology lies - understanding what con
snnnes.Jet alone collect ing. an appropriate database.

Before proceed ing, it is worth briefly considering lh...
commefCla[ spinolIs of both Harpy and then HMM tech-

nolog ies Thespinofffrom ll arpy hasbccnlbcspeakcr
dependent, isolated-word systems marketed by firms such
as Dragon. Kurzweil and verte x. These systems have ex
tremely large vocabularies. do nor take long to train for a
newspeaker and are easy to usc (in terms of leavi ng a short
gap betwee n the wordsj after very little practice. The ear ly
spinoff, from the HMM technology will moS! likely be seen
in sy51em,wherc lhe.'ocabu[aryisnarurallyfairly limiled
Systems of this sort currently in advanced trial stages arc
various telepho ne system, such as bill-paying systems
where the system is required to recognise digil str ings and
simple commands spoken by the caller. These 'ys lclllli arc
feasib[ebecausc lllTgedatabascsofdililit stringscol1~ted

overthe telephone curren tly e'ti st

4. RECENT DEVEI .OPME:"lTS AM )
PRJo:-OCCUPATlO!"S

Over the last ten yea" . bUI more particula rly ove r the last
five. the developme nt of spoken language systcms (SLS)
has been identified as an important goal wilhinsevcral na
tional and international projCd s. The system specifications
for these SLS require high levels of undeTlllanding and lhe
prod uction of suitable responses, often to spoken database
queries. The massive industry-government Japanese Aulo
mane Telephony Research (ATR) Project goes even further
and aims at mach ine lranslation s}'Slemsalthough several
specjalisegroups wahin tbe Project exarrune panic ular hard
prob lems within the general SLS framework (set ATR an,
nua[rcpor1~whichcontain allpa~ - se\'Crathundredin

[992 - published from ATR within the year covered by the
report), In the United Slates a major SLS effort is co
ordmate d through DARPA. This wor k is notable for the
regular system comparisons and evaluations that are held
two 10 three limes each year. The results of these are pub.
lh hed by Morgan Kaufmann under Ibc titl e " Proceedin gs of
lhc Spccchand l\"aluralLanguageWon.hop- .In Europe
large-scale, multi-language SLS work has been funded
through variou s European Union initia ti\,t s, mo, l nutably
ESPRIT. This work is published in a variety of EU·
spoesored poblicanon s.

Com municat ion beeween the big prujeet s and bet....een
them and resea scbers in other ceumn es not involved dtrece
Iy in major SLS initia tives (e.g. Allstraliaillas been fa
cilitalcd by the emergence of new and now maj or confer
ences such as Eurospeech and [CSLP (Internat iona[
Confere nce on Spoken Language Processing! and by the in
lroduct ion of new IOpic areas into e~ isting majo r con fer
ences such as tbc session on Wordspolt ing that has heen a
fealureofrecenl lCASS P (I£ EE lnternano nalCon ference
on A cous ncs SI""~h and Signa l Processing) . By any mess
ure - the capabilities of the syslems demons tra ted, the
amount of money invested in the projects, tile numbcr and
qualily oftheresearchel$wotking in the fie[d, the [evelof
industry moncy bcinll spent in the area ctbe modem acnv
ity in SLS is impressi\'e

5, AUSTRALIA!" SPEECH RECOGN ITION
RESEAR CH

[n con ~ideri n g work done in Auslra lia it isworth bc ari ng i n

AcouSI~S Austral ia



mind that Austral ian research work has not had thc same
strategic funding impetus that has occurred in largcnational
anduansna tiona l proje<:tssu.e has the ATRProjectin Japan,
thc DARPA Speec h lnrtianv e in tIM: U.S.A. and the ES
PRIT Program in Ib~ Europe-an Union. Certainly funding
for speech recognition resea rch in Aostralia bas increase d in
recent years hut not through any specia l funding initiat ivcs.
Also , the amoon t of iljle«h rese ardl carried out in Australia
has increased ove r the las! decade . Relatively however,
AUWlIlia's importan~ in globa l speec h recognition re
search has declin ed This can be seen in vario us ....ays sw.:h
as the ratio of the numbcr of Australian papers in major in
tematio nal conferen ces to the numberfromOlher coun tries
or by comparing the ratio of tbe number of citat ions of Aus
lralian papcrs to paper s from other countries in 1993, say,
10 the ratio for 1983.

Au str ali an Spl"eeh Re.:o&nitioo Rc~arch _ .\ la jor
T hemes
There are two pos sible ways to describe speech recognition
I~¥ch in Austra lia either by group or by theme. I have
cl»Kn the laner approach as severa l gto ups carry out a va_
rlel)" ofprojects on different lopiesandbe<:auo;ethereisa
hitth dcil r~C of co-operance and eonabor-nion between the
....ustral~ laboratori cs worl< in g in spe«h r«ogn i t ion

In AU" ralia there is significant co-operation also be
fWC'Cfl spt"ech recogn ition\lroups andgroups ....orkingon
(lJoo al'us of speech research (s!l«ch syttthcsis, te1\t. to
~Cl;h.·reaker idcn t i lication and charaeterisat ion. speech

comp rcssioo, speech aids for 11K:deafdcvelcpmer aal trend s
in child speccn, aphasia, etc.j. An overview of the ovc rall
picture of Australian speech research can be obtained from
tbot proctc dinp of the two main national, speech· re lated
con ferences which are held in alternate years. These coe
frien ~cs arc 11M: Speech and Language Co nference which
hu ~ p~ychohnguisti c Ioces and the Speech Science and
Technology {SSn Conference which has I machine speech
focus. There is also a speech society - the Australian
Spe<:ch Science and Technology ASs<xiat;on (ASSTA)

Dal . b. 'CS .n d lnfr astrildure

Australian groups were amongst the earliest to realise the
impon ance of large, caref ully-collec ted-and-labelled speec h
databases. Wilh the suppon of Computer Resea rch Board
funding. Dr Bruce Millar and Dr Pau line Bryant, from the
ANU. and I collec ted a large database in 1982 · 83. This da
tabase which was designed 10 be useful in a range of speech
research ineluding,pecehr«ognitionstudies.contai~d

speec h from a large number or speakers . Each speaker per
formed a variety of spoken tasks including free conve rse
tion, rcad ingset passages, descriptive and conversational,
readi ng phonetically -bala nced sentences, reading word lists
and playing word games . Detai ls of each speaker 's health,
medication and frame of mind WC'!"Crecorded at each re
cording session. All speakers recorded alleast len limn
over a period of some months, Th us this database was
well-controlled for speaking style and provided ideal ma
terial for studie s of speaker voice changes over time , This
database was uscd for various projects and with dat abases

con tributed from tbe Uehe d Kingdom. the Netherlands aoo
the U.S.A. became one of the fih t databases available for
international com parative studies.

In order 10 be usefu l for most speech projecls. and most
panicu larly for training of speech r«ogn i\OTS. speec h data·
bases need to be labelled care fully and cons istently. The
task of speech database labelling is elltrcmc ly time
consuming both in Ihe actual labelling phase and in lhe
quality< onlroJ.check ing phase. Dr Michael Wagner of the
Australian Defence Force Academy (AOFA) devised an at
gorith m early in the 1980s for assist ing in the automa tie
alignment of~h "",ith a label file. This algorithm pro
vided inspiration for many alignmenl algorithms in usc 10
day

The need for very large amounts of dala has increased m
r«entyearswiThthedevelopmentofspo..~c h ~ognitiona l 

gonth ms which perfo rm well if trained with large amounts
of data-. Even if it is on ly to use speec h recognition tech
nology developed elsew here, lh~rc is now a need in Au§.
traha for extremely large amounts of data comp arable to
that coljected by telephone companies such as AT&T in the
U.S,A, Recogn ising this. four labo ratories (at Macqaarie
L: ni\-c~ity. the Ueiversjty of Sydney. the AI\ U and the Na
Tional Acoustic Laboratorin ) init iated in 1990 a new and
"ery large nalional speechdatabao;eproje<:tnow funded by
ARC Mechanism C funding. This project is coordinated by
Dr Jonathan Harringlon at Macqua rie University

Specla l-Porpo. eSll::naI ProcC'!.lnll for Reco\Enltlon
SpeechrecogniTionalgorithmslrel!cnerallynotdesig~to

work on digi ~II Y· l.ampled speec h directly . In most syslem s
the ~eech issigna l -proceso;edaceordi ng tooneor mOfC sig

nal-processing atgorithmsand it isth~outputof this signa l",
process ing phase which is fed 10 the speech recognition 11
gorilhmsper sc. DilTerent signal prncess ing algori thms givc
rise 10 diffcn: nt recogni tion results and so an important as
pect cf speec h recogn iTionresearch is lindinglhebcstcom.
binationof signalprClCcssingand_peech ra:ogniTional_
gorithms

Austra lia has a well-es tabhs hed reputauon in the signal
processing field. It is notew orthy tribute 10 this reputalion
thai the IEEE International Confe rence in Acoustics.
Speech and Signal Processi ng is to be held here (in Ade
laide) this year. Professor R. E. Bogner's group atthe Urn
versity of Adelaio.le has carried out research in speech signal
prece ssing for the last twenty years. While mo st Australian
speech recognition groups do s om e research in signal pro
cess ing. tbe mOSI interesting recent developments have
beenin auditory modelling and in the use of wave lets

Auditory modelling researeh aims to signal process
speech analogously to the way in which tlte human audilory
system processes il. It is an attractive goa l because the hu
man auditory processing system is both compulationally ef
licientand very rooustal processing spe<:chin the presence
of baekground noise. Building and testing vario us auditory
modc l~ both in software and hardware. was a major feature
of the GLASS Proj ect, a mult i-laboratory speech recogni·
tion project, running from 1991-93 and funded by an Inter
national Science and Ta: hnology Committee Gram. Within
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this project, Ara Samouelian's group at OTC (now at the
UniversityofWollongong) concentrated on the develop
ment of auditory models in software, Dr Clive Sum
merfield's group at Syrinx Speech Systems built efficient
hardware implementations of the best models and Dr Phil
lip Dermody's group at the National Acoustic Laboratories
tested alternate models both in quiet and against controlled
background noise. Several other groups have investigated
auditory models, most notably Michael Wagner's group at
the Australian Defence Force Academy.

Wavelet processing is, like the Fourier Transform, a
means of obtaining a frequency representation of the speech
signal. However, unlike the Fourier Transform, its fre
quency representation is quite similar to the frequency
transformationdonebythehumanauditorysystem-notas
similar as the frequency representation achieved by some of
the auditory medelling processes but a great deal more ef
ficient. The main Australian proponent of wavelet pro
cessing for speech recognition is ProfessorAhChung Tsoi
at the University of Queensland. Recently, Professor Peter
Hall and his group at the ANU, the leading statisticsre
searchers in the country and old hands at general wavelet
processing, have started applying a series of improvements
to wavelet processing of speech with a view to achieving
major speech recognition score improvements.

Speech Recognition Using Hidden Markov Models
As explained above, the Hidden Markov Model (HMM) has

,Iedto the greatest improvements in speech recognition
rates worldwide. Most speech research groups in Australia
have now acquired and implemented some form of an
HMM recognisor, either for applications work or as a
benchmark for comparing other recognition technologies.
Some groups are also actively pursuing research into re
finements to the HMM. Most notable in this respect is Pro
fessor Kuldip K. Paliwal at Griffith University who recently
came to Australia from the AT&T Laboratories in the Unit
ed States. He has worked on improvements to HMM train
ing algoithms and on the use ofHMMsonnoisy speech, a
topic also being tackled by the group at the University of
Sydney, led by Associate Professor Robin King and DrJu
lieVonwiller.

Several groups have developed particularly interesting
demonstrations of speech recognition applications using the
HMM. These include Associate Professor King's group at
the University of Sydney, Dr Michael Flaherty's group at
Telecom Research Laboratories, Dr Michael Skordalis'
group at the University of Melbourne and Dr Jan-Ming
Soong working with Ara Samouelian at OTC (now Wol
longong). Syrinx Speech Systems has been funded by the
Industry Research and Development Board to develop
HMM technology for commercial applications in Aus
tralianbusiness.

Neural Network Approaches
It is clear that some form machine learning is necessary ina
speech recognition system in order to achieve high speech
recognition scores. However it is by no means clear that
the HMM is the best or most appropriate form of machine
learning for speech recognition. It has often been suggested

that a more appropriate form of machine learning could be
a2hieved by using neural networks. This issue is being in
vestigated by several groups in Australia. The first to ex
periment with this was Dr Michael Alder who works with
Professor Yanni Attikiouzel at the University of Western
Australia. Dr Alder started investigating the use Kohonen
nets for speech recognition in 1980 and since then the
group at the University of Western Australia have in
vestigated several different neural network approaches to
the problem.

Others doing innovative research on using neural net
works for speech recognition include Ah Chung Tsoi's
group at the University of Queensland, DrMarwanJabri's
and Robin King's groups at the University of Sydney and
Shu-Ping Ran working with Bruce Millar's group at the
ANU.

Chris Rowles' group at Telecom Research laboratories
constructed a clever neural net speech recognisor which,
while only recognising about ten words, was a remarkably
friendly, fast and robust system which allowed users to find
out what movies where on in their local areas. This system
demonstrated the feasibility of introducing well-tailored
and cleverly-limited applications of speech recognition into
Australian telephone-based query systems.

Rule-Based Automatic Speech Recognition
Through the period 1976-87, the predominant paradigm in
speech recognition was the use of rule-based systems, a
technique that evolved from the application of expert sys
temstechnologytotheproblemofautomaticspeechrec
ognition. While many such systems were one-off systems,
my group (then) at the University of Canberra developed a
programming language, WAL, which has a syntax which is
easy-to-useandparticularlysuitedtowritingrulesforrec
ognitionofspeechatanylinguisticlevel(phones,diphones,
words, phrases) or any combination of levels. By de
veloping speech recognition systems in WAL, rules de
veloped from one application can easily be incorporated
into new applications. The language can also be used to
test phonetic hypotheses (e.g. rules about how particular
phoneme manifestations change in varying phonetic con
texts) and is also applicable to the development of non
speech-wave analysis rules.

Some very sophisticated speech recognition rule systems
have been developed which shed a great deal of light on
complex phonetic research problems, particularly the prob
lem of coarticulation, the phenomenon whereby, in human
speech, any particular sound ismodifed according to which
sounds proceed and follow it. I worked on this problem for
a number of years but currently the most active Australian
researcher in this field is Dr Franz Clermont, a member of
theADFA speech research group, who has developed so
phisticated,coarticulation-sensitiverulesforvariousdif
ficultsoundclasses.
As stated above, the problem with rule-based recognition
systems developed in the 1980sisthatitwashardto see
how to incorporate machine learning into these systems and
thereby take advantage of the large training databases being
collected. The Canberra group has shown in recent years



that this can be done. Ara Samoudian has devised a pa r
ticularlyneat so lutio nto the prob lem by applyingrrofesSOT
Ross Quinlan's (from the Univers ity of Sydney ) famoes
gene1'3lised machin e learning algori thm, 103, to sen of
speec h recognition rol es.

A spinoff develop ment at the Unive rsity of Ca nberra
fromthe work on incorpo rating mac hine leam ing into rule
based speech recog nition sy stems has been work on the IOP_
ic of recognition of speech using broad encoding s. a tech
nique whic h lakes advaruage of the high iofonna tion reo
dundancy in speech and leads to a naturall y paralle l
algori th m for very e fficien t speec h recognition

ll.ecollni tlon of C hin nt'

Micha el Wagner 's group at ADfA have bee n worting on
the recognition of Maooarin Chinese for many years . Th is
grou p was one oftlK' first Ilroups in the world to ane mpt 10

reco gnise tonal langu ages, Surpris ingly, give n the mulli
culluml natu re of Australi an soc iety and its proximity 10
Asi an and Pacifl c cou nme s.fhere has bee n remar kably linl e
speech recogn ition rese arch in Aus tra lia on languages other
tllan F.nglish

ProiO d)'_Asslst ed Il.KOgnlrlon

Rob in King and Julie Vonwi lltr , work ing in conju nction
with Chris Rowles and his group have for some time bee n
investiga ting ways in wh ich recog nition of prosod ic factors
can enhance automatic spe«h recogni tion resuhs . Prowdy
includes intonation , stress , spea king rate and loudne ss. all
of which eo ntrib ute significa ntly to hu man recognit ion of
speech .

Wor dspll tll ngln C oot inu ou sSlW ech

The groups al the University of Que ensland and lhe Uni·
versity of Ca nberra have bee n work ing in the field of word
spotting in continuo us speec h in recen t years, w ord
spotti ng involves aUlomatically 's pou ing' a set of largeI
words in ine presence of words on wh ich lhe spo tter has not
bee n trained . Th e aim in wordspc mng is 10 max imi!oethe
spolt ing of realotcurrence'lofthetarg:(1wordsand tomini·
mise rms-spoes. Woedsporting is pan icularly use ful for au
tomatic inde \ ing oflong,5poken docum enll soch as rele
phone, coun , par tiamen lary andmed ia tl'<:ordi ngs

:\1easur ln li(R rcogni w r Effectln nr ss

Anothe r major asp ect of the GLAS S Project was Ihe sys
temat ic i tOOY of' pop ularly-used meas ures of' speech rec
egnisor effec tiveness. This work, carried out by the Uni
"e rsityofCanberragroup, demonstraled lhe over",' ptimistic
nallll"e of some ofthesc measures and proposed various
mod ification swhichwouldgive sp<'ech recognil ion'lystem
dev elopers a bener indica lion of how their sys leffiS improve
as more lI1Iining data ls uscd in the system

Spoken Lln l:uagr S~·strms

With the drastit impro\emenl in autom atic speec h reccgai
lion rates over lhe'ast fi ve years,manY ~'ioearchers are oow

invesng anng the de velopment of syste ms ",hkhf;aD, in a
limited way, understan d spo ken language inpu l naturally
and efficie ntly and produce approp riate respo nses to quer
ies , Thisis a pa rtieularly difficult problem because 01 the

AtoustiCS Aust ralia

stop-sta rt nature of spoken, as opposed to wr itten, language.
Chri s Rowl c'l' gro up at 1 el1'<:om Research Laboralories.
Rob in King' s group at the University of Sydney and my
own I t the University of Adelai de an: all wot king on the
problem of building telephone-dialogue-query systems
wh ich have the capahility of dialogue rtp;llr ,lhal is, even if
they do nor fully 'u nders tand' the query , they can sustain
the dial ogue and elucida te what is required thro ugh ap
prop riate ly sensitive qllest ioning

C ommer cial Ventures in S pet' ch Recol:nltlon

Syrinx Spee ch Systems, es tablished by Dr C live S um
merfleld and Prof es'lllr Trevo r Co le. is the onl y indigenous
compa ny actively carrying ootfl" scarch and developm en l in
speec h recogniti on. Seve-ral ocher companies an: impornng
speech recognition techno logy into Aus1rali a and sellin g ei
lher stand-alone systems or sys lems thaI can be in
l;orpo rated inlo mu lti-purpose developmenu . One of the
most innovative such compani es is the Western Austra lian
co mpany, Digital Technology, which impo rts Dragon Sys
lems speec h recognition technology and sc:lls it as a comp le
ment to irs own locally-develope d spt<:eh massive-storag e
technology. An examp le of clever incorp oratio n of speec h
recog nilion into a larger sys tem is the v ertex speech rcc
ognhion facility in the Sydney FURJres Exchang e

Int rod ucing Spe ech ll.ecOJtnltlon TechnoIOll" to the
Co urhlRd p.,lIl mr nt

In recen t years various Commonwealth and Stale authorities
have been invcst igating efficiencics lhat can be achieved
through introduc ing automatic speec h recog nition syste ms
into lhe ir operanoes. Aucripr, the pan of the Com.
monw eahh Anomey-Gene-ral 's Department which provides
transcrip tion services to the Federa l Cou rt, has been par-'
ticularly activc in this, working close ly with stale co urt re
Jl<Irting authori t ies and with Hansard both federally and in
various stales , in invesligating lhe pote ntial for spe ech rec
ognition in ass isting in the mass ive transcn pt prod ucucn
that is carried out in Australia each week, The work done
b)' these group' has led to keen inlere't in spee ch recogni
no na pp lica lions in assoc iatcdgrou pssuchaslawfi nns .

Find ingOul:\lor r /\ bo ut ll

This has been necessanly e very brief eveview of speech
recog nition ",on: in Australia . I bave nct give n references
to public enon s on the various Australian projec ts lISthe ref;
erence list would be massive A good starting po int for
more technical details is the proceedings of the \'arioo s SST
conrerences held every lWO veers since 19H6. Th e 1994
conference is to be held in Perth in November. Attending
an SST co nference is a splendid way to meet the spec<;hsci
ence eom munity in Au'tra lia and a good way to hea r latest
de1ieJopments in the various loca l proj«ls

RJ:: "'l Rl::~CI:S

I D.H Klan.. MRevic-wo( tl>cARPA Spe«h Undem anding
Proj«tM J. A,""(>,," Sor ,~ .. t>!. I:WS_ 1366 (1977).

2 K,-F. Le. , A..r<>ooal'JCSp«-rAR«t>p;liOII.11l,,~,,"1

a/ rhO' SPHINXSynC'",. Kluwer Academic Publiw rs. Bml{)l\.
(1989>
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The IIIumicube - Art, Light And Sound
Kerr)' Simpson.
l' hmp~ U l:htl nll;, 86 Wentwor th Aven ue, Klnlt'lOn, ACT
(formerly with ACT Elecericuy and Water)

The illwn icube evolved from a desrre by ACT Elecsricity
Authority to e<:ldl rnle its silvn annivenary by donating a
gift to lhe eity of Canberra. The gift "'n to take the form of
a "lighl 'j(ul pl u~" ...juc h, amoog OIhn features, was to be
dynarmc and "people responsive"

A cube shape was selected to compliment the nearby
shapes in the city centre location and 10 allow the light to
project downwards. The sides of the cube are approx two
metres and each face comprises a grid of glau bloch. The
cube is installed in a cayplaza and is orientated so that it
appears 10be deheatcly balenced on QneeOrrk:r

The dynamic requirement is provided by changes in the
colour and inl en ~ily of the lighl wjlh changu in the
surrounding sound. Asimplc musicclcurrchaser kit is the
heart of the control system. Electret microphones ·
disguised as structural etemems - arc installed in the comers
of lhe cuhc and the signal is fed lo a mixer/amplifier in lhe
service pit. The amplified signal is then sent to the
conlTO ller, located in a garden bed nedl'by. The audio signal
is separated into four f~quency bands, The signal from
each Ircquency band is transmuted via a relay system to a
palchp;.<nelfor inilialingl ite various colourcd hghrs.A fifth
channel monnorsrhe signal ofthe other four channels and

,;" ,i
~~~ .
, {" ,.. -

pro.i dcsfor lighlingwhenthere aren oac ouMicinpulS
Each of the foor frequency bands have separate

sensilivily controls. allowing for "luning" of their
respon~,ie lhe high bandissello ~spondtoawhistlc

while the bass end is set to respond to low fre<;jucncy
rumblings. The lights arc ~wilched on or o lT, ie not
regulated in inlcnsily, Due \0 the thermal dynamic~ of the
500 wall filaments they do appear 10 dim up and down
AI,o a l'lrie f lriggering will not allow the lamp 10 reach full
brilliance. again creating the imprcs., inn of varying
tnlens'ly

The simplicity of the technology has kept the operating
coslstoles§Ihan$2per night The lamps and fihers need
10 be changed as pan of rootlDCmaintenaace. The only
maintenance S(l faronthesoundsY"emha~betnach.ange

of in-lme connectors to the micror h...nes. The originals
sufTen:d fwm moisture penelralion following the usc of
steam cleaner units by over-exuberant cleaners

The iltumicube has been opcranng successfully for a
n umbc r of ye ars and hasestabl i sh ed it~ l f as al andmartih

rhe ACT. Passers-by are drawn 10 the display and will
make various sounds such as , hOUl , whi,lle, clap. singe lc.
10 get the different effects. Otten adults will wan until no

one is looking before joining their leSli
mhibned children in some type of
noise making The design won the
ACT Adminislration Award for

... outSlanding technical and design
innovation However. most satisfaction
is gained from seeing Ihe cxcilemenl
of children as the sculpture responds
to their sounds by chanlles in co lour

This is the second of IlIl

occasional series on public
sculptures featuring acoustics
tfirst in Vol 2/ (2) 5 /-54)

Articles or Reports to continue
this series are invited .
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Report AAS Ce unctl Meetln gs
~ Slot and S2nd COlml'i1 mt<1ing. ....=
~Id in Adelaide on 8 and 10 Nnv'ember
19Q) . Tho m«lings wen: ,",'ellaner>ded
with all Slat• • f\11n:sented by IWO (o~n

cillon

The Cha,rman of Ih. Counci l Standin,
Commill . e on Memb<:f$hip. Ken Cook. n:
pon ed Ihol I I gn ding. hod b«n maok
Ihn,...ghoul Ihe ye". They eompm ed 6
M. mbtn. 2 Affili. le< (now Au oc ial. ,). 2
, uhsc;rihersandl.totk nl. Them.mhers of
Ihe Commillee ore Ken Cook. John noV)'
ond Bill Davern. All ( ommilte. m. mhers
..... rere-eI. cI. d. Th. R. gi.l r•• . R. y Pi.....
"'I"'ned lhallhenumbe.oflldrnissions.nd
eI.va t,ons 10lbe Soci.lyw.., 16 in 1993
Th. number ofn ..... M.mbers per year has
de.l'C"uro from 2S in 1992 to 14 in 1993
There we.e 12 .e ,i llflalio"" and removals
from lhe R.gi"'f, Curr. nt Sta,.sralislic.

NSW 177 Vi. lIS Qld 46
SA)4 WA 46 TOI. 1 4 18

I ~ was noted that Science C. ntte had
,ncorrect data on some membe.. whleb
.e, ulled in Sob,c ri!" ion Notk~ , Science
C. mre has been advi,ed of these malters
Cou""il p'O(\O!'ed a Spe<:ial Resolution \<l

sel lhe I.>,y on Divi, ion. at 6O'4 0l' the
annUllI , uhscripti01l payab l. by members
onlhe Regi' to. a, at]O N", 'embe. 1993
CO\lIlCillo.s wili bev otinl\oo lhi. maUera t
the end ofF ebnw)'.

The 1994 AASC onl'e-ren<:. i.being held ,n
Canhm'a9· 11 "'ovembe.and lhc AG),!
and Cowu;il m~inllS Ul' plann«l forth i.

hme , John l>unlOflrec.,.-ed lbe agreeme nt
of CUlU1d l to lopOrIsor. ronf eren« on
A.OUS1ie Imaging and Remute Sen,ing S _
1 Dttemberl 994 , The Viclorian Divi, ion
bid for the 7th lmernalional Congress on
llle Biolog ical EIT« h Noise ( 19'JH1and i•
. ...ailing1hc:o uleome

The~ral Seerewy a.d>i>ed 01' tbe im·
porunceofein:ulaling lli visiona l Mmul••
", importanlmformalioni.eollea ed from
rhesedocuments. Counc iln:crived n:pon s
from AAS re-prcs.entali>'. , "" Au'trJllia n
Standard' Commilt~e.. II wa. OOl.d Illal
tllere is "", aIOlofacl;"ny;noomeCom
millces al the moment a nd Ihal il i. the pre--
rog.ti...., of AAS 10 n:queslthe dev.1op
mr:nlof ilandards a'''l'P'''!'ri.l e. We>lem
Auslraha and Viaori. presented proposa l.
for lheok "e1opmell1of pohli.....lon. lohe lp
prOITlOl(' lhe Soclery. BoIb Divi. ion. will
be proceeding wilhlh.; . iniliativn.

N",, {a Edding'QIt _G.". M l ........~''''' ·
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1993Annual Con fere nce,
Australian At oustical Society

Proun.iaAeo.." ;"s,"'oi,, and
Vihnllo.. Coalroi

Th. Society'. AnnualConf= nceforl9'lJ
was hosfod by thc SOlnhA",lnlJia Divi.ion
and held al lbe Ramada Grand HOle!.
Glenelg on 9- 10 "''''o:mber 199J
ExceJlenl COllf~..,,,,,e f~lilies and catering

set Ih. srage for. very suttessfu l
conf.I"CfIC' which ""as attended by 80
deleg. le,

M r Rob Th oma•. £a ecuti"e Dlreao••
Office of Ihe Enviroomem ProIe<1ioo
Authorit y. Sooth Au.l.alia open.d lhe
Conference. Ke)'flOie 'lX'akcr. Dr Bern d
Roh ma nn recemly . ppoiOied 10 the
Uni>'ersi ty (If Melbourne. DeJ'artmenl of
Psychology, and pre"i Oll.ly Adjunct
Pro fe. so. allhe University of Mannhe im
pre... nl.d a vel)' ,li mulating address•
' P,ych(llogicaI Perspec1i,,", on Rcgolaling
Noi' eE mi"' ion. "

A loral of 28 T«hnieal Papers coven'd a
broad speclrum of aco" ,llc l<>pies and
Trade Exhihilion pro\' ided up \<l date in·
formalion on mea,mi ng equipmenl. pro
ccssing lechniques and acouslle products
The Con f<:!"Cn'e Dinn.r . anended hy ap
proximalely 70 delegate. and ae·
companying pe.son s. was a highlighl of
the ,on feren,. functions

Allheclo.. of1heoonfe~nee. n~wlyelect.

ed Pl"C$idcn '. Mr J " hn' I .• mber!. pre·
semedthePresidcnt'.Pri« f"rth. b. "
paper SlIbmined to tbe ",nference, by a
memberof lhcSociety. 11lep ape. "loc a·
tion (If Boried Obj.c ts hy an ACOlJ<lic Im
pol... TechniqlL~' "' a. eu-aothored by A.S
ROllersandC.G. DoD

Conference Proceedin gs
Thc fol lo"'mg p.l'<'rsw.re ~resenledat the

",nf.renc ••nd.re p' llIted in the pm
""e ding,

Costs for wpirs (If the I'rocttdinCs. in
dusi>.ofpKkogingandpost.g .an.

withinA "" ASSO b)O". rseas AS60

Orders ...'illrpa''''nl l ilf AS slr"" ld M
jon<YlTddl,,: .iILSl AMu..IiClJIS«i<'l)". cJ"
Dept of ...,. cI,aft;ClJI Elfg' lf«rilfg.
{,'lfi.......il'l' AJ<d4 itk . Sn" IJr A", ""tia
5005

° Keynolf papc

Psychulogicalprn;pecti>'nooregulalilli
noise imissi"" •. Pro! Dr B..,."d RnIr. alflf

° M=a'~l'C"m.nt "'d Control ofNoi...

A le<:hniquefo. men uringiD>1alledoi lenc
erperfonTlllD<:e.BMart jlf

Use of puly ur. thane damlX'ri 10 rNlIC\"
noi.. from I roll· forrn oil. ... H \ f H-j l/i arn_
,olf & CG S!'<'akrnan

MS-DOS 00"'" ~y Slems for IIfP1X'l noise
conlrol, AD Walli. &.R Thome

° Ac",, " icJi n Sohds

Sound at1enuation. enhanced by fnn:ed
re,,,on.n ce. of elaSl(lmer I.yers conll ining
reMln.t ing airin""J.B CHWelfdlaftJI

Location ofbun.d objecl. by an ocouJtk
impul.. tcchniquc, AJ Rog er,. & CG D<>1f

AlI~n"al ion and d' 'f''' rsi(ln mc""",m.n litr: material•. nfP /.""',""nc,, &- CG

~,~~'~:~,o~ropa ~"' i"n . Tconsmi.."n n and

The v"l ome velocily method fM
d~l.nnlll i ng the .p«ific nnnna l
impedances of 3Cou'l ical nlalerial•. K
Ryrne

Sound I'"we r tk lcrminati"n in lh"
~""mel';c near field of a sourc. by
p"",,,ufe m.~,u",me nt. ~IQne. DA Bie. &
Gr.fl nJge.,

Sill£learMl Juuble pul_epmpal\ali,., ina
turoulent atmo. phere. fIJ "',,"Lend. GG
5"......."' d CG o....



T.. IT....' • • ion "r """ nd through .pcn"", •.
K.ABurg~,"~iJ'",,, CH Ha~.C'~

Sound prop;lpljon ind"C1. _~1

"' . tterinR in rilid ... l1ed duCl.or.rbtt,..,.
uial curv .Ture. GC S" J"._ D.~ Sir! d
CHH a.....~

o \' i\>no,ionMoo' lOnnl and Isol.I "'"

SUlfa« cu".""", ..nace mobiIlT), J Y
ZIlIlO. H lI"i/li"...."" dJ B"ird

Fou r pok ~rtlnwtcr clu.r'lClm ... ion of
isolaTorlCOOailic ' ''' nvni .. ionrcn'''''''"''"'.
JD;d"" .. C'll......uod& RJun ,pcJ

U... ollhcccpomornIO.....",.eSOUfl;'fand
transmi_ pMh dTu'tS..ItS It-*il

...cti.-rC"'lrolol~v_ \ .•tQnoa

P\' Df ""'loCconrroISOUfl;'f III liquid filkd
pipes. MP<HI/rwl d ItG~

XmI1l, '--lbraUOrllll>conIroI..m..ctInl,..
diaTion,SDSir.•rkr

Gmol:IC.I,.,...lhon~imDf"""I,....
fillC1" stNCI'Un:t.,CT M..~dCHH<M_

Acn.~conavlolBrm1l!ii--no.-_

.. 'do ·lO lIf'Platioll iolhs'n amn ll'" Si .s.CHH_
C~1 If'plocu- of BCli.-r _

comoI .nduncd~P'S.."ift

·~... IUII"p and\-l.~

ESlBbl,shmcnI o f In ooTdoor Ie.nll n. en
vironm.mt for ) UU/li dc-"f ehildTm In..,
acoustIC chINle donu naled by IQWIC
......... J.vnnltof Ss.. .. ...-ls

AnitooJn ol rnodtar.. cutrenIIl)' npowd lID
airnaft noiv. lID amc'-'oa~
.\lA S"X'l"" of R'~

Cmma .... ...i1 lf.WIC ...,,;.... It Bwll... of
S£8"..lJ

::;;';",~na8emml In the "'O<\JIlB•."c. If

Publie policy ""ld prevet..ion of ,ndo' I",, 1
dnfness . moopl", .,'tr:llianf lnncn.J C" ·
d".gtUII. DM~ d P RIJOJIrY

l (...... Frequency noi... d"e.o HV"' C . ) ..
Icms and ils ......s wncnt. N B_

"' pplicaT""" of Numm ul "' nal).i, pt<'_

di'l ion ofroad barri~r in..:n 'nll lou h) lhe'
b""..... ryclcmcnl mc,h"d .XDud RJAI·
jrrJlall

Numcriel llcou. lIc$- wh, llre il• • pplico.
tlon.?,JCSL"i

MoniIO"'" of lhe' MIJ'POI" Condilion. of
buncd .nd~I Plpclines ... in,.Y1_
btBl' ''Il PKi.VG KoptC'

Science Centre Name Change
.... OfOclobcrl99 3, thc SCi.......'C C"cnue
FoundI . ion "'" ch~ngcd iu !TIme 10 .he
Pro tn...... 1 ("nln a t ..... "r.li•. Th,.
chanl'" ohouldbt notc<l in your "'COfdo f
.he ad<IrnI fOf lhe'~ SccmMy of
lhe'lhe SocIety and fOf. bt NSW o..,soon

A" .rd For Anita Lee renee
C(NIjlfll ~.. . ion. an: dueIO ProfessorA"'"
U\lil'Clll:t•• tKip 'aKof oncofS. .ndlrds
"'''lIfrab.·. i....~praI Sl.nd.nI. A.....d ..
n.c.c.pcciaI ...-rlII , ....-d .. d«idcd by
The' h ca.iw Board ond d>c Standards
"'"lotrll.. o. n:ctonllC••rcfufrtoosc ...ho
ha.-r ...,. -)'Of CCJnInbunmi 10 __

danlaue iaa. E1,',ble for .... lfd:sarcTcdl
DOcal Comm ,tt« and ElUlCIIflW Board
mnnlxn"llo.!l'Jruu¥h1he)'Can.. bawm..
Iln,..iohod Ihc1n."l\n in ok1Iori"" lhc'>r
1"""""~IO 'he'dt;.-dcprcnrof
SUndudsfor,he'bcncfi, of .hcnaToon.

Publi c Relations Offlc er
ThcNS.....o. .-..oonof "" A...S~
\ ..n IwooH."...... .. lhoo_Publie R..
.. _ Officcr, \ 1MItrw .. .. acllOKl1all
_h_..-;!tIF--6al~l'Ty Ltd.

HcIonmd.tiasQaUyaoccpl..J1herolcof
I'ubl IC RcIahorl5Officcrandbopc1lO
mUc. si~ficmf imp"' :1 dun"ll"" lerm
o(off""' .... $Ihe'hT le ..8IC"'<,h.. dun....
" 111In\oIw JlrOm<!'lin, our So;iclyMOd in_
Cfebi n.d>cpubl.e·' 1'CI'I*'U""ICOIlSl;.,
,.."",nE""""' I. M.m l$ kcc:n lo hl:ar
li-om.nyonc ..-ho has ldcas ..... """'·_
covIdl"'t'ff'Ol"ourl>c\dof lllle"""ond
anyone ........ hn~actlin l..., mNlI
"'t'fId He an t.. conlBClcd durmJ b..si
_horafl",,(1)215~ 55MbyJlllon".or

102) ~1lO97SSby fu . "' AcJ hoursph<lnc /
fUl02) 427(\o)I .

~[W :\f El\IHERS

T"" fol1owin, '" new nwmbers of ,''''
So<:ic!y. Of tnem bc... .. hosc grad i"!l ha$
c11. " , cd

:"ic>o So" lh W. ln
l/~",,,,"

,1.1, P F ...1..-.) Mr G A lttmbrugcn
Dr J "'Oj:II \y Mr KFSWon,

St, ,,I..,,,

Mr ...... ppk b)'

Suh.,,",I,,,".
", . SEBanh MrMHPeuigre'"
Mr C G Speakman Mr J H Wl sserman

Q . ... ulnd

$I""",,'
Mr D Jo.viI

SO. lh .....lnH.

S.. l>o<ri,,"

101,K ... a"', t"rTICiSlcr Mr J " 'ooIk y

EXCELLENCEIN
ACOUSTICS

NationalAwa rds / 994
The AU5tn1lian ACOU~lical

Society ts now inviting ewnes
for the: 19'ol4 Excellence
Awards . A Ca ll for Entr ies is
included as an in'lt'nwith Ihis
N ltion of Acoustics
Aus traha .

F,,,,ltrri,,/on-tlOft

{)rSl<'JHlnoSD"'....I~. UfoS'"
Tri rO: jfi97 j(}94

Flllml}fiIlJl l1lft

f ASTS
n.c~4S IJ ' ....-;"ry"'F.~STS -'

,., foIltw.-K ..... "...... m ..«tnJ fr- _
"""* Iw "-.. 1'rdkY J*bIuItnI ...
s-ri. MJln"JJ

Thc """' f'rc-sidc'nIo f •...,Fcdcnl_ol
......ua I... sc icn.iroc ancl T« ........lCai
Socott,n (F ...STSI . ProfCUOf Graftlnl
JohnsIoo. i1 pbnni"ll • shift i. anptw..
from ......ly relC'l"-r 10. pI'C<lom.....lly
proacIiWOflln'WlOfl~·1m,...

fOfAlblrBliIn~icrlcc,lfl .nUld\nI... ."Io
Io:lp .... unpBl'l oftlwral..-orIdand lO
cmbhsll,"'"'-drrba-..,forlhcsc-ocn.;e-and
1n.-hoooIolY .~'_Iohn._ .. iII lw ..
"-«n 1O. pply lhc \c-ssonafrom h" C'Oft\BCt,
..-lIh bwi_lnd ....nnmcm 10 ............
... le....... of.-ofltlCmOloImnllcnlial
loo,JiC1In Au<I,. llInscicnce

Promlncnl on Juhn.IOn·'.lIcndl Irc

• "'bk in, ~ "' STS '. mort" "' '''''''SIble.
.polllic .lhod) . i'lICf'Ihn,il. ow.n pohco«
and rl<I'lJ1l" t mic .. ,nK'''''cmmc n(

• foc ... ,"Il polilic.I.Il<1d"",o",,;,
pictu", item, '. The chanic.1 and
pILBnnac... 'ic.l i......stnnsloouklhc .. 'SC".
rorllll)Olll""" lh .nnport<.forl... . .~.

o Promocinll lhe ScicnceMin''' ry •..,C. l).
in"le'·c l. ",inl hc UK.US"' ~..dFr. .., t"

, SupportInG f ...STS· ,x i," ng l (>~h) inll

.rl i~ i l i.. witht hc Fedcr. 1G.1Vcm mclll "lid
forming .I .- lellie IlIi .nc ," Wilh St. "
Gowmm cnh Ind lfIo1jor rep.-..... nl. l1\'C
bod.e..

• ChBllcn, ,,,.,he' 70 mcmber socirlln
comprisi FASTS (kII.l IMWld ual
ff\CflI h,p . bout 7(l OOOIIO nomi l\llc
is- In lhe'ir diK iplinc arc.. INt . ,f
~1'P-'fl..J, ...'oold ha" . hl lh li~ehbood of

p.-oducin.np<>n inc_f.....lhc-nll"'"
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• Gcnlllg~prncll'JngscienlJ,tsont(t

sc;en<:c policy a..d ad,; oory bodie< lile
ASTEC ODd ThePrime Mini<rcr's Sciertee
.o.nd fng illtt rinllCouncil

• Improving public and poliTic.l under
'1.lIn<!ing of scieT1ce and Technology

• Simplifying the go"cmmenl rule<ThaT

~~~~n~::t:~e .ontend with in bc:coming

• Focusing,cicnti, t, ' mind, on The , ocial
and economic impact of Their ",,"ork by re·
Quiring them to an. werque,tion on lhese
point. in application. to research funding
bodie'

DSTO Labor atory Ope ning
On 15 Fcbruary 1994 a new Austu lian re
seareh facility fnr thestuoJyof sllip noi..,
andvi brntion ""a. opened Thc f""ility i.
JllIn ofthe Ship Struo:turesandr.laTcnal,
Di,;.iono fthe o" fence Sc;"nce and Tc:ch·
nology Organisation', lDSt Oj Material.
Research Laboratory (MRU Iocale\l in
Mel bourne. lIS miss..,.. i>t o hclp redu«
and cootrol the ' COU'iTic signaTu.... of Roy
aI Australian ['l;a,y , 'C'<ocls w,th the view l"
enharteing me Na,y'. "l"""'t ional ca·
JllIbilnieo, Reocareh alrcady undervo'ay
"i th;nth efaci lily i. ta'gcl1,-d . t d\"..elupinll
a bettcr undCfSTanding of .hipnoi", and " f
,," sourceo. Trammi, ";on.nd .. diat;on into

~:s.,;;:' t~~~~~,at:~.;~~, P~~=;~i
modelling, laboralory e ~pcrime nt.and Qn·

board measurement• • tId trial•. Well
c'I UlPre<l laboratnr,e, ~re homod wllhin

the f""ility 10 undm ake Ihi>~:lrCh and
ind udethc fQlk" .inll "-

· w3ler Tank ""h tnl~h.ong.. b1e <I&,,,. 11
• ..ibraTion iw l,rorTesln g
·25kNfom: ..ibntt;Qn syslem
••n""hQ;e e-hambcr
· 20 T..,i>l11i. l>loel on . n airbag SUlopen. ion

The fae;hty ;. l nown u the Leonard Sam'
uet, Laoon tory, named afler Dr l.E . Sam
uel. AM, a fomlcr Director of MRL and
an intematiooally aed aimed metaliurgi,1
It was offieially opcnc-d by SenalOr the
H"n ".r. bleJ"hn.·• • lknu . Mini' ter for
Offence Sei ~ nee and Pen.onncl, during a
ceremony . ttcndcd by pre",n l and former
MRL <taIT and invited guests
AI'J'I.opr,ale!y rep...., nting the Society " '..
Dr S' epht n S. m. e.... . Federal
Councillor from NSW .nd the elde. sun of
l.f<>nardSamuel<

Speec h Science & Technology
The AustraJian Spc«h Scienee and Tech·
noLosY A.wc ;at;on (ASSTA)!la, a gr<)" '

in' .....'1flbcrsll'p "'"h ....de rang;ng;nT.....
esh itI all n p«tsof Spc«h . Audiolllgi.l"
bio!uci" " :ompute. scientists, eT1!'Jncer; ,
lingUt>l.. mathematicians, pltonc-riciaos.
physicists. l'. yd lOl.;>gi ' '' . ,pcc:ch pa
tool.;>gi" S ere come IOge.her w;th me ob-
;ec';..eof ad\'~ing a'Xl promot;ng ,pee\: h

research, A comp...-hen, ivc directory of
A"" rallan Spe""b Sc;en<:e & Technology
RC'lCaroh has been published by the a, ·
sociat;on, F" nh",-inforroation, ASSTA Inc,
GPO Ba t /43, Canben'o, ACT, 16 f11

Qualit) ' Assura nce
Standards AlISlralia ha<just produced.n
importanl interimhandbook : HBM Qlmliry
An um" ce £xpJa,',,~ . 5"'QI/ Br.. i"e..
Handbookj", QUQliry S" re",. (ASJ~M'
ri •• ). Thi' handbool: I"""';d\"<guidanee for
small bu,me.. on quahty syllcnu, hex
plain. wha, quality 'y", em. are a'Xl how
rhcy apply to 'ma ll bu,ine« , tog.'he r w;'h
rdevanl e~.mple" A, the quality ,'on&,,1>
AS 3901, 3902, ~nd 3903 are due for re_
"ision la' er in 1994. lhi. h. ndboo. i• •n m
ICrim measure and will be revised ful
low ing rcvi,ion of'h. rele.'.n l Stand.rds
Comment i, reque. te<lon this handbool: to
...ist,,'iTht he future re,·i,ion, l>eta,l, from
any SlI ndard. Au,tOllicc, C", 1$J7,OO

ASA New Acoustical Sta nda rd s
The Slandanh S«rt l.an~'o f 'he Acou<l;eal
Socmy of Amerie. (ASA) is releasing
Ihree new '>ClSof aeou.lteal <landa..l;,~
foeu.onooundfnmTpor1.lIblecicctr'-pow.
er toob • •Talion&ryllldfisede!c:ctricI'O"CT
lools.'ndpn1<.' ,"nglpplilneeslA."lSI S
12,15 1 992 1; gu iddm.s fOf obl~1l1 ,ng no ;'c

1c~cl datll from .... nufa<:lUrcrs of . tlItKlnary
e<ju'pmtnT \ANSI S 12.16 ICW21; IIld Iitt
secondpartof a...ncs e"n.:"l1Iing llle dc·
...- ipl;on and m..'u remenl of""'d", ,, ....·
"ironm,,"'tal noi~ (ANS I S 12.91 992iPan
2), Inquiric••hould be diteclcd to A"nl
Brenig, Omee oft hc Standards Se<:retllnaT,
Acou,lie. l Sueiely of Amcri(., 120 W,lI
S", :"t n nd Fl""t . New York NY 10005·
3993,USA. Fa. (212l248 0146,

AUSTRA LIAN AC OUSTI CAL
SOC IETY

199 4 INl 'E N.:'Ii ATI 0 :"iAL
CO"';HRENCE 0 x

Details:
Dr J I Dunlop. School ofPhysics,
University of New South Wales
PO Box t , Kensington NS W 2033,
Tt'I (02) 697 4575,
Fax (02) 663 3420
email : j id@newt.phys. unsw.edu.au.

U~DERWATER ACOUSTICS

" Acoustic Imaging
and Remote Sensing"

5 • 7 December 1994
University of New South Wales

TOPICS:
-s or ar & Ultrason ic Imaging -Remoee Sensing
· "'coIlSlic Viston -Seabed Characrerisanon
· Fishcric, Aco"stin -Biolog jcalN mse

fn Iht jlKili ly s ,m«hoicchonrbero re (ji'om Jeft) Dr Tony Me/.Q{'hlQn,
Chitj uj MRL '. Sh,p SJ'UClOlre. unJ MOler,'"I" Divi, iun, Se"Q'''' Joh"
FOI,/Ane. , Dr Qn,} Mr, &<,,,,,rd Samuels



AUST RALIAN ACO USTI CAL SOCI ETY
1994 CONFERENCE

NOISE AND SOUND: Nuisance and
Amenity

9-11 November 1994 in CAN BER RA

All those wishing 10present papers at thisConfc:rence are
remindedthat titles andabstractsshouldbesubmi~ to the
ConferenceOrganisersby April IS 1994.

Thebrochure forex~on of inlereStandcall for
abstractshasbeendistributed. Additionalcopies and
further details on theConfc:rence are available from:

Marion BlUg~S.

Acoustics andVibration Centre.
ADFA, Canberra. ACT2600,
Tel (06)268 8241 Fox (06)2688276
email m·bwg~s@adfa.oz.au.

SAS (Singapo re) Conference
To be hd d January 11-12 1995, ihe l"l'ic.
of inle~.1 under the lheme NOISE are
Ad i"" conlrQl of noise and vibralion;
Soundinlen.ilyapplicalions: S~1UI'a1

inlellSil)'mcu uremcnl: Noiow: and V1bra!lon
mcasuremcnl; Con. ll\Il;tion noise; A.~..
rnent and "' Iulat ion or conununil)' noise;
Architectural lI:ousncs: SJ'U"h
c(}mmuQtcallon: Physical ",",OlistieS;
Ultrasoni<o andbi~"",'Itics : Underwater
acoustics: r"",.ducl,on and ",",a""remenl
Tbe p!'OpO'K<l "" n..., is the No~ulel Orchid
Siogapore.

The readcr is rerc=d to Vol 21 ,,",, 2.M
"Intct·Sl)Ciel)' Collaboration", whC're Dr
Gan. P", ,,dttl t nfthC'SocicTy of Acou"i cs
(Sing"""r e). i n~it"" Australiln '""ou. ·
tic;II/L' ~i.itinl Singapore, particularly
Membe" of AAS. to addu .. I.... SAS on
any topic of thC'ir choice relaled lO
lCousl,cs. Red procally of course, AAS
.....lrome. ~iSllin l """"'sticims from
Singal"Jf. toarrange for~.. n~tlOO'1O
Our Society.

Further infonnation, Dr Gan ( oe<: Diary
=tiooof lhi. i. sue) or O<>nald II
Woolford, GPO !l(}X 278, Sydney ~SW

2001(TellFn(02) J632554 )

Synaesrhen ea '94
A Symposium on CompUlt'r Animation
and Coml'utff Mu,i c will behC'ld I.J July
1994 at The Au. lralianCe ntre for Ihe Arts
and Tc<:hnotol Y (ACAT), Australian
Nalional Univem ty, Canberra. The
sympo. iwn will bring tog ether~an:hers.

develo"" " and practitioncn in~ol,'Cd in
the theory. practice. and analysis of
computer.ba. cd animation and mu, ie
composition a, well as real time
performance Iy" em" Thi, Ihree day
program i. dC1ligned 10 en""mage .he
interaction betw.eo re~archc" and ihe
ioterchange of .. crl and ideas in Ihc area>
of compeer music and .ompule l
aruma1ion, The symposium"'ill provide a
mi ~ of inno~ali . ... t«hnical "",ion. and
cultural e"" nll 10 promote th.
und. Blanding and de~eloptnent of both
~omputer mu.ic and computer animation
andwillpr(lvideaforumforupl(lrin~ the

lc<:tlnical and aesthetie . imillllities and
diff.....""'C1I in thcsc lWo fl. ld'. Orij:illl l
~h\"."""'ormanceworl<s. work.s for

..,..,...ni"ll~ and JIO'ter ,,",'Omla.ion. are
soug!1lon ..... idc rang. of topi..

Further information: Jul'e Frase" ACAT,
GPO Box 804 Canbcrra. ACT 2610.
Au.tral i aEm.il , ~at691 @anll, edll , au

Comput3t1onal Aeeusrtcs
Conferer=lOhchcld S.1Aprill99S in
SouthamplOll, UK. Tne need (or "'XIIRte
prediction of noise in different types of
en~ironrnent has resulted in a growina
awarcne" of the power of computer code.
10 mooitor acousticproblemswhi.harcof
primary imponan"" in indll. try,
ardl ilttlufe and the envilOl'llllCnl. Thi.
'OIIf=e airnslObringtO~ethcr.ll,,"ho

arc.on""med ....ith .hc .lUdyo f awu:ui..1
prohlem. and are mtere.ted ;n their
""curale modelling, Further information
from COMAC09S, Wcs••• lnotitute of
Technoloi)' . Ashurst Lodge, A. hurst.
Soulhampton S040 1AA UK, Tel 44 10)
293223. Fu. 44 103 292853, email
n'U@ac.r1.ibuk

Inter·:-lolse9 4
Thi. "",fereoc e i. being held in Yol<...
hama, Japan AUgUlI 29 to J l andi.spon,
sorcd by the Int Inslilute of Noisc Control
Eoginecrinll· The lb.me is Noi.. Qu.~n"'y

and Qu. lil)', Over SOO ab<lr;o;;ls holve
be"Cnr«<i ...d for contributed papcn and
ThCTe will bc threc ;n. 'ited l«tures. The .. ·
du""drateforreglStra.ion fcco.appl"" to
Jl May 1994, CoruXl delail. in D,ary oec,
tion"fthisi lSue

w esrpr ae v
The rcgi' lralion details for the Fifth
W""'lem PacifIC Regional A~ou,ti~ .

Confer"""e.We<",rac V. are now a~.ila!> le

TIt;. conferenc~ will be lleld in Seoul.
Korea d~rin~ AIlgll<t 2J to 25
(immediately pn:cedtng l~ter·noise in
Japan), The confe.. tlCe ..... ill ind~de io~ited'

and ccntnbuted papers on a !ang~ of
:~r:~:~OnlaCl deta'ISio D,ary section of

fu ro -Nolse9 5
The se<;(lI>d EuropeanConferenc;~oaNoi se

Control ....i11 be held in lyon. 21·23 March.
I99S ""rh tbe thCTlle ''Sol'\wlK for Noise
Conlrol". The a,m is lo providr:. mccttnll
poinl fOI 'IOftw.... de,·dope", reocarchers
and end u. e", Two types of oral
prncn tArion", ill be organi.ed,One will be
devoled 10 O<1g:inal a'P"cl . frum Current
""urn in the field of computation for
no,se.onIlOI. The ICI:OOd ", ill allo\o.
softv,·. re deveiope" and IlseTSto providc
pnxI""t p~ntalion,.Worlc ,hnp .....ion,
and rnanufacturet's e~hibi tioo will also be
part of the Cooference. ContllCtdetail. in
Di. ry OW:<'Tion of thi,i«u e

SHORT COURSE ON

BASICS of
ACTIVE NOISE CONTRO L

s-, No\'tlDber HI94
(pm:Ning AASCof(ertllu )

Acoustics&-. Vibration Ccntre
ADFA, Canberra, ACT2600

VoI22 No.1 - Z5



Qlkoa AIS of DI-nmlort. has ~tIY I'Ilr
dll~ Ibc Hearing Care DiYi<ioo or Angus
& Coole Ptylld and Intm l.>lional A",,"IK1
Manuf~cturcn and il. n(>w SlrOOgly ~

~nu.linAU$tralill Thelll:'l< Comp;ulyhas
its1lea<1llllfl(1SinSydoefs,.,~ andwill

providehearing ~idte\:hoology. m..... faclure
and <IlJ'Jlly"' toog/loul Austral .. lbe cld
Angus & Cool. Division will IJadoo WIder
lhe~ameof ·AudioClinic·.AliO = itml in

N. ...Prod...:ts. lhisissu.

81)an 'v"ud enlelt bas~lIy;oined

Acou,' ics Research Labon,OI)' I.'i lis prod
ue,de \'elOJ'lTlCmeng ineer. Hisexperi=in
hardWll'" and ",frw a'" will fit we ll with
ARL'. currenl and planned sySlem d. , ,,,lop
ment straleg' '''

Thc Engli,h -Ianguage Procecdings of lhe
Rus, ian Acouslical Sociely 1993confCl'C1\Ce
"Acou. tical Media Monitoring" are anil.
able f", USS4S.s0 frOln lbe Ru" ian Acou..
lical Society . Shvemik Slr,.4, Moscow 117
036, Russia, The IOpi,~ covered ind ude
acoustical monitoring of sea$ . nd oce.n .,
the earth·. cn m , 'he almosphere, and ap
pli.al ion$ of acouslical monitoring in in_
duslry,mcdicine ~nd olh....areas

The February mef'tinll of 1M ACT Gr(\Upfor
1'l94 was beldal the the Fnm . nd Sound Ar
chive orlhe AUSlralian War Memorial, The
o;uratorOflhecollCC1ion.G...~ lm• •• ev.
""' lined the e.l ent of1hc: ~ol lCC1ion and lhe
approK hlak .... lOils psMft\,'3liOflA 1<luror
Ihe r""ilil;es illl;llllled dcmon>tral,on' or lhe
f3Slgeo ri lC!Tl$inthccollCC1ion

In respon~ ro lhe need forad~1n«'d "'ills
in acou,tic., TAFI: :'\i SWha. ;oioed f~

...ithacou.licaI . ....... IWIISEd. n Dy..micl
Piy lid ro ollcr"'on COUf'>"S ....." nrd for
pC1'SOIIlIClf\'Xlu;f\'dro l$...s1hc:im~or
environm cnlala nd occup'lIliooal no i..

g'~•••
ACEL OI l S Yearbo ok 1994
ACEL "tfonrwnOlf PtyLtd. l W J. pp40l1.
sofl Di'Irl/olltiO/lby ACU. f'O 8m
<#11. Cro Nest. N5 W 1065. r<'l (01) 9lM
5566. F(JJ( fOlJ IHM6Q91.\ PriuAS/15

Th is islhe fim Edl!ion of "'ha, «>u ldbc ~

mosl u""ful inf"",,ali on ", so,,," on
OH&S .upp hes. ..,pp liersand inform", ion
The promouonallllft8'ure prom,ses lhat
·ACELacoU!'1lhc w",ld r"'lhe~ lal.<l

inf"",,a,ion ", 1<Vanloo the llC\:ds of
AUSIrahan occlIJ'S,ional beahh and safety
plOfeni onsl . · sadly ,hi. and ,h. <>l tv:<
c1aim' ''' i a,dini,he quallly of infonn a, ion
provided atenol fulfilled,ho,,·•• 'erlaler
cdilionlmayi mpro\'e

The Yearbook i. laid cu, in clear and
help ful r.eclions 10 en.b le a quick ICarch
for infonnal ion , The sec,ion.are; PROD
UCTS . ...hich li....upp li. ... ofa product
or reference 10 a more apprcpnereprodocl
lIeCliooell Ear prol.C1ion li.l. suppliers of
Ear muff. , EM plugs and Ear lesting
~uipmenl with a reference 10 Audio
melT; . te" in¥ ~uipmenl, COMPA~ IES

'" Rk AND NAMES _ which lim brands
agenlS suppliers ~nd rn.nu fac,un::rs
O\"fTWU and in Aum alia. SUBJECTS ·
Ihi. is polm lia!lylhe mosl useful and sets
itself the ta. k of providing ~ publication
h5ling on all OHS issues rang ing from
Abando ned vehicles lhrough many
.hmlicalandphysi<:alag. m'IO Zoonoses.
ADDRESSES _wb i<:hlisl.lb.e addm.sin
AUSIraiia and O\"ftscas of . uppliers
,.ferred 10 c1"""here in !he y. asbook

1be que>lion which nffii>to bccled i.

Wi1l1hiJyeart>ookgive me lhei ~ f()ffl\/lt io~

i~ I.... lime than Olher sources and i. it
COMplete? To c<lahh.h Ihe answer $Ome
secti ons 00 acoustics were checked with
Ihcfollo...ing=ults

Acou. li<: con.u llam.....cre nOl li. le<!
NoiloCOlCaswemm l listsooly 4 . uppliers
of dm imclers. noise level meters and oCher
~uipmcnl _ mypersooalrec~ sho.... IO
in Sydney and Ihi. i. probably slill JlOI
romp le1e. NOlse.wuer,onli.u7 supph ers
of berrien. hood. and part itions - my
perwn al records >.ho.... more lhan double
1l". nwnbcrinSydncy alooe.

11wsubj~ ioo.1 . ....hilS1 pecforming
bcner "' ilh somc in!Cl1:Sting rererenceslo
pamphlet. h er .h eels and Olher .., I('\'anl
data. omi lS imponant bets. For cumple
the A.bc Slos section omi1S NH"'~RC

nxommc ndalions, Ihe ~oise J«1ion omilS
references 10 current NSW noioe
..,p.ulation.....ith lheuception of the
Faclories (Health and SafCly Hearing
Cons.et\'3lioo) Regulation. and the
pr. ·..iously mcmioncdAbondoned Vehicle.
scction ",f en to lhe sectioo on ke li.lsea nd
WaSle ....hieh giv., no informa'i"" on
abandone<.l vchic1c,

The yearbook i. unfortunalely incomp lete
and in fact fall, far shor1 "fprovidmg the
informalioo promiscd. At this slag. il can
prnvid. some informalion 10 lhe novice
OIlS profc.sion al.bul should nol bc rclied
upon for a full and COmplele listing as
promised in the promotional brochun.:

KenMikI

Ken .1fiH is Ih" 5«/ion L<'ad", of
Wor,COI'"r ACOUSlics ..,.hk h provides
....sNlrch a"d IUOUJric .~r>'iC"t'> 10 Ihe
""peeliOll. ColltfH'"_,ario,, and R,d
;\f......~~l a'l!Q. of lh.. Aulh"rl ty. TIl..
.1«, I0Il al,o l""m, dcs " comm"1Y.'i"/,,oi>..
aSS<N, _ lfl a"d __ lf"oi sl' r>' a pr im·'f'<J11y
lOi'lti,.. 'rlalc/i.." IJ.

Acoustics Australia

' SQAPIdlIc Itigl'lMy Homlby
N,S W. 2077 Auatr8lla

,4..
~

Phone: (02) 4822868
Facs imile: (02)416 4198

• Noise Loggers

• Vibration Loggers

• Logger Hire Service

• Permanent Monitoring Networks

• Complete Noise Survey Servic es

o
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Edward T homas Weston
H.E. ) I.A.A.S.
On 19 Ftb ruary 1994. Edward Tbomo.
W...w n, known by hi. family, friend. and
a, ,,,,, i' ln a. TM ,ditd in oo. p;I.1 a fk r a
short Illness, The 10ss of . colleaguo who
made lIumu o us contri bution. 10 the de·
...e lopmell1 of aco ustics and ...as a great
friendofm.ally o f usi . <k<:ply regrencd

Tc<I..... boI'n;n Penh in19 16 and edue. ,
ed in WA Ted mo>-e1l On 10the UnivffS ity
of WA in 19H and .fter .I ooyil\i !leien"
fOf . s!lort ....hileswi"'lled lOel«Uiealand
me<;lIaniea l enginee nng AI' rhe uni.'cnil)'
he re.i dedal St George'. Col le~e, lhe only

.....idenli. l eolle~e for Students al lhal lime
• nd beca me Senior Studenl and P......iden,
oft he College Club in his fi1\ll1)'eor

Aboul two years before the Wor ld War 11.
Ted was among eighr of t....o hundred ....
plican lt ...·ho,nreselwedlo lumlO 11y . t
lhe Roy. 1AlI5IrlIian Air FO«'C'Ae...xmyat
r.e ree. HejoinedtheCilizm Aif f~.nd

became. n ying offi cer . During the war, he
w.. . \falll ingofficer " SoIfll1>On. Air Ba<e
in Victoria . nd workcd "' llh lhe Munilions
Supply Labo raror iesinMelboume

Follow ing the war Ted joi""d Ihe Com_
monwea lth Experi menta l Building Sliltion
al North Ryde (N.. io... 1 Duilding T. eh.
nolollY Centre ). Th" p'-"Iliorli nvolved
OOflSiden lion oftherm. lcondilions. light 
,nio venlil.1lion and aCOU'lie. in building
design . lt pll'! icu larly.wledhllll beca,,", al
uni.......ityhe wa. int...... ted in enginecring
relaling 10 persona l comfort and rhe en ·
vironmenl a ltho ugh this wa.long before
course. were ..... il. ble

Ted eomme oced working in the field o f
iCOUSlics somo: l ime during rhe middle
I9SO'. when rllo:n w•• linl e npen ise in
A\ISlnIlia and ptOOably nn eore rhan a
hilndf,,1 of peop le workiJIi on build ing
acousnes . At Ihi. time noi~ from ... mil.1_
tion of buildings. tra lTlCand ma..:hines in
nrflces andf""'ories ..... increa.in g and . 1
the s. me time building ecnneccncn prac
tic• • were llI<l\"ing . ...ay from so hd hne k·
work wh ieh wa. a g" od barrier 10 noise, ro
lighr weighl struct ures which were oft. n
fairly transpa!"Cnt. The overa ll effect "'".
nften an w>dni~d loen.... in "" ise levels
arid nrareduetion in priVKy . Peopl. were
bcginning ln demand snlUl""" lO these
probl ems.

The Station wn pan of lhe Co mmo nwultb
Depanm . nr of Wnri<' ...hieh wao It'

sponsible for lhe de.ianand conslruct ion
" f Commn nwealth buildings thrnughou l

Au.U'l1ia. Th i. lcd lo the bu ilding at the
Slarionof a spec ial l. bon tory for acou stic
le'tsonbuild in@elernenl. .. ·hlClI ...-ascom·
pleted in 1964 . Some of lhe wod Ted arid
hISgro up calTitd ouI durina the , e ye-ars in_
d uded eon. ultali"n on the desi gn of' the
new lnlml ational Tenn inal and Ope rotinns
Towers at Sydn. y Airport , Ted also cnn·
lributed , ignilicanlly 10 the publications
emitled Note s on Ihe Science of Building
whic h wee produced 10 e i.... practical
guidance 10 deoip"arid buiWcrs

Beca" .., ofTed', con. idenble expeni "" in
noise mea.uremc:nland building a.c<.>USliu
he beca me • very ...aluable member of
Conuni nees nf the Siandards A, soc iation
of A"",,,ha invo lved in dr.wing up Slan
dard . for in' trumenlarion and aco ustica l
tesnng cf various buildtngelements

Ted beca me ;nvoh-ed in the Austra lian
Acousr icaI Sociely duringitsearliest d.ay,
li e w• • amnIIg ••mall grotlJl o f en·
th",ia""whomCI in 1964 10 coosider the
fonn ation of . Socie ly IOpromol e lhe ""i•
ence and pracliee of ac:ou' ties . He wor kcd
on varioo . commmee. est. bli, btd to or ·
ganise mcctinlP and arrang e for the So
ciely lo beineorpor .ttd, f1c was. foond.a·
tinn member or tltt Soci.ty. • ro uneillor
and Gene ral Secretary for Iwo years from
1973. One of hi. m"'l significant eontribu·
tinns w.. hi. work ....ith Peter Knowland
.nd John l"'iM in the produet ion ofa
N....1Ilener for the NSW D", i. ion "' hieh
de..loped inlO Tbe Bullerin .nd ......
, equenl ly bec . me "AeOUSliesAUSlral ia"

Thc urgan 'sa li<lIlof mecrings and thcjour 
na l played a v. ry s ignifieam pan in Ihe de ·
ve1nprnem nf acouslics in Au" ralia
through the transfer ofinfonn arion in
whic h all aeo us1ieians who lehean edly par
licipatcd , Tedand hi·aroupaeti,.. lypar
lieipalcd III 1J>e..e ac:tiri tie. and lhereby
played . very importanT pan in lhe 1""""
tic. lappliealio noflCO\lSlies. lnadditinn
Ted pao>ed on a 101 of his knnwledge by
lecturing 10student. al the Univet'!;ll lC.of
Sydney and Ne....So uth W.l eo

Th rouahnUl mosl of hi'hfe Ted retained a
lov.offiying and for many ye"IS ow ned
hi. own . ircrafl. Se"era! members oflhe
AAS hilve on oc:<:n ion' appre cl. ted .u
rnmpon 10 Soc iety eonferc nees and have
inlerntinli ttori .. lOtel l at>nu!lJ>e..elligtu.
....llh him. f \"eryo ne agreed . ho"t'\·et' ,1Ie

:;:~i~~u,:~~~~ "'ho was unflappable ,n

Ted .... . . highly respcc ted and p"pu lar
member of Ihe Society. Many regarded
him as one of the gemlomen nf lhis wnrld.
lie had very warm friendly rel' lionohil'
....itll people. he was a lways helpful tc lhe
beS1of hi~ahilily.neverdemgnledOl hffS

and WISI1IOSI professio nal inlti. ....od.1
all limes . W. are grlItefu l for hi. inunense
con lribuliclnslO thepractiealapplieallo n
and knowled ge of.c",,",ics in build, ng ....
. ill" . nd constroet ion inA u. traha

A.wellu fiyiog aircrafl. Ted de. rly lnved
pLayine lenni•. unril hebecameil l late l. s1
year bewupl.1yingal least01'lC••nd often
.... iee a ..ttk in an",er W. lenni. &fOOl'
Anyone .. ho played tennis with him and
knew him ..-ell ....oold realise that hi. al
lirude tOlrnn lS .. 'u the same .. h i~ 'lIi tude

10 life which i. perltapsnol ~utpri.i nfl. . H,
onjoye d the geme a1. 11limes: H. was al·
w.y . enlhusiastie in pani e ipal ing: He h. d a
gondslyle' " calw. ys pl. yed lheshnlS lO
1110 beSi ofhi••bility; H. wa S alw ays f. i.
in hi. de<:ioions on line call. ; And ...'lIen_
..erthe eaUwent.pinsthim he play.dro
eq..,1i.. lhe deficit

Ted i. SII",,,-ed by hi. ....ife . Joan, and hi.
d. oghlerMarion

l.d ...as a llIeat friend and coll c.~ue ",ho
will be sadly missed

RuyPie.....e

~ettett•• •

0., ,,,. Ed itor .

1 have decided to wri te to you weh the aim
nf oblaining infomlil tion aboor
PnSlgraOOale Snidy in Austn lia. At prese nr
I am . Fina l Year ......... lUlduare ar the
Uni>'mity of Southam pIDn, .I udying

~='l~5 '~I~i~~ al~:: lS:~li~
obtaining an Upper Seco nd d a•• degree.
Al\er gra<!uatinfl., fa m requi rcd to work for
RolI..R oyce a, pan " f a . ponso tm ip
. lTllngement. Th i.....ill lau me 1'0
December 199 5, . rid tltu. I wo" ld be
inlefested in.l. nl ng study aga;n io.arly

''''.
1 ...''''''d like lOl:1.Ml!'lI\lI: alnng l'CSear'Ch
lines, leadlllg prt'ferably lo a PI\D. or a
MIster of Enginttnnll or Sf ience . My
maio ll cas ofinl erest . re fairly " lIied ·my
Final Year oplion. Ihi. year include '
Engine<:<Ing AeOOslic~. Aotomol i...e
Engin«n ng. Acowti c Tec hoology . nd
Socie ty (b..ically an Envirorunc.ntal
Aeousric. tll >e-COI.lfSC ). Underwa ter
Acou. rics Cillc ludi~ m.any parallel. Wilh
Human Body and MedlC.1 Applica liclns)
and Mus ic Performa nce""pt iotl allowing
links ber...een ISV R .nd the Mo. ic De pl-

l ...ouldhk.,n conllnue my studies in the
area of Environmcntal Acnu, rics. and
Transpona tinn Noi... If anyone readin g
this can he lp m• • please contact me at

Chri.Dnbson.
110 AsIKIn....n Road, ("handl.... Ford .
Hampsh ire. SOSIQG . (0 ) 703 26934 1
ema il:C.J.Dolno n@soulltamplon .lIC.uIt
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I~...
Ql' EST T£CII~OLOGI[S

Q UHC Q-SOO ~OiHAn. I)o'H r
The Q-SOO SoooeAn&Iytn• • TYP'" I ""'·
yoer.haslwOlIIlltprndmtly .......~
o;hanMls. Byst'I"n"..,h t~IIO. d:>f.

~~Ofparamtten.1MIIWI' ~nr<1

,"",alC",,)n1JWiSOllI~ftlll_d,fTCI"

rot ....' i'htings• .m-e.hold "'\~Il brtlo"ft'll
40 and 1 40 dR. ld~.'d nch.ana' l1I ln.
f••,.ndslo.... rclponw l. ,. s, • ..,C..nly
o;<,><klO protect ...... -KI«tcd paramc:l~

anddaLJ..and Jlorall e o f upl o'W9wpanle
"'......II ;n memory . tM Q-SOOhal men~ $C'

lirl;ubl.in5lru<;ti....... Thr I..-p: d ,splay hJ,.
• WOOlk at_ .. hichmaln IOfray <lOI1l'

~ofda~_Tbr.-.fac.~

tbe u_ lO prull ~l -' downIoad dau

inIo aPCfor fwthll'rlNQipu1al_ Tbr Q
SOC) is ialn><kd for illd...lnal ""iso:. rom
.....,; l)' ..mc.oranyOlhttapplKatIOll "'·
quiria. K ror-lC DOIW me. lIUIC1IWfIl and

-~-,..,,/wr ,,,p-_: 5;//1'; Sd#wtifi<

/... ......... . Pm .." &Ill ~~. MJraw
.~(W1Jo. Ylc_ J11Q_""JJm,

)IO:'oJITRA~

Vibr ation Sensor
The MTN'1I 85l:m h.. inl. rt\IIl.l"tronicl
to lIi~•• di...r volOl:ity "ulJI<ll of ~ • 20
mAo Thrn ,~ard veloc ity nn~. Me

Iv"I.t>krorl).~mrnI_ lhrousblO().SO

mmI....: rnn with "P«il l . I IIF " available
foropec,fK:IleNl..F~Nop;lftOC is

from 2Hz to 8kHz '*1lh an OIWf1ll1llll
trmpfta lUn:ranl"0f.lSto lOO<kJC The
_opc<aln ...... .hr ......tlntrwo .. irt
CIlllINl k>op fl'ql>mlli ' 1l). }2 YOks
l&In'~edSUC'PlY , n.._is

c-.cwd .. swnIcu am.'lrftp.~
UO.aDdis_lirdlOllkwouwioldirty.
duoIy.llld .. e'l~'F__ •...- I.,....~-'

.sr-u.. 11":8J .~ """ "'"
/tIrI"""".~.J:() '.rrl roJllloI ~ ':'IllI.

F.. IOJJlloIa4]'fJ

CSR GYPROC K
AcuuliticD eslgn !\Ianuli l
TM IIpdal",j vcn.ion of 1M Manual
P""'idc •• """prehcnsIW CUidelOlhe
a.oou"jc, ~ormaro: ~ of ntmsiv~ lal11!~

of Gyproc k p~"t1'bo:>ar<I all ..d u lilng
'YJ'Cm•. II also inclvdn a l'ully-dtlailed
~",fcmltt of"la.. trboard bllikIJnl
I~ ...tul:1l comp ly .. ilh tile Buiklin!!
C... of A.-...... Thoe~ incl..,.

""OC rang~ ofll:Ol n:sulb i......clb)' CSIRO

ot othef "ATA·rtti~ labor1lfones.
F__ •.".._. C"S~ C,,,.o d fW........

K.urI T~ iO:, JJ1 ~,
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OTi CON
Malt lFocusA ld
M,*,F_ >l lhr fint fully _~

.....bt..ull~~IW> 1hr

l<ICB toIInd.............. artd~

fotlhr~r~ _ofllwlonnrt,,,*
Whell toft __ m:~ SlOdl.

~ «lIl~I'" Ihr mnpUr~... is
.at'.stdw> mak.elhrm _ ludl bk .
r- TI in bkkJl'l'U'lld _ . Ye'l loud
-.do .e 1lC\~ IIIICOftIforu.bIy 1Nd, A
lIonhnnr ",,",frl'qumcycllamd n.1laiICd
OCl~ r..au.itmcol~ion...d

• JiM" kip Iicqucncy ctwonol ..
ronuol l",jbyaclMOUlpul hml1lns
F...m~ ;~h_ ' Onc"",j",,,,,';""" lJJ,

P08"'IMI. PQ....""'nQ. ...'SH'JIU Trl ff)])
en8878. 00II 6M ~n FQJ; (lUi 6JJ 411]/

TEAC
OAT Dala Record er RDI4 ST
The RDl dT " 1 16 chlnne-IDATIla1;l rc
COI'Iin'fnlUml.doubIc-sp«dIl'O'lk ",'hicll
lIICfft'nla(lelrllltipll1artd head ~ion

lip!'Cdo 10 "" ICC II... standanilhuo ..
mc.. Ift.lhr lOl&l~lO lWicc lhal

0( OOII\CI\hOrIalOAT data =onkn. The
RD l'-Sf Ilao . m:ord:m. (..,qumcy re
"p-W of DC 10 20 kHz ,n 4-<~1

modc, OClOl0 ~Hz m8-d1annclmodc

andOC .o~ kHlm llH:hannolmock

OallprocnslllSlImCcanbeh.aMd bylllo
in, 'hc.x".ble·opccdmodoo .o~ucc

data ~6 in standard mod~. The re
cordcfillwllchable for2, 4.8.orlf>chan.
ncl opcrtltion,S ignal. lo-ooi,e rat10 is mote
than 75 611. and pha.., din etc:nce bcl,,'«n
channc b i. 2 degree. or I.... An in·
dcl"'n6cnt mcm(l channel . n6 • built· in
mlCrophoM enable hands-free tc:cO"lLnll of
suffOllnd,nll env ironmc nt (\urin.<blJ, rc
«>nI,n,. Cornpu1Cf«>nlfOl i,po..ibk via
dle:opl lOftaIGPIBin lmacc.
F.....~,j 1f ,4~/a·

1111 T"ra-.. ~!'WJrltR)*. .\'~", . 110
T~(O}I&88000d. FQJ;(():'~~J/O

KL"GDO~I

~1I~fO for FIT
Kinptom hu rcka>CdIohllt.plc Inpon Mill-

Ie 0utrU(MIMO I~~
....-...... OIId1e: Df'.a2OM.hichanncl
Fn Aal Iy1cr. MI\IO ImptoVn 1M ee
(1IfX)' of modal mea <Utc:metIt'I ...J h..
011) bfttl .. lilable'lVitlt lartc compll'let"
t.wd anal)~indle:ptil . TheOP.a20 it.
die: first nwltidworcl ana\)"loCI"lO off.,. th,~

po"mulmctiurcmenlearability.
The DP420 FFT Anal) "", IIW. 00

p", ceUOl'boardJ which 1'11111 inlO the PC
and "",'.-ide a """ .-nful D5P t1l1l,ne for
dalaacqui ,it,on and high 5pC4dl,ital "'0
ceuing . The tlIoO<.blar hard..-are"l.fonn
it.anatutalfotMNOapplicanon .. hott
!he II.... can choooc on)' comb"..ion 0(
DAC wtpl-lchanneloand ADC mpur
dwwb.
F""'-~.~Pry UtL PO

~ 7J F...-duF--. "n·~ Tn rOll
IH ~ I JJ. FD fO:I '7j J$I'

I~TELLlGE:-';T

I:-,;STRUMEm
\ i sual DnigDer-Sofl"'an
Vim.alDesignn" i'Ja~

easy appIica'- JC""l'llOI" for
PC daca acqu><iI.... lIN.
~_COIIlfOI. lt o:nableo

~ WIDdo-.. applicatiotl~.-c1O

be =-cd quiet I) 10 meet. llser'S sptt1tic
requirement>.. .. ,lhoIII 1ISm' •
JlI'CI8rtIl'W"in, IanSU"IC.lt tan ee vsNlO
apnn. =ottI. marupulal e. aru.1yx.
dISplay an6 outpul <Lala; 10 curtrol
~.eJand dcviua:artdlocrnte

C115f"",ise6 inotr\lrnCfltJ. Vi,...1 Ocsignn
",ns on su'lably~figurcd 1IJ\ 1·
. ompatihlePC s.
F.."J- ",ji>noh>n.no ' K~. 1 llpoIlo
C... ... BI«I:i>oI.... l ic_ JI JlIT, I (lIJj !t711
1100. Fat IOJj IMfM.'.

BRUEI. A:\D h:JA[R
Robus t InfeDsl., ..Probn
ltrueIano1~.~".~ ... .e e
_lI'IKIlInical dniJllu..makestbml ..
","",.~ lhcy are scmili" .., A _ 1Uin
In • .-t a1lo)-bnccocplaca all die: nw
m.. oc:a1 pensllW<ll lll earl.... probct..lO
rhcror'arellO",",lIdar'tn otpiecorto . -tuch
canbcUl\JCT'eVlNot loa . The ...... probes
uwalJ"'Ciailydnipcd cllal prcamplirlCf
connc<:ledto .,.ngIc18-pln LEMO.o,:kct
which is KR"•.-..4 6"cetl y ,No 1M bnoce
Each I"'I"be is "'I'l'hcd Wllh I perr of
ph• ..,· and I mplirnde·mateh",j micro
phones, . <><I50. 12. and 8, ~ mm """cen
Th. 8.5 mm 'ra~cr e~•• nd"hc . seful fre.
quencyrtln llc ....;th 112" mlcrophonc, up tu
7.1 kHz. An upll;\llnllkll i. also.va ita" l.
for .....i. lin. probei Typt 3S4~ . H41 . and
3'48
F~..1wr ,~troor ' II"'" Q..J Kjon
4..,,.. ,.,,£1,1 PO "". 17' . r~/H.llJ.
.'iSIf · .'()U Tn(ll1I lj()~06ol. FiU lO.'j ljD

""



CUMULATIVE INDEX Vol 11 • Vol 21

A cumulali,·~ indu for Vol l - Vol 10 was publish "" in the AI'ri l 1983 issue (Vol II No I ). Item. a~ listed wilh in
3 different categor ies , Anid es, Repon. and Im<TV;cw,. A li't ing ofSpecia l l"u., is pro~iMd at the cnd of the indc ~

VOLUME 16 1981

TOOGOOD J Microproce. sor Con troll. d
Variable AC<Ill,tics lOr the A BC'. ~C'"

Multi·purpose Radio Produc lion Studio in
Hoban 16(3)69-13

8\'R:\[ " P Dc,.nnina,ion of lhe In·
scn ;" n los... ofA.ou.. ie Laggings by In·
tensityM eesureme nts I6(2)4 3-l 6

CAD D\ ' R Digital Techniqucs in 10""'\0
Equ ,pmcm I6(l ) 20-22

CA lDE RS~lInl G A Violin Qua lity As
ses.smenlMetho<:\:fiIOiStud y I6l l 184. 86

COPS A. \\US A:\T S F l .boratory
Measureme nts of Sound Tran. mission
Loss o fG I... , .nd Windo.... - Sou nd In·
ren.~y . .. C" n' ... h" ....1~l eth<>d 16(2, )1-42

DON C G. PA PADOPOtI.OS A I.
LA" R E.\ C[ D L, C RA.\ IO .\ O A J
Ac",,-"k lmpu l~ a' Plobt-. l 6( 3 , 74. 79

G I'r,;S K II, 5 \ 1IT H J N s....nd Int..... ;t) :
Thc Slare of lheAn 16(2 l H ·36

J ,",r n : C Appl iealionof Ad"anced Elec .
tronic Sy...m' lo Conc en H. II. and Au·
ditori umsl 6( O IS-11I

.\ IEAR ES DJ Sou nd In.ul ation in Broad _
ca.tin\l Studio C. ntre. 16( 1) 9- 14

:O;ORTO"l " P. SO RIA J Th~ U..S. of
SOundlntu.ityTechniqu.sf..... Studyin'
lhe Effcct~ of Bound;n\l Surfac•• on th.
RaJiat ed Sound P"", . rofSound So.'uree<
16(2147-53

Rl: MSEY D The Sound s o f Bach 16131
80-82

VOLUME J5 1987

STO:'riEM"JIo: SAT. \HUm M C
Experime ntal SlUdic s of Aro uslic k CSOllarn
Phmomrna inTurhom",hin ery 14l1) 14-17

VOLUME 14 1986

VOLUME 13 1985
'" TJENROROUGII K Near 'grazi ng
Sound Propagallo n Over Open . Flat Con
tinuous TcrrainI 3( 1) 23-30

BUL LE N R B St.ti,tical An. ly. i. of , B\' R.\ E K f . KE LL\' 0 W f rediClini the
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A personalised SLM
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Briic l & Kj rer Australia NATA registered laboratory (No. 130 I)
Includes the NEW computerised lest/calibration system, B&K 9600. for all your B&K

sound equipment calibration needs
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