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1< > 120 dB Dynami c Rang e
* Coupling AC, ne, nnr,ss, IGP
1< Ant i Alias - I OUdB protect ion
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ranKe I1nda self contained Tapl'inK Ml1chine "ound source/ or [<wljail mcaSliremellts
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Ah houl:h [ onl y write three of thes e
messa gcsaycar, i1<cems tobconly a fcw
weehaflerthc last message is published
that its time to pen a fe'"more puml::fap/'ls
l thi"k ~'lt hl"ia.'m g(lt lh.:: bener (lf me for

the first two, so in oo mparison. this an iclc
will be to the poin t. Aro u<lic alx.~dotC5

wi ll ha ve to wait unli l Ihe " ext iss ue
Jus t in case yo u were con cern...,,] abollt
cmruu-ra". ing yo ur<elf.if ldon·t rre ei' ·ea
story from caehoonsullant I will reMlrt to
m~k ing tl>cm up and it is hil' hly likely th" t
my "s tor ies" will be more "mburrass ing
than anythilll,l.Yo u may have done yourself.

Later in the Journ al you wi ll read a
note from Ihe Ed;tnr eneourag ing us. a,an
i"du slry. 10 sta rt mn king the acous tic 'l uali ty
of res t aurants we vis it. For some lime , I
have enjoyed reading this sect ion or the
NewZealandAcous li<:sJoumal aoo l llOpe
Our mem bers make Ihe ctf ort to suhmit the ir
own feed back. You nner know , pcrh. ps
one day mo re restawams may rea lise Ihe
imporum.;e o f good acoust ic design The
prize for the person submi tt ing the m05t
rev iews is the pleas ure of ta king my wife
aoo rn.. outtodinrtef.t !hcrc"l tau rantw;th
the highest ranking

On a IllOrC' ....-ious note. I .... annual
conferenee is a lmost upo n uS agam aoo

Ihe date for earl y rellistral ions is fast
approac hing. I hc licve tber....... been
an excellent ........I'''n !IC to papers hut any
members"'huw;"h topm.ent shul.lldref~1"

10 the we bsit e (w,",'w·,aeo u' l;cs .a sn .a u)
imme<.li.t c1y lo eesure tlteyult stilljoi n in
the program . A, a learned soc iety wbosc
". Mid es " rely on . har ing klt<m 'ledo::e . the
altnual ton ferellC~ is onc of tht few c hance~

to te ll th e a~ou.tks community what you
have been do ing aoo elso ro find o ut what 's
be..n h "<:l'inl,l.c veryl>ody d '" hu, y.

One i• ......, which h~~ been rai..-d ;n
"",cnt t i tncs ha~ beentb,, (,vcr~ 1I qual;ty nf
tec hnica l work and reports by consultant,
(im"Sf!C'<'live nfwhcthcr they are member>
o f the Soc iety or not). Alt!>oul;h the d~"'atc

bas been in NSW, I' m sure it is relevant to
the re>t ofAu .rra lia. Unfortunately il wou ld
apPea, that a surprisingly high numblT of
"'pon.. frllm a widc range ofcon<ultants are
l1OIcomim:n tlyofahigh <110Ugh llualily.
I co nsidered this Tftllark relatc'd more to
the Slyle ofreport$arnIpos.s'bly CQIIfusing
prc,, :111atinn. Thi' wou ld make;t di lflCuh
ror the r'C'llderto uoo':1"t..oo the assessment
process...en thoug h the 00 lu5iOO!i were
probabl) · I<"CQrJle. U""'<"' ll appearstltal
I ......e are tOO tIUUIyreports which contain
tcehn ieal inn ....uraek"S or assum pliOlls
w·hicharetc....hnically unfou ndcd bccausc

ronsUltanlSllrc l',O',-iding advice in all'aS
ouls ide eeirexpeeusc.

I n lhe last year, tlte Sociely introd~ a

registe r o f "areas of competencc" which was
de\ -eloped in onlc r to a llow org,lIlisatiOllS
such as Counc ils 10 find membo;~ "' itlt
e",pcrience suitable for eer13in t) 'p<."S 01'
wo rk. Becau se of the <ii1e o f our S'lCiety.
this was dc~igned to be self·reg ulati ng and
re licd " o mcmbc rs ahid ing by our code o f
ethics

Wh il, 1 " 01 wanl ing 10 gc nera te
unocc C"<S;l'Y w nn ict, I feel all Olem.....~
are duty bl>und. when ,evie wi ng wmk by
oth<-n . todeterm ine whether they consider
it is l>fa suitah le standa rd, [w<lu ld like
to sUllSe>l members Contact lhe" p.....rs 10
provide eonslru ct i\'e ' ritit ism. ttdone
in a profession al way. this approach will
grnduall yim pro ve the qual;ty of a ll acouslie,
....olk, aoo th ~ rcby the "~,,rall itTllllJe o f the
acoust ics indust'Y, lf"e canclfcc' ive ly
po liceourse lve•• thc rc shou ldncwr bc a
n<'Cd for the ccerts to de Ihc pol icin g

Bc fore you Slandiu ing up old rc pons
aoo pho ning oIher mem b.-rs. I wou ld
welcome some <iUllll... tioo s of how' 10
fac ilita te th is ;mpro~cmcm in botlt the
technical ecc"rlley Boosty leof oo rrcports
(s end to : prcsiJc ntra:·a.t:QUsliCf;.8-' lt.a u).

SUSTAINING MEMBERS
The fa llowing are Su" ailli,,~ Melllhcrs o r thc AU'lfalian ACO~"l ieal Societ y. Full eonlaCl <!cuil. at-ea' ·ail. ...le Imm

,",,, ,, .acou,tics .aon.au/Slll/su' ta,,, ing.php

ACOUSTICRESEARCHLABORATORIES

ACRAH

ACU-VI8 ELECTRONICS

AOAMSSON ENGINEERING PTYLTD

ASSOCIATIONOF AUSTRALIAN ACOUSTICAL

CONSULTANTS

BORAL PLASTERBOARD

BRUEl & KJAER AUSTRALIA

CSR BRADFORDINSULATION

DEPT. OFENVIRONMENT & CONSERVATIONNSW

ODOR SEALSOFAUSTRALIA

GPEMBElTON & COPTYLTD

GEBERITPTY LTD

HPS ENVIRONMENTAL PTY LTD

INCCORPORATION PTYLTD

NOISECONTROL AUSTRALIA PTYLTD

NSWENVIRONMENTPROTECTION AUTHORITY

PEACE ENGINEERING PTY LTD

SOUNDGUARD PYROTEK

SOUND CONTROL PTY LTD

VIPAC ENGINEERSANDSCIENTISTSLTD

WARSASHSCIENTIFIC PTY LTD

WORKCOVERCOMPLIANCECOORDINATION TEAM
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Th in k in g sound and vlbratlon7 Then thi nk what we have to offer.
Not only do you helVe access to technolOQY thil t keeps you at t he forefront of mea$IJrefJ1enl&.ana ly$l$ from woOd

jeac ers in $(lund &.Vibration, you are al$O Ncke-dby our to tal $o!ItisfaetiooS<lpport from ourde-dlcat ed&.
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At n,,.., pm, I"" n'>iauram ;' busy IS tl1~ wai t~r

pasocs around tIic doessa1 IDC:nu, 'Th""",s,
de\.«:n. w ff«, (vgnac?'" You renee l, tl1(TI
__ sa~ Ml.el's go somewhere we oan

Ialk..~ You e,""rge onlO lhe fO<Jtpalh and relax

IM bu>.y Ctly slreel ;s a rno<eplea",ml """"'ltC
environmetll thaniheoneyouhavc jusc lell.
S<.Jn>eone in the pa"y oomplains of a sore
lhroaI -it 'sllllt acok!, it's j!rsl mc alSi rain fmm

Ialking k>Jdlyrnoogli loheheard
II seems 10 m<: that ihere i. ;tIl un met

demand in AlL.. ral;" for rN<w nmtS .. here
one can oon, 'ers.t romfonablr o r COUf'>C,
con,'e~tion istlOl. iboprinury busi""""u f

Tntaura ms; ihe wett:« of fa"food ehams
sh<Jw. .thal. for many OUSl"""""' lhe atm j, ....
gel in, gt:! red and ll'<1out '.ori<!ly AU>!n11ia

foU"'.... lhe US 'n lNo/l)' trend. w lh" I' OOC'
However, lhe l....otiOll o f u.: k~,u",ly

mtal wilhcoo' cn;ollUlllSa k>nj;. '-"""and" al....
has i~. fnllnwcr.<. Forl M """"'Ilby. .... lUll.Il, lhe
problem can be aw.Kkd , ....101)· rntou rants

ofu:n h""e ~ood aooust.. m vi,,,,,..........
Cu't"men."·huare p~.,J "' l"'yfor

da l'>nrale!ypreparedfood e, p:..' wm tort and
snmercSiauraleU", are l'f epar'ed l0 l'fO"ide an
env ironmenllhat is oomfnnabl e acoustically,
a,,,dla s,,l hcrwi,e

The prohlem l;es bern"«f\ the rn'OC' lmneS
offastfoodandhaut. cuisin. ,Au'tl1llia·scit iCi
h"ve many re<;laumnls lhat ~11 very ~ood,

rnnd. rald ypri cedfo od, af. ..' thOli" mpuna nt

10 and r<.-cog.ni, cd hythe l<lI,ri,1 indll>!ry.

Bul ooti"" lhal I do,,'l e. 1l lhem very IllX-.l
""I;;Iu...nl, . Unfortunately, very many have
hign ba<;kgrou ndnoi ", alldn:v er!ll.'1':l.tion

The rcsl.ur.nt lr.we is hillhly romp<.'1ili,'e
and a n"m her nf pre, ,,, ,.... e>lCC'O.'l11gc poor
arou~ic~. H ~rd surtaee. I ~ "l can I>ce.,ily
cleanedronm h' JIe tu long reverberation t ltnc~

Pemapsalonvcs and sound al>'Om; n~ ~".facc'

are lhoughl expensive, Pe,lIaps lhey rollnw

l""apparetl1Iacl ic. of the f.S1f<lO'.ld",in" an
unpka"'nl rnvi.....,mcnl ( "·O(,tl>o:ra<·O\"li e~(lI"

do:<:nrJeO<.'OUf'3g.-"people to "'IIt ~u,ck ly .ndtu
leave early, so t1ut one may lI<1'\'e ml,n: di"" ..
,n an ~"CfI ,ng

(;ouldlhi. he whal ind....'("; ....."' '' ...IC'' ..

10 P'U\'ide muzak in a crowee d re<l;luronl?
Under lhc din of \"oiees, often onc ....n hear
jusllhe bus hne of mu, ie, "·IK",,, hillher
fn,quencies are masknl by 11",r.i .."j voi<.'(";
Pato,ms wanllhc,rrompani(>n' lO hl:;tfwhal

' '"' y hi ve lO ''' y, rathe1'lhan 'lw m.... c ch''''''n
!>ylhcnJall:ll;"""""" .., they , imply .. i.., lI i.
\"~. fewa", inlCf<'SlCdinor~n""" 'C

thcl>a", Ii",,_l l.~;' p....ibly\"''Sligial
.. hrn lhe restall...nI <.>pL"flC\l thai day 'I had
kw ' patron. and 5O<llI:Ofle pul in a ClJ (Oll
~n·pnq in IIIehope ur 1l\iJking ue amlKcncc
..,. m hu, ie•. l,o ' ... on,its""ly elfeo.';,to ...... c
e\"')'OfIClalkmore k...dly. ln someresl.llllranu..
lhi. lcad< IO SClUnd ""ek ...c\I",""1I0 <!RA,
" il~ p<.>osible <'<.'ClJpational bcallh and ....fety

b ...' en ( llICidcntally. many
"'.lt o" di>l,lf lhc nd levols and thc ehoicc

ur music, -' lIt'C more ,han hoopp)' It.>lum it
nfT. I l'~ . ... t" tyOl,g experience: Ii ,," lhe h.b .

Ii".di. arJ"':l" and lhen, 0\-.... . m'Mte or lWO,

lhe .. ...nd .... cllo\'. duallyf.lkl
A. y"u .re n:aJ ;ng Ae<Ju.slic, Australi...

y<Jll w i ll ~· a r:lng~ orme.sutes lhalrould

hc t. ken to ifOJlnwet "" . cousticc,wironmcm.

eilher rel'<»jl«I " d y (If n pan ofawmpe~m

rle<ign. Y", • J l_ e at '~e inlerior nfrJlOSl

rest.ll ••nl, >lI~~'C>" lh.t it never flCeru'J"Cd I"

the m"nag~"",nl tn cnn ,ult on oro u.. ie;. n

If new' I"' I",r ""i.""" lIlId .., ""'ura m
guide. carried a>cpar.le rating of lhe

awu stic amb;"n, e. l"'rl",p' mun: imendin",
",. t. urateu," would think .bon t ,",ousli os as

part of ,"" ,k;s ign, Oursi" e. "", i",y ao,,,,,

'1K"T n ~• • OlcOlbr:rs lo rale

n:. I. u, UU>l lCall)' . nd ro ' uhmit CRA I'

lC~ I"' & R..")(,:w"'~I AencJ" ie l ndex). ·l1le world

hat r<lpic<1 many ~l. iftn" , . ' i"ns (un;""".1

>u t"'lo\e C""~ llJ rnrrol"I Bnd thi' ,,""'lI1-< ro he

a ll"lX! ooc. Tha t . ating fonn appoa" bolo,,',
Wilh pcrrni",,;on, Yoo ean pho!ocopy i••"d

.....n ml'ng yoo. !i1vourile """,Unlnr,;now, We

.hlil place a s'ersion oflhe form on lheAAS

" ·eb sil" sooo.

Camp. s.(2U05 1 ~Cafe & Re;lanranlAoOOsl ic

Inde.~, New Ze.land Acou.<Iic>..18, 38·39

eHfC & Restaur ant Acoustic Index Katin~ Shl't' t
Name o r Ca fe/ kesta uram, including Cuy: .

Dal c o f Vis il \ MOnlh /Yea r) , " " "", " ." " " .."", .." """.. """.. , _ .

Visil by: (Optional) ..

H" w m. nY I"'<:' p le al yo llr lah l., ?: .

Your Age Range:

How m uch tlo ise do yOll like in cafe , or re stnu ran ts?

fl llw much didlhc !e vc loflloiseadvcrst :IYI, fk"l

you. enjoymemofthcdi n i ng e~pcric n<,e'!

3. Did you e,!"C'rience any diflkllhic, <'''nvcr singwilhothNp''"plea'a rcsuh"rn"ise?

4 H ow mue h wo uld yuu . e xpe rie nce o f no ise inthis venue

ads e rse ly a ffC'<.'l you . dcr is io nlo r<:lurn ?

<25 :!5·35 35-45 ~5-60 >60
A 101 l'OIalail

,
Fu ll

5 How bus)" w:I. lhe ca fe al lhe l ime of yo ur V;s;I'!

6 A I what level wa s m usic play ing w hile yuu ,",eTCea ting ?

Oplional: add comments. includiog s,," nd le vel ir mc asur..-d

Send yoo. oompleiC'd fmn tn the [;d;I<>D , Acou " ...'. ...u' lrillha ,
PIlysic'l;,tJNSW,S}dney :!o12 I'u 02~3M '\hlW. 1 . ... d>(r!pItY.,unsw,edu.""

I

Too Loud
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missing out on
your share?



A SIMPLE FUNCTION FOR MODELLING
THREE-lH MENSIONAL SCATTERING
STRE NGTH FROM THE OC EAN SURFACE
Zhl Yon~ Zhanjt
MarilimeOp<'ralinns O;visio n,

USTO ,I ' ,O . Btlx ISOO.
Edinburgh SA 51 11.Aumalia

Thi. paper WDSawar!J8dIl'>e 21l0.. PRE$IDENT'S PRIZE.
Thi.pt'lzee.labi5fl«l 1!l1990by theA""lralianACQUsticalSoaety.is
awarded 10ltte be st tech nlcal paperpresented al tr.eAus t,alia nAcou s lical
SoaelyConfOl'<)ncebyarnernbe, o/th aSoOOly.

H<~ hlhcruuJ/h air....." inlerf...'Cand rnlnlppCd <li r butt>b duc lO " .'~bfcaLinll: ""al1a sound inalldim;ti01\$ iU1<I coraribure to «>-ca llcd
,....clkration in ilCt ;>-", """ar, Th"", all:' ~\ili<; _ a) "'C'llt ...ho:rc ."" OO\Ircc ami """, i,-cr om:: Dl lhe """'" pos ition , biSloti' .........
S)~crrt> " h..:"' I"" S<>Ur« Ilnd ",cci",ra"' sqmr1Iltd. and mull1<1al1c ..,...r'Y'I. lIlsin\"(l l\l ing muh;plc ..... "' ".and KCCi.a.at diff"rent
f'O' ition$. [n mc'u'. .... i<;si."....ions..rc, ·C(ber-.lIioni. mainl) duc 1<1 bIl<bcallo:ri n~ _ In hi..... i" and mul,iSlalK:. iluali.on<. f,..... ard and OUl.o<)(·
r looc'i<Dllcri nll:arC .ill ni li<-..Ill co ntributor';. Th e empirical o...pman_llams fonnu la i. oflrn u...-.l I" I"""!, ct surl""" backorDltcring s~ngth in
J'JlOl"IOS1aI;C ~\Rar, To [",n~r pn:din R:wrhcn.lion from the ",a ... rface in hi' lal,c <If mlllli,LMic ..>rIar. a ,h""""' ,,,,,,nsional «:aum ng formula
' Ilal irKlud", a f"", . rd sca[[~r i n~ Iotocwill he desirabl~. Fullu.. ing carlin .. or1<. in Ihi. pap.:r lhe s<:pamh~ r,' rm oHtal:bcaum nll moods are
~Alcntkd b)' including an up'<:liSi" n of f......ard >ean~ring lobe ohLlincd undc<'lhe "'in:hhoffarl"",i""'li"n , laking inln lOCcoonl .h8<J,.,wing
~ ll«l<, Compari" ", ,, 'ilh anotht-r more sophisticaled model >110,.. lhlll shadowin, CO""",it1O! . ", imponant II low gIV ing angle! . The
fonnlliaobtainc<l hcn: i$ $implc and inelu,k'sscaUering errecls frombol h lho rooghnc .. " r lhe "",, "urfa<::cl' and 'hcsu b-surface huhhles, II
nlllyllC'u.., ful for modclling mulli<l.Olic surfaoc l"C\'<'1'too:'ral ions.

I ~TRO l)lCTlO:\

Wind Ilenernte. rough sea surfaces. Wave breaking under
strong wind, also prod uce, entrai ned air-bub bles below
the sea surfa ce. Bot h roug hncas cfthc sea surfaces and Ille
lruppt...J air bubble, sca lier sou nd from sonar and lead to
surlilccrc\'crbcra tiun

Scat lcri ullocC Ur5oul-of-plane a, well as w ithin the vc rtieal
p l a n~ co ntaining the source and receiver. Modelling active
",' narrcve rbcratioll fh "n lh", seasurfaee rcquires assesSlnent
oft hcsuda ecscaU",rillgstn:ng lh.For monostal ic sona r whcrc

the transminer and receiver arc co-located . the reverberation
is mainly due In ba.' bcaltcr ing. For muhista tic sonar where
multiple transmitte rs and receive rs are spatia lly dislributed,
Therc arcaddi tinnaleonlrib utions to The reee ivedreverbt:ration
frnm fi, r\\,artl and llUt-t,I: plane scaneri ng

The empirical Cha pman- Harri s form ula [ I) of su rface
OI;allering ,trength Is ofte n used for model ling monos tanc
"" nar re....erbe r-ali" n. To mnreaeeurelely pred ict reverber .llion
in mult iSUllic act in, 5<mar system " formulas for three 
dimens ional scanc ring are desirable. Gauss et al (2000 , 2002)

[2,l ) pn:sented a semi-empirical surface sc.auerinlt slre nltth
(S ESSS) model Ihal combines incoherent scatlmn¥ from
Ibc Ttlugh air-sea interface "' ilh scatlm ng from the bubb le

d ouds.
This won f"I k>ws The approac h in ElIi, and Crowe

( 1991) {4] and Carul hen; and Novarin i (1993) 15) where
beckscene rtng models are extended by using the so-called
sepa rable approxima tion . and then combined with a term
obtaincd unde r lheKirc hhoffapprO):.imalion ltlohlaina thn.'C.
dim<'nsiu nal scattering funct ion. In thi" paJl<'T we use lhe
empirical Chapman-Harris form ula [I J as our backscattcring
model. Wc further mod ify the cxprcssio n obta ined using the

shadtlw ing factor in Terrance and Sparrow (1%7) [6J and

compare the results with those of Gauss et al (2000. 200!)

(2.3].
Due to the em pirica l nature of the Cha pman-Harris

bac kscanering modcl ,lhe exp ress ion ob tained here incl udes
tbc cffcc ts cf bcth the roughness ofthe sea su rfaces and the
sub-surface hubb ies, The !om ll, la is , imple 10 usc in muhi, taTic

ecuvc sona r pcno rmaoc emoa c!s.

C IIAPMAI"· IIARH.IS IJACKSCATH: H.I1\G
;\ 101)[1.

In underwater a<"t",stie., the abi lity to scalier ';(lund from
extended objec ts such a.' the ",a 'urf:u;e is o ften cbnracrerized
by a scattering strength. which is de fined I, the ralio in

d~ibe l~ of the intensi ty of the sound scalte red by a un it
surface area {normally chose n I m~). refe rred to a unit

distance rnormally I m).tu lheincidenlpl all,:w3\eintensity.
B...,,:d O il m,,,.,,urement~ using e)(p l"s iv~"S. Chapman-Harris
(19t'i21[ll gh e the follow ing emp irica l lil 10 me asured surface

backsconcring strength in dlr fcr wind spc-c-ds uplO 15 m/s and
fretlue nck."Sfw m 400 10 MIlO 117 ,

S - 3.3jl ltlS ,J0I3,, -424 log ,JI+26, a n ( I )

for jl- I 07(Ufv·r·~·.

where 0 is grazing anglc in dc:glOX!!', U is wirltl speed in m/s,
antl jis frequency in Il l .

Fur laler u"C. we re-write the Chapma n-Harris form ula in
lincar unils,

"J
wbcre l:I(lI)is referred 10 as thc backscallering coe fficient and

is related t" the su rface scatteri ng strength by S - 1010g10
[1>(0)]
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(6)

THE T HRE E DIME~S10SAL SURFACE
SCATT t:R Il'iG t"UNCTION

T he.\lodel
Following Ellis and Crowe (1991) [4) and Caruthers

and Novarini (1993) [5], we e~lend the Chapman-Harris
backscauering fonn ula b(ll) of Eq, (2) to a three-dimensional
scattering function by the following form ula.

m(O"O,,¢) =[b(O ,)b(O, )]" l + D(B"O,W( Clj (3)

wherem(ll "e ,.4J) isthe th",:e-dimensional seatte ringcoeffic iem,
and flf fl•• are the incident and scattered gral:ingangles

The parameter b is the root-mean -squa red slope of the
rough sea surface, which can be approximated by the empirical
e~pressionofCoxandMunk( 1954) [7 ),

(il : O.003 + 5.12 xlO -!U ± 0.004 (5)

The parameter Q is a measure of the dcA<.'<:tinn of tl>c
scauering anglefrom thes~ularangle,

Cl _ cost 0, + cos J 0 - 2 cos O; cosO, cos¢

(sin O, +s inB,) l

where4J istheseatteredazimuthalang lcrdativct ot heineiden t
plane

The first tenn in Eq. (3) represents so-called separable
approximation to the backscarterlng model b(U) , rhetenn F(U)
represents a forward scattering lobe in the high frequency lirnit
rromGaussian-distributedracets under KirchhoITapprol\imatioo
(also callcd the tangent plane approximation)[8,9), and the
funct ion DM, fJ) accounts for shadowing effects on the
forward scanering lobe and is discussed below

CH. ,eacksCa ner(vs. Wind Speed at 1500 Hz)

_. -...7"_7

, ,
-60 / I
-7°0-' -·-,.:;;-----,,:;;O---,6<l:o--~

GRAZING ANGLE (de!;J)

(.)

" ~IH" '''''B''k'~'''('' w'", S""_:",.,:,,-,H"
~ -10 / /
o '
ffi - 20 / I
g: // I

(/) - 30 -

~ -<0 ,<,'. " El"
§- 50 f / ~o

6-60 / f 2 5

~ - 70
0

I 20 40 60

GRAZt NG ANGLE (deg)

(b)

Th e Shadowing Factor
Adjacen t faw ls may obstruct sound incident upon a given
facet or the sound reflected by it. This masking and shadowing
effect is espec ially important at low grazing angles. To account
for this effect, we adopt the approxirnale shadowing factor in
Torrance and Sparrow (19671 [6],

DO 0) = - (12 co'Q ~i n O, 2CO~Q~inO; J (7)
( ' " mID , cosO: ' cosO: '

wilerI.'

0; = (l / 2)cos- '( s in8; sinO, - cosO, cosO, cose),

and

cosc :sinO, cosO; + cosO,sinO,:cos y ,

y =(sin -'(cosO , sin, /si n2 0;»

(8)

(9)

Thesha dowingf actmi nE q,(7) isdcrivedusingthe assumption
that each facet is one side of a v-grcove caviryand sound rays
onlyreflectonce ( i.e,m ultiplesc attering isignored).

For backscattering, 0. " 0, <II ,, ;It, and the shadowing
factor becomes unity.

It is worth pointing our that the emp irica l nature of the
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(0)

Fig. t , Surfaee "",t 'l(~ncring ' trcng'h at 1500 Hz ror w;nd
weC<ls f rom 2,5 m's to 20 m/s_(a) Chapman.lla rris modet
(b)C hapman-Hams modetpl us Kirchhofffacct ",a l1cring,(c)
SESSS modelof Gauss otal [2,J ).



CHsonly:Bistaticoin=45Hbi=45F=1500Hz

50 100 150
SCATTERED GRAZING ANGLE (deg)

(a)

CHs+Facet:BistaticOin=450bi=45F=1500Hz

50 100 150
SCATTERED GRAZING ANGLE (deg)

(b)

Bistatic (vs. Wind Speed atOin'Obi=45 deg)

50 100 150
SCATTERED GRAZING ANGLE (deg)

(d)

Chapman-Harris backscattering model means that the first
term in Eq.(3) contains scattering contributions from both the
roughness of the sea surface and the sub-surface air bubbles,
with azimuthally independent out-of-plane scattering. The
second term in Eq.(3) represents scattering contributions from
the roughness of the sea surface near the specular forward
direction with azimuthally dependent out-of-plane scattering.
The overall model in Eq.(3) is a simple function for modelling
three-dimensional scattering strength due to roughness of the
seasurfaeealldsub-surfaceairbubblcs.

RESULTS

CHs+Facet:BistaticOin=450bi=45F=1500Hz

ill
~-10

i -20 I

~ -30 I

~ -40

a:

~ ~::
-70

0 50 100 150
SCATTERED GRAZING ANGLE (deg)

(e)

To assess the accuracy of the present model, we compare its
results with those from the Semi-Empirical Surface Scattering
Strength (SESSS) model [2,3] for two representative cases.
The tirst case is forbaekseattering and the seeond case is fora
particular eontiguration of three-dimensional scattering.

Backscattering strength
Figure I shows results of comparison of the surface

backscattering strength for wind speeds from 2.5 m/s to 20m/s
atanacoustie frequeneyofl500Hz. Gaussetal [2,3] show
that at low grazing angles, scattering from sub-surface bubble
cioudsdominateswhenwavebreakingissignificant.Athigh
grazing angles, scattering is mainly due to ocean surface
roughness.

We can see that the Chapman-Harris model plus the diffuse
scattering lobe is closer to the results from the SESSS model.
However, there are appreciable differences between the two.

We note that the parameters in the semi-empirical SESSS
model and the original Chapman-Harris model are fitted
using different data sets. Ttmay be possible to obtain better
agreements between the present model and the SESSS model

Vol. 33 August (2005) No. 2 -49



if the empirical parameters of the original ( 'harma n-ll am s
model wt'fe re -fincd llsi ngthc""mcdaID ~l as l h al lls..'dfor

Ihc SI::SSS model.

IIlsl atic sClIlteringstren jl;th
t' ilEu~ 2 shows an e ~amplco fcompari.on ortte blSlallCsur rllCe
scall~Ti nll Sl~n~lh for wind sp.....ids lium 2.5 m/sw 20 nII!ial an
lK'O\lsticfn:"lU('oc)'of l500 Hz.Tbc: pafliculat ca.",,!ihtnl.o~

i!i foran incid.:tJ1&"l"ing;m gk of 45 do:gn:n and an uiltlUt hal
anr.le nfal\o1,) 45~We can!il.'C that lhe!ihado.l.. illgr...ctor
impro""d the agnemcnt al Jov,' grving angles bf:N.«n tlw:
~l mood and tlw:SI::SSSrTIO.'del

It K or ,nt~ k' lIOk that. simi lar IO Lhe pmoc.'fII ltKI'lkl

the SI::.'ioSS ItKI'lkI is a =tioo of~ucrinl!>lm1gtmor
vunuthally illdo:prndrnl !iCllttning duoeto llirbo.obbla and
•.",nullu \ly dc:p.-nde-no "C3l1<"ring due 10 rnugh_ o f the !d

1<Urra«

SU:\I!\I:\ RY
• nllo .. ing earlier worl by Ellis and e m.. c tl99 l) (4) and
Caru lt....1'5 and Sm arini ( 1993) (5). a simpk c"fII'~"Mioo for
model ling thrw dimensional scauerin g strenl lh fmon ocean
Jl.urfiICC'll wasgiwnaooc OOlparcd ...ilh anothcr scmi-cmr ,rica l
mod el. The npr~ioo combi nes separable forms of lho:
(·h~rman . l l~rrisbal:k!ica lleri ng m"tlc l ...ilh a l<,.....ard scallcri ng
10 giwn by a high frequ...n.:y Kirchhoff ar prm.imalion
(; m" lri\·al~l.. ing effects oflhe fac<:1'1an: acc,,"nl~..t for
b)' using l scpa",rcI<Mfactor.

Ih rff-dimo:nsional ,;catlcringda la from card ull y conlrol lcd
mo:asurcmmlSa~ needed tO D-'iCeruin the accu racy or the

","pmOIOn

Th" "m,,'" "'''fII'''''', ion inciudn the "IT~"'1. ufbool1l~rou~h
air.....~ inlcrf""·eand.uh-.urrac" buhbl".lt ) bo:u,..,rulu .
MJb-modcl for nl<>dclling O:"o:rberalioo in multi. b tle WlW.

hlU~ ...orl may ind udo:impro_ing the ihadO"1 nl! ta.:lor
110] i&rIdCOMidr nngotherbocksc:m eringltKl'lklssuch as those
in Ogckn and Fn kine {11.I 2. lJ ]

ACK:,\()WI.[UGE:\IE S TS
l>r. R"ll"r C...u,," lind his colag""'" at S a, .. l Reso.·.1fl:ft
Labo>ratory.WashlPg!oo DC provided the rode of the SESSS
mookl which was used f...... j'In)(I"" ing lhe ft'gJlts shown in
Fig,l (c t and Fig.2(d)in this parer·
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A VARIATION TO T HE SO UND LEVEL
CONVERSION MEAS URE OF HEARING
PROTECTOR PERFORMANCE
WlIr", jck Will iam..
""'at iotlal Anl o. l k I __ll..n lor l" Ch.h .. ...... . ~S\\

[

A.....tra ClThia ,",0", k."b at . \ arialion ;n the mcdlOll of ClIlculal;nlt the single number I'lll;ng o(hcaring prol«1or alten.....i.....
performanct', the SLe w Theresulling fig"",, !la• • slight variation (r\lm the current method of , .k\J lation but ~riMlli
wnh III d...·iccs that hlld reccr nly been lo:sto:d show ~ tha t in pra'1kc this ditterencre is minimal. The advaofaj:(' of lhe
variation in the~lhod is lb. . the unrena inl)' in attenua tion rerfumlance i. rcduo;ed 10 one sUlndllrd dev iation~acing the

;;.'m li':',~7~::'~~:::-i.'i01JS This makes for nsift" error analysis and fUlu~ slali-..ical analysis or tbe:re tauve
~ -----J

I . I:\TlU ) ()Ul.TIO~

For man y )'o:a~ in 00th AU<n'Itia and "'",' Zealand the Sound
Le-c l Conu;,nion ISLe) method tBotsfont : 197)) and in
poonll:ular the SlCIIOm.;thod (Waugh: 1973, 1976 ) has beeII
.-d 10.:-.timau lhe effecnve at CJIT I'IOf>c: kve l ofind,."iduab
.. bo ~ .. RrinS ho:alinl!: prot«ton in not')' ,; 111'1[;''''-'

(' ..m:IIUythe SlelGfig..e is .l~ tho:t..is oftho: , impliflCd
d l;»i focalion 5Y""-"IIl( \\, Ihams : 1999) f," I..... 'Jl«,fK:a lion
ofbearinll~udctail.:dinC'Olnbinrd A.' ll"d1ioN'."'·n·

kaI.-J Sz.-l.:ml ASI:-'ZS /169J: :!OOJ 0ttf,p<It~ _,~

.....n'~ Parr J HNI'II'fgJJl"Ol«'kN'~.

The ~l{,. i. ""on" cioK-ly defined in ASI:-.'ZS l ] i O;
2001 anJ l'<:J!""o<""i I"'" minimum aflC'llualion ptO\'idcd 10
appru \lRlat cll' llO% {~ltietly 1l4%)oflhc u"""" ufa .......rinll
f'l'DI<'CU>l" .. hen wearing lhe pO>l....,;..... arrropt'ialcly. n..,
i nl~n( K>n or l"'" SlCw is lOpmvidea re"li ...ic ti l!u~ fur I.....
DlkTlua,i"" uf a h.:arin~ pml""';l<1I" wh~n u'«l in I; rea l hfc
!ollWlIOO. II is imen dcd \<Ipm.'ide AC'lhC'"an o'·er~.,.lImate nor
unckr ....nrnate o f cnenu atic n pcrjo nnaec c

The SlCw i, ore of a numbc:r of iin~lc number r~l inl!

.~ ",u....,nlll' in u'c aTflund lhcworld f\lr .p«ifying
lhe ancnllalion of a h.:3ring pn>l~tlll". It i~ ' cry similar in
character 10 lhe Nunh A mcrican NRR (lkrger 19116,p 329)
aoJ European SNR (EN 4511: 19'.13). Reing ~inl: l c number
Illlin@: systems based on the .. ork hl' O" l,furd (I 1,l73J lhe
djscllsiionsl h31 1ln: ~nt~-d i n l hi5 papcl' in lcla l i"n lll lh~

Sl CIIOcan apply 10 both NRR and SNit

2 . ~n:THOU

n.c rno.'1hod llf C3l<;ulal i"g SLClUli~ ba.cd onlhc nf'Clilll",n lJl l

proced ure detailed in ASI:-.'ZS /170 : 2flO1. This involves a
subj«t. fit lest whereby lheocclu""'-da nd "n-occlud~"' lIcaring

thresho lds of the vokmteer lest !.Ubj~'<;15 an: mea sured. Thi5
is done al seven ocIa' c b.~ndccn lrc frcqucnc i~'S by "'''",,"u~

10 one-Ihird "",la'e Nmd " idlh. Ilhered pi~ k noise . ~
anC'flwtion is ca k ulalcd fn' m lho: lXeluded _ un-occlud ed
diITeren.:e in hearingthn:o."u ld 'e~c1 . ln l he casc ofear mlllTs

uere are a minimum of I" I"'" luhjC<.1~ l'I.'q"i .c-d " hile for
ear plugs tho: number i~ .:'!O, Fur lho: SLC.. , caku lal iun al

cacnucu>ebanda meanallcnuationanodSlandardde1.·iation
;,. do.-amn ined. ('i<Jl~: F", 1M req/li~ ofAS':\~ 1170:
1001 0 c.Jr% ' ion 0/'1. SJ.G of II Jon,r"l fH'OIt'C"" U _

- ""',
h om a pn:dd ined reference 'I'"11\U11 1• !he """'"

altC1ltl3hOIl of the de\l ice ;AI ~-adl OC\.lI 'C band is ... bl:r.:tcd
inonkrto gctthcanc-nualCd $pCCUUftlund..-rthe,x",ice
Thc di ff~ boet.. """tbco' C11IIll ..l""of rhc refCfC'llCl:
srenrum anod the anrrtll3kd 'f"«1ro m J'fO'idcs the 5m,,1c
figure pcrfnrmana-OI" SlC of l.....dc\ in- 1111~ i~ !.UTnmlIn..."J
in lhc formu la:•

SlC~ IOO - IO Iog, o ( I~IOO,''' O -\IljIJ. II)

~ "" ref"n;"",e octa,eband il"""f1'tll le,'ek;

(71. gl. .... 9). 9~. 9) "- "".ut,
MQ - ,",,-'3 n ancnual~'d lev el '" ~ Hz; and
~, - ocln e band e."nlre freque-nein

I I!j. J5f),~ll!l 4l .f..lA Hz'.

This value is lh<: SLC of l h< d<~i~~ e " perienced by l he

a>'erage user and exceeded by 50% uflhc u....rs. llJ is value
cOllld ~ l1lull ghl u f as the a , e r~geSLC urlhe Sl{'~l· l n

order to calcu la tc lhe SLCllI) i lL'leadof u~ing l llcmcan

allenualed lc"el lhe mean minus une slan<lald dc " ialion
..lIenuale<:l le\ cli s emp k»'cd. So

"here M'~ is no,, ' the mean anen uatcd In c! mi nu~ ooe

::~~~17;:i:: :::Z~',:j~~I~i~~~ l~~~i·:~~:~~~
for simplicity SLCw is used

This method of a lculaling the SlCM h.., !><.'f\ro ... ell
for many yea~. HowC'\'cr. it doc~ w ITcr rrom one -e Ot lUS

dra...back in thai it ron lains K"I'cn ~tandard de, 'ialions frum

1. 1lIfS.,..,...-um;. ·driilord·inAS.'NZSl!70 .....,""OOdO ".....Il. ,dl
~...c71.8 1.8't.~J. 9S. 9Jond ll6d8. (),;~ca.ndee-ltC

freqocnclro of IH . 250.SOlI. lL 2... ~ ...... ~. H' Jn9<aimy
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tl>csn cn « u ve b,1l!d atlcnual;Ofls artd any error analysis of
tile:resu ll must U!\C the seven standanl <lni al;""s . The seven
octav e band attcnll<uiun' an: required for the Octave Band
mcthod for heari"g prnlccl" r so:lcr tinn

An alte rnative proced ure i. l<lca1culale an indiv idua l SLC
(iSLe) for each lest subject using cquation t l l by substituting
the indi\'idual ancneated level at each octave band. An
average ofthe iSLes then prod uces II mean iSLe (miSl C) . By
su btrac tion of the stand'l' d deviation we have an miSLC~1l" T he
[Ola lerror formiSLClIl,i, cakulated using lhe sinllie , tandard
dev iation.
Since the introductio n of the curren t method of atten uation
to:sl i ng i n AS/!aS J]70: ]IHJ] in 2 U0 2 t hen: ha, ~n a lola l of

III devices (9IlCM mulls and 13 ear plugs ) le,' ed at NALlhal
were suitable for inclu siOll in this ana lysis. Two methods of
ana lysis ....ere applied to lhesc I I I dcvic r:s for co mpar iw n

3. RESULTS

Table J show s the ancnuation R.-suhs and el k ulaliuns fur
SLC !!Oand miSLC lIO as an eumpk fur ,~'e I'l'rti eular set of
earmuffs

For the sta ndard SLCw PfIX.'C'!>Sthe", ,,,,Ib lln; ca lculaled

ve rtically for mean aue nuaucns and sta nda rd de viations
followedbyahori"on\.alealculal;on for thcliIl:l I S LC!lt~"'hi le

lin initilll hori7l>ntal ca k ubl ioll of an indiv idual SLC (ISLC) is
earricdoul followcd bYll \Cn ica l cakulati,lllo r tltcmiSLC llO)·

Hy way of example tlk: '."lIk ulat i" n I"r thc SLCM and
m iSLCiIf)can be fo llowed fn>r" T"ble].

Using equatio n (2) we get,

~~~lJf ~ 100 - 10 loglO(I (f>,n04- 10",96 + Id' ,·" + 1000,l l +

+ 106 <2+ 1 0~ KI),

thus SLC!!O - 24.6d 8

.\'",~. SlC"";, --.JNr-JN ,,, ""'_, ,~ N.-nn. ;" IM, <",,~

;'!om·N.o~kft~fn- """)''' _~'' '''.'' '''''/'''U''

fo r IIlc iS LC value equation ( I) is used by.ub>lituling thc
atten ualed spcl:lrum le\'CI ateaeh octavc~nd for cat:hlesl

subj l'\.1 . Forcl'.3mplc,for thc lirs ts ubjoxt lhciSLCcakula li<1lI
would be,

iSLC= 100- 10k>g , u(l OO· I(11 .J ~) + 1()'l1l'l -1O) + IOUl(lf'Io.)' l + ...

+ 100" ,9J4 54 100.1IIll>-46 ,),

Table 2 hample UflM c.kul.liun of 51e from ~ta SUPl'liftl from bble 1.
Octave band cent re
frequenCY lHz) 12' 25. ' DO 1k 2k 4k 8k
Referen ce band level
(dB) l.eq~alor'\l IO l 00 dBL...- " " " sa ss sa ee
Mean - SO atte nuati o n 01

3.' 11.4 ec.c 27.9 27.3 ae.e 21.5protector ldll)_ _ _
Attenuated spec trum

-
level (dB) 612 " .e 69 ,0 65 .1 61 .1 .., '"
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iSl C = IOO- I O luJ!.I ~( I<f!-~+ 10" 1 + 10'-4 + . .
+I04l +1 ~1l),

iS l C -1l9 J R

The rneau t,f the iSlC~ art: calculated (miSlC - 29.2 dB)
and UK )t.Indard tk "i atit>n (4.7 dl:J) .....blr... loo 10 rt:~ull ill an
...iSlC",,()r24 .~ dB

A§dcmon~ralcd in Table I lh~ SlCM;llld 1h<:...,-SlC., art:
":TYdOK in\-alUl:and.ingo."'lI<.'fal,lh is~SC'enJlObclhc

usc, MalMlNl l io....,ll)· IbI: I ..... pro.:non art' not the umc and
.hould not n«nsanl) oon;luok..-illl lhe Sllm~ !null. When
lM mulls of lhe Sle . and the ...,SLC IlO fOf a m i'l,lun: of
the I II tk.-~ tpIugs and mulTs) Ic'stN arr rompaud tller~

;s high~blion (r " ,99 ) as ""","n in FilfU"' I . 1M 1"0
roi nlS I(IJ.I, 16.11.k 11.. ... 16"11 thal al'l"'"", wbe .. ~lI .buu

the po.-ibk lin~ of best lil . r ronJ.:d and un<ordcd ' o;n>oos
o f a~ cks ign o f ear plul!-. This poor pnfonnancc coul d be
uplaincd throughthe rt:lati.~lylarrestand.mt<kv"lioa for
t>,>thdr .icn of7.7 and 7.3 dB~ivd)' cum p.r ed 10 tho:ir
...,'Sl Cw ... I.....,.nf 17 alld ItodR

: I'~...~ .. /. .. ... / '
~. ,./
' .. / '
. - --_. -

Fi~u", I: Tho:mean indi>tdulol SLC'.. (mISl C,.l . ...... loUndard
SI£", dcmo"""TlI1 ,n~ l~ ~~ n:lallon"' .p hc1" n1I Ih< , .. " f'Jlurft

As a fun ber compen-on lIf rt:' ult, "-igull' 1 !.lIo...s the
relation betwee n SLC and lh~ m,'SlC. Tilt: ..-on elalion sho....s
that thcSl C lends IO hc, ona ' l.'rDllc, . boui I da greeter rhen
the ",iS Le.

T he WinOla!) ' or I,,,ul l~ or thc overall snnistlc al ana lysis
is pn.:>lCnl,>din TaMe J. T hi, gi"e., f" r lhe ind i..-aled b'n lUp of
dcvio.'l.'!>.lhe a.-erallc SlCIIO a~ eelcu l..k d hy lh" A" slralill,,1
Xe ....,.eafu"J Slarnh,n l method ; lilt: . "" rall" ",i Sl C followed
bythe a>'('n@:'-' ~landardde.·;ali"ll of lhe ",iSlC I'lf lhcgrnuro;

the a "<.'T'~gc m;SI.CIIlI• calcu lated by subtrac linll Ihe standard
dcveuo.. fr"mlhe ", ;SI.C.

4, mS CUSSIO N
The origi nal impetu s in the me thod of ..-<tk ub tinll the S l Cwo
ut ilising ,llc mean allc'nua li"ns an l'iC durin ll a time ...hen
~'(lmf'u tel'l;and caku lalors h.nd amuch m(lfelim i lcd capabi' ity lo

carry ou t com r ie>;rroce "'C~ , II WI' an h;~torical proces s. \\'lh
the usc of ~tK1 l~mr.. rary comput ing capabi lities, ea lculalion

:Lz..··"/".O IlQ

[ / " .
. " / -

FiJurc 2: The f'tbtioJcMip bet ",,,,,,, "" SlC .... SCL
On ~~~ Sl.C is 1 dB palin' tMn m,SLC

r..... ,
SwnruryofR'SfJnllM kw_pIu,..__lT.-.d .Jl"i«s fof

ee llWD~dion-ed

""- ....... ....... .......
Dm<ffll Sl.C. ...<;IX .," _ ·<;I.C•

(.If / /. lfl l ' If' (.~-..... II.• '"
., ,..

t'!'-Ill--(!" - 'IlI 1 25,. N.' " 2!9

aD......,. ,.., .. 25.1pk.rI 8<_ I'I'. 2.~.O

~ -
using tbe tr...JnlOlUllTk.'l hodor lhesultll:esledvan.atioo is
eas ily lld1in'ed , ll>c Mh anlalle of lhe IlI,"\O uriali"n com es
....i!h ltM:pwdo..'1ioo o f. s lIllLle sta ndard dc\-iiuioo. For an nror
ana lysis and a ~i rnf'1c n:lat ioo <>h ir beno'Cl:ft the ",iSle and
the MiSI.C", the advanta~ of the C~;.ICn..~ of one wnobrll
<kv;ationisol»-ious.

Figurr l !>howsa ccrnpan....n bmo'ttl1 SLC.and m,'SI.C.,
and presc nts an a'll umetl ltlul lMlwO \'alues an: oornpara bk
on a prat:lical ba sis.FiKJIrr lsho""slhc(on~iSlcnt~lal iom;hip

he"", :cn m,'SLC and SLC wilh lhe jeucr usua lly be ing a Iin l~

Iarg"r than thc fimncr, in lhe ordcr (,f ooc d«ihe1.
It is now limc I" I"" k al reasons ...hy it may he ofadan lag~

10 usc th is method of miSLC M "-lIk ulal ioo in rrc fer cl\t."e 10 lhe
tradi tional m\'lh c>tl, Using lhc serne 111 hearing protectors
from 1Ih<."'e that demonstrated the correlation betw een 0111 IIml
nCW method, Ill' cllku b tion of the r crfonna nce fIllrDlI1c' lc t, it
iseon strucliV\' 10 plot lhr ;ta ndllrd devianon of the hearing
protector aga ins t lhe auenuation pe rfonn ancc. Th is is d isp1a y~d

in Figun! J.
From Fig" ,... J we can s« lhallhcn:is a .l ron g ncga li. 'c

correla uo e displa yed berween bt:-aring protector pcrf(ln"arM;~

and ~tandard~'ialinn, somcthlOl! thaI wnh thc ( un cnl metllnd
ofc..kul.>lion ",'ouldhcdifflt:ull lo displayqollr so clcar ly.
TIlt: n:lati"n bc:""C'Cn lhc ... 'o u loes ca n br e \ pres ,.e,J ... .

", ,'Sl C - H.30 - 1.2f>SD, (rl " O,]f»
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is a much broade r spread in pcrfm mance com pared 10 users
ofhigh.tlen uat ion de,-icn. Hencc lhose indi,idualswho usc
heari ngpn;'I~'Clo", inlo", noise arellS. whcrc lc<os anenualioo is

l\.'quired ,,,,i l1e.~periel'l(:eawidcrrange()faltenuation_U~

who experi ence 100 much atten ualiun may find tltis ove r
prol<:cti{lO anll()}'inllanddecreasc thcir heari ng proteclor u>c.
Th is is an undesirable eutcemc

. "
~.

-~________ ..~., • . 0

. , ...
hgure l : A 1'10l of hc~finll "" ,.....l<1f pcofnnnal>Cc calcu l~h:d by the
Wl!I<"' f..-d~aria lion in lhl:nll;;loo.l. IM mean indi~ idual SLC j miSLC).
\..".. ... lhowndard dcvial ion fur lll lc'.cd h~.,.;ng pn'lCclOrll show i ng

a ltron' '''' lo\>Ili.·c ....>m:laIKm

Th is indicaics thaI tllelc i~ a clo'<C correlation be twe e n

the attenuation pcrforma nc.... of the device and the standa rd
dc , 'ia lion [ d.,~lly In.: sland;lrd do:vialinn should he independe nt
of the device attenuation aoo \ ice-versa

Previou sly lhepreS(nl:lh< ~ 1 o f suc h data wo uld have been

difficult as in theca,eof SI-C""fllrclIalllpletherewould be
seve n standard deviatio ns inHllved from ea<'huflhe sev<:n
octave bands , One way could be to u-c an average ofthe
individual oc laveband standard deviationo; hut lhc relation
tcrwccn this averag e and the sta ndard deviatio n of the
ov erall atte nuation performanc e param eter is nOl a, regular
as w(luld he desire d The relalion b•ctwccn the average oc ta, 'c
band standa rd devia tion and uie siuglc standa rd de\ 'ialio n is
illuslr ated in F igul't' 4

, ...
0'·0

1"0,
~~

Figure 4: The ... l a t ionship bctw~nlhe mean of t h. individual""la.'c

hand .landard dev,alions and the ,l"nd~rd de, i. lion Ilr lh<'"vemll
'll enu"tionperform.nce

The prcscnlation ot iesr resu lts as per Figure J can allow
us to loo k at hea ring protectors and hea ring protcctor use
in a differe nt light. For ~ ~ample. it is clear ihat as th~ value
of the rating of the hearing pro tector dl -CTc3 ....-S Ihel'C' i' a
corrcsponcmg increase in its standa rd deviation. Th i\ mea n,
thm foru~rsof hearing prot.'t.-1ors"' ith low al1cn uat i"n tltcrc

54 · Vol. 33 Augu sl {2005) No. 2

A further relalion, hip nmcan be disp layed is tbat bctwcc n
the clampi ng force and atten uation (Cl\clu,je,carplu~d" la)

Th ese results {Figull! 5) ~lu.l'" \I genera l Icnocucy toward
an innea," in aU''1Iual;on ",i th increasing elampios. f<>«:e
lnlll ilively this """ uld s.:em to be a reawn able ll:'Mlll.l lnwc, 'er,
there is a largeclu, ter nf dcvices llJat have a clamping force
in the range of 10 to lJ !\~",lOuswith a spreadof atlcnuat ion
values from 22 10 31 dB, indic ating an inl1ucl'l(:e uf factors
ot her than clampin g fora alo ne

Figure 6, The relal;oo bo.'!wcco clamping (0"''' and the o'CflIIi
' tanJarddcv ;ati"no (l hea l1(11ualioooflhedc,'ie"

Anntherrel alinnship isthatbet",~ clampi l1gfo",c and thc

standard deviation for the overall eueeuanon figu rc {Figllll!
6). This shows thaI there is an overall trend for th" standard
deviano n 10 decrease as the d ampin g forcc iocrcascs .again
a n:awnably intuhivc rcsult, bur the wide scatter ofresult:s
sl\o.w.... that mere is obviously a depe nde ncy on otheJ factors .



5. CO~CLUSIO!"\

The sugges ted variatio n in the analysis o f hearing protec tor
rest data provides a signific ant advantage when examining
lhe G~'TIt-Tdl per fomta nce o f hearing proleclors and when
com paring individual pcrfo nnance, The usc of a single
slarldard dev iation alsosi mplifies3nycmlfcak ulalion proce»
Ihalmay be requircdror lhe ~nlaljonuf l hc rel iabili ly a nd

, al idity of allenualionl e' tdala
Someexamplcsoflt",:ad"antal'euf usinglhe suJ!J!~led

variatio n in analysis hne be en illustrated with brief
d"""u ,,iuns. Octailcd d iscussi un of l~poinlsis alupicfOf

fun bee rcscarch

6. Rt:FERE/,\CES
AK.(Tu/",,,W,,,,,7..,,,I ,,,,JSt"rnl,,nlASIJ,·C' / 16u J 1OO5<Ac"pm..-.!
ti c><><'_tl~' POrf J - II",,";,,~ l "' IIn I" T I"'~'_' s........nh
A""'-'alia S)'dn<)
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E.<J'<"o"'" f~·ls. """'~ H""'ilf/: Pm'«/()~, fiNI proj<:n repon.
Auditury Sy!<lclm Rc",-,arcll u OOrllnry. llwnan h eluo Engit>CCTl ng
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RELATiONSHIP BETWEEN,SPEECH
RECOGNITION AND SELF-REPORT
MEASURES
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..he ( :(1(1!....rall ' c R....cKreh Centre for <-,<""blear Implant an d ll ca ri"1tAid l no"" u in" ,
The Uni, 'e..il)' of Melba nrn., and Th e Bion ic Ea r Inotitul e
384- 388A lb.rtStrff'EaSl I\Idbour n• . 3002 Austr ulia

Hugh J. ~lcDermott
Ilepar tmcnl of Otola ryngolog)'. The Ullinnit) of Moth".r".,
ud The Coopers th' . Rcseorch Centre for Cochlear In,planl and Hear ing ,\ Id Inoo..al ion
J84 . J88Alb. rIS t .....I.£a't,\l . lbour n• . JOOl A u. lr a lla

Ad am A. Hersbach
T he Coop<'rati" . Rrwarch Centre!or Coc hlear Imp lant an d lI ear ing Aid ' ,,"an tion.
andT~eBionjchr ln'l i t ut.

3l1-1-388 ,\ lhcrl Stree I, East J\1. lbnurn e. J002 .\ u,tra lia

ABSTRACT The peliOtmance of a prototype digital high-rower he. " ng imlnornenl was e,,"II1::\\.o1 )l~'TJ1l Ie'" i>\' sreech understanding
in 'Iuiet and a '1"e,t im1naire. The ,ubje,:t. "'ere 26 . duh, ",ith moder ate-to-profound sensorineural "<a"n~ I"" , m", t of whum were
experienced hear,ng aid users. There was no significantditIcre""e bet",eet\ the group mea" sco...." Ott monosyllabic wordte'ts eondueled
inq uiet for thepro toty»l: d, v"'''' \ "",'lhc '''LhjL...1.· u'' n ~fing lli<h. l lu" ....CT. ...."ponses tothequeslionnaire, howedlha185% of lhe
suhj':d ' preferredlhe prnt"' )1'" d""Kl:(l) ttldr "" " hc.";n~ " idh), Ahh<.>u~h ttne wu, a positive correlutinn between lhe qU'>slionn"ire
resultsandthe spccch re<;"S",!I'", ..."re d I IT~rcllC1:>,"""\·r;l ll lhcJc",nl \ULlflgOI tendency for subjccts10preferthe prototypedevicethan
C<llIld becxplaincd hythcir'l"'cch tc't Tc,uhs alooc

1.INTROm.;CTIO:"J

Wilhin thel ast decade. a range of fully di£ital hearing aids ha,
beeome availableon thecommen:ial marke tplacel<x clinical
usc. Digual technology has the advamage over its analog
countcrp;1rt hyh einga hlel op erlilfmc"mpkx opc ration,w hile
consuming little power [4J, These instrument, are capable
of implementing a range of signal processing algorithms
designed 10 improve speec h intel ligibility, listen ing comfort,
and ooundq ual ity for peop1e witha hearing impainn ent

There arc a wide variety of dig ital hearing aid products for
thc cliniciantochoosc from.Th ereis some evidence to suggest
that despite inlplemcnting different processing leehni'lucs,
cligitalhearing a id,provide , irnilar performan"e outcornes, For
eMlmple. a study carried out by Hamaek Knebel and Bentler
[6] compart.-d rcal and perceivcd bcncfit for two commercial
digital hca ring-a id~ In thnt ~l"dy, no , igllificam d i ff""'n,",,~

were found bctween the hear ing aids with object ive test ing of
spv-c'Chrc eognition

In addit ion, clinicians should be aware of a general
tendency tor new devices to be preferred over ~x isting

technology li,r reasons omer than ohj~...,tivdy mea, urable
performance improvements. Bentler et at. [ I] compared
uscrs· prctcrc nees for idemical hcaring·aid,aficr they had
bcel1labelled 'alla log'or ' digital 'at random, anddescribcd
accordingly to lhes ubjects. Strc ng profcrcnccs wcrc obscrvcd

forrh c dcviccslabcllcd ' digna t.tc vcn when they were, in fact ,
analog hearing-aids

The aim oft he experiments repo rted belowwa~ to examine
the relationship between objective measures of speech
intclligib ility in quicllistcningeonditiol1s.andsuhjeet ivc
measures obtained by means of a 'luestionnaire when
evaluating a prototype digital hearing_aid that was clesigned
specifically lor usc by people with a moderately severe- to
profound hearing loss.

II . METHOI>S

A. T he Pr"t" typl.'RTE Dn ice

The les t instrument evalua ted in the trial was a prototype
bchind·the·ear (RTF.) digital power instrument Claimed tn
be suitable for people with hearing thresbold levels that
exceed SOdll t lL al all trequencie" II was onlnidirect ional
and specified to have a maximum output and a maximum
gain of approximately 140 dI3SPL and llOd l3, re, pectively
(measured in an ear simulator). The gain could be adjusted
separately in tive partially-overlapping frequency bancls
and covered a frequency range of l OO-41100 114:. Three
main signal processing schemes could bc selected during
programming tosuitthc heariogeharaetcri, ties of lhc uscr
These included a programma ble amplitude cc mpre .. ion
scheme and two alternati ve schemes that provided essentially

Vol. 33 Aligust (2005) No. 2 -57



linear amplifi cation but had slightly , li tl~~nt ouiputltmiting

Icchniques. The prot olypcaid did rlol have any uniquesil,'ll al

processing features when emllpured tu other digual aids . In

appearance the test hearing a id rese mbled the pa tients ' own

aids. Subjec ts we~ pmv i' lcd wirh some information abo ut lhe

p rototy pc:aid as well a s bci ng tuld it \\ a~ a k'Stinst rumcnl.

It was possibleto peogram ~.,'f;Il dilk n:n l 'idS of signal

processing parJ.TftelcT<; into lhe lelIl in, trume nf wh..'O it wasfitled

to each uscr.Tbese programs ctluldb.-t.eleclCd manua ll)i bli lhc

usesto su il thc ambicn l lis..,ningcondilions. In tr.e e~pcrimcnl5

describcd below, lheim J'i"-1on the u..m'penxprual pcrfunna n.:e

of using onlyone of'thcsc progJams ",a, evaluated. Program I was

>elected as il W:ll: inlcrllkd topm\'ide appropriale amplificalion

for most liSlcning sinwions ba'Cd on measurerreras of the

hearing characteri5lies of the aid user.

a . S ub jec"

Twenty -six adults , com pris ing 11 women and 15 men ,

volunteered 10 partici pate in the trial. Relevant informat ion

aoout lhcm is prllvided in Table l, Thei r llear in!!:thn:'h oldl evcl."

mcasured convcmionall y unde r head phon,'S, areli sled in Table

2. The majo rity o f subjects had moder ate to severe hearing
losses suitable for Jiding by the le, l instrumen t However.

some subj,..., swho had rclati.e1y goodlow-fn:queno:yhearinll

thrcslllJld'i"'ere ioc ludedin thestooy becau -.;othe ir k....ses were
severe (\T (>Tofoond fm m I kHT ~p"ard.

For all subje<;I<. hearing 10l~1 were "" Ufl'..:d 10 have
primar ily a scn scnncural origin. based 011tbe resuhscfheann g

!hrcshold smca.. uml by bone conducticn.fn o-roesu bjed(S9).

an earlie r aSSl's>men l had indicated a rctrococ hlcar lesion

Seve n uf lhc sobj,'Cls had one unaidable car where hear ing
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threshold s at all freq uencies where measured at '10 dB HL or

greater, or were weari ng on ly one bearing aid at tIK: lime of
assessment. In these cases the filling and c~ a l ual ion o f Ihe
hearing,aids was carried out on only the singk a id~-..I cat, One
sllhj~'<:I(SI7)hadaidabk thresholds in both cars. 1:>tJ t haJ bt.....n
wear ing a hearing aiJ in rhelett car on ly, Th is subj~t was
fined binaurally for this trial. All subjecb li en: expo.-rieneed
hearingaidusers, Subj~,\:tsweren(ltpaid forthe ir pan i dpat iotl

in the expe riments. alt hough expens es such as travel costs
were reimburse d

C. Sp\,«h ll"'t ma lcr ia ls

Consonant-vowel Nuele us-Cons,ma nt (CNC) word lists we re
prcscmcd from audio recordi ngs [7), There were 50 word" per
list.spokcn by a female with ana verage Au, tra lian aeeenl. Each
wordwa s a mono syllable such asrchurch". Each wordconsisted
of thn:e phonemes. maki ng a total nf 150 phonemes per list. No
lists of words (other than practice lists) were repeated fnra ny
subjec t during tile triai, T he orde r in which lisb wen: pn:~nled
to subjects across s.....skJns was random i7ed. The ave rage level
of the words . when me asured at the subjecr's listen ing pos ition
(abo ut 1 m from the loudspeaker), was 55 - (,()d BA, These
levels, whk h ~ .i milnr to the levels of spe:eeh io nonn al
C()llversalion. wel\: l;~-nC'11l lly rcreeived to beeomfortahly loud
when heard by the subj ects through therr hearing-aid s.

D,Procoopn'

Aid llt11 n~

The heari ng aid ul<lSe and medical hi' k ' ry " f eaeh subjeel
was docu mented du ring the 1i.,;1 Icsl """,inn. A pun;· lone
audio gram, inc luding both air and bone e" nducli"n. was
obta ined. and the e lectro-ocoustie eharac ler;, hcs ofeach

su bject's own hearing aid(s) were measun:d and re..•..rd~-d .

Most of the su bjeclll'own heari ng aidls) had be-cn lined using

NAL·RP fill ing guidelines 12 1, The NAL-RP formola aim s
to maximize speech intelligibility for the listener in bUIll
quiel and ooiM: using linear amplificeuon. Table I inclUlles
rd nanl details of each ~ubj~'C1's o....n aids. u ain and ou ipUI

mea sureme nts .....ilh signal leve ls of 60 and \lOdH SPL "ere
carried OUI using a standar d 2_em1 cou pler (Mad:c.enAurical)

with both hear ing instrumcn ls
The tesl instru me nts "ere lilled 10 eae h subjed using

approp riate fittin g soft ...an:. w ith ....hich user-selectable no rma l
ami noise -reduc tion programs wen; creat ed. The softwa re
programmed the test instrumen ts 10 pro, ide taige t gains at

eac h frequenc y a' well as other ~ ignal processing paramete.,;
In ge neral. Hncat ampbfkation was selec ted when the a. 'era/ole
hearillg loss at O,5, 1, 2, and J Ic:I11 ' '' ,s cq llallo or gn:<Jler
than 70 d li IlL , whereas all1pl itude~"()lll pression was scleered
in cases where the ave rage hearing thre~holds wen: lower
Ibcnc rt.Tablc 1 provid es rele vant detail s of the final programs
~ekek-d for each subjl-';l. The subjects' pure· lunc Ihresholds
were emcrc d into the finin g soft ware to derive all initial liu ioll:
sugge stion. These seltings were alte red at the finot follow-up
session based on sub ject feejback . Nocbanges were mad e to
the fltting if the subjec t was happy with the sound Qualit y of

the dev ice. lf required. the prog ramming of the test instruments
was adjusted to approximate the amp lificat ion character istics

Aeoo$t iesAostra lia

of lhe subjec t's own hearing aids, based on 2-c m.l euup ler
measurements. S uch anadjlls1llk:nl wa, performed for 14 of
the sllhjceIS(S I, S1. SJ . SS. S6, S1. S8, S<J, S II. S 14. S I6.S I1.
S20.and S12). alld res ultedin onl y sma ll diffe rences betwee n
the gain Ihe>c subjects r.....:t'in: d with the test insmanenrs and
,, 'ith their 0"'11aids

Wor d n ,<,u!:n iliullio qu irt

Fur ali eu lllaiions of spccch illtelligibilily. eaeh subjcc l
" as t~~I~'Il indivi<1l1ally in a mediu m sized SOllnd·all co lLilting
blK'lh. Initially. the \'o lumeeontl\l ls on each subjec t's OliO

• hea ring aids WeO: set for com fortable lislcning of spc:«h al
a elllwcnoatiunallevel ill quict eond iliuns , For most subjecto;..
this was tllCdcfa llh vo lume co ntrol seu ing. This scnieg "as
note d and fixed fur all follo\loing I~...t se...~ions im ol\ 'ing
those aids , A pracricc C~C \lon:Ili st \II' then prese nted to

familia rize subjects with thelnt i n ~ procedure and materia ls.
Sllbjocts we re instru cied ro repea t nch word immaliatd y after
hearing it, and to guns i( un.<IIn:.A tier lhe pract ice lisl. IIlO
lists were used to test subjec ts in each of two condhicns: ( I)
lIsi llg thciruwll lrC.lrin ga ids. and (2) usingthet cs t instlll men lS
wnh Prugr.lnl I enab led . Subjects' respon ses were analy zed to
delerllline the nom berofphunem t:Scorn:c1ly rocogniredoul o f
a lntal of 150 pho nemes per list. Respo nses from the pr actice
list were exclude d from the data analy sis

II coumcrbalanced sequence oftesting was applial in an
attempt 10 minimize the eontounding effects o f acclim atizatio n
ove r time (Gatehousc, 1992}. Initially. sohject s were tested
wjth one lisr using their OWn hearing-aid s. They were then

asked lu take ihetcst instill ments home. and lise them in place
of' their ow n hearing -aids as much as possi ble. Each subjec t
\l'ore the tes t in.' lruments fur a total period of lO - 14 ",eeh .
The CNC wurd test s were carried uut during Ihe fina l two
s.."S'o iOllS of this pc riod with the test instrumen t nn Program I.
Al tile end oft hc trial pcnod , subjects reverted to weari ng their
own bearing-aids. After a further two weeks , a finaltest ",a.';
carried cut to obeain a score for a sec ond CNC word list using
the SlIbj..-.;ls·owna ids.

At the conclusfon of Ihe trial. eac h su bjec t was asked
to co mplete a ques tionnaire wh ich was desi gned t\l elicit
respo nses co mparing the test instruments with their own
hearing-aids. The:qe esnounarre. which was adapted from Ihe
Sho rtened Hearing Ai<1Performance Inventory fur the Elder ly.
or SIIA PIE ( Oillon, 1994 I.eompriscd2J qu..-suo ns . Su bjects
com pjcred thc ques rionnaire in the laboratory. Respon se s were
indicat ed b) ' marking a horizonral line: printed immedi ately
afte r ..ach Quest ion. Half of the line was marked "0 11'0

hearing·aid.~ and Ihe o the r half " Expe rimen tal hearing-aid,"
The posi lilln of the label''Ovon heari ng.a i d~ on enbe r the ngh t
or leO.half of eac h line ~arioo ran<lumly. Each half of the line
carried marks labd kd \li lh the " Oms ~s l igh lly bcll~T.~ " better.~
and ~much beue:r,~ spac ed regu larly and s)'mme lrica lly abo ut
the mi dpoint. Th us. the mid poin t of the line eo~pondl'll 10
a response indic ating that the: subjCl..'1 judg ed lhe Iwo l) pcs
of bearing-aid to be indistinguishab le. S uhjects were able 10
respo nd ~Not applicable " 10 an y qccsuon In lhe analy sis o r
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IV. RESULTS

Tal>le2 . llear inKlh.", hnldl ... e1.(d UIl I,lf",r lhc suhJ,..::""h"
pa. tid l'al,'d In Ihe 'lud y

N""' : ....l ,..; . k. "' d teOio lo•• i. that \\.'. hmitO<! by th. m..imum po.. ibl.
ou'l".nnf th• • U<!" "" . I. '

",ach subjC'l:fs dala, queslions ans"""'rN with such a response
were omitted . Olllcrwise. each subject's response 10 each
question was as,i gn,'tJ an inlcg,'r ~'al ue ranging from --5 ( filr
Ihc respon';C''Own h",aring-aid much bcllCr") IO +5 [for the
responset'Expersmemal hearing-a id much bcncr'')

"-

(I '" -o.506. df -2~ . p . 0.62). Fun bef anal) sis ..._ curied
OUt (... subjC'C1S' indi~ i dual ~ ... in ~ I Chi-squal"l:dIL'SI
As sho....n, 6 of the subje'CU(S7 . S19. S21. S23. 524. 526)
obiainell.ipl ilicanl ly hight.'Tscoresfp <0.05l . ..nd 4 .ub jects
(56 . SI O. S I ~ . S22) obiai.......siguific,," lly 10""" scores (P <
0.05) with lhe ICSl instnuTlcnls than with U>eir o",n ailis on
this test. The remaining subjects · scores were nul significanl ly
difTerenlbel....een Ule1"'0 ICslcond itions

For ihe subjeclswhoparticipaiedinlhc study, lhel e'l insirumcnt
provided perceptual performance approximately equa l. on
avcragC, lo lhc pcrformanc",o rlhc sul:lj,'CI,'nwnhearinga idi'
when Iislcningl o words presenlcd al amut!erate lcve!i n qulel
conditiuns. This \luteome was nOI unexpect ed, pan icularly
because the test instruments were sp«ifically adjusled for

v,DISCUSSION

.Mllll]' IIt~i t 1111.............................. .........-

Toal\3l}·selhc l\... ul~ frornlho: conlparali\(;quC!ol ionna.irc.lhc

numbers ass;gned by eaclt subjl.-ct u rt'5ponSC!\ werc a' ·",raged
across Ihe 23 quesnce s . l he mcan response ,·alues are shown
fUfeach SUbjecl in Fig. 2. Pos ilivev-aII,lCl;,p1on ell on lho:righl of
the graph, itKIicale preference ft.>< thcl esl inw umems. \\ herca.
~ati vc va lucs,plotled onlhc lcllilld icaleprefercncc; for

the suhjecf s Oli n aid•. Allllough preference ratings "aried
cons iderably. all bul 4 of lh", subjIXh indicaled Ihal they
preferred the test instrumentto their n"'n hearing-aids. The
ex,,,,,plions. sUbj~'l:ls 56. 5 11. 515, and S16, indicalcd thai
they had only a relali"e ly ~Itla ll preference for their O"'n
hear ing-aide. II is notewo rthy thmthrccofthese subjects (56,
515 , and S16) owned hearing-a ids lhdl ('mpluycd relalively
sophisucarcd signal pruccS' ing schemes (SI.-.:Tal:llc l)

F;gurc l.'Ann pho._ ...-orn n:oonJcdr... 1~ 26hO'ari"i:·

impaircd ...t;«t .... hc-lieni•• Io ~)I Lobic ...,>rd< in
<luicLF illc11~ .,..... ~ohIainai """'ll ~te;t

m>tntmml . t PfnIl.ram I L . 00 unlillc11COIUlOm .m...
seoreooblail ,"""f. ..... .....,......· _ n hO'arinll·· iO< ..........
n~ j!l,;u lrcsJ>ooo,ntn l.... pair .,( . 'jfhlmooJ
rot"","$. "';111errorNn indral"'ll one SW>dIrdlk'\ioIlioot.
.-\sk-ri:sl< .~ mbulsindiale suti...ial .. l"'iflCaffOOl p < O ~L

e.. 0 2$0 5 075 1 15 2 3 45
t 55 10 80 85 ~5 so 110 110"
R 55 65 15 85 ss 105 105 110"
t 35 50 10 &5 85 85 95 120t ll1
L 90 95 \lS12O"1 2O" 12O' lIQ 12O"tl l1
R 80 95 10/l 115 120'120' 120" 1111
L eo 85 es as !l:l eo 85 9Q

R ..0 1!5 85 &5 95 10 10 95
L 45 55 10 15 65 7595
R 3S 45 65 65 15 80 85
L 55 10 80 90 85 15 90 lItr
L 50 85 80 IJ!i 120" 120' 120" 120"1 10-
II l$ 85 80 90 115 120 115 115 110-
L 65 65 10 90 95 100 120 105 110-
L 45 65 80 'JQ iIO 100 120110-
R l() eo 80 95 lC Il5 100 no-
L 50 eo 80 90 90 110 95 !iO 15
II 50 55 10 75 110 10/l 95 110-
II 10 65 55 10 &5 95 95 110-
l 5O:IS eo 110 110 !Ill 100 90
R J:I:IS eo 65 7ll 85 !iO 75
L l() ~ 15 35 50 105 100 110-
L 50 15 75 IS 95 85 110 no 110-
R «1 50 60 75 75 10 65 15 75
t III 15 90 HlS 1!5 120 120" 120" 110-
II 10 95 95 illS 115 120 120"120" 1111
L 55 50 55 65 10 III &5 1111
II 55 50 60 10 75 85 110 1111
L .0 55 65 110 IJCI 10 ea 70
II 30 45 55 85 90 85 tJ 70
II 55 60 85 10 80 80 55 1111
L 80 60 10 110 90 100 95 110 1111
II 50 50 50 eo 10 110 110 1111
L iIO 85 as as 80 80 lIS 100
R 3S l$ 60 10 100 l W 95 95 1W
L 40 50 55 60 10 IJ!i H1511o-
R 3S 45 55 55 65 80 100 110-
L 20 35 45 80 80 55 80 15 100
R Jll l$ 50 80 15 110 105 55 100
L 55 eo 10 15 !lCl 120 120 110-
R 55 eo 66 75 10 80 95 110-
t 55 7D 65 66 75 75 100 120 110-
II 55 10 70 10 10 75 !lCl 110 n o-
t 10 50 eo 10 115 m 120 115 110-
R 10 3560 10 115 l IS 115 115 110-

se
st

"

so,
su

so.

'"'"sa

"sz
sa

A. Wurdn.,,::ol:nitloni u lllIlt'l

For the CNC word Icsl in quiet. mean phoneme scores for
eac h slll:ljcci wilh lheir \lwn hearing·aids and wilh Ihe lest
in'lrum~nts on Pf\lgr1lm 1 are shown in Fig. 1. Although there
was some variabililyamnng sul:lj,-cls, the group mean scores
(rightmost colunlns) showed llhnosl no difference in I'ho rJC nlc
scores between Iksc: two cond it ions . A pai red t-t<.'St on lh~'SC

data eonfirmed thai me scores were not significamly different
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t' i",,~ 2. M,..., ro.>rn from 1M .._l<lIlrYin prowKkdIn
tk . "b;j__ F...,h h...riJtltll~ 1 b;ar .00"" ... f", c*-"'II whjc,:l. lhc
.'"CllIgeloCl.....II"'c.l i<>noof num<"li<:. 1v. I..... . ...i.,..-.I I"
t1uu ... h;c<1·.,copoo5C'S.A......"' nootkh<.>ri"',,1Il1 •• i• . lhc
I"'>"ihlc u l"c. nonge fmm _~ ("" n IK-.ri nll-. ili rn(cm,/j~,

+S(IC5Iilt'>lrummlllo:.rin~-aidpn:fc rm.l 1

aboul ha lf lhe ~llbja:lsatlht' fim fol1o\\" up 'l('SSion ant'finilial

flUinl m Jlf\w itk a lPin andfrequ.ency re~p..n'>t'sim"a rtolhat
of their II"" bo;arinlt aids . Inlm:Mlnllly. Ihc' la~ majorit)'
of 'IlJbjo.'rtS \\110~t'd 00 signifu:ml dilTcmw:n in scorn
between IlIt' two "'"~ !lad Ihi>; adju~lmcnt made 10 UlI""-'"
lk\1«. For m.3n)' o f1he remainin llMlhj«u.il is I"t'ohabk WI
Ihc' initial rrogramm inl of th: It'SI ift.<t1Um('ftlS . Iw PJO""idcd
dCClro-~ic~ simllark>w-ofth:'f""na"

~~ ....TttJ'li.-.nm.ultsal't'o;omi'>l.",I""~lh tllt'firl<:hnFS

"'J"->nOO b)' H.moc k Kno:hcland fkn11t'f16]

IJoooC'oC'l". th: fC'>,IItt~ oflho: q~""it(' adm;ni~ in

u.:prDCn lstud y,"""",t'dlhat21ofIhc5llb;a:uprdmcd",illl
u.: Inlln>ll'\Un(nl r-~tha du n lho:UlJ"\oll l im in !han) C"\""f)da)'

sih.lllkl!l5. ()urinlld'lCwl.cao;b 'IlJb.i«' 'IU Inn: of .. hid I
lid they .. cw us;n~ .nd Iho.-ncfun:il is I"'"ibk Ihol!he pooiliwt'
rcslllt~ fmln the q~iooflllirn rdlcrt I 8'_'IlIII~ fOf
tllt'l'I('\\ ·dc:'\'mtobt' l"T\'fo:ncdo\-erlllt'i rCl i'i1inl!ihurintt 1id5.
COllld lhi~bi;u ha\l:alTe.,:ledIMrnllllS (!-h<""l1inrlg.2 ) fl'f\Rl

lllt' QlIt'~ iultfllll fl: usc'1l In tht' prncnl sludy1

To invnt;gatc I h i~ is,uc:. I"" Qur.t;'mfUlin: I't"IUII\ ...om:
pl'>1kd.., a fun<:liull of lht' dilfCl1:nIX in phoneme ....'I... '!>'llilkln
~<m:" ( in'luiL't) lill t';M;h.u"jCX1 ", ocn u.in8 Ihc te.tin'lTuIl1C'l'1'

.'l1111parctl wil h thc;r ow n hcarmg-aids, ThL_ dat.a, ~nd a lil1ro
sl ra;j:hl 1i ~. are .ho.. n in Fig. 3. A :>faliSlicat al\llI)'. i' fl:vCal,.,j
that the questionnaire scores ...ere mcdermely correlated .. ith
lhedilf.-renc c in phm,,:m~ ,;com;(r -O,~). Tho.·tincd Iino:hlt.
aJl' ...itivc,1l"",· thal"a.~L-onti mlCdtuhc 'i8nitkan11y <l;ff,-n:nl

from W\' lp - O.OO9). Tht'Mra ighl 1ino:..ho.'.. n fittedmlhellata
indicate>.lhal about 2~% of thc vana.f1oI: t';n 1M qUl:'\liunnaift'
Sol.'Omo is ..............nll,.'tl for by tho:.'arianL:cin !he phufII:me!oCOft'
d ilT.:rcllL'C5.Thc rc"I1IiljninS7~".oftho:uriarll..rrr-.)'beaccounted
furby I urM.'fyof f... lt>n, including Io.""--rrtnl "ariancc

..~
~.-----'. . .,. .

.
D,*-,,",,~~""""

l~"'**'.l.. _·()wn-..g;""'l

fiS= 3. Tbe ", lolioo>l" p Ml"""" IM """"''luc-cionnoire
w:<>rc f,,, each lIthic"l l.cft>\:lll u;.) ~nd , '''' di ff,'I'e'fI<~ in
p/k'n'''''l:f'CCOl/OilionllOOfC'lom.incdbyl/>e"n 'e< ubj«l.fot
1""1"0 t)l'L'>ofllo:. rin,- .,dev.lu. lCdin the ",u<ly(h"riltonlll'
• • i'I ,Thr ..-_diff""",e "' • • c.lcu l >l cdry.u hl rocl ing l~

ph........'" r....". " I1''''' .. ure fot themooo.ylla hic word<l e<ol
in quH:I ll., m, lhc Wlt1j ""f .""n ai,h fr"mthc com." Pondmll
...,on: rhai""d" ilht he l~'l in'lru menl« "n Pr"gram I ). Tho
'Iraiihl linc.llown fi llcd t" .~ dl<I' ;nJi"~tosthat""',ul 1 ~o/.

uf1hev~ril"",e in tk 'lUC'li""... i......,,,,<csi'''''CUl1111<d f'lfby
lhev.ri~lI«inIM phon."",..:_d,lT.WIO"-

As .hmoon in Filtl. 3, subjects ",,110 ebtam ed a la'll er

impro~''111L'''1 in speech undt'~nd ins .. hen tr; inll: tho: It:!>1

in"'nu n,:nb,vmptrro .. ith lneirOlll naitl...crcllMlrr1ikc1y
IOha\l:plOVidcd~iti\cl'C>oJ")(UIC<10!he".......lionl\l.ift'
Con.vqUCTIt l)'. itlCml\hkd)'th.ulhrpreletenccsfortoctC1>l
iMln.lmm h .. errrrlatcdtotllt'subJt'Cl-s·~l judgmc:nt.

of us. pcm;p<IaaI pcrlonnarw:e (n:blht' 10 WI of thc:;r 0\1111

bo:ariDll~i<h). rather than n:lkrtlOll un l)' • bias bSOCiakd
wilh lhc1r in\Ohcmmt in !hi: lnaI_HOIlo·n c:f. lhe ~Itiort
lhattheJ"hon--mc ......-cd,fT'"T\.TlCnar'rllJ'J"'Olimaklyt:> ·m ly
diuributed around n:ro...-hclus lhc meao~llOIlIUin: 'iCOI'I:5

<tn:lnO!Illypos'll''C.$U~Ihat.Oft,,'aagc.SIIbjKIshld a

~gt'I'tc:rldmc)' topn:fo:rthelesl in.lnl"""'tsO\t:nlldlan

canheCilptaino:dh)·dltf~ inlhc'irot;«l i,'cly- red

Ihoi1ityltl undcrotand~. lngc.onc:nl,lhisOlllo: m'C~

con.isto:nt,, 'illtt haln:p.W1<'db)'H..'fllIcrClal ·I I J .. hcn: subjm;s
sho...cdlpn:feret'll.'C rOf!k... ' I •...,hoolo8Y

Sp:::«h l'lL'TUT'tion inq""'1 isunlyon:;l'flC\1 in " ,ltidl a hC'aring
lid(,3Q ptu~itk bl......1itfOf1h'CIis1O'1>Cf. Then:areman)addllional
Ii....,.,inll ,"1\'ironm..,.,ts .. hkh wQUId afTC'l;l how a liS\l:llL-r " lIIIld
jlldGe sounod qual ily.n- llIht'r L"II,ironmcn lS illdoo.: l i~":II;ngill

no is'C,mu..ic, and l'lwirot lll11." LlISlIUnd<..h is po."" ible lhat thL" ICot

in'\IJUllII:11t may ha\ 't'provi dC'IJ po:rccprualbenefilSfor the Wbjo....1S
in " 'IY!ithat ,,~ r'ltl\ melKlU"C'd in the ctmmI srudy. This mly
a l>o acrount fnr the majonty of \Ul'lJCCI.~'pn:rcsrnct' for the Ie""

ins1rumLToI ralbL.TtlwIthcirl.....n ho:a.ring aids..

\' 1. CO /"liCI.U SIO :'\iS

The !nUl lS ..fthnc: rWl lUiitiOfl$ofl pmlotlypc dis:illll h;gh
plI'Iom!d Man ntt insITUmml can be:SIImmarind 1.5 follo\o.s.

I. R~tionof"Ofd.presc,.,It'd inqlliC'l"dJdl'lOl d,lTo:r
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sig nificantly, on average. between the test instrumen ts and
thc subjeets' own ltearing·a ids

2, Based on responses 10 the questionnaire, 22 ot thc 26
subjeel s prefcrred the test instrumenlJi to their own bearing
aids overall.

3. ACro!'.s , ubjec ls. a modera lepositiweorrd alion " as fou oo
bclwC('nlhequeslioflnaircresl"",'><'S andthcdifTel\.'f)cc
in objectively measured sp.:n: h intelligibility for IIx: lesl
instTUments in comparison wuh the sebj ec tst own hearing 
a ids

4. It is importan l toexamine sp<....·,:h intel ligi bility as wcl l as
subje(' tive meas ures when as'Cssing the perform ance of
hear inginstrument s
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INTRODUCTI ON
Ra i l ""·ays ha\"e playcd an importanl role i n ~l'read ingpoplil a t i on

over large areas of Australia . Tbc tradirionalbajlastcd trock
system.l"Onsistingof railtracks.pa,h. .. Jd sl«pels laid on
oolla.....and Sllbgmo.lC, is ll"",d throll~houl this l'tlllnlly. In this
system. rail pads. usually moo" from ro lymeric compound
materials. are mounted on rail seats and icnd to euenuare
the dynamie stress trom axle loads and wheel impact from
both regula.anll irn-gular lra in mo vements . These path an.:
crucial as they ilCl as a softening medium Ixlwl-.,:n rail tral·k
and sleepers. Previou s prohlcms arising from ir npruper or
inadl-quatc uuliz atio n of J'ad, includc crackin g of sleepers
at rail seats, high scnle merus of gl01>.11 and loca l tracks,
and ballasj/subgrade breakage from heavy tamping . Th<:se
plOblems resultinlower loadcapacityandddicicnt~trucl ura l

adcquacyoftrack suo,truel ures,requi ringa eosl ly mainlellUnce
and rehaoililalion budget . Thus, in addili" n In minimil ing
unpredic table maintenance and repairs , rail p<lds have t...-..;nof
i ntcrest torai l en gin~-..; ~ as th ey rctlllcc lhe d >' namie slre~

andi mpacl load,on,lecpcrs
To gain a better insight into the dynamic characteristics

of rail pads, it is importanl 10 carry out laboralof)' ICSIS on
lhcirdy namic propert iei.The,;e9Ie also used int he numerical
simulation oftr~ck dynam ics. Th...numcrical ....lution confirm s
Ihe reliability and intcgrily of thc railwaY Slibstructun.",. lt
comesaner thcdelelTl1inatioll of d)'lIamicpfOJ>c'rt i.'S of ea<;h
l rack comJX'nc nl, i .e. collC r':Ie s lc~1'Crs. ra i l patli, and the hall ast

sUPJX'rt. At plcw nl. lht:re3fC manyt YJI<.'So fra ill'a<k . soch alo
h i gh den sity'po lyclhylene(H()PI:: )pads, lcsihcnt rubb(,r~ds,

andre silieolel astomerpa ds, all of which hn edi tTerent surfacc
I'lOfoks . Exampkso f plainan d studded proli lcs are illusl..al...d
in Figure I. Until fC'C.:ntly, tht' in\'.:stigation ofthc dynamie
characteristioofr('.,jli",nt padshOO ~n limi ted , e'.:n thoullh

rcs i l icnt rai l pads are used e~ tc nsi ,e1y onalt majo r A llslrol i an

railway networl<s. 1lK: dynamics of the resilient In"" !la. 'c
"'-"Co studied mostly based Of] a two-degree-of-Irecdcm
(200 F) mod el [1--4). In this paper. a SlX)f-ba~cd method

Acou&tics Austral ia

was developed to help railway track engineersto evaluate the
rea l istic \·al ues o f l he dynam i e propcrtie, o f ra i l rad s req n i n.~

for the design and maiolenanee of railway tra,·ks. FiIlUrr,;
2 displays typical ballasted track consu uctfon and a typical
railway track model used for numerica l simulations. Figure
J d<;monslrates II test setup of a SDOF system. An analytical
sol u tion was uscd to best fit the "ibra t i on respon~s.Vi bration

response recordings were obtained by impacting Ihe rail
with an instrumented hammer, Bo\ ey (SI wa, 00'" of Ihe fir.>!
rc-ea rcbers W U>C lin impact method 10 determine the dynamic
charaell:TiSlio..'!.of ... il...... y i nslallat ion s. l n lh i ~ paJlCr. thccll.w

lit1i ng mdh"d was app)ied to th<: freq ll"llCy r.::~pons.: fu ncliOl1s

(FRFs) obtained from modal test ing measwemenrs to extract
I heetT~livem.ss,dynamic S1i ffnessarJddampi ng of ,('S; lienl 

typera; l pads

THF:ORET ICAL REVJEW
Rail pads can he arrang~'d as the clast ic and dashpot
components of a simple mass-spring-da mper SlX)F system
by placing tIte pads between a stee l rail and a rigid hlock ,as
, hOWl! in Figure ). The dynamic charact..risrics of railpad<
i n the'eT1 ica l dir~tion can be de§cribed by the well_ kn"wn

equation ofmotion:

wherem.e.a nd k gen~rallyrcpre>Cntth""ITecti,'crail ma "",

damping and stiffhess of a rail l'-"'d. rc"f'l"Ctively. Tak ing the

Fou li Cl trans fvrmuti"n o r ( I ). the r' ''''lucn.:y r~'p<lO ,efunct ion

can be determined. The magnitude o(F Rr is given by

"H(wl - .,/(w;_w,),t:(2(w.-".l' (3)
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SUNlilu liRI: equatio ns (2) imo equation (J ) alld using w-2Jif.
the ma i/.n i lud ~ of thefre-q ucnCY re'!>ponsc funclionH(I} can be

represented as follows

1 4Jr
2(T)/2

This expression contain s the syssern parameters m." and c thai
will later be used a, the eUr\'e· !ill ing parameters

(. I PI. ne , ,,,1an> (bjS'ndd<d ,u,' ","

f igu'" I F.>"'pl .. ,,f roil padprom.,

VIHRATlO~ RESl'ONSE ~IEASURF.I\IENTS

To measure tbe vibration response nf tile rail pads, an
'l<..'et<lerometcr was allaChed 10 Ihe top surfa<.-c of the railhead ,
as illuvtn..red in Figure 3. The mass "f the rail segment was
21.25kg. and the mass of the e-Clip fastening system ....as
O.75kg. ltshould be nott'dlhaI3Iestrig " '! s rigidlymounto:d
on3 "slronl.l"llnm (I. 5md eep " fh eavily re-inforced concrete j.
the fundamental frequency of which ....as significantly higher
than the frequelKy range of i ntc r.:~t for the rai l pads, The
rai lhe-...d was impa<."ted vertica lly with an instrumented hammer
and the measurements were taken ,, 'ithin a Irc quency rangc of
0- 500 HI . The FRf was then mea sured by the Iirucl&Kj aer
PULSE mndal lesling S}~tem. wh ich "a~ cORIII.-cxed to a
compu ter. Measurement record s also included the impact
forcing function and the coherence function. II is known that
the F1U"sdcscribe the modal paramcters of lhe vibrating rail
>ystem The coherence function rc pr""", nl~ the quality otT RF
meas urements and should be close to unity. A~ an example .
lhe propert ies of the PANIlR O L resilient ruhber pad (sludlkd
typr . 6.5 mm thick) .. ered.! tenn ined llsingthe tesl rigalldlhe
results are prcsemed in fi gure 4, The y included : the transient
impact forc ing funct ion (Figure 4a); lhc vihrdlion respnnses to
lhc impa<.'l(Figure 4h); the magnitude FRF (Figure 4c) d..rived
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from llle vibration respon ses and lhcforc ing furctio nslogged;
and the coherence fund ion (Figure 4d) th;il coe firmed a high
dq~n_..., of lin..ari ty bel"ccn inr ul and OI.llpul ~ignal ~

BI:::ST nnlSG FRF'
Pans of FRFs, in piU1icuhlf in tbt \ 'M: ,MItyof the Jb<)ll&nl
fre:q~~ wl'pli..'d <,ktailcd infonnatio'l on ~ propernes
of the tested com~l , ~ exrracnon of I~ dyroami<:

properties ...-as achien'd lI'.linl: ' cu"'c·tin in ~ Brf'l",,"I,:h. In
Ihis approoch,lhc FRf of llle model t4j ,,,.. luncd ro be es
close as pcesible to the I~:ord.:d fK F in a f~~y band
around the resonant frequency, Curve-filling rout, 1IC!\ can be
found in many j1.c~ral I'f\,;Ilhem.t i,·. 1compulcr rood"' i " (c.,.
MATLAlJ. Matbematica . ~I apl c ). or using sl'"iaJi.lc: d 1;;\11"\1;

fin ing compul cr codes te ll. Dal.lFiI). Fi¥un: 5 demon slrales
Ihcc:u"c fining perforrnoroby Oab Fitandg;\n thcayslcm
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paramcl~'fS lhal are compaJ3bl.: 10 the p;1ramders fou nd in the
open rucrarure (6. 7] u~ ing impa~1-IOlld le ' ling. The re'SulLsin
FigureSshu"'an excellc mu grec nlelllbclweenlhe analytical
s"l utioll and lhe cX!"t'rimcnl ;.1 dala. since the correlation
col,.·t1k ientr1 is ell ua l lo O,9'll!l! .orle~s lha n O, 12%err"r, llte

dynamie propc nil.-sof HDrEandrullber pad 'i arealwtllhu lak-d
in Tahle L no." results in Table 1 an: in close agreem enl willi.
tl\epre\iousrt:St'llrch re~u hs (6J gi\'en inTablt:2 . Tbese dn a
"ere developed bythe Track TN ing Ct:mer (TTC ) nf Spoomet,
South Africa . and by TU Dd fl (OUT) of the Netherlands.

CO;r.,;C l.US lO xS
An altern ative stra tegy based " lith e SDOF vib ration respo nse
measure men l fordclermin inll thedynamic propcr1i1.'Sof rai l
pad s was proposed . The slrategy was demonslral~'d 10 he
simple and reliable. and was shown to be a fa.-t and non
dcstrucnvc kost met hod \(I assess the dyna mie slilftl<.ossand
damp ing e••lnSUml of all k ind~ of ... il pad types available in
Aus tralia . Tl\e app roach enahks tl,.'Sling " I' new types of rai l
pads as well as evaluation of the influence of age of pads on
Iheir dyna mic characterlsuc s. The propose d impacl method
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can be gencraliA'd 10 incl ude the moda l analys is of more

com plicated track components. Recently , field inVC'Sl;g:alion~

wen:undertakellusing lhc prOflllscd lech nique on a hcavy

hau l coal line in Central Quecnsland with Ihc coo~ra li(ln of

QueCllsland Rail. It "a, found Ih:n Ih... propose d technique

yielded rcliallie and repeatable f'el;uhs in field le~ts as we ll a.,
in labl ll"'al,,'), ~'tllld it ions. These new results will bepreseetcd in

fUlUrepublical ionsbylheaulho rs.
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entri.... lhe p"nc l "feightj"dges look into
acrou nt the foll" winll crilc-ria: I' the produet
unique in ,'O(lccpt, dcs illn or perform ance;
h" ' lhc p'o<!uct conlribmcd to imrrO"e ment'
in occupalional ....fely and hea lth~ has lhc
proouct .... i. tcd "' d""li on of o" cupatiooa l
injuries; doc< il usc I,""hnology ncw to lhe
healtha nd,ofely indu"ry?

Sonumu informalion Slalcs Ihat it ' has
invenlcd a u" i~"c earpiece Ihal is the
aalc keepcr hetween sounds and eardrums
W,lh it, ," uhi-pulJ'll'" eapahililN:>. il rM shut
lhe ~. Ic u" h,u"' ful . ound, like "" .k [llllr c
noise with "" parnllcl. d cHiei.ocy, ." d con
01'" wck "mc sn",l11~ like I1H" ie and voic""
with perfect fidelity' . Morc information ftom
", ,,,w,!IOn,,max.com and Au, t.al i. " Agcne
a"r ioo" "''; ..,.,,,ma, ,eom

Compan ~ ,\ !t 'r\: t'r

IIc ~¥"'" Auslralia l'1y l id (Heggie.) h"s
an.........-..J ~ merll.:-r Wilh lhe ~SW,""sed

NolO t:llvironm e nl M. nage mcm and
Tc;;bfll>iolly I"t)- Ltd. Nc"" Environment is
"" .. a " l'I<,lIy o",,,,,d , uh, idiary of ll elQ1i,,,,
hut .. ill .....,..l in"" to ol" " .. eu"d.:-r .lIo pre""m
~.111O Norm Rl ,k . oo lIIa...1lI'tII Offien
The S,..,. Fn...imnmatl managemen .tum aoo
al1 .... llmembe'" "'la in lllCir prnenl mI....
ho''' C'. ' upp"n uniliClO f"r d """ r inlegralion
of the lWO finn~ will be sou l;ht <>wr lime
Ne'" Ln. 'n"nme nl is a kad inll provider
of "''' ;'_ '1113.1 aOOnttupaliunal "" alth
and ... fet) con~ulting and I~.. .inll .., ,,..ice••
ioclud'"11......imflmcntal andOHS audlu and
sul'\.:y>..cnvin'"mattal and ot I S m.:uta~

5~-.tem~ ;mJ plans ;mJa""",iatcd lraining

\ '.II l'}' ,\l uslcllar m on y l' lan

After lIIOfC than I..... ye... "f de~re and
di ", u" ,oo. Bri, b.n e Cit y C.....ncll h• •
furrnalty :idop.cd i1SValky ~u5ic 1I"",,,-lIIy
Plan l\, MIIPj in . bid'o help en.urc lhe
Fortilude Valley li"e music ocene ~mains

'1oud and proud~. In annnuncin1l 1he "" "e.
Rri>bane Dc-puly Mayor l)a " id Il lnchhlTc
\.i idlheplan"'presenl. d lWO)'CII"' ....rd ...OIt
by re,idenl".hem usielnduwy j ioeludlnaQ
Mu5icJ,bu sinossl""'l'le.Councilo ff",ers..,.j
llIe Liquor Lice-n<inS di";'''>r1

The V.11ey i~ a popular and vibranl area..

AcoustiesAustrai ia

indu ding nigllld u... . Ii"e mu, ie vcnue>,
rc","u"'ms.. eafc•• ~hnps and rc<identl , Thc<c
di lTercnl laoo use . ....'e caused ~..,nn ...'\
helween re,idem i.1 and enleNinmenl
u....".. To ....1.111..., the ar".: . ,·.1"" a, an
C1I¢Ttl1 inrnen l pm: inel with lhe nee-d:o of
V.lle)' "" idems and Olher e" mmere i. 1
inler~'>lJ.. lhe Coooci l ~pIIfc-d I"" IWI')'
"',,<Ie !/ur-> ny Pian. K,'Yr~'CIlITImcndal i"n,

in I"" I>l>n include recogn ising lhe Vancy
as a """".1enlena inmenl an:a. raju iring all
ne"" doe' r "' p", e," s to atlenu.ale no;"" . nd
'lar"la ,d " ingooiwlimit,f,,, mu,ic"crmes

Thcley ao.' ,on' lu come oUloflhc plan an:

i\ "f'C'C'i al ent''TtainmCnl area will 110
IIMill.nalcd in tbc Valley and .. rn".i e

IOU.... &"'" 11"1 ''''I' ..I . hound.ry . a
spni.ll enlertainment area bulTor al", he
d", ;gnal,-d

Ne... development, will he required
t" incorporate a high levd " f n"i ",
i" , ,,lalion

New Liqu" r Licen' ing laws will . 1I"w
difTercnt no isc limils tubcsdwilh in the
v.. tlc)'spc:<"L.l enICrlailllne nt a'e.

A projeCt team will n u , t Vatley music
_cnuc.. hu, ine," ."" and ,e, id~ nl. by
pr"" iding advice and <nforulat illn for
impm ,·ingn "i sc rnlll-ajlCTllcnl.

Com munication will "" ,nl ~to,'ed hctween
gove rnmem. ind",;.!'} and the eOmmunil)'
rcgardin~ "oi,., is>-"">in Ihc Valley and
.,'oid eOllfli<,:tbcfon: ll oc;ur s

H"wewf. the d", ign. tion "hn cnlcrtainmcn t
I'",";ocl in Ihe V. lley <I. not provide a
"blanlehequc~ for " to emit unlimited
"" isek"cls. The Valley .. ill remain a mi~cd

..see(Mnmunityarwllhercforea dc~ of

eo ,npromi", ... ill be fC<lui.cd 011all 'ide'

For morc ;nformatioohnp://..... "' .bri'<hanc
qld.~ov,.... :md do a sc...-ch 01\ ~,,/lel' M"'ie
II"""",,)'

C h Mn l/" In Ihe I.Mlld & E n , iro n m"'l1l

Co u rt

f he Chief Judgc o f the NSW l.and &.
ltt , ironmolll. lhe Hon,J uslice-PetcrM ,'Clellan
Q<:, has bn-n makms . ub>la",i . 1c~ to
Ihe .....yhisCoon i. run and lhe .. a} n pen
.....ido-nce- i. ~ ivcn . Al lhe F"I'incoe-nAu"rnh a
on the Court U"-NS( ;roup mcelmll held in
J..n.:. thc Ch ief Jud~.d...iscdthatlhco:ha.
bCC"n a IN ""","ti" n in Cla" l · r pcal.
in lhe yeal 10 dJle (end of May ) comp;trcd
.. i. h lhe<a me pcriod in2 004 1l>ese arelllc
"'meri t" arpc:als in " bicb 1IIl~t cnl:in«ri n~

..idcncci.gi' ·cll. Kcprno ...ali, ..... oolllc
C"un U", ,,, Group fcll thailliis .. ",s partly
d "" lo lhc:cw nnmyand pan ly ",,"to lhc "" '"
('""n pro.-.:<Iu..,. . 'fhc Coun is al'lOofTering
...t.at , alb ". nculrtll e' lIluation".Th i.pn",=
provide. Ille ' 'l'I''-otIunit)' ~, c<",. ,,1t "' ilh a
C"",mi •• it",...on lhe r rosJICCIll of'ueeess

rorafl""rlinll.Appc:al. Tho Commi""iOllCrs .so
IIOltal cllOlCll,Thcyrmvidcavcrb;r lopinion
basedun lhe inli>rTJlllt i"n pm;en tcd 10 lhem
rf l/>('man", d<"" pn",ccd I" . hef,rinlt. lh..
Commi..iont,'T ..... no fun", .. ins-oh emcnt
There ba,e on ly hccn a handful oflUCh
cv.l uatiun. lo dJle.bul""ult,arcpromi. ",g
form<>reinfiJrmal,un Ollllloo pc••t"",,,f lhe
Coon plus .J.:ta il, of lhe ; udl!:""ICnt> hande<J
<I.""·n, ' ..." ......w,lawlink.... w.go v.• w1"".

11k: Coon ba' ' ....'Ccssfully inlloo uced I"':
rr a.1.M:Cofa f'P'!inlinlt C<>..nh""n , inC! .."I
and 3 Appea l., The Coun [ ~ pcrt i.briofo<l hy
bvth pan; '... . "dbuth p. rties ale respoo. iblc
for Iheir fC(.'•. Thi. framework .1"''''' 0 ""
e~pert l"bri "~de"' i tc-d d... ijln<lelk iellciC>10

Ihe allOf1 l i u~ "f Ill.. applicant. to all"w their
"' ''' ' ultanl. 1<> <,,,n, ider Il1e i,"un pri"r 10 Ihc
Appeal bc ing b~ard. (l1ak i llg lhe l""""", mo,e

effic icm in r.""l vmG Ihe n:"" I,·. " le, and Of

Ihe ;am c li", c ", ducCIIICe(",IS.

The appoimme," <Ifa C" .n Exper'l d' IC,n m
prn elll the pIIrtics frolll havinll their own
independe nl c~pert. if Ihey d" nut 0llrec
", i.h the Coun r:~pe.t'. a"," " ", elll, The ,e
expcrt' lhcn " lli t)-pKall) C" nfCl. p" "h,ce
a joint , t pCJr1 (1f\ tIM: maI1tf'!( they'jp"Ce
. nd di'"l!.rc...- OIl , and if If'l"" p, iate. app~ar

in lhe wiln es._ OO~ 1"I;' lher and pre""nl
COfl(:urte nl evidcn,·c. C" neu",, '" cv i""ncc i~

an inno"at i"e ap proach whcre ex perts can
oflen a,k each "ther ~ u",li"",, or . t IC"$l
pro, idc i mmcdiate "'~lo thc v ic><o .

~~rrc...,d I<)11M: ""herto}

AAS member! • •~ "'e lcome '0 ,"~nd

an add, ..... h~' Chief Judge 10 c ngll'ce-l'<
Aum alia, on 29th Scl'leml<er in Sydn cy
- mu", infonnalion lium "ww,a,'<Ju>lie.
~Sll .au and follow I ..... li nk; from N"l ice. to
Disi sionalnolircs to NSW

E>:I.-orInifr<-f:"K;ftn·n .~ w. rrol;" _~c

Ain-ral't No i..: Rcdu e lio n A...rd

The Arnerio:a n Inom u.e lOr Ar'f<><\aUt K:-o &.
ASlroNkJIin f'lnJrorn rr....: nl. on,................nc.
Aw.rd for an ouuunding Itthnical or <ci.:-nhlie
achic,·omcnlres.ultingfroman iooi, ·idual·o
contribution .olhe f",ldof .il'l.'lllli~~,"

llO;';"reducliun.1l>ede',odl i""i.I.. Oetubcr.
2005 bUl ifif. tuo "'lefi"'lhi<~-e.... hol<OUI
f", il nc' l year hltp:l"'·' .aiaa.org/conlem
efm?po~eid 2'10 "' ....' l,q "'ll

"
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Ons et C ompute r C or po ra llo n

}:quipmtnl uvaae l "lo( lo(~r

T....o ....,,,. 10,",-00>' dalll Io~~e", have to.., n
m'rOOueedformooit<lfingrunlimesnhbroad
r.l~eor cq uiprnml . ~uch a, HVACIR systnn~,

pum!" . and in<lul'lrialproo."";'lool,. The""...
11000 U9 MOlor oeon and HOHO U9
Stal . l~crs"'<)\-' ide a .im,,k and con' e";en,

way 10 l"l-'COtd up to 4J,OOO equ;I""" nl onInlT
cycle o " tate eh..ng<'S. and u""Wi"d"" i"
b. -cd ."0,,.«:I",.._m~ert lhe recorded data
into time· and ""'c. ' lampe<!graph"

Infurmalion : OneTemp Pty. I.1d.. HI>
Ri<;hmond R.>ad, Marle-ston , S,A, 5OlJ .1'h
IJOO76 88 87 " .......u"'-'II.mp,COm,311

\\'I\'K Om I n'lr llm~nh

Sound 10 IIghi unil .

Waveeom In<lrumems haw been "l'P";n lcd
os lhe A" 51ra lian d i<l,ib"to "fo,lhe Velk m.m
Group f"' m 1lc1£i"m, Of!",n ic" la, inlerest
loac'()u'l ician, will be lbc 'klleman M" I0 3
""und lu hgh'unll. In i15mt>dard fn,m l'uu'
hi,h inlen.i ly LE [)o; lighl up in "", ,,,,,,"" 10
'I(lldk!, lnl h.. fOflll.,lhe un;ti. ... crul /ix 'he
hc..rin~ impaired to kllhcm kn"" ...,..... lIy

Ihallh<iJ '~"-phor>e is ringing n'lluu a , i,i l"r
ha.f\Ing lheirdoorhellThe ....... il;" ilyi,
adjll-'lahle,'ia I polelllK>mcler

AC<JII>tieia",,,, illa l<;ohc in'eresled in ,,'bll
cnn he done willi the t, ;p CIIm:nl ....hiell
aelivUle~ Ihe LI:D. , As an uampk. in an
indLlmi al upplication.lhel , ip<"IJm;n' ,·anl>e
u", d II ' activa te stro he light. _ or ....mcolho-r
"am;nll device - when Ihe >Q\lOOr~wl in
lhe wor~pl......, exceed. a pre-et "" 0;-1. 'm' :Te
are .....ny o<her c i rcumslance-s w""'e a ~ i,ua l

" 'anu ng ofsound u eeed i.. a Pr<:-'<.1 r"" d
w,lIhcu..ful

InfOl'11la, io n; www," . , 'eeo m.com.all and
1,.lIow prompl.to ll>eVclkml n 5ile

h:ln j!dom

SIJ::n Il ICll lc Ana l~~e r•.

f)a tll l'hy, i", h", .., incrc", c<ltl>e eompli. nceof
Iheir R~al Timc Oct,we ana ly. i, appliC<ltion
rrev io\l>ly'he di ffe" :"'ee ""' wcen the ~~n!rc

frcque ncybandand thc><lJ""enlband " • •
aboot 1'1 dBdovl 'n "Illeh " Ilikl curnpl l ;"¥
wllh lhe ISO (or ANSI) fille'r >u ndard w'u
onthe luwerendoflhe nngeofoom r>lia... c
Theil "'c."1 mr>difieal;nn. haw 00'"

inc, . a,.:d that di fl"e'~nee 10 1l!.'1 d B d.._ n
which i, on the Illghe' end of the 'ange or
com"l i. nee. Th. modification will apply In
nil o-.mPhY'ic~ Rea l T,me Octn, 'e Ana,Y'''
arrl ieal ion~ "tOning on Sigt'l:llClIlc IIn.I~"""

ind uding AC'r.-I I'C MCIA, ACI:-QUATIRO
USJ).2, Mohityzer-l elhemet. Mubilyzcr.1I

ABACUS Il1hemcl and Suvun! ABACUS
e,hemela....lyKr>

Signalcak anoly..... pfo.. i"" S)ll ' h..1ic-O'1a. e
analy, is a' r.landard and tlUs analy, i, mcthud

~''fIn'I 11y .... i.,f"' . most practical c-ngi..o:Onltl
wort., Rnl Time Ocl.~e nnal)', ;, i. flT'Wi<lcd

""an "", i<wI",'here Ihc,c is a nccd to rclal.
the mea.'"", ,,,,,,, t. to ,he intemalion. 10' USA

.. ""da rd f"' e, ample in some l i l i ~at; "" "' o'~

Sidc hand'-u ' ....... i.s.""w loollo.l k'w u"' ...
w poo'lion Ie..",,'" on a canier frequency and
"" .......h fOl" amr hl ude mod ulalion .ide band.
on eilher ~idc of the carrier . llh: ~idc hand
foalUrt h<t~ the f.....ueney and ampltlude of
Ille e.n lrc . nd all sele<1ed ,id e band. ,AI... ynu
can no,,' rea<lIllc puwc, in . f' '''Ilk'11cyhand

u"i n~ d~a l cu" or. , Anrt1h~r new feature i" a
Sin.,lc [)e~r~e of F'eo.'dom cu' '''' li t to 'l"i<'~ ly

identily natural fNq ucncy and d.mp inl: of
rnodesor "lbrlIlion .Ju5f placelhecu' .. ....t

,he .....l/Muolo:1"'-'3l and "'~ fer lhe cun e
frt. Ce pslrUm anal)si, is 00"" ,...ludcd a> a
~ Iohl l lu",1;oo In all aPl' ropria,e InOOuln.

CcpSlrum can "'" ", ed for Ihc idenliftcallon of

"oy pe,iod ic "ru~1un: in a p"wer """",lrum
1'0' m"re infnnnal ;on cnma,i Ki n~d"", l"ly
Ltd 02 9975 3272. W"w, ~ i"gdonu:l!lIlJllI

"'-'_ , ..r

' .Y;i4·M.j,ja{i
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Rintoul Acoustic Doors/Operable Walls
Rintoul has recently designed, developed and laboratory-tested commercial and
studio acoustic doors havingSTCratingsranging from35 STC through to 51 STC.

Incofporatlngtheinnovativecombinationofanewdrophingeandsealingconfiguration,
wehavecreatedanacoustc door and framepackage whichprovides:

hrcrovedeccueuc pencrmance
lighter/easier operation

floor sealing which will accommodate variation in existing floOf levels. thus
octoertcrmlnccoevennonal drop seals

Performance data sheetsandshopdrawingscan be providedonrequest.

We also manutactureacoustic operable walls and wall panels andhave anacousnc
testingtacutstcr hire.

For further details pleasedo not hesitate to contact:
Mr. Ben Navtor
Rintoul Ply,Ltd
Ph: 96245333 or 0403256 908
eman.benne rlntoutcom.au
internet www.nntoul.ccm.au

Acou stic s Aust,a lia



ENVIRO-ACOUSTlCS Ptylld
M ,U OO'OO56' I •• ' 1?6lISI3J3 0 Vermin Proof
1''' ' '''''' '''' ' ' 'NGLE8uRNNSw2M5
www.onvirospra y300.com.a u 0 Virtually Indes t ructa bLe

Aco ust ics 2005 

9- I1 !' n\ember

Acoustics 2005. the Annual Conference
of the A...,;lmlian Acoustic. l Soci..1y. will be
held in g,,,,,,,,1Oll. WA. 9·11N(>vcmb<,...,. The

ConJerene<will<;omfl\CllCewith registr6m and
a ,,,c ial funetion "" Wednesday9th N"""",!:>er.
Paralld pa;ll...,.scssiunswill "",ooThW'Sdayl~h

N()', ember The Cont"rence Pimlel'will be held
onthcThursday.:><:ning,Funllerpap<..... ""sion
and Worbhop ",ill be held on the Fri<Jay, and
therewill betradcdisplaysbotb days
Therewi l. belw(}ex cellent plenary ,pea ker;

Joe Ri,e (USA) on underwater acoustic
c(}mmunicatio ns and Ncvillc Flelcher
(Aus"a lia) on 3cousli" syslems in bi" lo!!y
Thefl: isal so a pussible lhird plenary.pcaket
f,om the UK. The respon.., 10 the Call for
Abslra"ls was outstanding, Wilh some 90
abslracts being submilted. covering a wide
range oflap;cs in various areasofao;(lustics,
vibl'lllionind under"'.l<:Tacousli"s, M"SIOf
lhe..,ha,'c nowbce n rcccivcd a,finalpapers ,
.....lbe program i.looking~",at

There will be a pre.C onference workshnps!
shon com", on AClive N"i,e Control and
another on Transport Noise. p lus other
",,,,kshop; held during lhe e,,nfercnce

Bussell.<,ni " localed in Ihe , ,,,,nic ""ulhw""t
of Western AUSlmiia close 10 tbe region 's
famous ,,' incrie., beautiful eoo. tal . cenery,
and magnificent fOJe'I., It i. a S"'al place
for a holiday if }'Ou can sparea lin le ex!ra
lime, Tm1Sportby coach hetween Perth and
Russeltonwi ll be armttged and can be booked
al lhe lime of«gi,t 'a li""

See tlte web.ile for all the informalion on the
conference including tbo Regi' lration Form
(early bird rale, apply till JO Sepk mber) and
Abhcy &':lch Re" ,n Accommodalinn rates
www.ac.m. t;CS.a.n.au . nd follow the link 10

Conferen<'e

W ES PAC IX 2006

The 9th Western PaciJk Acouslic-;C"" r<:r<:n...e
will bc heldJull e26-23 . 2006i o Seoul. Kon:a,
the Land ofMom ingCalm. If life i, . lI about
kc<:ping a halance hct" een Iwo extremes,
S"",,,I i. ccn,,,nly the a pl.c. to di...·,," ..[J.cIl .....

Life thro"ghAcousl i..'S~ the propoi<edtheme,
The prog.mm will include paper; on a wide
rangeofaco"'ticslOpic.aIOll~ wilhaleclmical

cxhibiliOllanda lull . ocialP"'l!ram . Ab'tr.u:ts
arcdlle I6 December2005.o nowisth elim<lo
plan ti" your participation io this con f~"-,,,ce

Inf"nn . lion frnm hltp:llwww.wesp.1c9.org

IC SV 13

Tbe lJ th International Congr~s on Sound
andVihrnti"o will hc held July 2-6. 2006 at
the Vienna Uni,ws ity of Tochoology which
i. located in tho centre " f the city. ICSVIJ
panieipant. will he ahle to take part io a
Congm" ",illtafir>tro tescienl ilie progmrnme
and exhibmo n and to gel acquaimed willt Ihe
histOryand be. "tyofVienn3, it,magnif,,,,,nl
and romantic buildings ""d iI, p.rks and
eulturc,l>c; ,dline,
OctOber 2005 _ Proposals for Struo ured

runher l nform ali o n~

~

o 100% Wate rproof

o Dimensionally Stab le

o UV& Rot Res istant

• Dura ble

7AS7S
Repo r l on h t yca r s t ud cnt
exper ienc e,

A P EST rcpo" by Craig Mcrnni ~ CI .1 al
Unimelb'. CeOlre f"r the Study " f High",
Education was r<:leased yesterday. The
report is Ihethird in a ", ries looking 3l 1st
year student expcrience~ at uni"crsitics and
foll"w. report. in 1994 and 1999. The rcport,
"The First Year Experieoce In Austrolian
Umversiti~s: f ind in~, from A Dccade Of
Nationa l Sludie~" is available al h1lIz;ll
WWWdr stg o"a'llsec .o rsibigbereducatioo/
publiq ti, ,,, reSO'Ifl'e>!nmOJn! Cmj! Yr"'-Somescience spe<:ificfindiog. ,rc

Enrolmenl<in science d<.'dinedby20% 
Mte thereha.<hceo,36%i ncrcase in lst
y~ar enrolment. over the .am e period
and a 7tf'/o increase in Management and
Commerce enrollments

St"dents in Scieuce feci mo.t stmngly
that parcnls have liu le undeT'>la ndingof
whalt hey dn 31uni\'ersity

Scien..'" . nd Engineering 'Iude nt, most
agree thatuniversily subjects build on
Ibeir school study, while the op!"'.i te
is true for student. in Society/Culture,
CreotivcA". and Architect<"e

Science sllldents typically use . -mail
resources less lhan olbcr bW;idJields of
study for contacl;ng lecturcrs and peers
but use online reSOUTCes more than any
other broadlield uf'ludy(~2%)

Acoustics Aust ralia Vol. 33 Aogust (2005) No, 2 - 71



- u"<'~ all-~ i" plcl >e lick Ih .

Thc Ed il'''ur~ P''V'''' ha l.rdmc:lu
o~plai n h{lW "cllUllhec""... ltant. ,nl.....,.lfd
" ,.,....Uy 1\1 ",-Wl.1n1 my""lf: " 'f are l lwa) '
in..,...,...... II i. iU",1 lhal 1"'- prnSln~

rq>OfI.............""l<> ... n.., kcq:>~lI inlin lhf

wly! Mtln: _ .l y, lI1& por1Il""' oni""
aod,i\Qliunio "'udandhun... ac_lCa
fur ''''' I1 nd &I", 'fOCTn<l"llly I~

.... jo< ••" io Mi..""~ fOfJC'~""'.. nl. Willi
thai in mind. il .. ill llnpcofully",l01 be k"'S
br fun: ""'''hc..... J.... ' ran<p.", .I ''''' ""i..,
.ndvi"'.I~"'''''''(ermo:o: .. held in Au",rali.
If )'UlfmlUfd lhe IiN .....;. ""wpem run
orlhc: h.,1. and CORU M of Ihf
PTo..'C'N1n"."*''''"''n~ ~ of

1bf>C..... he p-chaKd r....... thc ~Iand

""-.... can fCl'll'l\f;e c-. br ","""f• • fid .,Ihooot
""""'MII'I"'f\f""" .,...-.-:loluholon
and I lhanl .11 d ~.~,bnor

urpni..""'.ror__ Partiao..

thanl.,,,., ... OUl'~ .,.....,...,..Qu«... 1and
Tran.p. ", . fl<l~b. 1I••i>. LS lI lGyproc k.
R,adfonl .nd Hd ...l~ I\rw:l .nd Kjxr,
Ikp,n AlIWilil, kfA ~SW, o.. iollotlfl
...~""I'JnbdIoa andGJ_

t· cIownJ !llta r-..pon. l <lfICC apia. Ihd ......
~SpnI<ef'$;C.eorp""'. IwooI. ~lanill

L,a,...,...-:lf"Toofn$ar \ t....JII, ~
SfoeaIo.cn: John [)a" ,. \fait s ,......... Lc.
8__"'~c~_ ....... \kC~·._

_rw.Ior-Un_ .. I....., ..""~
Il:Chn...I PlP"" "' rho:~ OI "ho

"""l , ih ued .. ilh m..nprnmta .....n' .......""'-
1 11<0 lhaok my le lk,),. mcmho:ro of lIoc
Orpni.inJ C min~ and I II~ .. 110
cono:nbutcd brinr.,nr.;II~(indudi"tl

1Iw""'ll) "",nthc l«!>n lC.1 ,",_panclJ,
I"arunolar \lwIls ........... 10 011I inUn.tate
commino.:noemt>en:AkcDwoc: .. andO.lVf
A~,f",lhnrrlTllIUiohdpifll!.lloc

Tahkl T..... nk .l r ...... nl . ....... · h" ....it

f);,v~ "oocrsonnn .....h«I· 'a, lno'w
pr><.1icah l,e••ndddlnit ion$

An hu. H. U, .......by u." Ml'ai;ir.c

H ,""'IY~ " ouch I good name f....-
Michael N~{\fl .rdoou . fie ld
acouo.tH.:J at I'crilloan Ouch

On lhe!-.;al .idc . S7 iucly pe<>p!ean..-nded
IIlc:TechnicaI Tour of liea"' Ofld. Thc do lph i",
al.. . y. pul oa a ,ood . how, \his lime llocy
ha<I..,....\h,alll<> ~I..tnlc~ iI's ",l( al...~
""'l IMy J!cI.I<>"""' lhc:ell i.. 'lu.alilln
of ~'drophonrs. ThcWck<>mi"llFUIlCtinrl
"1$ 10 be I bartlcqlOC'",hoe pool , ""'
<lox ()uftnoJand .. adler h;",;,,~ 0IMr
ideu hcid IJOlb>n .. idll SO pawns i.
allmdalOCr. 0,.., _ "" fi.JllIRronfnmcc

orpniwn; ...., had 7S pooopIo: roofirrned iG
aa..'lllRfurlhc: Wriroming Fw.:t ...... FOl'
thi:o yanooi<"kll'''''' if )"" io"MTIdcomi", I<>
It", I,\,c!n>nocfunction, pIo=e td the t-~

TIwal.s ll" ... Km Mil.l, .. Il<> in mmn~ " '
~i<lml opcnc<! ACOUm CS !t:lM

2"Spco'!lOf»ll\Cll<Wd<"_l="~andnot

~_iGthe"""w' MrlW~and lho:

Ril Jan R.d rn1I)o kepi: the plao;cj\WllJ'Ollll
- ..,.,.~..-i<;a]~ rrcnr

fOCC'd ""'_SCe>c~6'q1"""" .A""cc

[~'I .... ba1. kaIlhc:OI!Of: for
_)'dllo _1tlIo~oftheOR

Ilradf..,d'.hccllmttin!'~ ,,*vd

*l$lh~liabt

TIocC",,~Eoh, h'Il{ln"~a~rnI """,

and • pt* "'~~tln~ place - !hanks ... all ....r
!iopon",,",1OOd h h....1OI!; aoo 10 1M"""'"
~rformWnghapp:n.ThanIu.[...
~lIw LJ(JItac.... Team forcomi D8dc>oo... and
nbib;tillJ lIocir .,.-. Il -l dBA @ I m h~. aI
thcdn,..,. 'ac.l .. n:ally_h,ng

l.aoIlythc"""f~Iunc""'-.. cre anmd<1l
toy""cr 200 pcn.on<-bclico..,1l1II'I knoooo. ..-e
had til collect tickets Ind """"Ipr:opk in

lO !llCc""rt1ttltt Alt''lIf1ho:1lhcrf wff\" 41 - -~- -=::=:parocn,... ll'atI\fI<_~"'noilif anoJ 'ibraiion, 1lI,,,,,,,_IlIIl_ -
26 P"I"'" '0 und<Tooo'al"' lCOINic> [.... riM
pbl f""" ", >N conlrol includrd)aJ>d 12 pop.TlI

~__ ~_I~tll**'ll -.. ,
ODarch,....tu .. llCOU.tnA f.... ho:I27 paren _..- .......,........
fafl!!N......... hrooldrtcld. .. htcbfursummary -- n_ ,-
~Cln beolllod ....;"" and .ihnoIion 1----;';-_ ..'lQIC ... . nd ronll'Ol T. hle' I prm ,dn I

~-. "m"""Y " f lhc l,... i~~~ed -- ;-
Son,c h i ~hl illhl" ..-- ---.:;------ ....,....--Th~ dolphin. al Sf~.....u.ld; D,>u~ _ _ ""'''ICA I+-Cato on m" ,,,,~ mamlllal acuu.. ics "'<~r.. ........,. (t2-"l

( ;f "'l! c Wil.. ,n,Qo lran-,iln"i.., ."d ~-
vibra..on: how il ......>dt" t>e.nd ho.. [----'""9 r---!----il JOfl wholeint hellcr, _ ancI.... .,.,., -. .. _lZ1 ~1lIIl_-.I\'_""m _ e---+-~bn io I.. ...n:rl«, on liuc ninr. ... - _..._---...,..
~.ClI,'einAntarcll .:.tf"""

'--"'--~Vll!f1n . ~

AJ J ........~ Ihi.. 'wcr ..,"'" monlho ha~~

c1. p,~d si ",,~ ACO USTI CS 2004 ; I~ e

W~I<'Ol Au. I",l i." lJ,~i. j,lln i. 1'" ..... un I....
hu_ 'I'el~h In ACOUSTICS 2tkU , an
n citing pnl'JI"<'L A.""" .. hu know. I'"
lnbula .ion.ofmsurinllwlechniule<'O'llen'<
is i ll. I .....h AIeo;O" ........ .-l hi. ""mmin«
rrwmh:n lk \ay~ IlOWlnrep.N'l ODI
(OIllm..,.,· (jj,~1tlIoam<>unlof .. Tiu"ll
u..c1;'....illlO p.oth n' ''''''''''' lh.. '''''Y_
.... odd q-...o; """"C"'n' '' CODll"'U ClWr
"""is~not .. """",""t'~ .. .. <>OII>idc
nponn, """'cnbc:I.... \tie Ed,,,,, of lhf,c

pagnhas~i.mwo:umrtIUId.."'hc1'cf'>el

ACOUS TICS 201)4 ...... I -.:'Mdul
,a!Mri~ ...ilh21 1<kkp1(tIll'lll H'''''''''_
al w DiMtr.ot _ b)'far lbclMJC"l-.J
alalftm<:c of Ik AlNnJiu Soxicl )' ... dote
......= ........ed.ilh l ....... '"nlI>Ctllw( ioldC_,...,..,.... II<MI), I iJfC'd 'ocltion
_ ....-.l.w.,.:a_n. ...t.;ea_..".
. .. tmpQfUI>I; lho: <:on~ Illoomc ....T....".,wr_ .,,__ I~-. .ilh

l.~ ."'--'tlo .. ...-.thcor .... jor
focus . T"Iflher thnc ... b;cnol""'idt-d
1"'"' l"'"'IIel _ I,\,'e ll><>lIad good
~tIIivn inllw~h"c(1....18OOOl"'''''
and """"'"onll'Ol"al"J"f'C' .. ith ..... ..,..
OCA ~~"'ll .. ............... . The locI!
.nlal>'lioos; ioIl""'iculartl",doIpIunoat Sa
........1d..hvho:lpedIOFlIloc"'-'''''and
TUnn"'l! l.-l olf OCllhcnp.fQl;L

T1oc~lpn>IJWIltomjlri.cdIOb

pramlI1,.,.,.. Ii...: .. ur\ oh<lpo -' ee pIT

confmncel«llfti(a,Il<-.of~ The
I«hn.... I I""'"ft'III""" ...t .. """"""r-..~
OIpJI iiCd on li,~ parallcl tesoions oo-cr lhe
t»oday..nr ' .... ronferclu, A shoII couroc
' ... . 'f'C(U nf cnvi"'n"'''' ....l and lralbpulU lion
noi", conln~ .. .. ron du<:t<:d on tho day prior
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QLl~eJlsland[),visinnenn,i neethcundcrwalcr

. cou' tics and mil nui", fmlcmilic' 10 aue nd
I'd also like to make , pccial mcmion of thc
eontribution'oflklh Hooker. David Mec.nd
Colin Speakman. without "' h" '" unstiming
contributions as Technical Committee Chair.
Con..-'n> Secretary and Congress Trea""rer,
resp'--.:Ii. d y. the eonfen:nee would not have
be<:n fn',ihle

Lastl) . ~"'Iho", person sstillreco'eringfrom

AC01 1~fJCS 2004, whal better place 10do it
than fJ.u>'e lto n WA See you in NOl'em/>l'r<Jf
ACOUSTICS 2{J{J5

ILlnlli/fueN

Low neue mad surrece wo r ks ho p

f he workshop on low-noise road ,m1ae~s

was well·allended. with about 20participants
G, . ham lIenne"ey of Boral A, phall
Tc'Chnology k d offwitb a brief de,c ription
of the variou, road surface types, For eacb
, urlac. type. Grnliam "' ..~ ~~Ie to tell us n(>t
onlyaooultbetypka l acousl iep erfonna nee,
hut ,,1,0 "houllhc variou, n"n-noi",-rela led
eharaelerisliesof lbe,... ioustypes. indudi n~

cost and durab ility.

Ste,en Samuels of TEF Con,ult ing and
Uni,'ers ilyo fNSWfollowcd"'ilbadi'e U',si""
of work thaI he has done in Queeml and
and NSW over the last few looking
at tile variatinn nver time
perfom 'anee (If some road types
W'lhrcgardlo tbc·'low-noi","opcn-grudc-d
aspha lt (OGA) surface type, it appearedtbat
tbeac<.>ustiepe rfonn aneewosqu;testJbleand
even improvtd during the fm;tytar"rwa(\er
being laid

Thi5w.seonsist~>JItw ith""meoftheevidence

from local andov~"eas stud,e, presented by
Neil Huybregt.,whieh .,oowe<!tbat, in ", me
,."'s.thc: &CO\>. ' i.' pcrformllnce <>fOG.\ can
impro' ·e . ligN I)' in tho: Ill'$\)'eu. Ho"'e. -er.
. h<-... ocud;"" al..,pro,id<od~ido<-n<e lh.ot the

",-'-""" IC J'Nfomunct of opm.¥TiIdt<J " 'Phalt
may disappear (ie be no bene' Ih~n standard
dense-g raded a'lI h.lt) within as little as 5
years. Noir,conelusion,that lhcrewaslinle
[IIlint in using OGA a. a long'lCnn noise
control methoo, was con troversial and not
well.acccptoo

Neil briefly presented an om line of the
", ,,,,I,.,, i,, ,,, ''''I'''' ''eU tu I'hy a pa ri in L h~

degrndation ofthe acoustic perfon nanct <>f
OG A, including the be,t.k '",w n mccru.nism,
dogg ingo flb cpor es. Howevcr. according to
W(lrkprn<'ntt'<ibyStev en,a'tudy undertaken
in Queen. landand NSWs howed very littlc., f
any. impmvemcnt intheaeou\tieperfo rmance
ofOGA alln clean ing with special-pur!"" e
OGA dran,n~ equipment

Acoustic s Australia

r-;~w 1.01:0

On Tue, day 2R June 2005CEO John Tucker
introo ueed tbe "new" Stondards Australia
Their new web'ite, logo and markeli ng
colla te",l were rc,-ealcd, each reflecting the
frc5h new and unique image and presence

Standards Australia Jul)' 2005 Nc'" WIleS
Ihnl

"Org anizat ional change has enhanced
Slandard,AII,tralia', tapaei ty to focus on its
core husincss _tn facilit atecnn'e nsns-ha"ed
solutions thai result in the developmem of
Auslralia n and imernalion. 1 ' tandards , nnd
related guidance n'ateria l,: and to promote
.....""lkncr ;nAu."'lllian design and innovation
Ihro\lgh the Au, tralian Design Awards, These
capabilities are very mueb in the na,i(lnal
interest".

The background tn tbcnew logo is explained as

" . crca ted around wbat could be e.• prcs,oo
as nalure' s petfcet standard - a unique numhcr
that goes hy lbe names of golden mean, divine
pIOJXlnioll or golden ralio. Tbe golden meall
is a mathematical expression of proponion
that a noient Greek philosophe" observed
througbout th~ natural world. They considered
the golden me-an to be lhe middle ht.1ween
two extremes, (lI1eofexce" and ,he other
of defic iency. To tbe early Greeks it wa, an
attrihllte of bcauly. lth os bcen c bi mcd. thnllgh
not substantiated, that if you draw a rectan gle
amundtbefaccofLconardo daVinei',Mona
I.i,.. the ratio of the height to " 'idth of that
rect"nglei.equal lnlhegoldenratio,Thi,
"divinc propnn inn" ean be fnund throughtllll
the univ",",c; from tbe spira ls of galaxie' to
t~e ,pi ral of a seashell; from the hannon i"
nfmllsicto t~e l>ea,"y ar><! aesl"" ti~.., in art, 11
has been attributed to the growth patterns of
nowcrsandpl ants.o bscr\'cdintbebeha\'ionr
ofligh\ ~ ~\"""", n'«:din arch itc<:tuTCond

in the coo'>ln..::lI<mofh urnan anatumy. Some
would ...y' it .. nulf~ ', perfcet Sla r><!ard

o ,ync r~)' tlwt c....l~ not be mi,,~'d when
en:a' ing OUT b"mdi ng and logo. Wc W'ontcd
\(I breathe meaning and life inln Our new
imal'e Ihrough ollr branding and logo. There

couldbcno hCllerw ay tbanwi thna tu", 'soW'n
perl"eet'landard . tbe gnlden mean. Slandards
AUSlralia'sne w 10b'{) was hom "

R\"\·!c.... ofOper a t i"n.

In " Icner from John Tucktr. Chicf w ccutive
omecr. a ll Ihe stakeholder nrgani/ ations
ale invited to comment nn lile re pon from
governance ,pecia list Cameron Ralpb. lI is
n pagcre[ll>n isa"'tol" tn'loc"rcvicW'oftbe
eompreben'ivcmcc hanismsi n plaCetoensure
balance.rigourandcredih i1ityoftheco n<cnsus
drivcn. authoritat ive Austra lian Standards
developrncntp n>,:.:".T hisrcpnrt is avai lahlc
fo' commen t al hnp;llwwW'.Slandards
org .a u/dow'nlo ad.ICameronRalp h Report
pdf. Altbough the deadline is August. late
' "hmissio ns may be acce pled befo re the
bnard mcctinl' in Novembc r.

Stcpben Barlnw (WA)
TimKlISe be l (~SW)

MaUhew Fi, bbum (NS\\')
Miebae! Gang.c(l\'SW)
O li"cr Gau"on (NSW)
Ik njamin Lawrcnce (NSW )
MiehaeiPlumb (Vic)
Alan Suhkey (NSW)
Roy Sullivan (NSW)
l'i chnla' T"d i.... (NS\\')
David Walkins (NSW)

G r ad uat e J imi Ang (NSW)

Associa te Shony TOlla (NSW)

Stcphcn Lyons (Qld)
Eliotl'almer(Vic )
Craig Glcghom (Vic)

Stu den l Tom Bamman (SA )
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International Commtsslon
for Acoustics
ThL,r'lk' JN:(lIfJ i" " .'e,i"' 4rr~ ull1'ilems

in I!>" I"" d ''1'10 ICA in ,\'.w/"ey in 201U

The first item i" Ihi, ....,~s [,k "" ." ieJ
AWlealid. J J rl /. l W5] OUllioxdtlle a.clion,
by rIM:AAS to win !he bid to hOSl tile
Inlem ationa l (\)fI~,,"S in AcOUslic, in
Sydney in 2010. This iu:mpr.... ;dn """'"

hodgn~ndinf<>f'JJlOll_"nthe lnlern<lliooal

Com",i " i"n f", A",. " , ic•. f,...·h,rn llIe
con~n:" i, an il1\poru."'lICti~ity

fhe Interna tiou l Comm i.«;" n for
Acuus tics (ICA) •. •• in,t itUled in 1951 as
a , ,,h<.-..>rttmitttt to tIM:Internaliu,,"1 Unio"
of Purc and Apl'licd l'hy, i,'s OUPAPj. By
tIM: 1'I"lOo. il .... ' ck ar Ihal 1"0 le A had
achinCll ,,,rf,,,i,, nl inlernalional ,u pport
thai il ....."'1... obIa.n i" mandate from !he
in'em al1onal acOU<l.'cs commu nily .athe.
than Ille l"lem aoional physics oomrnunity.
In 199{)1"" ICA""'c a""" an IUI'Al'a ffilia.cd
commi,m", with new !>tatur-.... '!be '""W
ICA held its fiN Genera l """:rMl ~ I 'N~

whe,., Ihe ,tal u ,~ and by· l.w ,"r the ""w
organi'Uli"n w~re adopted ~y thc Meml>c'
Soci"t"" .

Thc purl'" ,c "ftl>cCommi"ion i'I OI"",n,'l e
imcrnatit>nJl develop"""nt aoo ooll. I>"", ' i<m
i" all f",kl, of acoustirs i llC ludin, ~'ltth .

<levelof>mrnl.cd""atioo.ard sundanl l,,","'"
Thc meat>, for ,"" Commi,,,,,,, to ("IfIll it.

a) i I" maint~i n close H,m"", ..... ilh
naliu". 1 aoo ",g ional acou'l ic~ 1

M"' ieties.nd assoc;ati"n ' u well
as mh" r r. I",'ant pml /:'sl iol1al
ul];"ni"' ti"ns ands... k enn~"'u' i n

matte""f mulualinte"'M;

topro vi<k:a" i"f"rma ti'''' '''' r'..~''n

""'1C11CS. u"'~re.""" .sl"'P<"'a .• tc ..
"'''''''':b aoo educ~tion ortlm....rions
;n l"" f",ld "r acouSfi<"<;

leA 2010
iii to tal . ~ rro- "''1i.-.: .-ok: in co

tJfd;,,;din~ . he mai" i"t"",ali,,nal
meeling.... ilhin · sties

b) tt>~,,,,,ene the Inl< Jol I COlI' ..........'
"n An'u,rk, in acc:oohn.." ,..itl> t:':
C" mmi"i " n's guidehnes and to act n,
In.: Int..,national Advisory C""'mill.....
for these rong ", sses

Cl IO ' POO>Ofor co- ,po" ", r otber lopical
aoo 'J"' cial internation. l ro nr..",,,,,,,,
", ,,,,,a lly in clo", coope ration ...ilh
nal"",al ~oo'rJr ",~ ioruIl orgln i....tion.,
"nd to gi"" financial 'uppon 19' ''' ' ts
or guarant""sj . ~s ~ grant to org.n i,in J
cvmmitltt' tor such """'ti n" " ' a, I

m.. el granl to p:micil"' nts

The COlnmi"ion i, affi liated III rhe
Internationa l Union for Pure ",,,I Appllcd
Ph ~ , ic. (IUPAP) """ lh",u~h lu r AI' til 11M:
lnlemat i''''al Council or Sciemific Un;" n,
(ICSU).iIIld lM:nce loe ng-inee,insl>odie<

Curre nlly I""'" are 44 nal ion~1 "'.....seklll
\COliI:1it\ ((II' cnr1'e'>ponJi~ otvnisolions)
"' .............n of 11"" com",,,,i<.... Thc
nlanaS".,.,..nt of !he Comm;", i"n i. hy a board
....mlp ,i>.ingfif t""nn lClllher<:I'"" idenl. r a.t .
I' "" idenl, S",-'rct" y_C",ncr. 1. Treasure , .
"nd d c_e n ", hel memhe" . r he dec rion
" rth. Board isun,knaken at tl>. (ito ... ral
A, ,,,,mbly.h e ldcwrylhreey u rs'll l>elime
"' ,...O....,......... (·..m:lltlylhc ~nt

" I'h, l,p/.; d"", iUKj. Vi<.c l're" tIcfll Sul
\liang y""" (K"'l'. ). Se<.·'el.ry-ge n~,al

Sonoko Kuano(Japan). rrc~'oUrcr Hugo F"-,tl

(GertrWly) . oo Past Pr'e< tdo:n! O il"", lJa;gl.
(Canatb). In II", I.-.t ..." ..... AU,lIa liah.a<
been.n"""" ru ( inha,·inl: ",~nUl i"n

on the bo..m.... ,ill><..1IMlc. Ilo n ~rld . "n«
2004. wnll I)" .., elk' In ......1,""" from
2005 M" 1QlI B~t'f<'"o' ha.."""'" in' ned ~' Mn

Associale Mem her ''' 1 the lx>ardt" provide
ongo ing updale, f",ICA 21110 .

Tbe mai n ill; tiv i tY llf d"" Commi"inn 'bl1.>o~h

lhe )eMS ha.\ h<.'enI" convene rhe U'l"nni ~1

I m,'f1IJI t ion~1 .......vY""'" on ........." lCS.Th is

t.... lhc g.~.ric litlel nl.""'lion~IContere"'-'.

on Acoustics . He", ... ,1Ie sal1lC k im) "'.

leA . appl ies 10 Ihc Co", rn" . ioo and "' lhe

Cong rc" . The ( IN! c"n~,.." ...... lleld in

Dd ti in 19.'3 . In I'IXIl. Au' tn lia w"" the

n" l rotI lllry in nlJ '''''~ ''''' "f rhe world II . be
¥ivc~ the "PI"'''unlry l" h",t lhe ,,,ng"'''

aOO. .10years on . we .~~'" I>.\"e ,he I>cmo,,'

Tl>e Commi"jon II"" """, itll:n l"'l uest.

1,,, ,,,,,,,""""ir ,,( ~,....' iah ) C,,,,u.,,,,,,..,, in

"'colNir•. ll>c",,,. ,,,,",,,,,II) lilllite"'lOa

'flCCillirod'''ll ,( ", ith.ne''J'C''leoJalleOOark.-e

ofabou llOO.'i<.Pf'lI'I("r rc~ iooOill or na1ioaal

c"nfcrellCes .e,pecia llyintll:velopin~",gioltS.

arecnn, id"re<las k" ,ga'tlk! ,·ot>foreuc.l> as

an intemational cl>araclcr

TheCommi"ion is p.l1icularly le.nll,f,,,tc r

..cellenc.. in llCou.,li es andh", i",t itutedan

f.JIrly Carn: r A...·a'd . This i.<p",sentc'd at

llJeTricn nial C"n grc.. 10 an iOOi.,id....1"'00

i, ", lali'e1y ..ally in hWber prof"""""'1
caree '(aboulIO·15)(il/Sofacli.e'·__n.
aod "lJoh,,-,""'cn aocti_e in the affairs of

AC"""lic, tlll'uul'l> hi' ''-''''r Na,iona l Society.
nt h", Nalional Socielyf ie.<l. Regional

or In,emali"n .1 or~anisa,ion., and I>IS

,"",llril>t!l,,,I ... h-.t:lnlj~II) . thmug h ('Unli,h e<.!

l"ll'"',tO ,"".dvv..'C1lW1lI of l"""",,, ical

or applied ....ou,' k s " ' M h. In addition.
lhe Commi"i<"" pro_ides belwee n fifleen

andl ....."ty ·fi•• g..II11' for youngsci. nt;,;I,

l<J all.OO Congrc'IoC' . The commi"""'"
,I .... ..........,'" a luti ng of jntemal iOftal

cOIIkrcl>ttloa OOrneelins:-

1"(,,.,,..ti<Ja. ... "1I 1h<.""llCI i, i.i""is~'""i labl.

fm m .......·w , icac"'n"H"~'n.<J'!l (fr"'" ...'hielt

muek "jiM romrll/ ' if'!>;' ilfm "'" bu n
' AI",.· reJ [

74 - VOI. 33 Aug us t (2005) No . 2

ACOUSTICS 2005
Acoustics in a Changing Environment

9- 11 November
Bussleton , WA

www.acoustics.asn.au



Since 1\192. after moving from l.angwamn
Victoria. he led an active lile at Sand uar)'
Co' ·e. unlil being stru~k wilh MN D in 2000 .
Thos. who kncw M"rry will ncvcr forgclh im
. nd the indd ibl. impression he made. His
booming laugh. easy m'Ulnor,unique clraraclcr
and ' ly1e(unconventional tn , ome), '"'00 him
a wide circk of friends and admirers

Morry Jelleri"" a piuneer of lhe Au' tmlian
ACOU' lics lnduSlty, died rttenllyi o SanClUaty
Cove. Quee nsland. ane r suffering mulO(
neurone disca"" (M NDj for WIDCycars

Morry was bum in H" uII>luw. ncar Heathrow
Airport. l ondon in I9J2 atlcondcd localp ul>li£
schools.nd u .in ed a, . fincra nd tumer. 1l>e
m. in incenti, -e for him to come to Australi .
was to avoid call. up as a nalional serviceman
lo",rve for the Rrilisl> I'o'£c, in Malay, i.
io Ihe early ·SOs. Morry was s"pn;md y
inlc'l1:s1£d in ,elf p", ..",.tion, Morry did
not like worki ng the lools and sub>equenlly
became an . rchitectural dralt- man, which
is imnic. given Mn"Y ', Wrilletl scrawl; an
almn'lchildlikc printan d lris undceiphc.-able
s ignalure, reje<:tcd counlle" lime, afler
p= cnting his £redit card at resl. uran" and
hotels around lh. " w ld

Working as a drJflslDan at AGL (Au, t.-alian
Gypsum), Morry founded the original
Austra1ianacoustics company. Nono)s . Wilh
G ra"m" Harding in 1963. bUl running .
small enginc>ering business in the 1960 ',
" n difficult. panicula.ly a ftCl lhc cred il
!"-luocze of 1969 . The busine~' lhe) r'lUl'>Jcd
\In purchasc'd by l> Rie hard~"n &: Sen , in
1 974 andw3~rc fonncd a, Souod A llcl1ll. l·ors

Auslralia (SAA), lhe Auslral;"" li cc~e of
SALof lb. Uniled Kingdom

F<,lIuw;ng his am\ 'al in AlI>lr4l i~ he 1.11<1
hi, fulure wile . p.tr icia (P.aI). and l ll")'

subsequently had lwo children, Sunoooo:lIld
Kenl. Tu lh"", who knew him " ..II, M"rrY '~ a;

a larrikin.• practical joker w,th l l'!"C'Il><n<c
of fun, a finc danocra nd verymu~ical . playiog
thCl' iano COll1f".'lently. There are-many Morry
slories· some of which £ann"l bc luld.

Morty pioo~red ao AU'lraliao busmcss
bccau>elre had expcrienccdlhe.bsurdly
oplimislie and unsu, tain. bk AlDericanh.st<tl
l' r oo"~" orr Ur£ "lil r ~<t d' ,Jr. t .irrrc. !lis

= --- - - -.-......,--,0 ~:~)~~:'~~~~;~~'~i l~·f:~:~~~:::sr·~~~~
CtU led as jokes to highlight their Australian
cMr~cte r. IlecamC lrade names respected in
An>trali. arrd overseas
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W~NIlOW MICROPHONETYPE41AW:

A window willet ten be theweakestpoint in evaluating

externel-sounn insulationwhen measuringcommunity

noise striking facades of buildings.

Microphone: W Free Field 50mVIPaType 40AF

Preamplifier Type 26AC

Mounted on160mmdisc

Detachable hemispherical foam screen included

LOW ~OISE MICROPHONESYS1I'IEM TYPlE A10 ~F

Measures noise levels below the threshold of human hearing.
e.g. from disk drives , other inaudible devices.

Microphone:
Sensitivity System
SensitivityMicrophone
Freqresponse
Dynamic Range

1" Type 40HF
1.1V/Pa
110mVIPa
10Hz-10kHz ±2dR
-2dbA to nOdB re 20~ Pa

HMCIechneloples
619 DarlingStreet ROZElli NSW2039

Tel : (02) 95551225 Fax: (02)98104022 Web: www.etmc.com.au
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