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FROM THE PRESIOENT
This issue of Acou stics Aust ralia mar1ls a Slgn ilican t occas ion, II is the il'l3ugUfll l issue from the neweetouar team of Neville
Fletcher , MarlOl'l Burgess. Joseph La; ar'ld l eig l'l Kenna. Not on ly do we WiSh lhem well lor the task but we (I,e.. all the
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water . He also did irnportar'lt work Or'l the theory ct heteroqen eocs l1UCIeation ot phase changes . par!1ClJfarty in relation tolfle
physks ot rain clouds . More rec ently he tUll'led his elferltion to ecoust cs . iM ia llyln fela tiOtlto me nonli near acoustics 01
musical inshuments and felated lIibrating systems . artd then to the arl8lysis of acoust ic systems in biology . where simi tar
methods could be applied. In both ot e -eee fieldS he has also made l'IOtable contributi ons He has wrille n lou r delin~ille

post-qraouate texts, as we ll as pubfishingwidoly in the $Cier'l\ltic literature. The Lyle meda l is appropnately awarded to this
phys ic isl sui gene ris who is no conlormisl ln a narmw held bul hil s lurned his hand to the physics of evef'yIhing Irom ice
crystal s lo handb ells ,·

Congra tuiationsN6IIilie

Robert Hooker

FROM THE EDITORS
Follow ing a very long p9f'1od under lhe ed itorial guidance 01 Howard Polla 'd in Sydney. we have agr(!(!d to cany the torch in
Canbe<fa and this i$ OUf fifSt iSSlJe, We hope to mainla in the high standards 01conte nt and procucton set 10' our joo mal by
Howard . and we plan no major changes in form or in ed itorial content. Our aim is to make Aco ustics Australia ar'l inte resting
techn ical jou mal lor all membe rs of the Socie ty. not just for specia lists. and to make it also a channel io- communic al ion 01
news and "; ew1I aboot mall e ' s 01 import eflCe 10 OU' proless iona l comn....mity. If you have any comments Of suggesti ons , we
would be deligh ted to hear from you

We live in interasling times ••• pe<haps undtlr the mauerce 01that class ic Chinese curse ._. and many Ihings about the lulu 'e
are unst.l'e . What is sure . howl!V9f, is lhat lhe problems of noise and its control, the use 01 acoustic and lIibratM>nal
tedlf1llques 10 Investiga te material s and structures , iflCluding the human bod y, and the imag irlative employme nl 01acoustics to
enhance OOf enjoymenl of speec h and music . w,b assume increasing importance to SOCiety in the years to come, We may not
need lhousancls of acous ticians in Au stralia . but what we will con tinue to requi,e is a small er grou p of well " ained.
el<pElrieflCedafld imaginative p,ofe ssiona ls to COlIer Ihis wide spread of important topics, As well as look ing to our own
interests, Ihe<clore , wemust plM ahead to ecoeate lhe newgene,alior'l who will ca")' on the wo rk. Acousti cs Australia aims
10 prOllide one link in lhi s chair'l

Almost abov e all, how6\l'9f , scien llfic and tedlr'lica l protessioos are fun! We enjoy tasting oor skills against new problems, we
enlOYseeing the advance of Ifle profess ion w.th new lechniques and new instruments, and weenjoy the community of Inte,es !
with lellow acousticia ns, We trust that ou, JOUrnal will eeneet aNthese positi lla sentiments. even though we may nave cause at
times 10be gloomily reereue abouloltollr Ihirogs

N6IIiDeFIelcher

Letters to the Editors are inv ited on any relevant matte rs.

Acoustics Austral ia
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Impact Descriptors Versus Exposure Indices
In Environmental Assessment
Andrew J. Hede
Department of Government, Economics & Logistics
University of Southern Queensland
Toowoomba, Qld, 4350

ABSTRACT: Environmental noise impact in Australia is measured indirectly using noise exposure indices rather
than directly in terms of impact descriptors. This focusing on exposure rather than Dn impact can result in
environmentei assessments which setioustv under-estimate the true noise impact ot a deveioomeot proposal on
residential communities. This article recommends the use of impact descriptors in addition to an exposure index to
ensure that assessments provide developers, residentsanddecision-makerswithacompletepictureofpotential
impacts. Aircraft noise is used as an example to illustrate how impact descriptors can be applied.

1. INTRODUCTION
In environmental assessment, the impact of noise on
residential communities is described indirectly in terms ofa
noise exposure index. The most widely used general
exposure index is Leq (often with a weighting for night-time
noisej,butavarietyofotherindiceshavebeendeveloped
for specific noise types. For example, traffic noise indices
include the L10(18 Hour) [1] and the Traffic Noise Level [2],
and artillery noise can be measured by the C-weighted
Day-Night Level [3] or the Accumulated Peak Level [4]. In
the case of aircraft noise, exposure is described in terms of
the Ldn index in the US, and in terms of the Australian Noise
Exposure Forecast (ANEF) index in Australia. The latter
index was developed from a socio-acoustic study [5], and
has been adopted by planning authorities for aircraft noise
assessment throughout Australia. A major problem is that
noise exposure indices, such as ANEF, are being
inappropriately applied in environmental assessment, and as
a result, the impact on residents around airports is
under-estimated when decisions are made.

2. ENVIRONMENTAL IMPACT
ASSESSMENT

Environmental impact assessment (EIA) was introduced into
Australia with the Commonwealth Environment Protection
(Impact of Proposals) Act 1974 whose stated object is: "to
ensure, to the greatest extent that is practicable, that
matters affecting the environment to a significant extent are
fully examined and taken into account" [s.5(1)J. The
legislation comprises the Act, asetofRegulations, and a set
of Administrative Procedures, the latter specifying the
requirements for the preparation of environmental impact
statements (EIS). In addition to the Commonwealth
legislation, each of the states has its own statutes on EIA,
but there are agreements covering procedures where there
is overlap with the Commonwealth [6].

The Australian legislation was derived from the US National
Environmental Policy Act of 1969, but differed in that it
provided for much more ministerial discretion. The stated
rationale for this high level of discretion was to avoid the
costly delays experienced in the US, but according to

Formby, "a major reason for the discretionary wording was
to leave the government Wide flexibility in implementation"
[7, p.211]. Essentially, all government decision-making is
politicaland,therefore, partly irrational [8]. TheEIAprocess
is designed to increase the rationality involved by increasing
the range of relevant information that is available. Thus,the
environmental effects and not just the economic aspects of
proposals are purportedly considered by those making the
final decision about a proposal.

For major proposals, the developer is required to provide an
EISwhichservesthreefunctions:

1) as a guide to developers seeking to minimis,e
impact;

2) asastimulusforinputfromthoseaffected;and
3) as a source of information for decision-makers.

Most EISs are prepared by consultants who have expertise
in the various aspects of environmental impact, with the
noise impact usually estimated by a specialist acoustical
consultant. After a draft EIS is prepared, it is forwarded to
the relevant minister and released for public comment. The
final EIS includes the draft plus a supplement which
responds to the public comments submitted. The formal
assessment phase involves the relevant minister seeking
advice from technocrats (expert public servants) on the final
EIS before making a decision, or in the case of major
proposals, before presenting it to the Cabinet which
supposedly takes account of the environmental impact
before making a fully informed decision

3. TYPES OF IMPACT
What is meant by "impact"? Although this term is central to
the theory and practice of environmental assessment, there
is no consensus on its meaning. The Impact of Proposals
Act does not provide a definition. Impact can be defined
simply as "influence or effect" [9J. A more precise definition
is as follows: "The environmental impact of an action is the
difference between the state or condition of the environment
which occurs as a result of that action being taken or
with-held, and the state or condition which would otherwise
occur" [10J. On this definition, it Is important to distinguish



three categories of impact:

1) Negligibleimpaclsarethoseeffectswhichcanbe
regarded as eithertrivialorof undoubted minor
consequence; such impacts can be ignored in
environmental assessment because they are clearly not
"significant" as required by the legislation;

2) Crilicalimpaclsarethoseeffectswhichexceedcriteria
specified by planners or regulatory authorities; critical
impacts form the basis for most of the analysis in
environmental assessment;

3) Notable impacls are those effects which are neither
negligible nor critical, but which contribute to the
information needs of developers, of those affected by
the development, and of those charged with
decision-making responsibilities

Of these three types of impact, it is the notable impacts that
cause problems because they are often ignored in EISs.
Where an impact does not exceed a specified criterion level,
it is a matter of convention and/or discretion whether the
impact is treated as "non-significant" and is, therefore, not
even mentioned. To ignore notable impacts in an EIS is to
deny those affected by a proposal access to information that
is relevant to their interests. Also, unless those deciding on
the fate of a proposal have all the information relevant to
describing the various non-negligible impacts (i.e., notable
impacts as well as critical impacts), they will not be able to
make a thorough evaluation or an informed decision

4. EXPOSURE INDICES VS IMPACT
DESCRIPTORS

For the assessment of environmental noise, the convention
is to describe the amount of noise to which the community
will be subjected by a proposed development. Thus, the
primary focus is on exposure rather than on impactperse.
Using an exposure index, contours for different noise levels
are plotted indicating exposure at various distances from the
noise source, be it an airport, an entertainment venue, a
freeway, a railway, a factory or a military range. However,
theexposureindexdoesnot,itself,tellusany1hingaboutthe
effects on the community. In order to determine noise
impact, one needs to consult a "dose/response" curve which
shows the relationship between noise exposure level and
subjective reaction of residents. The measure of reaction is
usually expressed in terms of the percentages of residents
experiencing a certain amount of reaction for increasing
levels of noise exposure.

A major problem with this focus on exposure rather than
impact is that only criterion exposure levels are considered.
Planners, environmental consultants, and decision-makers
often seem to forget that dose/response relationships are
continuous curves without any steps or clear cut-offs, and
that the criterion has been arbitrarily chosen to designate a
critical level, not a level below which there is no impact. The
EIS, therefore, concentrates on critical impacts and usually
ignores notable impacts. For example, with traffic noise
from a proposed freeway, an EISwould be likely to include a
map with plots of exposure contours above the criterion
levels specified by the relevant planning authority. TheEIS
may then use a dose/response curve and population density
data to predict the impact on residents in terms of the
numbers of people "highly annoyed" or "seriously affected".
However, the impact in areas outside the criterion exposure
contours will invariablv not be reported. and will be not be

taken into account in the assessment of impact.
Consequently, the overall impact will be under-estimated.

This problem can be overcome by the use of an impact
descriptor in addition to an exposure index in environmental
assessment. An impact descriptor is defined asa measure
which provides a direct estimate of the effect of an
environmental factor. In the case of noise, as well as
plotting contours showing levels of exposure, the EISwould
plot contours to indicate various levels of impact using
descriptors such as "percentage moderately affected" and
"percentage seriously affected". The total impact in terms of
numbers affected can then be readily estimated using
population density data covering the different exposure
zones down to the cut-off level for a notable impact.

5. AIRCRAFT NOISE IMPACT
The approach recommended here for environmental impact
assessment can best be illustrated in the case of aircraft
noise. The ANEF index is based on the US index NEF, but
uses a different weighting for night-time noise (6dB rather
than 12dB) and includes an extra weighting of 6dB for noise
during evening hours. The study from which the ANEF
index was derived comprised noise measurements and
social surveys of 3500 residents around five airports [5]
This index was found to be the best predictor of community
reaction to aircraft noise in Australia [11]. TheANEF index
has been incorporated into the Australian Standard AS-2021
[12], and is the noise measure used in EISs for
developments of and around airports. Levels of less than 20
ANEF are designated in the standard as "acceptable" in
residential areas and levels above 25 ANEF are rated as
"unacceptable" [12, p.6]. Although it is an exposure index,
the primary function of ANEF is to predict the effect on
residents of different amounts of aircraft noise-itisthus an
indirect measure of environmental impact.

It is important to note that the criterion levels derived from
the ANEF dose/response curve are arbitrary. The
"acceptable" level of 20 ANEF is not one below which there
is no reaction-infact, this level results in 45% of residents
being "moderately affected" by aircraft noise with 10% of
them "seriously affected" (see Ref 12, Figure B1). A
particular problem with the ANEF index has been that the
dose/response curve provided in the standard AS-2021
covers exposure only down to 15 ANEF. This has
apparently led many, if not most, people to assume that the
impactbelowthislevelcanbeignored,inotherwords,thatit
is a negligible impact. Such an assumption may be
reinforced by the fact that the original report on whichANEF
is based [5] did not include residential areas with exposures
below 15 ANEF when calculating the numbers of people
seriously and moderately affected around the five airports
studied. However, the assumption of negligible impact
below 15 ANEF is invalid. At this exposure level, the
community reaction is 7% seriously affected and 33%
moderately affected (see Ref 12, Figure B1), clearly a
notable impact that should be taken into account when
assessing a proposal. A recent example of an EIS ignoring
impact below 15 ANEF is that produced for the Sydney
Airport third runway proposal [12j where the numbers for the
populations moderately and seriously affected by the various
options were all appreciably under-estimated.

Whatisneededisareviseddose/responsecurvecovering
community reaction down to negligible levels. Figure 1
provides such a curve which was derived from the original
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noisII~c.andacidethal acer1aine~lIl11ve1is

'aocI!j:ItIItlII' .bullheycannolldoctalllwhlltreactoonpeople
e.posecllOthal'lINeIshot*lhave NorSl'lOuldpllll'lners
dosIniss as IId99"""M ed or hyp8'·sens~_1he leacbOn 01
tt10se . esodet'U who are~ Illeaed by SO-called
°acceptable 'l'lOf$IIlevl!ls

f urtt>er, rt lS worthe..amin;ngwtlalll means to be alf eeted
by 8lfCfalt I'\OISI!. ree esta Irom the Of!9lnlltsocio·acoustc
study lSIhaS been used 10 de,we f igure 2 which ~Iusl.ates

wI1.alit means to be moder ately and serKlllSly afleeted In
teen s 01 il wide variety of subjectIve reacli ons to aircrall
noise, wt1en a person is described as ' mOllerately
affocted ' , we soolrom Figute 2 that lhey are cerlain to hear
ai,cril lt norse (100% chance), lhat there is a 75% cne nce
lhat they wIll be at least 'slightly annoyed", a 68% cre ece
ll'ley WIll experlenc adislurbance to hstenlOf:J lIc1iYlties, and a
55%chilncelhey wiArale the nelgh bolJrhood aS'~d- 'or

a"cra ll noise Similar1y. saying a person is 's llfoously
aHeded" means tI1eIe is il 93% chance they WIll rate til e
neoghbourtlood as ·t!ad· lor il "Cfeflnoose. a65114cnancll
Il'leylMlfbe al leaSI "consid erilblyaonoyed"',a55'ChanClI
Il1e)i 1M. expenenoo sleep dlSlul'bance, atlll a 5O'llo Cl'lance
Il'Iey wdlclaimllleir healthis affeC\e<1.
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So. what Impact level .. approprlal e as tI\iI l betow wl1IChthe
eI1eet 01 a"oalt noose can be regarded as "negIIg1fJle"?
FrOlTlf9"". I . Wft _ tI\iIl lhe lmpacl level ol 'l~

modllfa lely IIlfected"'COtJespondslo "O'll>seoousIyalfllCl8(l'
SoJ99"IIOf:Jll\a1.nyeomrntnty.eacllOI1beolow ..... can
leasonablybe.gnorll(\,"~~,by

e. afTWWlllF9U"112, Wft_ lt\aII IrlOSewnolll'eQnct1bedas
"moderately aftlldll(\' tlavlI only a .t(l-1O"'4 Ch8nce 01
e"Pllf>ll"'IOl'l thlt mo' lI HnOUl1 effeets ol aorerell tlOlSll ..oc::n
asamoy-ance andaetMly~nce_ConseQueolty.1hto

levelol"lO"JlolTlOOerat~alfeete<ri$probabIyloOlowto

(le1i~anotabl&ompacI{"II"lh1tmll'W'f'lUlllwl'lictlsnouldbe

reponed onassessment) . Also. Il'Wturv8kabololy01 estJmat"
01 lcHo- aorcralt noo$ll e.posure levels wc::Ud po$II

consiOerlllbl.praetocal "'obIllfTlSfor an nlpaCl l!e'Salptorol
Iess thanaboul"~moderaletyatf<ldll(\·.Theretore,.is

recomrner"6edtnattMoeeut oltlor ....otableimpactlllthlt
case 01M Oalt nor$ll be "20"4modera lely a'l ectoo".

AOopllllQ till! .ecommenaed approach woukl mea ... lhat an
EIS would include contour plots 01 !he impad oe5CriPlOfS
"20% mode 'alel y affec1ed' anll ' l 0"4 seoously atfocted" to
directly dllSoCl'llle tile impact 01 a proposal. An e_ample 01
sucll irnpact contou rs is pt(1YIc1ed inFIgU.e3 BecauSfll here
wi libealltcl< oI p1 ec~ in the estimale ol lhe lower '-vvl

descnplOl' (2O'lio moder alely alfectedj ~ shOUld be
represenl ed by I bl'OII80·.neC(lll\(U' , Ill ptadlCal lllfms, thlt
a"CJafl ro:lOSII e'QOSUIII wotlIcI be eslllTlatell V"....,
I!'Stablos/'leclplocedures.llIlcIlhen!heimpacl:~I~

IIWOI.IklbederlVll(\lrOf'IlhellosefresponseCl,lrVllprovo:;Sedon
Figurll1

110'21 No. 2-<0



The proposed approach means that estimates of the
populations affected by the different options under
consideration would cover areas with aircraft noise exposure
levels down to about 8 ANEF. Although this level is
commonly regarded as "low" noise exposure, it should be
remembered that the purpose of the impact descriptor is to
designate the area in which there is a notable impact that
cannot reasonably be ignored in decision-making. One
advantage of impact descriptors is that they provide a basis
for comparing "acoustical apples and oranges" [15J. Thus,
one can readily compare the relative impacts of high noise
exposure in a small population area with low noise exposure
in-a large population area, or any other possible
combination.

purposes. Such a descriptor can be represented in
envtronmental assessments by a contour which directly
describes the impact of development proposals on
residential communities The estimates of numbers
moderately and seriously affected should be derived from
the dose/response data for all areas described as having at
least a notable impact and not just within the critical noise
exposure contours which are currently used in assessments.
Similarly, for other noise types, it would be necessary to plot
contours for impact descriptors and to estimate the numbers
affected down to the notable impact cut-off level. The
advantage from using this approach is that decision-makers
would be presented with a more complete and hence more
valid assessment of impacts.
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6. CONCLUSION
We have seen that there are three categories of impact that
need to be considered in environmental assessment:
negligibleimpactswhichcanbedisregarded,criticalimpacts
which exceed regulatorycriteria,and notable impacts which
provide relevant information. It has been shown that the
sole use of a noise exposure index in environmental
assessment can lead to misinterpretation of the likely
impact. Specifically, many people erroneously regard an
"acceptable" level of noise exposure as one below which
there is no reaction, that is, a negligible impact. Also, inthe
case of aircraft noise, community reaction in areas with an
exposure of less than 15 ANEF is totally ignored when
estimating the numbers affected. Such problems can be
avoided by using impact descriptors in addition to an
exposure index.

The impact descriptor "20% moderately affected" is
recommended as defining a notable impact for aircraft noise,
that is, an impact that must be reported for assessment

• • •



Improving The Acoustic Performance of
Preformed The rm al Pipe Insutations
K.P. Byrn e
School of Mechanical snd Manufacturing Eng ineerin g
The University of New Sout h Wales
Kensingto n NSW 2033

AOSlfacl; Preformed thermal p.pe insularioM tmeoaea to con/rol Ileal If8nsfet 10 and from sma ll diam eter
pIpes are manu factured in AuslJ'alia from plasfic foams and f'brous ma le"a ls In a wide 'a nge of sizes II has
beten found that when pre formed thermal pipe insu larlons life app lied directly ro pipes which are radiaMg
soena . the insulated pipe s genera lly become more effec tille radiat ors al low fff~quendes. This is presumably
due , in part ar least . /0 rile 'act Iha' II preformed thermal pipe Insu!arion, lJ8,ng moul ded or eKtr1Jdedto hi
closely onto OJspecific fJlp8 , can be forced to vibrate by the vibrating pipe wan and IJeing of larger diameter
man /he bar e soe. radia tes /T!Of1lsound man lhe bare pipe . This PBP6f ()fesents the result s of SQI.Nl(I intensi fy
mea SW"ements which we<e made to assess tile impro vement in th6 itl$ertiotl foss which is associat ed with fil ­
fJIIg these preformed tIl6mlll1 p.pe in3ula~ons so that there is an all gap between tile pipe and th6 .nsulotllOn.
MM SW"emenrs 10 asse ss the effect of wrapping prefonned th9mtal pipe msulalioo s with a limp ""pervioos
barri er are also pf9sfml ed. Thfloatapresen fedlfl the paper are/fl lerlded to aid in tile effecrive aCO<JStic use
Of the prelor med 1/lemlal p.pe IllSu/flI /OflSwllich are wiCefy usoo lfIAus"a lia

1. INTRODUCTION
A Wide range 01 preformed thermal pipe insulations is
marwta cturec in Austraue from a variety of materials
Common uses of preformed tnermer pipe Insulatrons are lor
insulating not water pipes in buildings and for insulating
pipes associated with retnqe rancn and air·condrttOning
systems, General ~ these ,,' !!formed thllrmal pipe
insulatIOns are used with relatively smaH diameler pipes
« lOOrTlml . However. some are sortable for use with much
larger pipes. The usuar way 01 anenuatll'lQ the airborne
$Ound radiated by pipes is to lag the pipes wrth porous and
impervious laye.s SUCh as f1b1aglass blankets and metal
cladding sheets, 8ecau se of thalr ecoveneoce of use
ptefomllKl uermet Pipe insulations ere enrae nve tc use rn
eoch ec netroc nce e

TM few plJblica~ons in the readily accessible uteranee
relating to the acoustic performar'lC'" 01 pipe laggings
generally have been concerned wrth presenting
experimental data relating to laggings typical olthosa usad
In the procass industrias forralatively laJ98 diamelef plp9s
The pap9fs of Hale and Kug~r (1). Hale 12).Smittl at ar (3)
and loo ey [41 are typical. An il1dicatoonof thecommereial
importance of lhlS type of pipe laggiflg is given by Ihe recent
pul)hcatiol1 01 an ASTM Standard Test Method on a
laboratory method for measunng the ersertonloss of a pipe
lagg,ng (5). More recently. Byme (6) has presented
experimental data which show the acol,lStic perlormanoce ot
prefo,med mermal pipe il1sulations of Australian
mar'lUlaclure. Sound intensity measuremenls were used to
determine the trequency dependent sound insertion losses
produced by preformed thermal prpe insulations
manufactured from four different meteners in three typical
ttlickl1ess when applied to 25. 51 al'ld 76mm outside
diameter copper pipes carrying lurw lent water. Two of the
materialS were closed cell fleXible seems With nominal
\t1icknesses 01 10 . 15 and 20mm The other lwQ materialS
were a rigid closed cell pofyslvrene foam alld glasswool with
nominal thicl<nesses of 25.38 alld SOmm

Generall'y all ot the comb<nations tested prOduCednegative
insartlOl1 losses over much of ee lreqlJeflCy range ot

Aeouslics Australia

interest. The previously cited ASTM Standard Test Method
reters to the fact that negative insertion losses may be
produced by pipe laggings al 10wfrequenc19s and suggests
Ihat measurements should not be made at frequencies
below 500 Hz. Although it would be expected that a p'pe
Iagg'ng mBde of a material such as a rigid poIyslyrene foam
would be unlikefy to altenuate the souod radiated bV a pipe.
i1 ;S $Ofl'l9'IoNItSUfpri$lng that a praformad thermal pipe
il1solallOnmade ofg lasswool could sigfllflcanlty locrease lhe
sound radiated bya pipe over much of It\e frequeflCy range
FigUl"e 1. wt1lch is extracted trom (6). shows the jnserto n
losses produced by three differ8nt thICknesses 01 a
prelO1'med lt1ermal pipe insulation m8l1ufaetured from
glasswool applied to a 25mm diameter copper pipe

--~­
~/

FIiJU'., .Ir.t()cr.n<~Ban<lSoul'll1/tls6rlto1lLonesfor25.

38&5OmmWMlThfi<:lme.ssGlasswaolPrelom>ed
l'!'Iem1alPf>/JInsuI9Iion Appl' ed 1082:5mm CoppetPf>/J
(F'ogurfII40ff6/J



n can be seen Irom Figure 1 thal the ios~lOn losses ara

neg.at..,. up IOlt1a 2000 Hz 113 oct ave bancl. Th.,suggestoon
was m.oe io (6) thai thl$ negat ive In:s.erllOn 10" ell ect is dua
IO lhe facl tnal1he Insula tlldpiope ill 01 la,ger diame ler !han
Ihe bara pipe , Becauseaprelo rmad lher mal plpe insulabon
is ~Of' e"'rudedlOhtcloselyonto.$pKtloe popll , d

..... be Jorced to vilrale by the vibrall"'il popI , Vl\)rallOns
assotraIed VV11h bendong waves in ltIe popeare lt1e causeof
muc:holthe~rediatedtromlheplpe.A!1ow

"~eflCfn,""'5OU'ldpowerradlaledpe<unrtlengll'lofa

nQ'llVlbrat""llC'f'nOallSproportiooaIlOlhlloI.w1hpowflfol
lhecylonl)erdllW'nelef". The precedingpoinls~lhat.is

nol:une.pected lhal1heobsa'Ye<l~.--..ontoss

efledoc:o.nandlhatf>esoundinser1oontossptOCll,a<lby
.~lhe<maIpopeonsulaIlOnSl'lOulclbe~by

1\avIng ..... gap t>etween tha pope and the Insr.IaIIOn ThIS
paperpresent5lheresultsoflT\eal$U"_l$whdl~ !he

elIec;tollrldudonganaOfgaponlhlt.-1ion1osses
~byttv" lypes.ofpretormedthe<malpope

1I'ISUla100000, ThelnsertIOfI lossof a plp8Iagg1"'ilISUSually
enhanoed by indudI ng an octer Imper\lious barrio, in ee
COrlstrucllOOof the lagging. The eeeuns of moa5Ul"8ments
whoch Rhow the eeect 01 such a barn....ppl ied OVotflt1e
preformed lhe rmal pipe msutatc os are also preS6f1led

Frequontiy , noise problems associated with $fTl,l1Idiamete r
PIp8S arise be<:all seoingld oonneclJon s bet_ n lNl se
plpil 8 and etteceve rad ial lng eiement s SUCh as walls wni(;h
suppo" lhem , Howev 8l",il shouldbe noted lt1al lh ,s peper is
~lyrelaledlO \t1e problem ol IlIlWflllflII"'il" 'boIne

sound dl. lict ly , adiated from smal l diamet er popes

2• • MEAS UREMENT METHOD
1'h8soundlnMftionk>ssprowcedby apcw1JCular....toon
CQnStruebOnwas delermined by me_ong in 113 octave
IW1<Iswfla l was eIIe<:\1Vely!roe level of !he sound powe!'
.iIllIaled lrom a particul ar 1 5m long segmerd 01 a S1mm
copper pope canyW'og \l.IfbuI l!f1t water WOIh and wf\houl lhe
insuIatoon lined 10 •. The essential Ietl"'n 01 lhe testng
u$ed to mek. the aouod intenslty measu~a<e llhown

«lF9'"2

F'fJur.2, ArT"~lI"menI OIT(!" R'ljl

The S1mm coppe r pipe wh ich was used in all the IItSI$ was
mad llio radoal<treehstocbroad band SOlInd by e_t;itng ~ WI\t1
a t" rbula n! inl8rrtal waler flow The waler flow was made
highlyturbulenl bypassing.ttvoughilmoJli-orTl>ce fll\Jng
insIa led at !he bwer end ol the lest pope. n can be SHf1
lrom FQJr.2lha1:lhe waioff wulOf'cedhOugl'llhe
muIi-omce .It>"II and into lhe pope by a mulisU!ge_......
vol21 tio .2- 016

The pr. SS<lre upst.eam Ol lhelltl l"'il cou ld be mcnnored by
an accu rate ptess u•• gauge, H oe mult>-ouoce lin mO was In
facl the so-call<td ·installabon noiS<tstandard" desc"~ ln

ISO 382211 , 1983 Acoostics , labOratory lest on noisol
emissio n l!'om applla ncesand<tquipmeni used onwalillf
supf)1yinstallations - Pll " ' . Me!hod lor measur ement '. TI'Ie
sigomc:ant leall,..... ofltq"instalat>onnoise~••
shoWn «l Figure 3

F"JIJ"' 3 ~d No<HSI~

The sound pow8rs radlaled I!om me 1.5m long segmenl ol
l he bare and Insulll ied pipe were oereeruoed in 113octa\lll
bands bySOllnd lnlonsl!ym.lIsurernenls .ABruelandKjllIf
2 133 anal yse. lill ed w~h a BnJIlI and Kjaar 3545 Sound
Intensity Probe was used 10 make the SOUnd lI'l1ens lty
me asur 8mer1ts The rtICommendahons given in ISO
96 14;1-1992 'Acous tocs • Oele<minlll oon 01 s.oun<l powllf
levels 01 noise sources \ISI"'il sound inl<tf1$Oly • Pa" I .
Measu rement 81 disClele poiniS ' relatng 10 sound power
measu rements 1,1$I"11 poont inl.nsoty mvas urllrTltll"ltS were
follow ed In malu"II!he sound powlIf'measurements, The
inlensoly ~s normal to !he mees"ring sur1ace _re
measur ed io 113 octlIIve bands at 60 powlts eYerlly
dlstnbuted ove, a 500mm diameter , l QOOmmlong cylfndocal
5I.rtK;e WIth spheneal ends whose a.1Swas IIlognedMl h ee
P'P'll. This measur e""" 50Urlacewas loca led cen tran.,.on
1he 2OOClrTwn long plpe whdl was ff1Slaled in a
2OlXhc1000dOOClmmIor'led80d0Sufedesogned to aIIf!R.ale
botnlhearrbenl:SOUnclandtnerevert:oeranlsound«l1he..........
l~ ofdel"""'lWlgsoun:lpowwerlevels ,"""'«lIll"$ITy

levels~ used as !he inIenSIIy measu,~-. maoe
WIth equal areas 'SSOQIIledW!lfleachmea_emenl poont
on1he measuremenl surface . Thus lhe$OUnd insertoon lo$S
8$$OCIoI1ed""thapartoc;lUr lrllQUtlnCYbancl , ILtfl .!herlcould
be aetennoned l!'om equatoon (1I «l wlldl 4.vo(l) and Ltw~f)

are the 8",,'age inlensoty levels for !he bar. (wrtt>out
in$ulll tlOnj and Insu!ate<!(wlthi nsutation j plpe5

IL(f) -4wo(f) ' 4w( f) (1)

Three S(lIS 01 measurements we.e mace in each s. nllS 01
tests . If an air gap between me pipe and the preformed
VltI.mal pipe insulation was required soil nrtrile rubbee
collars oll'lOmlna l lhickness I Smm we re firSI1,nO<l10 Ih.
plpa fNc ry SOOmm along Its lenglh, The soli nfIrde rubber
ro lars insu re<! tha i the prefor med thefln a! pope insul8l00nll
were cen tred on !he bar. pipe buI Cid not touch It. A
prelormed~popein~lIOnar>da 4 kg.'m2lmperYlOlJS

loaded pIasIic barrier WIl.e than l ined Thus . the pre'Otmed
!hemIaI pope """""lI:;lOS Wei . not suscepbble to tlrOng
fT1ollCfIanoCaI ., .otatoon by the ..uatong pipe . All d!he
prelor med them\lll insulabof1s were allhe splll type and
fXllMI bereac»t~t1e<l_!hecollr.i



Tile high insertion losses produced by some consttuctions
resulted In the ISO 9614/1 -1992 r~iremenlS for the
"PrecIsion" glad iflQ '101 being salisfied in all frequency
bands, parl icularfy at hi9her frequencies. The l leld indicatori;
'or mepipe insulated wrth a cons!nJCoon ir'IVolvinga 12.5mm
air gap, 50mm of fibreglass and finally !he 4 kg.tm2
Impervious loaded plast;c bemesere pIoned in FlQure 5 (bl .
The values ollhese indical ors are such th.lIt the -P,ecision"
gradillQ is nolsatis!ied in Ihe 3.15lcHz, 4kHz and 5lcHz 1/3
ccta vebaod s

TI'le fi~t sal 01 measuremen1s which gave the Ilverage l f3
0C\llIIe barld irllensitieS was then made. The impetll lOus
IoadecI plastic berner was lhan removed and a similal set 0'
measurements was made. Finally the preformed thermal
pipe msulatl()rl rtsen was removed and the average
intens-t,es irl 1/3 octave bands of lt1e soenc radIated from
the bare pipe were measured The three sets 01
measuremerlts in each series of tests we-e usually made in
one sess ion 01 measurements. Sublracti on ottbe resujts 01
lt1efirsl or s8Cood sol of measu rements from the resu ~$ ol

lhe thIrd yielded me 1/3 octave barld insertion losses

Themicrophone$ oftheirltensily probe wero sct et a 12mm
spacirlg, The residual pressure inle rlSlty irlde~ 01 the
intensity measuring system fo r tl1is SpaClog was measured
before arid atle' the three sets 01 measurements which
compr ised eeen series 01 tests. A typica l lflSutl is shown in if
~~:ee~:e~~~ ~~~:\:~~~~~:=:,~eg,",: ~ I
160 Hz 1/3 octave band and so lor these bands the sound :;"
intensity ala poin1 could be measured to witl1in t 1 dB so
long as the d,l!e,-ence betweeo tne mean SO<!Ild pressure
tellfll andlhe inlens<lylev e! was less thanl0 dB

(,)
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The bare pipe was found to radiale urne sound al
trequeecies beklw about 500 Hz. This is to be expected as
tne CfitiCaJ Irequency o' tl1e belld ing mode of this pipe in air
was about 300 Hz. The upper fraquell cy limil of 5000 Hz
was f,xooby lhe 12mm microphone spacing of the in1ansily
probe

The sound pow er radiated from the bare pipe could be
determined with an accuracy grading of ·Precision" as
defined in ISO 9614/1-1992 in all 1/3 octave frequency
oanosfrom 500 Hz to 5000 Hz. Briefly, this grading is
appropriate when the uncertainty of the sound power
determination M s a standard deviation of 1.5 dB in the 1/3
octave bands Irom 200 Hz to 630 Hz arid 1 dB in the 1/3
octave bands from 600 Hz 10 5000Hz. II is necessary. rfth e
"Precision" gradlog 1$ to be appropriate, that three field
indicaton; related to !he $OUOdfield have scecmee values
The tnree relevant ISO 9614/H 992 field indicalOfS. F2.lt1e
global pressure intensily Inde~. f3, the negatIve partial
power ;nde~ and f 4. \I1e f~d non·ur'liformily ;ndicator for the
bare pee are plolted in f igu.e 5 (a)

Acousl ocsAuSlrda

~
f~EOVftiCY 1HII

F'fJw!J5. Field lfld<;a /tJr5 fC2. F3 a"" F4 ""rneBare PIpe
lal a""rN~ Fifft>d ",,",.tConstructionFom>8dol .t

12.5mm Ait~. 5()mm or Fibreglass llfld l!Je~

Pl6sfk;(U""'{b1

The correspondIng 8\leI"age intensities in 1/3 octave bands
are plotted in Fogure 6(80). The points delermined with the
"Precision" gr80dillQase indicaled by unfilled symbols. The
remaInIng poots are indicaled by filled symbols. The
insert ion losses deovoo from the lWO average intensd,as are
plotted in f igure 6(bl · AgaIn points derived 'rom two
"Prec$on' inlens lly measurements are indicated by unfilled
symbols afld Ihe remainrog POIn1S are shown by filled
symbols

3. TEST PROGRAMME
The lest programme Involve<! measurements to cete rme e
the 1/3 octave baM insert ion losses provicsd by
consl ruetionsol lhreedllferent maleria ls. with and wilhout a
12.5mm air space between me pipe and the preformed
thermal pipe msutanon arid with and WlthoIJt an external
wrapping cut from 4kg!m2 loaded plastic st1e<;>t



(b J

FlglJre 6, Average 1/3 Oda"" SandlnlerislIocslotlheBare
p,p. and "", Pipe F,rtfld wilh a CanstnJcl"'" Formed 0/.
12.5mm Air Spac., 5DmmOf Fibregl8n IIlld I/Iell~
Plastic Ba' nef (al andlhB Corresponding instHlxJnL0isse5
(bi (Unfilled Symbols ~ iTt>m ""' _ "
MeasuremenfS)

The mree materials from which the prelormoo thermal p<pe
losula~ons wh;chwere used in the tests were manufaetl.tred,
are des cribed below

Mater ial A was a rigid moulded glasswoo l With a nom inal
density ot 8Skglm3 and a thermal COnductivity of 0.032
WlmK at 2Q"C . Insul ation s 01 thi s merena t were tes ted wrth
wall lhICk,ne~ses of25,38 and50mm

Male,ia l 8 was a rigid closed cell e ~parodlKl polvstyrene
loam with a nomina l den sity 01 13.SkglmJ and a ltlerm al
CQrlducli vity of 0 ,038 WfmK 81 eo-c. Insulations 0' IhiS
material were tested with wall thickrleSS 01 25. 38 and
50mm

Material C was II fte~I~1l closed cell polyelhylellll foam wllh
II nom'naldansity01 55kgl m3 end e e erm et COM ll Clivltyol
0.035 WlmK et 20'0. Insuletlons 01this male riel Wefe tes ted
wIth wall lhicknesses o! 15 and 20mm.
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(b )

Ftgure l . Ii.l OcJa..-eBand/nsefflOlllossesIot25.J8and
somm Wa.f Jhd"ftS~ (MatM.iJI Ai InsuJari<>n
Fl!IfId ro r"., ~ ....J'IQut"' eAJr.$paCe and ...rllOulr/le
Ext6ltlalwrawinll ra)iIIId """l1I9Ext"",,,I~(b'

(UnhiJedSytJ>tlotsDetw9d"om"Pr6CIs;on·~)

4. RESULTS
The results obtained whenlnl!fe was 00 aIr gap between the
pipe: and Ihe insule tionwe gNooin Fogll res 7 10 9 andthe
COl1"eSpClf1d.ng resllhs obla ined With an e'f gap of 12.5mm
are given in Figures 10 to 12.

5. COMMENTS ON THE RESULTS
An Inspect ion 01 the dataplol1oo in Flgvres 7(aj ,8(aj an<l 9
(a) shows tnal pre!Ormed thermal pipe insulations applied
directly to p<pes aPld IeIt unwrapped are not ellect ive in
reduciflQ llw flOisQ suctl p lpesradiatQ This -esun was also
Ioond in (6)

The ellectiveness 01 wrappirog preformed thermal pipe
insulat ions wt1ich are apphed directly 10 pipes can be seen
by comparing figures (a) and (b) in Figufe s 7 to 9 A
surprising result is the good acoustic performa nce obtained
when the rigid close d cel polystyfeneinsulalIOn isWfapped
with the impeNiou s loaded plastlC balTier.



'00'moOUE'lC1 1",1

(b )

Figln 8 It.J Octa... B.lndIr'lurlionL.o5Hsfor25.38¥ld
5l:Jmm W.tll ~r PDlystrr- ("'.,_ 8) In$wliott
Frrr«1 k>It>IIPlpe W!ltlool It>ll ""'~ .ro/lle EJtIemJI/

Wtappng (N at>d ooilhIheE_ Wt"A7O'lQ(OJ.(IJn/ll!ed
SymtIois: Cw;wd iI'om "Pr«1slM " MH $UI_ I

(a)

eeoc
f REQUENCY1,... 1

-- ,~"".--
~

g"

~ "
i .1-""= ""------1

(b)

' .~

F~ 9 11J0cr6ve08lmd /ns<OtfJOtlL.0ss8sforf5and

2Ornm Wa#J1toc/rn9$$ PoIyem~ ~r6riaJ C}lrIsulall(){l

F_IOIt>llp'p" WtIJIOUI Ihe A.. 5pacff 8l><1-.ou1 11>e
~1flma/~("'IVI(/_I1l" EJ< lemaJ Wrapp,,g (b)

(Vn~ Syml;lolso.nv.d from·Pret;;sion· M9asurementsJ

(b)

'00'FREOUE"CY (H' I

Figure 10. 113Oct"... Band r",fNlior>Losses for 25. 38 and 50mm w..~ ThlCi<rleSS GIIIS5WOOI (Milt eriel AI Insulari"" Fir/eli to the
Pipe willl a 12.Smm Air Spa.:;6 and wrlhOl,JIrile Ed emlll Wr8~ (8) .1Id with /". E>d9fnal Wrapping (bl, (Unfj!lfN1 Symbols
DerivedIroM·P,eosion · MHS ....""""'tsj
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Ib)

sec 2000
f Rt QUH IC1 (HI !

I'igure, r.f;.JOCIa"., Bandlns_ Lo"",,.,,25, J8and
SOmm Wo!Ir Thidmess POiy$IyrefI. (Mal_ ' 8) Inw/aliotl
F,"«JIOIt>rPiptJwiItI lJ'2_.'5mmAir ~tNWJwiIfJo<AthB

E~~Wrappong (allfl>dW7ll>thBExtemaJW'1lo,tlping(bJ­

{lJr!ItII«JSymf:l<><lD9dvedwm·P'~·Me//suremer>ls)

A coe-pansonolligu.es (s) of Figures 7. 8 and 9 with figures
(BjoI F,glK9S 10,11 and 12 indicales tMIlheprovislon of
an air gap between the pjpe eod Itle insulation generally
improves \t1e acoustic parlOfmance of these preformed
lhe"nal pipe insulations However, in the case 01 the
poly styrene insulalion there was no clear benent in prov iding
an air gap .

The beet acoustic perfomla nce W8$ obtained by providing
arlll irgapOOlw(tenthe pipeancltheinsLllalionandtroen
wrapping lne insulation with lila Impervi0u5 loaded plastic
tlarrillr.

II shoold be remembered thai the data presented in this
paper were obtained using a 51mm diameter copper pipe
This data. elorlg with thai presented in l51 can be used to
give an indical ion of \t1e likely acoustic performaoce of
similar constructions applill d to smalillf and largll r pipes.

Finally, it should be noted that lhe ccsts otue cc nstnctcos
lested vary wiOely inboth lhll l'l'late,ial costsand the
appllC:atlOn costs and this faet shOulc:lbe bofne on mirtd in
assessing the cost eflectrvenessol Il partictlla'CQrlS1Juction.
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(, )

s"
8'
~'"
~ f------

Ib)

sec ~

FRf OV£NCY IHlj

r:igure12,IJ3Oclaveband lftSe(fion l.oM".. P\:ItIS ..nd
20mm Waf TrtIci<rIess Po/r6Ih_ (MaI....llIi CJ Insu4ation
r:i/l6d /(> u..Pipewill> a '2SmmAil~.ndWlll'l<JutI1>fl

EJdemIfIWrapp.ng (.oj and will> rt¥ E~1emlII Wrappng (b)
{lkIfoIIe<1 Symt!OISD6fNfldfrom ""A"ecoISion " Mt'a$l.r_s)
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Water, Movement And Sound
A Musical Sculptu re At Hornsby, N.S.W.
N.Clark*. V.Cusack " . S.Thwaites.
* C.S.I.R.O Div is ion 01 Applied PhysIc.

PO BOX 218, U ndt leld , NSW. 2010
I FlneArt Bro nze Fou ndry

99 McCa rn l Ck Rd
Church Po int, NSW,

1. INTRODUCTION
AuniquepoeoeofpubliclCVlplure. commissioned by the
Council oIlhe SIwe 01 Homsby. has llM<I instal~ n the
Florence &reel: Mall at Hom5by. N.SW Er<tJtle<l ·Man.
Time and Ihe Erwironmenr. lhII mobile watllf SCUpUw
n:::orporaMlS a~_lIOIe IutIuIarbell eariIon or cbme
-. cast in bronle. -...Nell . ClM9"'8'd as an oPefatlOg
lTlUSIl;:a/ioslr\.Irnenfu""""UIO~"lhlIhotI. Tuned to
~pitch. • Is~lO bli played Ofl jBYve~

WIt!'I 01' wrth::lul an~ on;:hntra- The IubuIar
belsarebasedan . 250-year~de$ogrIloealedll'landd

English chu n;h

IndJded in the sculpture arer~ in bmnl.e 01
taooa of !he HomstIy SlWe, irIcIlOng Taw ny Frogmouth.
Rall'lIXlWlor."" Pled Cormorant Filly Peog uin, Pe b n,
WaterDragon. BlueT~lll¥d . Goarna. Ff\II1Bal.and

Possum . \he .-tlOle SUlmouoled by • life-si zed Sea Eagle
WIt!'Ia2.1 melr.~n OnIhebl\$eisHomoSapoeo1S.
asa~'nd cnld

The "Tme' ~ollhe work isirnpli;;jl in rts Ih'ee water
clodts.lTl(l(!IfM)(llrom ll/'IOeI'If oesogns: a IV\l'1 century BC
Greel< 'clepsyd ra' or !\long dock. an XId'l centl6y ChInew
waterw/'leejclodt.and .XVlIttiCll<1IU'ySW>S$~

dodc . The willer driven pendvl\.olTlclodt is said to be me
larges t _ bUIlt.•nd II one 01 the largest pendlAumdocks
in the world The whole sculplUfe induchng dodo. and
caril lon is mou nle<!OI'l I pon lOOl'lwlllCh I"QtlIteslwice f1VW1
241lours

The entIre work waD conCflNOO, designed, englnllflfe d and
sculptad by Vlctor Cusack and, together with his partner Aex
Feakes,wa sbU lft at their Flneart6o'0rl.ZeFouodry

2, 17·NOTE CARILLON
AlthoU gh tubular be ll, ara oonsoderad to 00 hardt'f to tune
than (;()rlV(lntlOR8lbells . they lilted in much benef WIth the
over/l~conceptot the ICUIpllJl'8. In seeking tOOVOfcoma lhe
technical problem!> at produclog such an Ill6 lrument, the
sculptorvisitedthe 450 yea,o/dWhitechapelBl!'/l Founclry
(lJK). The Managi ng Director aov.sedtha t "bel ls" _.a
m...ch ea~iOf tO lu .... th8n "lubes", a..cl he kroew ol no 008
that could help , Ha dId, ho_, .emark lhat !hey ~.e

Of1ce asked 10 mai nt lln a car ~ IOf1 which Iumed 001, 10 ltI<:li.
ho!'.or ,10be tubular. They wefa astoundad at lhe quahty ot
lhe looe,butthey ~" unable to dlscovef thesecrelof how

liUCh quaII!y was achieved. From __r~,tneSCUplor

lracl<ed!hoe canJon down ~ & IMrtreda CtlUt'ctlal HaY"'ards
HNth ., Susse x, fr9and ,~e ~ Na beer! ., operabOn
lor over 100 years , As It w. exaalythe IlIzereq..oired , he "
oedde<l 10~e the o-gn. whoch seemed 10 tIave
overt:OfTlIi!lheconsaoerablepr~in l\ringand

ewr-tingdisoord

The TutUar O*ne$ nstrumenI_ ono;,n.lty~ 250
r-" lq) and patenled by HarmglOf'll 01 Coventry , whch
"",,",OUloltJu:sr>essabotA50ye," • . The~\l.Ibes.

harTmerS,conf>guratlO"li:ApIaying~andt\.llWlgd

"'HomsbyYenilOn_ "~ lO the~ons

Ctwnes. but WOIto acldItionaI ""'" so as Ie II"Idude all tones
and samtonesdlntl octave above~C plusD. E and
F above and Ihe G below . The 1olaI ...... i:A thlllUOe$l$
nowftlloPrO'<lIT....tely one tonne, 01bel l bl'onu (llO"ioCu.~
Sn) . Also . the frame has Ilecome a bronze sculpgilllltlfln.
as shown in Figure I , rattw!han the be.· hke tImber frame
oftheorigirlBl



By definition a Carillon should cover two octaves, either as
16 full notes, which is clumsy, or 25 half notes. The
instrument at Hornsby has 17 tubular belis arranged as one
octave including half notes, plus four additional notes, and it
could therefore technically be defined as a "Chime Set"
rather than a carillon. Also, the instrument is played by
pullingonhandlesattachedtoropes,ratherthanbya
carillon keyboard.

There are a number of other Harringtons Chimes in various
churches,butmosthaveonly6or9notes. An earlier model
at St George the Martyr's Church in Ramsgate, England, is
not as effective as that at Haywards Heath, and in Australia
there are several copies of various quality, some of which
have not been well maintained. One which is still used
regularly is in St Andrews Church, Summer Hill N.S.w.

TUNING TUBULAR BELLS
The sounds produced by tubular bells originate in transverse
vibrations of the long, relatively thin tubes. In this they
resemble the steel bars of the glockenspiel and the celesta,
and in fact the transverse natural frequencies of tubes may
be calculated using the solutions to the thin-bar problem
given by Rayleigh (1877). From this we find that the
frequency of the nth mode ofa bar of length Lis

fc = K(nf8L') (Efp)1J2[3.01',5.00', 72,...,(2n+1)'] (1)

where K is the moment of inertia, E the Youngs modulus
andpthedensity. For a tube of inner and outer radii rand
R, the moment of inertia is K = 0.5 (R' + r')'~

Fromequation1,thefirstsixmodalfrequenciesofauniform
metal bar are in these approximate ratios:

1.00:2.76:5.40:8.93:13.35:18.64
which clearly is not a set of harmonics, so it may seem a
little mysterious that such bars (or tubes) can produce
musical notes. In fact, none of the modes of vibration isata
frequency anywhere near the pitch of the strike tone which
we hear. (Fletcher and Rossing, 1991).

The clue is in the ratios between the 4th, 5th and 6th modal
frequencies; these are "close enough" to the ratios 2:3:4 for
the ear to consider them nearly harmonic, and to
subjectively establish a "pitch", or perceived strike tone.
Thus the strike tone which we hear lies approximately one
octave below the frequency of the 4th transverse vibrational
mode.(FletcherandRossing, 1991).

Equation 1 does not take into account rotary inertia and
shear, which tend to lower the frequency of the higher
modes progressively as the ratio of length to width (or
diameter) becomes smaller. One way to compensate for
this is to "mass load" one or both ends of a tube; this will
lower the frequency of all modes, but the higher modes will
beaffectedless,hencetheratiosbetweenthefrequencies
of modes 4, 5 and six can be "stretched" to be closer to the
desired 2:3:4.

EMPIRICAL TUNING
The tubes were cast in two diameters: outer diameter = 92
mm and inner diameter = 66 mm for the seven lower notes,
and, correspondingly, 82.5 mm and 56.5 mm for the ten
higher notes. The density ot a measured sample was 8.90.
Initially, the tubes were cut with lengths considerably greater
than required, to allow for tuning by trimming the length.
Holes, 25 mm in diameter, are drilled transversely through

each tube. The top edges of the holes, 95 mm from the end,
are the points of support on 19 mm pins which are, in turn,
supported by steel cables.

The untrimmed tubes were hung on the carillon frame.
Measurements were made of their transverse vibrations,
using small accelerometers attached to the side of each
tube with optical wax. The carillon strike mechanism
consists of a rebounding nylon tipped iron mallet which
strikes the bell transversely adjacent to the top edge, thus
exciting all the "free-free" modes. Frequency analysis of the
accelerometer signals showed that, for each of the seven
larger tubes, the modal frequencies were approximately in
the expected ratios, viz

2:2.90(sdO.02):3.86(sdO.2)

However, when the predicted frequencies for the measured
lengths were calculated from first principles (applying
equation 1),thestrikenotefrequencies, equal to half the 4th
mode frequencies, differed from the measured values of
this quantity bya semitone or more. This is to be expected
in view of the less than integral relationships between the
4th,5th and 6th modes. To improve the accuracy of tuning,
it was decided to use the following empirical approach.

If any of the modal frequencies fn were plotted against
length,therelationshipshouldbeoftheform(seeequation1)

f=aL'

whereb=-2approximately.

The inverse problem is to find the length L corresponding to
a desired frequencyf. Using the least squares regression
technique, a straight line was fitted to (In L) versus (Inf,lfor
the measured results ,producing,forthelargertubes,

InL=4.164-0.525Inf, (2)

Using this equation none of the calculated lengths differs
from the measured ones by more than the equivalent of 10
cents (0.1 semitone), which is less than the pitch
discrimination of most peopie. The required lengths were
then calculated for the six notes C,(middleC)to F,inclusive,
and for G,(below middle C), using standard pitch (A,=440
Hz). To keep within a 10 cent tolerance, it was determined
that the tubes needed to be cut to length within 9mmforthe
longest,rangingdownt06mmfortheF,tube.

To be cautious, two of the longer tubes were cut first, and
the modal frequencies of these were re-measured. They
were reassuringly close to the predicted values, so the six
tubes C,to F,were cut to the finished size. When the tubes
were cut to the predicted lengths, the frequencies of the
critical 4th modes were correct within the specified
tolerance. Figure2(a) shows the measured spectrumforG,
(nom392Hz),forwhichtheexpected4th,5thand6thmodal
frequencies are 784,1141, and 1552 Hz. The measured
frequencies are 785,1130 and 1515 Hz, the ratios of which
are2:2.88:3.86.Subjectively,thestrikepitchsounded
"correct",

The largest tube, nominally G" was first cut to a length
corresponding to a predicted F3#. Although the expected
modal frequencies were measured, there were other
unexplained frequencies, and subjectively the strike tone
sounded too high and not very musical. Changing the
support point produced some improvement, lind the tube
was then cut to its final length of 2.79 metres, with a finished
mass of 79 kilograms. There is a strong first overtone in the
sound of the bell, maybe due in part to the ear's lower



sensrtivrty to the low lfeq ueocy sound 01 the perceived
fundamental, but it also appe" . tl\e11he ""PPOrtpo$iIion is
more critical than,eali&ed at f,rst, This is diSCl/9&edin mOte
deladin the soctiooon perce,ved sltlkepilctlandhum

From measurements on the llIl lmtrimme<l smaller lubeS.
lhe'a!lOS~ lhemodal"eq~_efoundlobe

2 : 2.81(sd .02I :3 ,85(sd,06)

Following the same Ieasl SQIJiI'espflx:edL~e as lor Equation
2.ar'lequalionwU 1ltt!tdIQthem8ll$lfted results .producing

~ l ,, 4 .295 ·0.SS5 ~ I. PI
The ten lubM did not IJt !ti l' equaloonqoJIle as __ as was
theeaseforequalion l .no(loublckJetolhebqger ,afl98:,
bUllhe mearl dltlerenoe0l5&nrn was good lInIJUOh to use
lhe equallon 10 precticl the I&ngtns lor the seven notes F.' to
c..aoCltor o..E"and F.. AJItheIwlalJenglhsare~in
Teble l .

When the smaller lUbes _8 re-nlOUIlIed and played._fI
ollhenol",,1OUnlle4 "conllCt". bul the three I'Iighestdid not
hiMtaclNr'rOllMedllOn8al "'~olthemodal

spectra sh::l\I4d !I'IaI the motkIllrequeodeS were not doM
enoughtothe~edra!JOS. wodn&eded lobe"slretehec1"
II$ mefltiooed~. Insteadol~maH. ltn was

lIICl"oilN'edby~downtheouterdoarnetlll"tQ16mm

el<C8Pl tor lheend~ \tie IUpPO<l point. aoClthefl
lIhortlll'1ingthebtlestotlnng!tlembad<uplolhe~

frequenaes . The c:aJoAalllJr-. b Ihostool<no~ tI'Ie
empncaIty lWNed variation frQtTt the tneor-et>caI tt-.. bar
fr~ The linal lOU'ld of lhese three beh is ~e

~~OIflerstrom thtOl....".s.Ihos "dlscussed ln

PERCEIVED STRIKE PITCH AND HUM
When lhe tubes had all been CU'C to .. ze arw;l !he 5.et
Illusembled on Its Irame. eed'l no«! was played In t\..m and
re<:orQngs_emade 01lhe sounds. usingasoo.n:l level
meter as de1edOt Althesameames.ubjeclive
iU$ElssmeI'ltIwerernade ollheperceivedbml:We.Thelaner
seemed to vary greally betwl!en \utIe" lor bolh the
~s.... etoneandlorlhehlJmtone wllictlpersist'
lOl"IQatter.

Fr~ analyseli of lhe recon:led toundsrevealed 1hal

muc h oI lhe vanatlOOlSa nnbutabie lo lne d1l'1ering rates of
decay of !tie V.IOO, mod.,. As e_peeled, lhe higt'er eeoee
die a....ay more raPldIy. so !tiel !tie impol1anl 4th. 5th and 6th
modes can beoome $Wampe<! in time by lowermodes.

In Figure 2(a). the G4 ' u•• pilch of 393 Hz is de arly
dellned by the modesal 185 Hz. 1130 Hz and 1515 Hz. but
ener 5 seconds we see In Flllure2(bj that lhehigher modes
have decayed to such a degree that the persistinll 4th mode
at 1B5 Hz , Ifl an cctave highll r. IS all thaI Is heard

ln i1llOther e_ample, (FlglJre 3{a) end 3(b)). a perceived
strike pilch C. is followed by a PefSil ti"ll hum 111 the 3rd
rnodIl ,whlchi , close lQE. , ie en Interval of a third

FOtttle threl hillhest not" , however. the perslsting hum is e
ralherpieasant lJlthbelowlheperceivedllTike rlOle. duelo
Ihe pef5lstel'lCe0 1 the 2nd mode and lhe ", tretching' effeet
of the end me ss load ing , From the available tl'llXles we CM
see lttat the hum pllcn must be either, rlJ<,lllhly . an octave
abOve 14lf'1modtI). a lhird eeeve (3rd model or a filth below
(2ndmode)thestnkePltch

Fq.n 2f~. $lnfo-.~Ior Gt N1l """..-.ooos _
~~_' pIfCfI8I'Id;J oI.tI~"(/)I"'"
sp!ICftJ'n .l;lrG4bi1l

Fq.n31"'1 Srr>Io.~IotC4 N11.3IbJ Hull lp«hm"'''''..
For the G, tube the support point IIad been !TlO\Iedtrom 95
mm to the ecce of lhe 4th 11"IOde, at 201 mm Irom the lop
whidl produced a COfISiderable improvement in the lIeneral
mUSlcaktyof the sound However . lhe sUike Pltch l$ s~lI l1Ot

as clearly defin8(\ ll$ in the other bells. Itwll$ 0bs8rwdthet
the 5th mode IS initially domirlarll, wrth me 4th lTIOCleWl thin
abolJI 3 dB. but mat lhe 6th mode Is 15 dB lower, This may
be attrJbulable 10 the IltlW position oI ltte support poin t
FlQUfe 4 snow, some01 the modes of !II lube. calculated
lISinll5() cyIind rocal elements In a Fonile Elem&l1tAnaly sis .
The model suggest. tbat the , upport veryetOH 10 the node
of mode 4, place. it about hallway to the antloode of mode 5
end . more partl(:ularly. 01 lTIOCle 8. wtllch ClJ<,lld lend to
slJj)press lhese m<xle1; wIlich are so critical 10 the 9llI"s
essessrreert of the ' lTike pitch. From the F.EA model it
seems tnat a te·posiboning oIlhe suPl)Or1 polnt by onty
35mmoould make a nobCeabledlflefenc:e, AIlof ltleother
!ubesa'est. l sopportedllt95mmlrom theupperend
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FtgUre4.$!Iape5 of lftfJ"'lpManllfJOdBs ola fl1O<Jla' beII.
Ih:>m FE A rrwxJtJt,

Table 1 lists lhe nomonal strike p~ch and mehum pilch /Ofall
17 tubes. in musica l le rms. Where lhe interval is s,goWicanl ly
strelchedOfcontraetedit iemarkoo · +·Of ·· · .
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accompanying Ofchcstra. composed by Robert Young, was
performed at l he opening CE!(enlOny

tl has been shown lIl at the accuracy of luning a set ot
lubular b~ls sudl as this can be ,mproved by using least
squares 'eg rCSSKlflto oblain an empiricellOfmulii for the
Ieogths , Evoo so. some fine lun ing is still needed for some
of lhe bells, F,nite element Milly!!is has showflthat the
pos,lion of the supports can bequ,te cr,l ical, and oughl 10 be
irK!,~ idua lly adJustoo tor each 0 1 the bells, Both frequency
analyses and subjective obsell/at ions heve reve arec that the
tubuillf bells of this instrument haw ceten inherent
peccueoncs otten bre, both in ee ceeevee strike pitch and
'" the persisting hum. WhiTslmost of me beh hum at a lhird
abovell1 e sl rike. lheunusuel trealment ol lhetopthfeebells
has created a desig n ....tJich . gaoerating a hum at a lill h
beloW Ihe strike and strefct1irlg the modes , produces a
partICularly sweet sound. On Ihe other hand. the G3 bell
needs more attention , Sudl pecunante s cannot all be
'corrected", and. 'nd€ ed, lend to the instrumenl its unique
character and pleasing sound

CONCLUSION
The water sculpture in Florence Mall. Hornsby, has already
artract ed rnuch attention, and no doubt will conloro.ucto do
so. Someof this attention is dua to the unusual Hamngtons
Ch imes. Of Carillon, IOf whoch it is hoped music w,. be
specilll ly written . Indeed, a woOl for Ih'S carillon and
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All$t rSCf A.ccus /ic YOIume velocity S" UfCt!$ CBII be use ful in expfffimenral IWOvstics 1JIey can be used, lot
example . to de /f1fminf/ rtJ9 pan icle veloc ity info,mat !Ol'l needed in mll. suring IlCOllstic impedanre. T~

deve/opm6r!l of modern s igna l processi'lg rnstrum6fl WII(Nl has allowed vo/umg velocity SOUfC6$ 10 be used
_/y. Two~ velocity ~e$<:kNe/Dpedal The UnWet'sity Of New Soulh Wales are described. One
i$ l)ased on /I tn/Xllfl/1dacous6c; hom drJvef and ttw HCOnd is a specia lly CO/l$rrut;r/JddtNice. The me ftlQds used
kYcahbrafWlglhedevicesaredesuibedand""re$Ullsof aperformanceteslbMedon mea suringrtJ9/f1PlJ1 snd
trans fer;mpeda"C6Sof acJosedendlubearef1lW!'l

1. INTRODUCTION
Certain acoustic measurements can be unclertaken
cceweneouv if "a source 01 known vcicrne vll iocity is
available. E~amples 01 sucl1 measurements are given in
refe1"ef1ces III and [2]. Reference II] describes how a
voIume veloclly source can be used to measure the oormal
incidence specific acoustic impedance at the surtace of
acouslicmatenals. lhephysical arrangern9Oloftt>eclevice
is shown in Figure 1(a). Reference 12] eeeeneee how a
volume veloclty source can be used er e~pet"lments relating
to the finite element modelling of an acoustical cavity. The
'orMng torce' In many mathematical mcders01 acoustical
systems is usually one or more volume velocity sources
TIle physical arrangement Of the system rll!llr rll d to in 12] is
shown in Figure l (b).

Hlsforically. Iheatlraction 01volume velocity sources !or use
i1 acoust ic measurements has been their ability to obviate
ee need 10 measure acoust ic parode velocity whfCh is a
O"" ctJ" Quantity to measure d" eet!y, Volume velocity
sources and in pafticular coos tant volume velodty IOUIces
have eeee develOped wllh Ihe aim 0 1 belflg usel...1 in
measlmng the acoustic impedance in systems as drVefse as
vocal tracts. musical instruments. macl1ine<y lT\llnilolds and
at the surtaceol acoustical materials. The development 01
phase matched microphones has enabled acoustic particle
velocity to be !ound easHy and so has reduced tile role ct
Volume VelOCitysources as a means of establishing known
particle velocities. However. modem digital signal
p<oressong has aHowOOvoic rne valodty sources to be used
in a fnOfe vet5atile mallner ItIan belme, The technique
oescneed in 11] is an e~ample 01how modem dio;J:tal slgnal
proceSSingcan be used wittl a volume velocity source

Salava !3] nas ceseeee sene oI lhe types 01 volume
velocrty scurcewllichhavebeen conslrud ed. B<iefty lhere
are two bas'c Iypes 01volume veloclty SOIIrca and they are
shown in Figure 2, The first type. shown Ifl Figure 2(a).
involves a driver. a microphone and a resistive element such
as a disc 01 sinte/ed metal. whose resistance is much
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Figure I . AppI!CIIIK!nS cI VoIum" V9IOCiIy Sources
lallmp<M<J~ M"",suremerns (bjV"r /ficlll m of Fir>i!e
EI6""'nlMrxJol

greater than the impedance o! the system ettacned to the
volume velocity sccrce. TIle 'VoltJme ve loc~y ptoduo::e<j by
til e source is obtained Ifom tile pressure measured by the
microphone and tile tIowresete rce 01tile resistiveelemeot
An otlvious dlsadvanlage is Ihe requlfen'lef11that the system
Wf1ict1is altached to the volume velotity scece must have a
mut h lower impedance than that oI lhe reeenve element.
The second type. shown in Figure 2(b). inrotpora tes a
diaphragm or piston whose motion is measured. The motion
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FiVJ<fI 2 TypH oI Vo/tmeVIIIIoc:JIy S<>lnw (-JRe_
E_tT~.(/JIPistOfl Twe

can ' be mutured dwedIV by d8YIC6 SUChas eapaeotrve
displacemfill'll Iransdutef's. accelerometers . and velocity
coolsor lfldorllCltyby rneasamgIhfI pre!lS...re Iluctuat.o ns in a
do5ftdcavitybfthind lt1epostonordlBphragm.

2. THE UNSW VOLUME VELOCITY
SOURCE S

Thft \WO typ8S (lIl volumft ¥elocJly ilOl6Ce 1Wl'ldl MYe ~

deYeioCl«IM The~ 01 New Sout!'I WaJes ...e
vanauonsol lheposlOnlypft shooonln Fogure 2(b), The main
features 0Ilt'8 two lyoes are shoo\on in Fogure 3. The n'\llIn
~erenee .lnno- lhfI l\"IOliOn old'>e~phrIlljp'TlOfpistoni$

measured. The hom driver typtlol'ol"OUnevelOC4ysource
atlO\M'lin Figute 3(81 ....as construeI8d by modrtyil'lg • hom
dr'versolhat.microphone(XlUldbensertedlRlOlhflt.eaIed
caYity betlll~lhe d.-ptvagm_ As thft dl8phregrn moYftS. rld
~ is displaced in10andlM of the ltlroa l 0I\t1e hom dnwr
the pressu,e in ee s.ealed caYily 8 ft_ ar1d thrsCllr'lbe
seosed by the microphone. The rate ot ctlenge of the
pre5$Ure Clln bereiatoolOthevoillfTle velotrty . AfthOugIlthe
modlfl8ClIlorndriver type of volume velocity source can be
mada raadlly in that all lI1at needs be done te to meChine a
hola inlo lhebody ollhe homdlivertorthemlcrophOr1e. rt
has several major disadvantages, F"lly. II has a large
couphng volume between the diaphrllllm an<l the exit plane
ol lhe device , Lill ie can be done to redU<:e this volume
SeooodIy. the mocrophooe in theclose<l C41Vltywl'lfCh back s
the dia phragm may not be able 10 tefls.e accurately lt1e
pressure ctlaroges In the cavity because II'>e cavity IS
parllbOnftdmlo ....... rar vol...mes by the Qllpln~ the coil
R1O'IIfl, However. thl$ can be overlXlfTleto some elllent by
greatly Wl()&Mlg toeetoonsolthegap .......US.
The complllll'lceolthe coupllng llOUne can e.use serious

F'fJ<n 3. UNSW~ v.bo:>Iy$oln:Bs I~Hom~

T""' IbI~T.",.

measuremenlerrors-..t>end'>eimpedancepresente<lbylhe
IolId at the e d plene 01 the 'IOlumeY9locityIOUrCe II n;gh .
Undersucha~WIce.lhevoUTleveloatydeM<edto

the load ...... be smaI despote large excusioos 01 the
diaphr agm 01... hom Orrvef. In pmaplB \hI$ problem ClIr'I

be ove<come byR'lMSUn'lll the ac:ousbcprll'SS<.-eoearthe
ed plane 0I1he 'IOlume ..-cory $OIJFQ8 . The ..angement
of the vokJme WIodly IOIICe to doW Iho$ to be done 1$

stoown n Flg<U . (e). The compllanl;e of the alupling
voII.me can be 8SlabIisI'I8dby bIod<ing the earlp1_ oI the
vok.mevelocolyllOUFCell'dmeltSlh'lgthelr~f\IncbcW'I

which reIBles the pr......e measured by the microphone n
the cavity 10 the pressure measured by the moaopt>one
close to the e~it plane. The model of lt1e mOddJed hom
Oliver is shown in Figure.(bl · This mocer cen beU&eCI to
OOF1siOerbolh fhe effect oltha complance VQlumea nocl lhe
caI 'bra~OI'I procedure.

The plslon type of volume velocity so...-ce Is Inl8f\ded 10
eve fcome lt1e precedi ng &horlcomlngs of \tle modified horn
drivet'typeofvolumeveJocIty80urce. The devi<:e shown in
F>gure 3(bl was COI'IlIl l\JCloo from slandar!i components
which inl:ludoo a ceramIC mBgn91. a Iou!ispeake<drlve coli
and a kl.........ass acxeIBfometer , TheacceleromelBf alloWS
lhe mol lORof the pISlon 10 be delerr1'llt'l8d. A deta~ of the
Ol!ViC8 whichlslmporl.anlto i15~ istheseaitlg

belween the posfOn and the b oo throat pMS. Several
seallr'lg~ __ used. Th& one..tldl ultWnalety

waslotrodtobelhemost~used an ·O·nno



A feature 01 this table is lhe relatively small magnitUdes ol
the imaginary components of the equahsed transfer
functions , This is Of course expected ftom equalion (7 ) and
rt supports the vaiidity oI lhe mod el which leads to equat>oo
(7) .

Transler lunctoonslor non·lero values ClfVCcan be divided
or "equalised" by 8QU8loon(6) to giveequahon (1)

(PIl.'pd(PR/Pflo - ~ XVc + 1 (1)

Meachlrequency lhe flV9 values ol the equah$ed lrarlSfer
/unctions measured with lhe frve cal'brabon ca\liries were
lISed to least squares lit astra,ghl hne olthe lorm of
equation (1). The re<;:lprocaloflhegradientdlhis.ne g., es
V F. The calibration ea......es had IIIcomrt\OI'lClia meter of 25
mmand nominalle ngl tls ot O, 3, 8, 13& 18 mm. The vatUlls
of the real and imaginary components 01' the equalised
banster /unctions at 1000Hl. forlI1e hvevolume s are shoWn
in Table I

TABL E I
Equalised Transfe r Fum;:tlon Componenls Al1000Hz

W h V C C I I

When vc ~ 0 the correspondng trar>sterIuncbon , denoted

(PR!pf lo . e gWen by equal lOl'l(6)

(pIl"Pflo -- VP'VRt,.,) (6)

4 . CAU BRATION PROCEDURE FOR
MODIAED HORN DRIVER

The cal ibration procedure, .mct1 ~ in¥oIves
OIIlem'lining v F a1'ldVK(w). wasunoertak llfl by llllacnng five
smaJ cevees ~ volumes vc to the souroe as $hOwn in
Figure " (bl llnd ~,;"'O \twl IJlI,.,.wIlt '"""""""' J'R ' Pr

Since !he IIOIume veloclty entertng the ~lbrllllOl'l volume is
jw(Vet'ollPf. equa tIOn (3) gtWS

(PIl.'Pf)--(Vf ... \lcYVR(W) (51

It can be seen ll1at 10 detem""e p.u ~ IS neel!'SSary to
detennine two transfer funct IOns. Th&~rSl. P.PR. relates the
pressur-e al lhe point of intereSl to the pressure in lhe ClMty
behind lIle diaphragm. The second. PF.PR' relales the
ptessureal!helr()ll(ofthedlllPhragmlo trllltin theClMly
behind il . This transfer f\.Wlction anows lhe eaeet of the load
impedaoce to be oonsidered.

Usual l yit is requi redto jlnd lhepressure , p. at s.oma ~nt;n

an acoustical sySlem per unllvolume velocity of lhe SOUfCII

and so from equation (3 )

pIU - (p/PR)!- jw(VRt..YPoT)[ I +(V""'R(")~ P"'PR)J (4)

n eriou l IIIl1bratlo n av les

Nom i nal Cav~y Cav~y Real Imaginary
Length Volume Component Component

Imm m3 "0 0 1.00 0000000
3 t .7328xl0" 1.05 0.000290
e 4.0644xl0 ' 1.13 -0.000025
ta 6.5483x10" 1.22 -0.000125
ta 8.9045x10 · 1,30 -0.002820

3" EOUATIONS FOR MODIFIED HORN
DRIVER

The IIquatoons whod'l govern \fi ll beI'Iaviour d the mod ibed
hom d nvef can be de1errmnecl !rom the model shOWfl in
Figure 4lbl . The equilibrium absolute pt8SSU"e in the
regions 01 volume VK and \IF on er1her side d the
diapIYagm is p.... The region d lIOIume v F eldenas up to the
exit plane 01the device. li the dL8phragm is moved a sma"
distarlCe upwards 10 that it displaces IIIsmalllOlume ~V, the
acousl lCpt " sUr" I'K lllndf'l: " ssocillledwllhelldlofthe
YOlumes aut asgr.oen byeq uallOl'lS(1J

F<g<n 4, (4)AIoo"'tKJ Horn 0.- """ ~
~_E."PIartII(b)UodfIIUUldb"AtIIoIyMd---

PI" PIl. and U are the complex representations of Ihe
pressures and volume valocity wtl ich are varying Ina slmpl8
harmoniCmanner Ml h an angular frequency of w. In view of
Ihefact thal l he m icrophone ln lhe clOsed cav~y which oacks

Ihe diaphragm may not be able to sense accurately the
pressure changes In the Clllvity because Of the complex
shape of th<s cavity. it is advantageous to eonsider this
volumll 10 be a frequllOCy dependent COfT1C)lIIx quantity
denotad VK(w). Thus equal lOl'lj2JcilI1 be written as

TheseequalJonS8 reba sed onlt>eassumpllOl'ls l kat thll gas
in the r~s 01volumes VK and VF behaves adiabatically
and that .1V ;s smal compaledtobolh VK aoo VF, y is the
specilichaatsra tlOof lhe gas. A is the cecss-secrcnat area
oIlh eexrtplaneollhe devic&lIInd .1, is the movementol l he
gas ce rtcres et the exrt plane, Equations (11 can be used to
derive equation (2). the required lIOlume velocity equaton .
which shows thaI If VII. and VF are known and PF and PII.
afe measured, the volume veiocuy. U , can be found

Acoushc:sAustraha



Since it is usually required to find the pressure, p, at some
point in an acoustical system per unit volume velocity of the
source, equation (8) gives

6. CALIBRATION PROCEDURE FOR
PISTON TYPE

It can be seen from equation (8) that, if there is no leakage
around the piston, the calibration of the volume veiocity
source depends upon the calibration of the accelerometer.
The exposed outer face of the piston, as shown in Figure 3
(b), allows the accelerometer calibration to be checked by
conventional back-to-back calibration with a reference
accelerometer.

The volume velocity, D, produced by the source also can be
determined by measuring the pressure, p, in a small volume
Vcatlached to the source in the manner shown in Figure 4
(b). The analysis used to give equations (1) can be applied
again to give equation (10)

Figure 5 shows the values of VF determined at 2Hz intervals
by the least squares process. Several features of Figure 5
are noteworthy. The major spike evident at about 550Hz is
probably associated with resonances in the individual
corrugations of the corrugated circular flexure which
supports the diaphragm. It can be seen that the average
value of Vc is slightly different below and above 550Hz.
The rising trend of the graph at frequencies above about
1200Hz is associated with wave effects in the volume in
front 01the diaphragm and the calibration volumes.

equation (8). Aisthepistonareaandaisitsacceleration.

U=Aa/jw

pfU=jwp/Aa

(8)

(9)

200 0400 600 eco 1000 1200 1400 1500

FREQUENCY (Hz)

Figure 5. vFVersusFrequency

Figure 6 shows, at 2Hz intervals, the real and imaginary
components of VR(m) which were obtained from equation
(6). The values of VF given in Figure 5 were used in
equation (6). The major spike evident at about 550Hz in
Figure 5 is again evident in the imaginary component in
Figure 6. It will be seen subsequently that this spike has
little effect.

200 -400 soo 800 1000 1200 1"00
FREQUENCY 1Hz)

Figure 6. Rea/ (Upper) and Imaginary (Lower) Components
of VR(ro)

5. EQUATION FOR PISTON TYPE
The attraction of the piston type source when compared with
the modified horn driver type source is that the coupling
volume is very small and in fact will be zero if the mean
position of the piston can be adjusted so that it lies in the
exit plane of the source. Thus the complication of
compensating for the effects of this volume is avoided.
Further, the volume velocity can bedetermineddirectiyfrom
the motion of the piston which is sensed by the
accelerometer. The volume velocity, U, is simply given by

(10)

The ratio of the volume velocities determined by equations
(8) and (10) should be unity. The real and imaginary
components of this ratio are plotted in Figure 7

600 BOO \0001200

FREOUEfJCYIHz!

Figure 7. Real (Upper) and Imaginary (Lower)
Components of the Ratios of the Volume Velocities
Determined by Equations (B) and (10)

7. EVALUATION OF PERFORMANCE
A useful test to evaluate the performance of volume velocity
sources is to use them to determine the driving point and
transfer impedances for a column of gas in a tube. Singh
andSchary[4] used such a test to assesstheaccuracyofa
technique for measuring the acoustic impedance of flow
manifolds. Prattetal [5] adopted a similar test to evaluate a
procedure used for measuring the acoustic impedance of
brass instruments. The significant features of the test
system used here are shown in FigureB.

The acoustic waves in the tube are attenuated as they travel
along the tube largely as a result of viscous and thermal
effects at the tube walls. The attenuation rate can be

Acoustics Australia



....-u ..-j(po' AX.;os£C. -1a"' XL. L· )]/( oin((k.;O'...)L)) (13 )

EquabOn (13) grves the dtiYing poonl irnpeda nce when LO. O
andatrans1erimpedance¥otlen O< L" < L

Temkin [61giv" the expression defned by equallOfl (12) lot
<u,~ l1 involv" lhe SpeedolSOUnd tw lhe angularfTequency
,,~tlle kltlemalltvlscOSity vI>' lt1etube ,sd,us R, the specilic
hea tlfatiOyaod lhe Pra ndtl NLJmber P, .

L" _ 0. HoY<ewf . the micfophone could no! be Ioc;;atlld at
thoe plane defloed bV l" • II. The meas..ed values srI!
shown as points on F'OU'I! 9 The tube internal diame ter 2R
was 0.0 222 m arid INt I\b!I Ieo\Jlh. L 'NilS 0 .500 m. The
maasurements W_ ma~ WIth an 81' ternpef8 tlM"eof 2O'C
Iofwllich lhe~d$Ol..nd . e..is3043nt/s. thedensity.p

IS 1.21 kgfm'. the klOem8fl(: V'isc:os.ty. vo is 1.5 ~ 10"' m2/s .
the speo1ic helUS 'lT lO. T" I 4l1fldtne Prar'ld1t Number Pr is
07Q9 The~ v-'- were obtalned W'th lhe
mc:dfied homlir_ voUfle....-ootysouree

F~el0Sl>O*llhemoo:u..s-.d~dthelrllf1$lef

rnpedancecornp.HdWlttlL . Lo .O.500m. Theparameler
valJesusedin ....a..loflllflQullloon( 1 3) we'1t &S~

grverl. The ~ed vlIIueS. wt.m ..-e shown as poir1ts on
F~e 10. _ otUned WIU'l the pI$fOtI type .....-­

veIociIy scuee .

( I ll 8. CONCLUDING COMMENTS
n cee ee eeee ece Figufe9t~thedlfferencesbetween

the computed and measured values. aItnot.Igh sma•.
inc reas e with lreqYen<:y The dyn amIC range of lhe
mooYllls IS .n e~C"S 01 70 dB. llis not ellllOrlhy lha l lhe
Irregularity prase nl in me plol 01 Figyre 5 at abOlJl550 Hz
producesno OOvlOUs ell ect loF>gure9

There is superio r agreemen t between the computed Qod
(12) measuredvalll!tS sholllll"l in Figure 10, This is proba bly due

tolhefac1 lha t a transler irnpedanceis involved,wltha
smallerdyoamlCrange.llI lheflhan the l aetthatlhepiston
type volume veloc rty .:lUfce wlI$ u$fld

a • • ' (""")'[,,l.:..')
Co l R1 p,1oI

Thec:<:JmPle x repreS9flla lionsofltlelongrtudlnalparilCle
~~'"associ allMl,"h each wave are 0"""" by u , • p';poc
_'1(1 u. • PJ pc .The bou ndaty t:OflOlloonsareu _u . t u•• VIA
al • • uand uz u.+ u._ OIll • • I.. ThotNbou'ldary
c:on<loloontleaCllolhelollowtngequatlOnwl'llChrelal"1he
pres:wreat •• I.' , p.:.IO U. ITlelo'Oklme vukJc:tyal •• u.

~
"'oo"

/~"'":- ~i- --r"
t

......21_ •

I f--!!!L...._ - -
~,. r..s,-fDr~"'~d""
VOo\motVelOOrr~

exprt!$H(l .,te<ms of1tleHem/'lollz.~

wall ·iIIIenuiIhonc:oeffoe<ll .... andlO the ~

reopreserutoon01 the acoustIC Pl'euurt! !he poUive and
neg.aI .... travelhnopiane wavescanbeMllte<lU

p. -P..np[--<lwl<]e><p(j(UI-hl)

and p_ · p_«p{+<lw~l np(j{wI.h)1

I: A A J\ .\
l~ ·.....' \/ \ / <,/
I: .~_~~.._
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PROFlI.ES OF ACOl JSTl CIASS

Howard Pollard
lntervlewed by Gra ha m Caldersmith

When I sat down to mtervJ9wHoward Pollard lor ecco stcs
Australia In Itle library adjoining my workshop I was aware 01
his career in teaching and rcsoarch al the Urliversity of New
SOIJth Wales, his research visits to Holland. England anc
sweoen and some of his published WOlkin tranSients end
tImbre analysis. I was al$Oaware of his anthusiasm 101 Iil e irl
ger>aral and music In paftict.Jlar, havirlg heard hIS Ofgan
re<;ltal with Neville Fletcher 011 llute at a MlISiC AcoustiCS
c cetorence. as well as his dedocatil;lrl10 his prtlfession irl his
continuing research and In editorial service afte< his
retirement from university appointment in 1980. I was not
aware of his advanced and imaginative approach to
teaching which distinguished t nsuni\lefslty career, nor 01 ltle
breadth of his research ethos, the generous and
conscientious spirit 0( which I /'lope is inCIicated in ee
ltanSCflplfoiowing

Howard FrEll'\kPollard was bom in 1920, educated at Perth
Modern School and at the UniverSity ot Western Australia,
graduating with es c (Hons) in 1943, then appointed
Assistant Research QHicel at the N,l1ional Standards
Labofatory in Sydney. He completed an MSc in 1946, was
appo oted jecn eer in physics at Sydney Technical College in
the same year anCIlaler completed his PhD in 1E153 after the
coIIl!'g C was converted tmc the University of New South
Wales He became an Associate Professor of physics in
1972 arld was appoinled HOOOfBl)'Beseerch Scientist there
ancr his rebrement in 1980. DUl ing his overseas research
Visits between 1958 and 1979 he extooded his research
programs in crystal structure. material and archrtectural
acoustics and in trel1slef1t and timbre analysis, He is a
Fellow of the Australlan Acoustical Society. Fellow 01 the
Auslla lian Institute of Physics and Memberof the Institute of
PhySICS (UK) , Acoustocal SoOety ot America arld Catgut
Acoostical Society He was cc-tocroeealld chairman 01the
Organ Institute of NSW, Howard has served 011 ccevnmeee
of the Australian Inst'tute of Physics, the Standards
Association of Austraha and the AllStrahan Acoustical
Society, and was Chief Editor of Acousucs Austraha from
1981 to 1993

Go. Schoo l day• • do YOll have m,morlU 01 scientif ic:
lnt"esls waybac:ktl>en?

I-/P: Yes. I went to Thomas Street PrimalY School in Perth,
awlul reputation. but it was oeet door tc the Perth Modern
School where my father was teaching mathematIcs. I" the
last two years 01 pnmary school. one afternoon was given
over to either woodwork or basic science . demonstrations
01 interesbng phenomena held in the woodwork shed, That
teacher was very resourcetul, particularly in setting
irldlw:tual assignments on SCientific or techflical topics which
we took tums in presenting 10 the class as mini-research
papers. It quickly became apparent that certain boys had
talents in specific areas: IrememOOf lwO boystalkingaboul
electricity and even constructing primitive devices. I
remember doing a project on the Davy safety lamp. I was
one of two from Thomas St who were the litst to pass the
ererance exam to the Perth Modern School which was a
CB<JSBofg,eat celebrat,onJor the headmaste<wtIomadean
embarrassing speech about it et an assembly

AcouslicsAustraha

OC; And ao you went to Ih' Perth Modern School. Whal
was lhe sc:ienc:e curric ulum lh er' ? Phyalca, chemi stry ,
••1

HP: Yes, basic science subjoets before we chose (ltA"

streams in later years. Our teachers were good,
expefimenlally inclined,and inthtrdyear weu sedl heDallOfl
system 01 learning by sell ·pacing assignments. I hked
chemistry at filS\' in lact, right through to the Leaving
Certrficate, even though I was getting belter marks In
physQ. FUMy thing that f was never sure then what
physics was'

GC; Can I quote you on Ihal? Do you know what
phyl lcs ll yel?

I-/P: I'm still finding ocu We did get some clues from a
visiting lecturer who came once a term, a thoroughly
Scottish physics professor, Aiexander David Ross: he did
the recros 01 high schools trying to recruit lutu,e
undergraduates, He was a p ly man who was also the
chaifTnal'l01the M..sic Board in Western Australia

GC: Old youdo any muslc lnhlglt sc ltool?

I-/P; I had started plano at age 6 and in Ilrstyear ItoghschOOl
I wonascholarshipata piano exam but I had to soft pedal
music after that because it clashed with my studies, In first
year at university I took my A Mus A though it was difficult to
l it in with tbe ctber subjeets I was Supposed to bo stlld ymg, I
played a bit through unlvllfSlty, with cholrsand soloists, but
dUfing my honours yCI!IT f started organ lessons with the
Ofganist01Wesley Chun:h, Mr Craft

GC: Did you run Into the musical Professor Ron at
un lversi ly?

I-/P; Yes, I switched allegiance to physics at university and
went t~Oi.>Qh my undergraduate years in his department
Professor Ross was a good lecturer who had met EiIlslein
and some 01 the other big wheels in physICS. He always
encouraged initiative and knew al the right connections
when we BVer1lually sought employment. I came 10 know
him well. He set up an optical mun~ions laboratory In the
physics oepanment and spent a lot of time flying arourld
Austral~ in OQ 's in cc noecncn with this work Being
wal1ime, university students had been excluded from direct
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rnoIIlaI'y service bemg classJfled as a rllSerV'l!d OCOJP<i11Ofl
and encour aged 10 complete OIJ' degree$ before being
lu.gned 10 ""orl<WIth radal or muo~i0ni5

GC; SO you. hon ou rs yea, WI ' I n eld:ll nsl on I nd
e~lldltlonol .,.ou. unde.g..du. " eo u.....

HP, Yes.~ Ross ~ 10 s.ay that 10U.­
unoerstand ~ i5Utljecls in lhey.-youtakethOm;you
may hopefully gain " glmmer 01 urdemandIng I'l IN ne.,
~. He W8I'ted ~ 10 ga>n a per$pl!Cb'o'e III CU I'lonol.rs
.,.. ·IO_lheimplicilNln$ ddMarls_l\aCllearnlas
undergraduates

GC: Then~.... the prospect 01' employment • no
potlgrl(luale de<pHs 9oln9 then In l i43?

HP: It w.. pos$lblelodo amasteqdegr.. butlof....,..w.g
fu'tneor ~ """ OAlomary in 1hose da y$ 10 go 0YerSeM

01 10 li nd ernptoymenl and then look for lllthel deO­
laler . Tneennedloroes hadno..-decidedthatlhere were
enough radar olfloers : the C\IITent nal lOlnlPpnOfJII" betng
radoOphyt;tet . meteorolog y, elect ropll ysa and optlCi5 . I
app"ed lor a PDl' tlOn in the optics OivisiOn of the Na1ional
Standa l'Cl l.ahoratory jui5t sel: up at SydrIey Unive<slty
Initially the work ""as t,shng telesco pes. perisco pes and
ranoe' inder • . then I woot Into phol ometry and hnalty coIouf
mea su,eme nt The Iall er formed lhe Slartlflg coot lor a
p<oteCl uM er Dr Giova nelli , head al the Oplles divlsion. The
outco me was the development of a phO!Oel&elrie
colorimeter. but MIT in Amoriea had bwn doing SImilar WOr!<
and puI a dlMce 011the market betore we cou ld l hink about
pat enls • the same old slory . rmal raid ~ $I" haven 1 ~arnl

OU" lessons in Ihe markel.-.g game , £ ven tU8l1y I w'Ole up
thlSworIt 101an '-I$c from ltle UniveI'Slly of WA

My appoonlmel1t at !he Stan<lards laboratOl"f ....as 0Nt
tempOI...,. IIfl(lI!'lere ...as some uncertainty about permanent
pcllloIIIOIlSan." the war. So whe n Sydney TedntaJ College
eaTIIaround'8CfU11.-.g lectuefs in l 9046. 1l'IO\IiIIg1QwaI'ds
~SWlluS.l ...asconlronted""'an(lll.,rleouldr'(ll
refuse . Bot Dr Bnggs. ee he ad of physocs at NSL advised
melOarr~myc:ontradsomatlcouldt:OrlbrtUepBrt·1Ime

teSoNWCtt at NSL SIIDt there wotJd be l'lO reMa'd1 taekle!;
at Ihe oolIegeforwme yean. With lMsupPorttniscondllion
was ac:ceptecl l l"ld l COl"lWV.»d res.ewt:h atNSL lrtll ' 950

GC; Thus~In your tuchlng ~ . ....

HP. Ve& Mytnlci8sswas a~oIe.·~

COITW'glor letra ll'W'lO:a rwo-year diplomll (:(IUfW 1 I0OI<
ttoem lorfrrst year physies andltley_e amarvetious
bunch 01Sludents • ~ was a $Irmulat,ng and _ding eess
Bul my pnde and joy lit Itle trme wu I c:laU thlt tetllO me
because tlO-()I'llIelse woold touch it! Wt1entha EaSI Sydne y
T&ehnical Col lege S1arted . ltllt head of \he Food and
NulJ>l il)n utili came 10 see Gordorl Godfrey . head of ph'f$'Cs
at Sydney TechfllC81eo nege. and arrang ed for her g,rLs 10
take a basic phys ics coorse to equip them for dealing wlltl all
the ll ppll8nees they would use in !heir work , She reques ted
thaI one slaft memb er be oeceated 10 thl$ course to prov ide
continu ity and to promote confid ence wlt h an un!am~iar

subfeCt. W~f. I wa.~ the l1ew boy and I was it. My coIleagl>eS
ltiougIll th iS class would be a real goggleand ea lled rt lhe
·Food and Nuts Cour se'. EM it turned out thaI thew girls
_eYef)"brighi:SluOInlsandlllfad lcansaylhaflwod
them _eltllbeslSluderits lhave_U1ug111.1n 1he
second ye31 lt1e course ran one girlwes bI1liant : $he was
lheor'lyiluOel1:levertau!tf\flltlo~K'O'ed 1ClO"4in

physa • I eoo..'dnot IaJlI: her WOII<. She end8d up teadWlg

scence III the COUl'ltry . omewh e.-e. ,athe.- than go ",t o
domest '<:1C>encaor lhe lood ind'.Jstry

That rourse Wll$ 15" fllIlIlIOg when we I1ICMld into llle new
bu~cIi ng at K_ ngIon; rI had \he<leeccee part of a deOree
course. Aslhe eoun.e deYeIopeodI~ themlOlhe
design d theor OM! ellj)l\'nlTl(l'l and setI·1TI8fl<1IIQ e.ams.
These_e(:(ltlSldll'reclObeabrt heretteallt1en, bulPfO'oted
eltecl:lVe III bOth aaessment and Jearn;ng. They _e
~goodat~studyprojeas(whidl__ a

f\ashbad<lomyclayt.tP9rtllMoc:lem SchooQenatllingme
too:lllCenlraleOllIutor"andorOvldualteac:hng. A~

forteae:!WlgttwsCO\.lfW _1haIlhegirlswotJdbn'og ltt
fresn cake&andOltwfedobleo$lromlheircoOI"ngcill1Sl'SIt
theend of term.Na....alythere_ II()<:orfl4JIiort~·

youJookIUiQOClOUS.~ .... mylellow~

GC; SOund . I bit eoa.,.to me . But wha t w.. lUippe """9
with th e Nlt lonal Ste n6atd. flse.reh while you _
g rowing 1M on the apoIl. from the Food aod Nul . elan ?

HP; As part of the colour me asure ment program I was
r%j)Oll sobielor a OOlll,ec:ord.-.g spectrQphol orneter lf'Clu(llog
itseal.t)raloonalldrnaomanance,CkcasiOnalry t wascal leditl
urgemry from the eeece rmc cloistelli ll a probleomarose
Eventually the vK:.cllarn:e\l()l' 01 the new ",nivers lty decoded
~ was l l1Tlli1 lO stert our OM'! research prog rams and thai ""as
wnen lflnlshed mYW{lrkatNSL

GC; OK . Now how did th e ....al<:h . un t I t th e
Univer arty of T«hno log y ?

HP: One d the tirsl group of profes SOfSaopointed 10 l1'li
uniIfersitYwas Ptd_~as headoftheSC:l'IoOIoi

App lied Physics. He ""lIS a spee iallst in eMJctrophyaic;a but
t!e was also kaen 011mUi5l<:lnd acoustICS. He WOf,lld often
come10 the Gr&atHalal Sydney Un M!fSlly wnen I gave I
Iurcht:meorganrecil.llanll tumthe pagesfotrne!

GC ; Coincidentl or benao1Ser lMdlplty plfhapa!

HP, 1fw:Ieed, In lad: I have atway$1o\.nd rnuticallalent in
pI1ysoc$ eslabloshments . At me NaIJOf\al SlafldanjS
LaboI atory theore _ e ItW'I'f e.ceIlent arne'.... ....scians
whopertormed rll9Jlllly81ourOWl'1lt1US1c:dub Manyollhe
S'l8f1 sang at lunc:hIIme Itt Ihe Sydney \.Jr'Ii\IIrMy M..-ielII
Sooely , The 0rIlCI0t 01'lt1e c:tloe'. Mr Mnan.....as~
or~ 'MIlhwhom I Oortl..ued my organ StudllS. That'$
now I Slarted giWlg lUnc:t1lime recilals which ~ ...........,.
broadeast by the A8C . I aho ga-..eSOTIe Sunda.,.aflen-.oon
reerlllIs 011the Town Hal organ until 1954 ...henl eeeeee e
conoontr ateon my PhD worlr. I had IIbouI tetlyears d 8Clive
organrecrtalperlormance

GC: Now blK:k to the .....reh I ' the Un iv ersi ty 01
Technol og y .

HP: ThaI ""'. only one of lis namas , First it was called the
InSlrlul e of Technololil ~ . then wit h,n a year the Techn,c:aI
Unive.-s'ty. ltlcn lheUnl~e.-sity ol Techoology and. eventua lly
as mor e tacu~ies were added . Universrly 01 New South
Wal81, Professor Aslbury suggested initialing eccosuc
research wllh ultrason le measuremems to me asure WIVe!'
veoce es in soIods. I set up some equi pment ll'lYOIv>ng
resona ling bars and measured absor ption rates as ""ell as
veloerlltls. I began a PhD Pfoj.ed there ltI 1952 buI the going
was hard SIIDt lhe<e ""lIS II() slruClure for postgIadI.oale
resea rch nor lOY SUb5la11tl1l,e:search atrlOS ltI Auslf l toaat
that I.me So I d>c:ln1 make much Pfogress vn\lIl took study
leave in 1958 WllI'Il1'Ieaid ol a NlI!t'IerlanI:bGoYerrrnent
$CtlOIlqhip Ilravaled with my WIle and two ytM1g etoldren
loDefll Technical Unrvef1Ity lO won. ... theAtou1bC$



Department under Professor Kosten - a top man in
acoustics. He put me on to measuring wave speeds in
wood. of all things, despite the fact that there were hardly
any trees in Holland at that time. Atter spendinqsix months
there I was offered a part-time position at Imperial College,
London, in the Department of Acoustics with Dr Stephens
He brought a lot of ideas together for me, so that by the time
I came back to Kensington I had a definite direction

GC: Whatwasthedirection?

HP: It was to develop a system for measuring wave velocity
and attenuation In a range of materials: wooden, metal and
plastic bars. Theoretical aspects were treated by developing
an analogous transmission line theory which was also
applicable to composite materials. It turned out to be a
powerful technique and later was used by a number of my
postgraduate students

GC: So after your thesis was completed in 1962 you
continued the research with postgraduate students?

HP: Wesetupa Physical Acoustics Laboratory, one of the
major studies being the application of our ultrasonic
techniques to monitor changes in the properties of
resonating crystals during neutron irradiation. Some of
this work depended on the support of AINSE at Lucas
Heights. I was teaching general acoustics, too, and did
some organ pipe research on the side. At first the school
was reluctant to fund music acoustics research because
they thought it was outside the scope of their main interest­
solid state research. However they tolerated me working in
thatareaasa'pnvate' interest. Eventually, atterl had made
some progress in this field, the school agreed to support
teaching and research in basic acoustics including an option
inaMasterofPhysicscourse-muchtothedismayofmany
of the physics staff who thought physics should be above
the humdrum of acoustics. Of course I continued the
ultrasonics research but tapered it off towards my retirement
asl built up the acoustics research .

GC: What about your overseas connections in the latter
years?
HP: I went twice to ISVR (Institute of Vibration and Sound
Research) at the University of Southampton in 1968 and
1974. I found ita lively place, very strong on the use of
computers for data processing and the development'of
simulations as an aid to experiments. In 1979 I spent six
months at the Royal Institute of Technology in Stockholm
with Erik Jansson, not long atteryou lett, I believe. I worked
on the analysis of musical transients, looking for a parallel
between analogous problems of colour assessment and
transient sound perception. Despite the obvious
physiological differences, I felt that similar brain processes
were called forth in dealing with sound spectra and visual
spectra. Erik took some convincing about that, but when he
saw what I was driving at, he gave full attention and we
published a paper on perception of sound and \iisual
information

GC: So what happened when you returned from
Sweden?

HP: I came back in 1979 with my 60th birthday coming up in
1980 when I would be routinely removed from the
permanent roster and offered temporary employment
renewable annually. As the administration was keen to
employ younger staff I opted for retirement both because
there were a few things I wanted to do and because I was
findingworkingconditionsbecomingincreasinglyrestrictive­
we were not getting the research funds we needed and
~ore admi~istrative tasks were falling to academic staff

Acoustics Australia

GC: NDw you have published a number ot papers on
musical timbre research,what do you think is the future
of that research?

HP: The next step would be to find out how the brain deals
with the ten or more separate factors that contribute to
musical timbre; how it weights the factors in different
situations or decides on the dominant factors for a given
sequence of sounds. Artificial intelligence techniques could
be explored but I don't think these systems are advanced
enough yel. We are reaching the limits of present-day
understanding of how the brain operates. There are
mistakes being made through technological enthusiasm
wherein sets of data are being collected which are virtually
meaningless without a model of brain function relating to
sound perception

GC: Do you expect progress there?

HP: I've got a feeling that the breakthroughs Willcome when
we begin to overcome the artificial boundaries between
physics, acoustics, physiology and psychology and move
towards a natural integration of all the relevant information
on brain function. We know that the earlier theories of the
brain as a computer are inadequate and now descriptions in
terms of giant proteins, chemical pathways and holograms
are floating about: the subject is obviously in its infancy.

GC: So this will be your direction for the future?

HP: Ideally timbre measurements would mimic brain
function. But whether an adequate model will emerge in the
next few years is a good question. Certainly we have to look
beyond the decibels versus frequency descriptions that
many authors continue to peddle.

GC: What about the physics crisis we read ot in all the
journals? What is happening there?

HP: Like Neville Fletcher in your earlier interview, I think we
are seeing a redefinition of physics as it disperses into other
areas of study and practice, no matter what labels we
choose to give them. The important thing is that the
methodology is continuing. One problem is that the
bureaucrats and politicians who dole out the funds want
labelsasasubstituteforanunderstandingofscieritific
thinking and practice

GC: Yes, the funding process is a problem. But I also
detect a general cynicism about science for all the
wrong reasons and particularly among young people.
Why do you think that is happening?

HP: A lot of science teaching is appallingly conservative. It
shows no imagination .. Ordinary- lectures have been shown
to be the most inefficient way of delivering information.
Entertainment is an unpopular word to use in academic
circles, but for groups above about 60 students you must
devise techniques for engaging their attention: feedback,
computer simulations, active participation during the lecture ,
etc. Ultimately, I don't believe in teaching as such; all we can
do is to create the best conditions for learning where the
students' brains are encouraged to function somehow on the
relevant material

GC: The central question of brain function again!
Understanding our understanding.

HP: I agree. We cannot ignore our own intelligence
functions. We have to grapple simultaneously with breadth
and depth -just like the best natural scientists have always
done.
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1993 ANNUAL CONFERENCE
Progren In Acoust ics, Noise and Vibrat ion
This cee terence is to be held 00 Tuesday 9 10 Wednesday 1 0 November. 1993
at the Ramada grandHotel in Moseley Square. Glenelg. South Austra lia
ApPfO<lmatelythirtYPape,s will bepr'lsented add,essiog recent prog,essontne
knowle<lge of ecocstscsand de-.elopmenls m oorse and vlbratlOO control.
arcMec turll1 eccus tcs. community noise and nearing conse...euon. An
QWlrseasspeeke r has been IrM\M to give tre keynote paoer which ",ill address
tnerelationsnipbetwwn ps)l:hology andrlOlse
"' t'aded,splaywillbeheldillcon;uoc:tioowith lheconfe~e

Glenelg IS located on lhe beacl1 front a lew kilometres I,om tne centre 01
AlJela~ and IS con""'noent to the a"POrt. There IS am ple accommodat tOO'n
arid afound ue ccorereoce venue at a range 01 rates. note that tne Conle'ence
will elosely tollow the 5delaide International Formulae 1 Grand Pri. wIllet. is to
be held on Sunday 7 November.
tee ceet eeece ReglstratlOOlees. whicn will include proceedings. lunches and
coNee!Of the two dar.; w~l be:

Full Reglstrah[Y\ 5200
AAS membt"s' rale $160
Conferent eO,nner 550

101scounl rete for AAS slude nts and ,etlred membe's is $100 . Susta ining
.....,,-,be,s 01 the Society are eonuec10 member ' al e for up 10 3 delegates )
FIHfherinformalJOn andff' , 'slr" l,on brochure: 80b Boyce . T Hank SI. Lockleys.
SA 5032 . Tel (08) 439 331 or John Lambert rei (08) 207 2080 (bUS) or
IDS) .J90 3567 (ah) F,,~ c/- Hansen (08) 303 4367 .

Excell ence In Acoust ics
Awards
Ttle El<Celience in AcouStICS Awards.
previously~ldonlyin NSW.have gone

Mlional WIth arrangement for tile 1994
av.ardS now ur>defway. The task 01
co-ordlnallng8nd pte$ellt ing the Awards
W11' bt1 eanee out by a orneren t State
OMs,oo of the Society each
presentatIOn ye st , To get the ball 1O'llng
the NSW D1~IStOO will btl presenting the
lirst national series 0 1 awards to
ccecioe with tile 1994 N ~lional

Conference The r xceneoce in
Acoustics AwardS Committ ee a,e keen
to see an eX!>dnlled number enc venety
cr entoee fo' which due recognition of
eeeeeocece- be gl~en

Details will be torwa-ce c to each
merreer in coming months, however in
the meantime. ten t e r information can
be obtained Irom 19 9 4 Excellence in
AcOUStiCS AwardS Comminee . c/ · AAS
NSW Division. Priv"t e 8<lg 1,
Dllrllngllurst NSW 20 10

Inter -Socie ty Collaborat ion
The Society of AcOUStiCS (Stngapore)
was established in April 199 1. Since its
incorporation. ettorts have been made
to coneborate With neighbouring
societies from austrene, Ct' ln1I. soctn
Korea and India ,n organising
conferences. symposia. talks. etc
conacoraucnwitn tile Australian SOCJety
MaS been prOCeeding smoothly thankS

to the efforts of Oon Woolfo<d. ..tl o has
been aeting as a coo rdmator between
the societi es.

Mr woorroreattenced a SAS Committ ee
Meeting in November 1992 at which
venccs suggesti ons 10' Inter-society
ecnecceance were crscussec. Among
these were: the exchange ofinformat,on
on internal ional conferences lor
publisning in SOCiely Newsletters: thaI
members of AAS vis,ling Singapo,e be
invitM to address SAS. and thaI
membe,s of SAS offe, to <Iddress AAS if
visiting Australia; and that members of
SAS be encouraged to s uoo-rt papers l or
oublishi" g in Acoustics Australia

After the Committee meeting. Mr
WOOlford gave a talk on "Acoustics .
Psy<;hoacoustics and Heari" g inSO.Jnd
groedcasuog aoc pec onnn a".

As an effect ive way of Inte r-society
collaboration. Or W S Gan. President.
Society of Acoustics [Smgepcre ):
"warmly invites Australian acoust icians
visiting Singapor e. particularly members
01 MS. to accress cc r scc etv c r, any
topic of their choice related to
ecoustjcs " . Pro1> pective spe<l!<ers ean
wnle or fax Or Gan. allowing a few
weeks to effect arrangements

DrW SGa n, Presroem sccetv cr Acous
tics (SmgaPOrel. c/-Acoos lJC<lISerwces
Pty. Ltd.• 2 9 Telok Ayer Sueet. Sin­
g"pc!' e 0 104 . Rep ublIC ()f Smgapore
Telephone 6$ T91 3242 . Fa~ 6$791
366S .

Physics: A Vision For The
Future
A report "" In tnat t it le has been
publisr.ed by the Nat,onal Board of
Elllj:l lo~me"t. Education and Training of
the AuSlrahan Rasaarch Council. Tne
,eport was peepared by a Working Party
of the Nationll l Comm'tte e fo, Pnysicsof
the Australian Academy of Science and
is a ,eVIew of the current state of
Australian phYSICS, and a strategy' lor
strengthening the cc-rmbuncn of physics
to Aust' aliansoc ,ety.

The report comments

"Acoustics . uura scmc s lind vibrat ional
analysis a.a importanl and growing
areas of physics. w'lh valuable
appjcaucns in biophysics, medical
diagnostics . oeocesvccuve evaluation.
and materials mod,ficali on arid
procesSlllg. Thera IS ccnsicerebre
acti ~ ity in govefOment agencies ICSIRO.
OSTO. ANSTOf. some In industrial
labo'a tofies(BHP).ilf1daliltlein the
higher education secto•. mostly In
engineefingfacultoes

-The Department 01 Healtn and
Commumty$ervi«'s' NauonlM AGousbcs
LaboratofYlswelleQu'~butits

acoustic facillt,es a,e almosl """,sed.
The laOO,atoryreprlfflllnts a valuable
resou~ that ....ould be dlfllCult to

~~~=. and should be more widely

-n is dlfficult to recunpr-,Dphysicists .
wit/l experience irl ultrason ics. mairlly
due to the lack of SignifICant dCti~lty in
the Auslf lll'an tertiary sector. FrUItf ul but
neglected areas fol' baSIC .esearcn
tra,nong in unresoecs InclUCle
Iran1>dUC\ion.propagallOnandllCetlenng
In ,nhomogeneous and d'SOIdered
meteners. non-linear inlerac\'oos of
ultrasound ....lth hQuids and soucs.
acoustiC phase conjugatloo, and
acoustic propagation in multl .layered
strllCtUles."

The report recommends

"At least one tert,ary inst,tutlon snould
de~elop physics·based PhD trainlhg in
ultraso" ics ar.d acoustics in oo(!er to
1>upply Austraha1 strategic lind industfla l
research progranvnes with stall
exce.e rcec In the eccrc ancns of these
tecbmq ce s."

The Austrahan Acoustical Society would
welcome input Irom its membe rs on the
means 10' implementing Ihe
recommendal ion quoted. or on any
relevanlaspect. '
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l ow Frequency Noise
Research
CurrentbuildlngUefldshave resulled in
an ecreese in noise peobierns at
frequeflcl es 250 Hz and be low. There
has been very litHe wcrk cn how people
react to indoor ee -ee in spaces such as
offices , Illcture lind meet ing rooms.
where the biloCkgound sound is the
OQI$eof hlgh veloclt yair cood itioning
{HV4Cl svstems. The Noise cmene (NC)
curves oo not evercete the potent Ial for
"" fIOIIlWICe due to rumble or otter
lOw·frequency noise from HY4C
s\'Stems . 4 5HR4E hIls'e(;enUy awarde<j
a resea-eIl contr«110 D. Nonnan
Brone . of Yloac EngIneers and
SCientists to ger>e!'ll le II praetical
ptl ilosophy lind procedures lor
~aluaf ion of lhe acceptaOoI ,t~ of
10w·freQuer>cy li YAC sound , and to
pro~ide the tecbraear basis for
deveiopment of low frequency design
cnl\maforluturepubhcal ionirl A5HRAE
handboo ks.

News From NMl
The CSIRO DiviSiorl of Applied Physics
(NMLl PU~ ISt'leS blefln ill lV II bOOklet
"Tests and Measu.emen ts " which
oeso.ees tee manycallbrllt'oo sewc es
provided. The 1993 ecmoo ts ltVallable
from.h.l ly and inoorporCKes a $ect lon Ofl
4cdLst ics. A new service has been
introcluced whereby tile E,ect rostatic
Actuator Irequency response of the
" STANDARDS' pattern type 41 60 and
4180 microphones can be made. The
gereret charge rate for 1993/4 rernams
unchanged wit h some services
becomini( consider atJjy cheaper . AlsO
NML will Quote for non-standard tests
sncvlo they be reQuired. C...srcroers ot
NML wil1autornat'cauyrecefve ue 1993
Tests and Mea surem ent s book w thtest

eeocrts. Copoes can be Qbt~ined from
the Standards LIaIson Officer, Glend~

Sanda'S, CSfRO NML. P.O. 80' 218 .
UNDFIEW NSW 20 70. Pllone (02) 413
7211

New Publicat Ion
Published by the Intern at ional mstncte
01 Noise ContrOl Erlgmeering(I ·INCEl.
Npijse/ News Intemationa' Is a new
Quarte'l1y journ al and the successQr to
two neWSletters, NOise/Ne ws Qf
INeE/ USA and the Newslette r o( I-INCE
contents of Vol 1. No 1 1993 Include
" Design and Pe<1Qfmanee 01 a
Hemi-AAecl"lOie Room for Measurement
01 tile Noise Em,ned I)y COmPUter and
Business EQuipment ", the Te(;l1flM;al
Program 10( Inter-f'loose 93, 3rId news
Irom the memb er soceues 01 ~INCE

(including Australial ,$ubscnptl Ofl rate
for 1993 is SFr 80. surface mall
<I" l i~ery

scescr.oncos to: 1·INeE G.me,al
Secretarial, CeleSIUrlenlaan 20 0 0
83001. Heverlee Leuven, 8elgium
Editorial correspondenc e to: Mr George
C Mil/irlg Jr. Managing Ed,to,. NN!. c/ o
!NCE/USA. PO 8 0< 3206 , Arlington
8randl. Pougllkeep s,e. NY 126 03 . USA

Moves
Ton, Hewett . p' esently the NSW EP"
Region a.l Marlager lo r lmer $ydr>ey. WIll
be .el i'i ng as of 1 July 19 9 3 . He Wlil be
taki nga ..elleame<.t tlo! ;dayirl tne UIl
then enjoying Me on h>s ru,al property
nea.-$)'dney.

HavIng recently left aSVOney acOUStIC
consu lta flCYlirm. St ephenSamuel1 WIll
l a~" up the pos ition as Head of
Transport Engineenngmt'le Scnoolof
Civll Engineering at the Urlivers,l y of

"'W

sel b, . Austral ian Illl ent tor Quest
Instruments, has 'l ew pIlOn(' and la .
numbers for the Meloourne off ice .
phone (0 3j 263 430 0 : fa< (03 j 562
7953 . Selby also has Introduced a
Custom Net 13 te 'ephone number s lor
Austra lia wide service The "13 '
numtJers are IIrlked to prod uct ranges.
namely laboratory pmduc ts ·13 2991.
soentmc mst rument s ·13 29 90 ood llle
newly tcrrreo Fauldlng ,magmll 10(
medICal and in<lus tnal P'OducIS 13
2992

NEW MEMBER S
We welcome t he following 'l ew me"lb ers
whose gradlngs nave no", been ac­
proved

New Soul hWa les
Member
ovo ones
MrS Kanapatllipola i

Sutn.cribe r
MrS. Suine
MrM . Gross
M'A. Hvnd 'ey

Vtelotia
Member
Mr l DM eLeod

Q<Je~n5fand

Sut-:rlber
MIss G. AdllrTlS
Ms HN<We

Solutions to your SOl/lid Problems

Manufacturers 01high per/ormance
architectual eccusuc modules

• Resonalors/h.a-1t!dabsorbers
• Diffusers
• Super absoroenliba nie r panels

Effective yet economical lreatment lor
- Studios/Control Rooms - Worship Areas
- Conference Rooms - Per/arming Arts

Centres -and all cri tical listening areas

Aro Technolog y, 4-6 Star Avenue ,
Croydon Park . SA 5008 Ph. (08) 346 4199

Val 21 No. 2-66



HANDBOOK OF HUMAN
PERFORMANCE. Volum e 1:
The Physical Environment

A P Smith & D M Jones (Editors)

ACadem te Press. 1992. hard covers .
ISBN 0 12 650351 6.
AuS! Olsfribu!or: Harcourt 8rIKe
Jovancwich Aust Locked 8ag 16.
Mamckville . NSW 2204 . Tel (02) 517
8999 . Fax /02) 517 2249. Price At
117.60

ThIS IS the tlrst ct ue ee volumes whICh
ere devo ted to studies of faetOfS which
C/ll'l in~uence human petformanc e at
wor!<. ThIS volume covers the infl uences
of the physical en~lronment. and
includes studies which hovetrllditlOnally
been of interest in occcpano na t hea ltl1
and psychology. Re~iew chapters by
e~pertS in thei r f,e~ CO_llr each of t he
tolkHlringenvironmenl characte nslics :

NOIse. merevera Speech. Vibrati on.
Heat . Cold. "i f Pollut ion . Organic
Sol_enls. Hype' bane ElWironments.
erectrica l Fields. ronl lation.Vis ual
Envlfonment and Visual DIsplay Units .

The second vorume will consider the
influences of health (nutrition. drugs.
IIlcohol, illne!>!>. etc) ()I'I perfo rmance
while ee th ird .. ,. look 111 the more
sk:;JY,1y changing states of indi~idual s

laglng. an'>ely.mOOd. sleep deofl~ation.

fal lgJeetcl.

Of mOSI interest 10 readers of th IS
journal will be Ihe chapll!'s on noise and
vibration. The mot ivatIon 10 l imIt noise
and. to a ressee extent, Vibration stems
usually trom the reec to keep wlth,n
eJ<jlOSure stand ards which are desigr.ed
10 mlnrm,5e 1tle fi sk of damage to
health . eg tneilnpalrmenl of heaong.
The effects 00 human performa nce of

This Ih "d edot'o<\ of H8fTis IS
recommended as an essen tial adcIit ion
10 the rcference library or lill y
orgeresenon Involved wlt h noise con lfOI·
the high price probably precludes tne
addition 10 the personal library. II Is on
excellent reference for stude nts and
St'!Ouldfin<l a piece in til e librarIes of
e<:Iucat ional e!>l ilb hshments. It IS the
type 01 boOk wIllCh WIll ee oonsulte <:lon
man) cccaec es

Marion Burgess

Marion Burge ss IS a research orrlrer in
the Acousfics and V'bration Centre at
the Australian Defen ce Force Academy,
Canberra and has experience WIth many
noise conrrol projecrs as well li S

feoc" ",g tJndreSl'larch.

KING DO M PTY LTD

Data Ph!:!:,; Corp 'n

Auckland - Sept. 2nd
Melbourne - Sept. 7th

Sydney - Sept . 8th
Brisbane - Sept. 10th

pc-FFT ANALYSIS

V.......~f rn lhooLoI..I IK hni__ for
.......u in T",""" h e"" e"" y.
Amplitude and RPMI Order Domain •.

O"'d PhY'SioC"'P' n (~.nJ<-J .. i llp'e..."' .n
",u>'on . l h. lf d,y ...m,n.,cove,iog 'Sl"<l '
dFFT ,,,,,"". i' OIl I'C'.ond ;ts,,,,,;n
~,br."o~. mod.l . acou",u. ,o,. liox
mad>i.......,.>nd.horlo"l'fll"'.....,....

For mo... inform. l len lind '..gi, trlllion
det. il. nn~ 0245 1 8131 ,

The fi rsl cr ectere ct tne Handbook cover
introduction to ecousucs. sound
propagation 1II'Id measunl'lg
Instrumel'ltat i()l'l. Toen follows 11numbe r
of cnapters on measufement technIques
for ~arious I)Pes of norse and ~ ibratlOn.

The ne. l six chaplers ueer witll ~arious

a<,pf'Cts 01hearongconservati()l'l eoe tIl is
is fol lowed by some chapters on noise
annO)'al'\C(!. Teenniquesfor con(r(ll of
vibrat ion and Mi se ;1'1 <:IlNerel'lt
en~ironmto nts 111'1<:1 for diffe rent sO\.lrces
comprises the next chapte rs. Tr.e f,na l
chapter s co~er en"';ronmental noise
ISSueS.

For a book covering such ad,vefse
range of topics. it woukt not be ccesere
fQ< evervthingto be lIl( lu<:Ied. Tile
spec lahstWlli undoublMly oonsi<:lerthat
some essenti al aspecls have been
omrttee. Howeller a -Handbook" shookt
be a basic reference for a range of
top,cs an<lall chaptetsh1l\te reference
hstsfOfthoose seekingmoro<:letall , One
drawDaCk from ee Austra lian
perSP8'ClM! is the sttongleijance on l.;S
praeticeslntneseetionsdealmg",jth
acceptablhry cnte na aocllegulatoons
Also some currently import ant f,elds
have hltl e coverage (the only indexed
rererence to active nctse cc mror is one
paragraph)

2?~...

For this lh ird edil ion ot tne Handbook.
edIted b}' Cyril Harris. the ccve-eae has
been eJ<jlanded w'th more mate rlat on
noise measurements aocl thIS is
re~e<;led in Ille addltion lll words in the
l itle . The pre..oous two eoucos.
pubh!>1>ed in 195 7 and 1979, have
proved to be ~aluable reference books
for all triose working Ifl lne a'ea of rcrse
contror. "Wh" t dOCS Harris neve on
this?" has been an often aSked
questiorl when a <:Ilfficult poinl has been
reached in a projec:l

The lalest editIOn compri ses 54

~=rsfr;mar=;:/):~ion:or:~mTh:r~ ~-----------,
has been cons iderable updating of II'le
material on the techn ical. physiological.
psychological and legal aspect s of noise
cont rol. Jne nlne new cnapters fnclude
Informarion on recent cev eropm ents in
measurement aflll analysis techniques.
seee of the Chapters wnich were in 1M
second edition , have new authors so
that thecontenland tl'le presenl aOon
tlaschanged

Uniform term inolOgy. symbols and
abbreviations as well as the
sjmurtan eous use of intemat ional and
US units. 111 1 help to produce
cons iSlency througho ut even though
there have been so many cont ributors.
The stated aim of the eortor was to
ensure that the tedlnical infosmal ion Is
made accessible by Ole use of simple
ct wts. and wri tten exlllanal. ions ratter
than highly tecnnrcert ormcree. A quick
scan through the l'Iandbool< re'ii!a1s that
there are only a few form ulae gfven and
these are partIcu larly important ones
~~.the S ignlfiCanCe iS deSChbedinthe

As well as InCluding new matener. the
late st edotoon has an imp roved 11IyQtJI
which mekes searching lor infOO'llalion
easter . The headingsforthe seetlons
within each chapter are In large bold
type and under1l1led AlSO the
sUbheadings are clea,lyseparaled from
thoesuffound ingtext . The text itsclf is
easier to read as it IS in a larger sized
lype faCII.

HANDBOOK OF ACOUSTICAL
MEASUREMENT S AND NOISE
CONTROL, 3td Edit ion

Cy,ll Harf ls (Edltor-In-chlef,

McGraw Hill, 1991 . pp 1.024. /lard
covers, IS8N 0 07 026868 1.
Ausr o;stribufor: MeG,oiIW HIli Aus(. PO
ac. 239 Roseville . NSW 2069. Tel (02/
4174288, Fax (021417 568 7. PriceA$
235
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these charaeterisl lCs ol the envlromnent
shOUld also be ccnsidereu Since they
can hel p tojustl~control measures.

ThefirstchaDler r~ bothrleld and

laoora tlJry studies designed to fl l'ld the
influence of norse IJn accidents, errors
and worker productJvity The field
s tudies do ind,cate cecrerrents In
performarx:e wrth Increases in rorse
level, but e~ lJenments In the held e-e
e. tremely diff icult to control for the
many ether teet ers. which are present
cene rereeton s cannot be made
because results depend on the nature
ol thelasks in.o lllEd, thecharactenstlcs
of tne noise aoo thoenoise level change
whitn can be maoe .... ;nterw:ontion
swees

Laboratory studies show tune effect 01
nOise levels On physical performance.
but more significant effects on redUCing
performanc e in cognrtive tesks. Some
rne<:Ilwlisms to eoelaon these effect s
a'e given. The secced cn apter. on
irrelevant and dist racting speech goes
into more detail about this partic ular
type 01 noise and us effec ts on
cognit ion. As woll< mO\l9s away uc m
facl orieS and into cruces. the focus 01
noise recocnon could move into Ihls
arell .

The chapt er on vIbrat ion is written by
Prol essor M ,J. Griffin , Head of the
Human sactcrs Research Unil 01 the
Insl itule of Sound and VIbration
Resea«:1'1 at the Unive~rty of
Soutn.ampton, wtlohasdooepiooeenng
Cllpe ,imental WOfIc in Ihls me a. He
shows Quite subs tant ial etrects of
vibrat ion on vision, as measuled by
readIng speed and errors . Decrements
are hi&tler ...hen the display alone;s
vibratong tMn ...hen the person is
subje<:t to ,,,bratlOO and the dISplay is
st " tlo nary. becauseol lh ehuman abltity
to <ldllpl to tne vibrat ion within cert am
nmns. Effects of vibration on manual
contro l are found to be Substant ial In
many cases although general izat Ions
are agaon dlfflcult b~auSll of variallons

in t he d,ff iculty of tre tllsks and t he
variabili l y 01 vlbfation cllar itC!erist ics .
However, the discussion by Gnff in
suggests strategies lor minimizing
vibteuc n effects In certain
circumstances.

Vibration IrlfllJl!OCf!s 00 perform ance
have been fOUnd to depend mainly 0"
m<tgnitude, frequency ~nd the exes
about whlcll the VIbrat ion occurs.
ccnneo to tne requirements of tile
Intemat iooal Stand ard on evaluatIon of
human e~POSliI"e 10 'NfIOIe I)(l(ly
....bratlOO. ISO 26 31 (&dOpted in

Austral ia as ,l,ustral ian Stand"r d,l,S
26 10 .1·1990 l, e.perime ntal evidence
generally oces fIQl. point to a s<gnillcanl
effect on peffl)m1arx:e from the (1urlltion
of the e,pos urt'to vlbl at ion, ln l act.
cerrcenerce may improve wit h e ~ pos ure

:i~r a~~btcts get accustom ed to the

Wl!lle only about one q",arter 01 the book
concerns nol5e ar1d vIbration. lIlo se
sectoe s e e ...ell ...ritle n and up to date
reVIews whicll can save a ~reat deal of
t ime en literature searches The
remeo oer of the book will also be 01
grM t inte rest to iln)OOe involved In
broade r Issues 01 oew patlOOlll health
anodsafety

Mlke S rcvenso rr

M,ke Stevenson is Head 01 the
Ergonomics Vort at Works afe Australi a
lind an AssOCial e Professor in
Occupational Medicine a t me Vrm.tS lly
or Sydney. He Is active ''I research.
te<tChingil"d consultmgin oceupational
ergonomics

MASTER HANDBOOK OF
ACOUSTIC S, 2nd Editi on

F Alton Everest

TAB Books inc, 19 89 , pp 36 6 . h;j ,d
covers and soli CrNe"S. ISBN 0 8306
9096 4 and 0 8306 9096 3
respectively.
Ausf Disfnbu lOl': McGraw-firli AU!>I , PO
80, 239 Roseville, NSW 2069. Tel (02)
417 4288 . Fa, (02) 417 5687 . Price
hard co ve, A$ 5 4. 95, soft cov e,
A$ 39,95 .

ThiS has a very grar>d tit le a'ld lnit lally
Qfle'N(Nlders IloVi all 01acoustic s carl be
covered in only J(;6 pages The
int rOduction gives the hint that the
author is concentr ating on t he " spect s
of acoustics related 10 Ihe use of sound
as a means 01 comm umcal ion. Tllu s
the physlcal and ps~llOohySlcal aspeas
for sound ",e considered in relation to
<l\ldio technOlOgy. WIthIn this area 01
acoust ics, . thlS book is very
comprehensive arld perneps deserves
l he gr" nd t itle

The tnst three ct1aPIers deal with the
fundarrlef1tals of sound a'ld r1Uman
hea" 'lI, The easy to-fol low and crecnc er

style of the authOr IS Immediately
ap.perent . tee test IS conlpl imented wltll
clear d:~rams and photograph s. The
mathematics is kept to a minimum
Suggested e. periments, using
equip ment which would be readily
aveilable 10 the aoolo technician are
scattere<!lhrou gh lllechaptefs

The ne,t fl'R chapters deal WI!h sound
Waves ar1dsound t,elll S in various types
01 spaces . The concept 01 comb tatees.
eChoe s, modes and reverberllt ion are
intrOdueed and their slgnll icllnc e cleariy
e~p1a l ncd. The fol lOwing Chapter on
noise , speech and mu s<c Is probably the
least comprehensive ehclPler, TO deal
wit/'ltflesesoulldsou'Ces ln only 20
pages was sure ly ,m imposs ible
chailenge. ltis clear t'la ttlle author ls
mainly concerned with ensuring faithful
reproduet,on ofltle sounds and not
interes ted In jusl allo...mg
comprehension.

Absorpli on "nd diffus iOrl are covered in
the nc, t three Chapters . Photographs of
commerCial products, especIally of
dlffus" ' s, are worthwtll ie inClusions irl
thi s secnco as the~ slloVi tile features
referred to In tile te, t and the line
diagrams, A shonc;ha pte, on controll ing
t he noise /fom the atr cond it ioning
system COV6~ t he prinClpies and
ccncio oes wltll a lIsting of seven
praet ical suggestion s. Tlle llCO\Jstics
requirements fO' l he home listeni'1!
roorn. lhereconjing studio,tfleCOntrol
room and mult~traek recording are each
coverec In a separate chdpter, Once
again enotogreons assist with
uooerstercrog the features drscusseo.
The li nal chapl er on acoustical
meas lil"emenl s I'las conSiderable
emcoese Ofl lime delay spectrometry
The book concludes wilh a glossary,
referer'lC(llist ing and an inde.

This book pro~i des a usefu l overview of
til e various asoecta necessary for
re<»rdlngandfeprodueingSOunds. The
ea.<,y style makes it an e, cellent book lor

::~~t~,n~: t~:t~~tr=uct~~~~
technology. It would also provtde a
uselu lr eference oookfOlthose cliI"rerllly
working in the hel" . Tile reason able
price makes il worth considering as a
persooalpurchase.

Marion 8 urgess

Mal ion Burgess is a reseoxn officer in
rile Acous tics and Vibration Cenlre al
lilt' Aus tr.:tlran Oetenre F~ Ac~.

Canberra and nas e, perience ""Ih

:::~::~s COa:::.der:;/::Sment;ng room
Acoustics Austtah



1~... 1
CSR GYPROCK
High Performance Ceilin g
SY5tem
n-..H;gh PerfOfTNJnCe ~I"'C SYSlen" i$

$l,o'tllbIeIorOOt'l ....all'¥ld~ili"iI<lOd

otfl!f'S<gI'llrQlfltbeneIU~ \tleu1>e

ot concret e. The ~"'Y 10 1M s~tern 's
ti lt! CSR GyprocK ResIlient MOIIr'lt. II
propr,clary component used lor
11Islening two layer,of 16 mmG~ptDCk

F."eche k to the unders,de 01 81.mbef
noor . The sound lIansm ;ssion Class
(STCj of 5 1 isl"," elGe» althe STC
45 ptes.crj~ as a minimum ,n the
BuildingCocle o/A usl 'lI lia
FIJI1M1f iIlf_t/Ct1: CSR GyOI'OCl<. le I
/02} 332 3088

BRUEl & KJAER
New Sound Level Meter
The type2236 .5t'1e lffit~ofan

l!'I'It ,rel)o _ flll1leofs.ound'-lrnet~

lo be re \e Ked by Bn.el & ~. Trw,
newpteQSlOfI,nl"i' '''''li sound leovel
metel'hasbe'en lau~ lI'I e'Chl

...efslQIlS.eilChcustomiseClto tllelll!'eds
ol II pa.t1cul~ group 01 u~s i'l ll
pIIrlicularcoonlry.ll coV'(!,s trlt!,elw lII11
nahOnal standards tor meas..."ng
environmenta' arld indust rial ooi<seli nd
comes In the local language. The meter
featu res llIow. test. impu lse . bu ill. in
oct_ 1lIt... , ilIldlogs LeqandLn.....

_&~""" "1)oi» ;236

Mult ichannel Mlc Pre Amplifier
The muI\iellamel m;croghone
pre¥l'IIlII~'"~ ....ppty II'lIN I mo<Ltes
i'II'oe ct,namoc: aodfreouency rtlngeS
oplIITlIl'I'dlG' "se-tl'lt!'le pottabte
~..,.~_ed Sony- PC 704/208 OAT

Zwick er Loudnes s
~ lMt-<fII'lolD"oe$sO\lllOl'l.t)I)t7638.
1$ fur _ WIth the 2140 'am...,. OIl
~. ttooon<sin$lf"CleCfta'W'oel

mode 0I'l trw NS<5 gI 113 oct_
anaty505 and '5 bMed on me
req.Ji,emef>lS oIlS0532B

Sound l evel Calibrato r
The typeA231 soundte-.-el eahbllltor is
ol lobu st pock"" lle sign lor use with
sound~~tel$and()(heI !oOUnd

measuring equ ipmerlt. 'n add,tion to tne
94 dB cal,b1at,on itaISQh aslL4 dB
ca libratlOl'l lor use in no.. ~

llI"lYirooment s
Furt/I(or in(onnar.oon : Broel & Mjltff. 24
Tepl<o Rd. Te"", H" Is. N5W 2084. reI
(02/ 450 2066 Fp /02 / 4502J7 9

ACOUSTICS RESEARCH
LABORATORIES
OAT Int erface
Aflellbleremotlleontrvlll'ltel1acel$flOOO
.... ailaOte IO'hiCh pem1otsttoe ARltoggen
to control arl"Ce of DAT f~,TI'e

TRI-004 lf>1e11ace ut,IiSl;'$es:abIl$he(l
remolecornrOistandards toeoablele-iel
\Jiggered and/Ot l'mer oonuollied
recordI"1&I 10 be obtained lIfIlleIthe
dWll chOl'l 01 a I\o$ t Enviro-l.ogget'. The
post r!tWtd'1li analysis scnw...... w,ll
allow l Ot automatic process'ng of
multi ple DAT recordings wh,ch hll \/(!
t>eeflobtllonedusi ngUle TRI-Q04remote
controlsysWTI.
FUfT~ inl'otmMion: Acoustic R~Mdt

laborafOfJeS. 16 94 Pac/ric Hoghway•
Hornsb)'. N5W 20 17. rei (02)4822H66
FlU (02)4 76 4 198

NIT
SYSNOISE
SYSNOISll$oneolt-.o_8lXlUSlIl;
$OltwarllproduCls~bJ

~ lntegrauon TecMOIog~ in
Belgium. SYSNOISE IS a
comprehensMl~icalacou$tlC$

sotIw. e P<tCkaee which allows the
lle5ig"lef to lflCOfllOfal e acoushC
considelatooosroeJ'lt frorn theiflct,phOl'l
and _ ll befoteaprot01ype "lI s bllen
construc ted. The oackage allowt. the
accurate model lIng 01 both the comple1
acoust ic and structurel-eccustrc
benil\'IQUr. The ilCOUt.ti<: Fimte Element
method lFEM) Is used most ly to SOliit'
intenor flQ'$Il protllem$. When
combined wrtn the W.,... Enwlope
[~ts. e .tCfiorrad'.lOfl patlems can

al$O be pred oe1ed Vlbro-acouStoc
problems illfe teeeted by comb,n.nc
slnldurlll FEM data ...th tile acoust IC
FE\4 or Bound¥)' Eleme'l t MetI'oOdS
(8[M). SYSNOISE llfOO'ICIe5 a tOOl lot a
rlfCeolu$llfsineludint~ 1fl

iJl/tOfnOtM!:. al'fO$p.lICe.sh,pbulldl nc.
t>oosenold "",,,iIflCe end consumer
t'lectrOnics ll'llluW_.

RAYNO ISE
H'&" qualltyac:ouslil; pe<1ofmanceC<lf'l
!M'DfO>oOdedby.~tne l)OfrlOel'ol

~bneclon georne-J1C8l

Il'IOOe'ls. RA~S[ ... an",,"llf'IOed
eomputef program :l' et enable$ the
lt$SI;'$sment oflnfarbrtrary entlo$edor
eeen spece. T)'PlC.&I applUo.JOf\$ are in
the anaIysi5 of room acoust ll;S.
IflduStn ai noise control ll$ well as
e l1.ltflOf and ern",orwnen lal nQlse.
RAYNOISE embodill s the con ical beam
melhod lI't1icn comb'nes thoet>enefrts of
botn ray triIClng lind mirfQI image source
method s. Gfaphical display capabiliti es
IflCluoc echo8fam VIsua lisat Ion. top and
slCle vicw sound rosetles. in terac! i'te
selecliorl of reflKtlOfls a'll! lOOfT\
OPtlOf1s.Coloor~canbeobt"'necI

for tlafameters SUCh" pressure te¥els.
deflfll1.ion. d illfrtyinoex.eartydecay time .
Ial fll'aI effici encvend RASn Inde...

fIIff>er inft:lrmltt<ln: AcoustICS ltd
Ww-lIl'ion~. Austlarii.-J Defefu
FcIc#~. C.-bena ACr 2600 .
TeI (06 J268 824 J F... /06J268 8276

DETECTSOUND
TIltS soItwar .. package has been
de$ lgne<I for the lIna1)Sis and seeeuo«
oI"'lImin£ souoos .tai<lng inl O llC:COUnl
the bac i<grollnd nctse. the "eanne
St ill ...Sofworkcrs li nd l ne ufoeofhe,.nng
protectors.
Further info rmation Sonomerric;
Inc..5757 Dece/cs. SlI,te SJ4. Mnntreal.
Que. Canada HJS 2C3. FlU /514J .345.998
ELECTRO CHEMICAL
ENGINEERING
lutron SL4001 Sound Level
Met er
TM mele<llfO\'ilM'S top~ 1I'l

..,~package.~ ..elhree
ranges. dB4 and dBC -entoncs. S or F
r~pons.e. peal< hold f.,<IIure. and an
intem al osc~lator lor ~ibfa\lon. TN!
unot lias DC end AC ootputs. frequency
response JO Hz toS kHz. ,- .e l ilCCIIracy
approximately 0.7 ea. and _oCls 250
grams.

FwTllt'r m~f>Ofl: El«froC~ocai

Engineering 90 Cllrdfor Road.
Rydalmere.NSW 211 6

LUCAS CEl
AU-dig lt al Sound tevel Met er
The CEl ·593 Sound t.eo.eI Analys.er is
the fo t aIktogotlll soun:l level meter .
s,gnaos from ee mocrophOne are
Cl:l!'M:'fted IfIlf\'loIldoately Into d",lal form.
lIInd fnYntnosdalabroadband lreqo..oency
~lIIndtimecons tan:sare

ea;culated~re_
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measurements can be made 01 14
paramelers selected to have two
freQUoency weightings , two time
constants ana two arnpllt ude ....eigntlngs
in any combination, Real-time octave
and th" d octil\le analysis is possible,
aoothe an1llysertlas an "event " mode
for me~lIfement of sources sut:h as
aircraft and road tra!'lic. PTelimina/'j'
processing is cosaoie on the analyser,
and results may be stored in mternat
memory or ollt)l ut via an RS-232
interface, .

Environmental NoIse Monit or
The CEl ·268 Environmental Noi,...,Meter
is a hand-held type 1 insll umenl ...itha
10 10140 dB measurement rane.e in

~~ee :.~~~;s . ::asu~~n:e::~~
Measurement rescue ava;latlle include
perioo t eq and Ln, shOI1 LeQ,event
profile and accumulative results.
Results may be outDlJl to the LCO
K r<*fl, stored in the 60,000 vaHJe
oon-volatlle inl erJl(llrnemoryandOU!OUt
via ase<iel interlace.
Further informa(ion: AWA Dist nbu/iOIl.
11 2-11 8 Talavera eo. North Ryde , NSW
1113.Tel {0218889000 Fa. (02)88B 9310.

NORSONIC
Real-Time Analyser 840
The No/SOllie near rsre Analyser 84 0 Is
a dual-channel type 1 precislOf1
inst rument It has a aynamic range of
80 dB and a frequency range 01 1 H~ 10

20 kHl in both channels,
simull aneousty. lIS inlem al personal
computer ensures lhat estensee
post~ssingoldatacanbe done

even in the field. cee ale presented on
tne Instrument' s 250mm ecteenor on a
VGA COlourmorulo r, and can be sloffld
In the intema l memory. on .. diskett e, or
on the inl emal 80 MB hard disk. The
anal)tser has one IEEE-488 and two
RS-232 Interlaces

Sound Level Meter U6
The fIoof!>Oflic Soood Le~1 Meler 116
measures both A· and C·",e,gtll ed ncee
levels l or both peak and rms values - all
Simoll aneously. The jnstre ment Is type 1
ac<:ording 10 rrc 651 and IEC 804 and
haS a dynamic range of 80 dB
Statlsl ICal aoalysis can be done wrth 8
Ln values. DlIta are presented
numcrltal ly aOO graphically on the
inst",me nt' s l CD scree n. can be stored
in the large internal memory. and OU\j)lJ1
ViII tre R5-232 inl erlace
FurtnCf Informa(lon: RTA Technofogy Pry
Ltd, ls( ncor, 160 Caslle/elO/th Sf ,
Sydney, NSW 2QOO. Tel (02)267 5939
f a. {02)26 1 8294

RTA SOFTWARE
Cassette Tape Logging Met er
Thls sell<:ontalned type 2 soundle..e1
measuling Instrument reetures
statistical processing CaPabilitieS,
battery backed memol)' 8fld Incorporates

a cassette recorder. The Iccorder may
beprogramrned to lurn on at selected
times and/or days . or when \heamluent
sound level exce<!ds a preset level.
Instantaneous A-weightecl sound levels
may be read on the 4-<ligll display, and
t ee. Lmax. linin aOO 5 Ln veioes
meascrec wilh For S response maybe
store<! in memory. UP to 2 weeks
continuous lecoroing IS poss ible.

FurtherinlOmllOfkm : RTA TecM oloiY Plr
L1d.l sf floor. 160 C8Sllereag!l St.
S)'dney, NSW 2QOO. Tel /0 2)26 7 5939.
Fa. (02 )261 82 94

ARC
Acoust ical Diffusers
ARO Tecl'lfIO'Ogyhas recentty lnt'odlJCOO
tne 700 Series dlf/u5Ion modules.
Based on numoe- theory, Ihe 700
seues USl! S a quaoranc residue formula
and gives oul standing pei10rmance ifl
both spatIal il<Id temporal dlffl)!,i(ln
Incident sound at ~most any angle Is
re radiated o_1BO", elomlnati ng sharp
renecnoos and specular'l y. whilst
pleserving energy. The modules are
Ideal to<any cntICal liste","i eeea. bom
studiOSIhrough 10 auditoria. M d grear l~

Improve ambience and speech
intelligibility.

Furt ller InformaflOn: ARQ TechoolOO",
46 Slat Ave. Croyr1en PIc. SA SOO8
Tel (08J34 6 4 J99

ACOUSTICAL CONSULTANT
BRISBANE OFFICE

W e ~lIite eWlications f rom q.Jalified

S';~~I~~~~le~~Jro~rj~~Mr~;~~~. of

c~~~m'dfvs:l~s~~~~~bjret~
senuat COfl5Ult ln;l exp erience will be
stronglyfavoured

~~~~~r~ ~If~i~~~f;;ral o f the

* Aldlitec tur al AcOU, fics * rr etnc Noise

* Env ir(lrYfleflt (ll Acoust iCs _ hdJs tri<llro se
_ V tlration Ccntrol _ Blast EmisSi0n5

Please direct enqu iries or sendresume to:

The Man ager

Richard Heggie Associat es Pty ltd
22 Gffno ck Avenue /1'.0 . Box I4BI

NORTH RYDE N.S.w . 283

Brilb,;me 07 87 00462S - Syd ney 02 805 -0144
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E NVIR ONMENTAL
NOISE CONTROL :::::;

YOUR SOLUTIO N TO
INDUSTRIAL NOISE PROBLE MS

MANUFACTURERS OF ACOUSTIC
• Louvres · Doors · Enclosures

• Silencers & Steel Fabrications

SUPPUERSOFEOUIPMENTFOR:
PROJECT, F1RSTGOVERNMENTHOUSE

GOYERNORPHilLIPTOWER
CUENT: AOVANCEOPOWERPROOUCTS

CONSULTANT: ROBERT FlTZEl L ACOUSncs

Phone: (02) 755 1077
50 RIVERSIDE ROAD

CIII PPIN G NORTON , N.S.W. 2170
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AUSTRALIAN ACOUSTICAL SOCIETY ENQUIRIES

' NallftCIlionofctl8n9tol.".d...,
GeoerlliSeoelary

SOCIETYSUBSCRIPTIONRATESAAf3..-SCill'lC*CO!nlreFQUt'\ll3tlon
• Pl ymenl of """u_ l ubla lpllon ~~~~~:I~\07296 F'OmlAPRll l fmmerr llef\l'liJl

EflCP.l lri,, ",~rd l"ll ....mbtllhllllndsu'tlini"g_lltfI.hip_tlt
- - - suose~ w;. ::e ilSlobos

dirtdedlolhl llpll<Opnat. SlIt I DlvlsklnS ecreWy I I Ul. " oU.$-WADiYisioft
F.... anclt.lemoe< .,_.__.__ S8S

AAS· N$WDlYkt/on A/5liale and SWwibef . _.._._.. ~
F'OIlo:< '09O SluOent "._.•_ secSc:oenceCentr,Foo.._ WESTPERlH6872

PnwIIeBa<J 1 .~T 201 0 AAS·OuHn_O'.....,. Sec....r Rl~
Sec. "S~ Ci- i'lonRurmIoPlylid T"IOS~ :l671i2OO ANNUAL CONFERENCE
Tel 102l922 ~l 99f.. (02)m ' ''62

e*~'6$ AAS _Vlclorl l Oivioion Copi&sofpasl conlerenceproceedngs
MS · SAD;oitloIl
CI-OeJ>_ dl.lodlEng ~~~:?stPO

maybeorderedlr(llll

.......,"'- 101(07) 318 9211 f'ubhcalionsOllICef
~~~~98zi~Lo\IDE500 1 Tel (01) 7940677

Austr(ll,)'lAcoosbcalSooety

TellOBlm5698 Fl. (OIl1224 04134 Fa<(03)7'94SI68 lST~ Aoocl, OUfW. 2156

ACOUSTICS AUSTRALI A INFORMATION

GENERALBUSINESS
" AlMr'l!$Irlg "Subwlpllon.

MrsLeil]:1W.l tlani<
PO8OJ: 579. CAQNUlJ.A mo

T~ (02)528 4362
Fax(02) S239637

ARTICLES& REPORTS
NEWS, BOOK REVIEWS

NEWPRODUCTS

Th< ''''''AcouslicsAus'Jarlii
AcousbCS &VibralionCentre

'Of'CANBERRA ACT2600
1el (06)2688241
Fax(06j268B276

ACOUSTICS AUSTRALIA EDITORIAL POLICY
scccsrce Australia is the house journal 0Ilt1e Australian Acouslical Soci!lty. II publisl1esgeneral t!lchnical articles in all areas
01 aoouslics 01 jnterest to members 01 the Society. logelher wrth relevanl news and views. Review papers, co~ering

partIcUlar r,elds 01acoustics al'ld addressed 10 a noo-specialist acouslics readllfsh ip. as well as papers o! a "tulorial" nature
dealing with imponanl acolJstical prrnciples or lechniques are most welcome

AOOUSllCSAustralia does not aim 10 be a primary ecereec journal, and therelo<e does not normally pub lish primilly -eseece
papers, with the exception 01those thel apply specifically to Aust ra ~a . M ieles should generalfy not exeeee live journal pages
in length (i.e, about 6000 words, wilh each square single-column dlllgram being counled as 300 words, and pro-rata IOf
diagrams 01 other shapes). Aulhors submining Iooger artICles may be asked 10 bear the eKll"apublication costs invoNed
Shorter "Technical Noles' , no! exceeding one joumal palle in length, are also welcome AUarticles will be sutlmined 10
independenl revew before being accepted lor pub'ocation. Ttvee coples ol te><tanddiagrams.logelhefwithorig inalsofall
drawit'l(ls,sh ouldbesubmilt03dtoIt1eE d'tor. Thedrawings muslbeol pub~catlon qual ily a r'ld letterrngmust be ol such a

size lhat il will be no less than 2 mm high wt1en the l;gure is reduced to s;" \Ile-column size (width 85 mm), In order to
speed our pl"oduction processes and save costs, authors ara requested 10 submit papers, following their approval. ,n
compule r readable lorm using a standard WOfdprocessing program such as Microsoft Word, woeopertect, lotus Manuscript,
TeX or LaTeX. or in simple ASClllorm, (Please consult the editor eeto-eusing anomer lormaf.) Three hard copies complete
wrth copies of diagrams are however slill required for the review crcce es
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• MECH 94 · R~reeEnei'--'n&
II'dudll'\&tro-annual Australian Vlbratl(lll
and NaseConle<ence
~ra;js : CotIwettt"", Malager.Medl 94.
A£~toons.£~~. I J

/tIilt/OflMe.m.1. Barton.ACT2600
Ttl (06} 2 70 6530.
FiU./06 j 273 291 8

ok-. 5-9, CAMB RIDGE
127t!l~'"C~ticalSoxtelyof

"""'"Dcl4lls: Acoll sloeal So(;fe ty ot~.

SOOS""",,,lOII Bou!evarrJ. Woocltxnt.
NY JJ 79 7, USA

July 18-21. SOUTHA M PTON
Sth lnte'Tllll oonarConferenc:t Ofl
RECENT AOVA,'fCES IN STRUCl l,;R4.LDY.
N,o\MICS
Dera ils: ISVRConference Secrer lJfillf .
The Universify. Southllmpron. 509SNH
EngJlInd .

A~cu.t 2:1--215. SEOUL
WESTPRAC V
Details: Dr I~ Whan Chao
)'onsll i Uni'ICrsify. Se<>uJ.Klm' 1I

AllCu l t 29-3l, YOk OHAMA
IlIotE RNOISE 94
DefIll IS.YOIfi $uzulu. Sone Lab.R IftC. To­
lIoI<uUnIV,2-JI K.1ralWil.
Iooba-Kl.f.~fldai. 980 lap¥!
Te' 8 J 22 266 496 6.
F~ 8J 22263 9848. 8J 22
224 788gemai l: 1fI944iJnec.tohol<l.f.ac.jp

Novem bef 2B · Dec em bef 2 , AUSTIN
12 8l MMeellMC Acoustiu l SOcotty of
AmeriC.
De/ails : "coo Sfleal SOclftry01America.
s00S4mnySH1lt8otJ1IIl¥ard.WoodbW)'.
NY 1119T.USA

1995

M8y 31 · June 4 , WASH INOTON
129:h \l~IlAcousbtalSoc.. tyo1

"""""Det.. ls: Acous f0C8/ Sociel)- oI~".

5OO~~Wd.~.

NY 11197. USA

Ju/)' 10-12 , NEWPORTBEACH, CAUF
INTER/I,()lSE 95
~_: INCE/tISA. POBo:o320e Amrc-
ton BtfllCll . Pouenloeepsot. NY J2603
USA. "u .. 1 9J4 4739325

,.,....,.,., 2 7·~l, ST LOlJI S

13OU' MfttllC .talustJtal Scx:oetyof

"""""Dft.aolS:Acou.IlCMS«.l)'oI~

5OO~fJoo:MYIrd.~.
NY J1797. USA

COURSES
1Mecceereoce ....lh rhe recoenotionof tbe
imDOI1i1111'lC'tofCOf11'tlI,l/r'C8ducallon .de­
taol:sol eour," "eId lrl AuW ;Jl,a are in­
clude<llfl !,hISsectlOl'latno,Charge.Aod
d!tJonal ~le' l$ can be &-n in an
adver1i.emenl .JInormlllrilllle.

1993

CA NBERRA
NOVEMBE R 1-4
BA.SICS OF NOISEA...,D VIIlRATION
CONTROL
~tails; Acoo$ tic.6fld Vib,..rIOllConrrfl ,
Aust. Defflnce F<Ycf/Acd!'m~.

CI/f1I'NtrrIl. ACT2600.
Tel (061 268 824 J
F.~ /ooj 268 8 2 76

SYONEY
NOVEM BER 6-,
A,Ul OSOUNO 2000
()fola'/s ,' Aret'I.tOi. lrbutora.
POSO. 280 . VOCfOO. Pan.. WA 6Joo
Tel /(9) 36J 542
r a../09j 4 70J427



A personalised SLM
to match your needs

Environmental and industria l noise meas urements

using Precision Integr ating Sound Level Meter Type 2236

and Sound Level Calibrator Type 423 1

Ne.. Ge<Ie'otion: Tl'P'!2236 os' .... ''''' ''''''' _o<Sound L.....,I .....l.... . U .-bon;ryroewsMape wiloet tnes \ar d. 'ds

Pen ... allsed: CC"'u ., 8 ~""". ea:~ t""'~ to thll """",fIc_. oI~l ancl l'\(lu .t". I ~Jiierll.,I ;n ., p."'c" ar co\mtl)'

Upp _ blo: Car>"" o,qr.oeo MInbo.o~,,, oct_ Me'(NoilOd on to onc~,", " re/"", it'l\)

t'l_.IIJ~ ....., \fl ........O'Ill.ilO!<'s.1Ole 'eill\lfeS ; baCk~~(liSple,. non-l'Ola' le me!'rlOl'l' .n(J se ~~.DI.nlltory d,. loiu<>t>a.edope ration

V....a\ile: 2236 e. n llClM . CO. I..," e<li.... rront-<"xlkJrd.t . a<:qIJi.. liQn . f!lle"' • • pr(l\t, d'"iu"we iKNed .c albu lO1\l'KOI'dl"ll '

Briiel & Kjrer Australia NATA registered laboratory (No. 130 1)
Includ es the NEW com puterised test/calib ration system. B&K 9600, for all your B&K

sound equipment calibration needs

Type 5966/6968
* 4/ 8 cn. nnel,(0 .5 Hlto2QKHZI
* tl ;>eM input cnannel
* ""' pill""" and pMS<!malct!ed d1amel $ IP pao'l
* lI n /A-we'll~I~d Treq re<;p. IlEC Type OJ
* 0 .20 Of 40 <lb .ele<:tab ' ", e~""ne1 g. ",
* U"IOb Ie "",tn ~aTron aeeE'lEorornet'"

Briiel & Kjrer
Acous tic and vibration

front-ends for

Sony DAT Recorders

PC 208/204
(Accredited Sony Dealer)

Type 5963
* S, h""neI.
* ltac:oo if'p.ltd""""'1

* Po-werwpply an<lS'llI'a l «>n(h\iOf\llli 'O'
0e 113Tron"" cele,omete'S {consUlnt curren\)

F()t furr~ ",ft:Nmilll()n

OOIItaclYOUf/oGB1

Briiel & Klrer
NEW SOtJTH WALES

Tel : (0 2) 4 50 206 6
Fu : (02)450 2319

WESf AUSTRALlA

109 ) 242 5944
(091 2425950

VICTORIA
(03)370 7666
(03 )3700332

QUEENSLAND

(011 252 5100
(0 11 251 13 10




