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Members arc the most important element
in any Society . Without them the Society
ceases 10 exis t; without active members
the Society will with er and becom e
stagnan t. Th us the Registrars Report 10

Coun cil is always an importllllt guide to
the status of OUT Society. In November,
1992,theSocictyhadatolal c f 4l3
members which grew tc 418 in 1993 and,
aft er allowing fQr new membe rs and
resignations, a furthe r 1 were added to the
total for 1994. Thu s it would seem lhat the
Soci ety is growing, alb eit slowly.
Unfortunately, the true picture is not qui te
sorosy.Atlhepresent time,9Bmembers
are non financia l,which implies that the
real membershtp of tbe Society could be
lesslhan350.Divisionshavebeen asked
10 take acti on tQ recover unpaid
subscriptions and re-activate as manY Qf
our colleague s as poss ible. If yc u are one
of our non financia l membcrs, pleas e help
swell our rank s by paying your
membership. II 's not just the registration
fee that is important, but the extra
momentum that a strong, active Soci ety
cangenerale

One of the ma in charters of your Society
is to promo te acoust ics in the wide arena.
To this end, for example, the Sccieryis a
membe r of the Australian Foundat ion for
Science which is currently developing
ma teria l for promoti ng sci ence,
technology and the enviro nme nt at
pr imary -school level. In addition,
members of Ollr own Society are at present
engaged in preparing publicat ions on
acoustics and noise to improYe pub lic
awareness c four discipl ine, particularly at
a high schoo l level. Our annua l
oonfere~sand Arou.l"/jcsAus/r(lJjaare

the Soci eties two main met hods of
diss emin ating know ledge amo ngst the
acoustlc ccmmunity, The success of the
1994 Canbe rra Conference and the high
quality of the magazin e you are currently
reading indicates that lhe Sodety, and its
memb ers, are ably fulfi11ingthis goal

Towards the close of the most recent
Coun cil meeting, the Society was asked to
respond to an Australian Science and
TC\:hnology Council (AST EC) question ­
nair e on the future slat e ofaccustics in
Austra lia. In summary, we were asked

what we co nsidered to be Australia' s
streng ths and weaknesses in the most
premising areas of acous tic research,
developm ent and commercialisation over
the next 15 years. The answer to such
questions are difficult ,yetimportant if we
are to infl uence the politician s which
direct the purse strings. While an initial
response is curren tly bei ng prepared, on
adv ice from the variou s 11Iate Divis ions.
the quest ions deserv e longer and more
cons ide red deliberation. At the most
recent Counci l meeting there was a strong
fotling that too much of Council. time
W35 devoted tQ relat ive ly mundane run·
ningof theSocietyandroolittlerimew3S
directed towards concep ts luch as those
ra ised by the above quest ion
Consid eration is currenrly bein g given to
streamlining the organisa tion to allow a
shift in the balance of work of Council
For the f"l1$t tim e in many years, it is pro­
posed to have amid-year Council meeting,
rather than one immediat e ly before and
after the annua l conference, in order to
hasten this process

Charles Don_ Vlce President
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SO CIETY

1995 Annual Confer ence

pu tting th:~~~~~~~dfe~~~~ to work

15-17 Novem ber, 1995 Freman tle, W A

To be held in the mag nificent Esplanade Hotel
in Perth's port city of Fremantle. This historic
tow n, rev am ped fo r th e America's Cup
Challenge , is now a ch anni ng city with a
caref ree fla vour. Betwe en con ference sessions
you can stroll the harbour or sip cappuccino in
the pavement cafes .
For further details: Graemc Yates

Tel: (09 ) 380 3321 Fax: (09) 3RO1025
emai l:gyates @uniwa.uwa.edu.au
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TECHNICAL PROGRAM will includ e
papers on arch itectural acoustics, acoustical
properties of materials , mu sical acous tics,
physio log ica l acoustics, enviro nmental
noise, transportation noise and occupational
noise .

WORKSHOP ON O TOA COUSTIC
EM IS S I O NS will provide a general
introduction for participants who wan t to
kno w what this la test inno vation in
audio metric testing is all about. No initial
knowledge of emissi ons or audiology will
be assumed.

TE CHN ICAL EXHIBITIONS where
manufactu rers and suppliers will sho w their
latest products.

PRESIDENT'S PRIZE awarde d for the
best paper presented at theConfere nce.
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OPTIMISATION OF BUILDING VENTILATION
OPENING SIZE IN A NOISY ENVIRONMENT

Chris Field and Fergus Fricke
Department of Architectural & Design Science
UniversityofSydney,NSW 2006

This paper was awarded the 1994 PRESIDENT'S PRIZE
The President's prize, established in 1990 by the Australian
AcousticalSociety,is awardedto the best technical paper presented
in the AnnualAustralianAcousticalSocietyConference.

ABSTRACT: This paper addressesthe problemof achievingnoisereductionin buildingsthat are exposedto road
traffic noise whilesatisfyingventilationrequirements.A designprocesshas been developedthat optimisesthe size
of an opening in abuilding for ventilationwhile estimatingtheatten uationofexternal traffic noise inside the
building. A fan with associated duct work is fitted to an opening in the building facade to provide ventilation.
Therefore the optimisationof the opening size is used to determine the necessary fan characteristicswhich best
suits the opening. The process allows the user to specify particular environmentalconditions inciudingtraffic
noise spectra, required ventilationrates, ventilationfan type, ventilationduct characteristicsand building facade
properties.Modelresultsare presentedindicatingan optimumventilationopeningsizewith the associatedinternal
noise levels.The work is part ofalarger studyinto reducingnoise through ventilationopenings.

1. INTRODUCTION
The noise from road traffic in urban areas is a well known
problem throughout the world. While there is an obvious
requirement to reduce the level of external noise entering the
building enclosure, ventilation standards must also be
adhered to. Unfortunately, the methods of obtaining
satisfactory levels of noise reduction and ventilation conflict.
Therefore there must be a point of compromise between these
two functions.

Extensive research has been carried out into the shielding
of external noise provided by buildings (1]-[4]. While the
need for ventilation is acknowledged, a method of ventilation
and the noise characteristics associated with it has not been
included in the research. Similarly, many references
concerning heating, ventilation and air conditioning systems
(including fan engineering) concentrate on the resulting
sound levels in enclosures due to ventilation fans or devices
performing the ventilation process, without taking into
account other external noise sources (such as road traffic)
affecting the enclosure being ventilated [5]-[9]. An important
combination of these two functions involves a design process
that optimises the size of an opening in abuilding to satisfy
ventilation requirements while attenuating external noise
from road traffic and noise generated by the particular
ventilating device. This paper outlines the development of
such a design process. Two case studies are presented to
demonstrate the process.

2. THE DESIGN PROCESS
A design process has been developed that optimises the size
of an opening in abuilding for ventilation while estimating
the attenuation of external traffic noise and ventilation fan
noise level inside the building. To provide ventilation, a fan
with associated duct work is fitted to the opening in the

building facade containing a window. Therefore the
optimisation of the opening size is used to determine the
necessary fan characteristics which best suits the opening. A
spreadsheet program was used to provide a range of opening
sizes in the wall for ventilation so as to obtain an optimum
hole size.

Initial Conditions

Some initial conditions had to be established to begin the
design process. Although particular conditions have been
chosen, these could be set at any reasonable values according
to the desired environment. This allows a sensitivity analysis
of the results of the design process to be carried out.

The dimensions of the room to be ventilated were set to be
similar in size to a normal bedroom, measuring 3x5x2.4 m
high. These dimensions were used by Lawrence and Burgess
[2] for a bedroom in an experimental building used to
measure the reduction of traffic noise by facades containing
windows. The facade exposed to traffic noise measured 5x2.4
mhigh. The design process was developed to allow a road
trafficnoisespectrurn in octave bands from 63 Hz to 8 kHz to
be used as the source of external noise. Typical values were
taken from a relevant reference (10]. The ventilation rate of
the room was required. Appropriate ventilation requirements
were taken from Australian Standard ASI668 Part 2-1980
[II]. Different ventilation rates could be chosen according to
the class of occupancy involved. The option was made for an
inlet duct to attenuate fan and traffic noise entering the
building through the ventilation opening (assuming that the
air intake was on the noisy side of the building and the
exhaust on the quiet side). The length of duct, number of
bends and type of duct lining could be chosen as required.
Calculations could be carried out without an inlet duct
attached. The duct was asswned to be on the inside of the
building and that no duct breakout occurred into the room.



(4)

Appropriate values for the absorption coefficient of the duct
lining in octave bands from 125 Hz to 4 kHz were taken from
a relevant reference [5]. The transmission loss characteristics
of the walls of the building were chosen to correspond to
single leaf brick masonry walls and the windows were chosen
to be double glazed with an area of 10% of the total wall area
[12].

Fan Selection

To select a suitable fan, the fan pressure needed to circulate
the required flow Q had to be determined. The total pressure
drop of the inlet duct system is estimated in a similar manner
to that adopted in common fan engineering references [5],[6]
[S], [9] i.e. the total pressure drop is obtained by adding
together the elements of total pressure drop around the system
including:

• Losses at entry to the inlet duct from atmosphere
• Losses due to friction along the duct length
• Losses at bends
• Losses at discharge from the system to atmosphere

The total pressure drop due to air flowing into and out of the
room is calculated using the equation:

MTOTAL = (0.~L + Kentry + nKbends

where + O.02~~al/ + Kexit)~PV;ir [Pal (I)

L=length of inlet duct (m), D= diameter of duct to fit opening
(m),Kentry=coefficientaccountingforlosses at entry of inlet
duct [6], K bends = coefficient accounting for losses atthe
bends of inlet duct [6], Lwall = wall thickness, n = number of
bends, Kexit = coefficient accounting for losses at discharge to
atmosphere [6] and p= air density (kg/m'),

This pressure is the fan pressure needed to circulate the
required flow Q. Normally there would be further resistance
due to airflow through the interior of the rest of the building
(as the room would be joined to other rooms). It has been
assumed, however, that the air flowing out of the room flows
to the surrounding atmosphere. Since the average velocity of
air through the ventilation opening is inversely proportional to
the area of the opening, the total fan pressure required to
circulate the flow decreased rapidly at a rate of II A' as the
area of the opening A increased.

Obviously the most reliable method of determining the
sound power level ofa particular fan would be to obtain sound
power levels in each octave frequency band from a fan
manufacturer. In this design stage of the ventilation system,
however, only the required duty has been established. The
type of fan to be used has not been decided upon. Therefore
an empirical formula must be used to estimate the likely
sound power level that will be produced. An approximate idea
of the sound power level of the chosen fan was gained from
the following equation [7]:

t.; = 1010gQ+2010g6Ptolu{ +37 [dB] (2)

There are correction factors for different fan types in
different frequency octave bands. These have been
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incorporated into the design process to illustrate the
difference in optimum opening size according to fan type [7].
The application of these correction factors allows the sound
power level ofafan, for a particular ventilation opening size,
to be calculated in octave bands.

Attenuation of Noise Provided by Lined Inlet Duct
The level of attenuation provided by the inlet duct is a
function of the absorption coefficient of the duct lining. Fora
straight length of duct L metres, variations of Sabine's
equation have been used to provide reasonable estimates.

Estimates of the attenuation provided by lined bends were
very difficult to find in relevant references. The data that were
found are difficult to compare because many different
measurements techniques are used and the fact that there is no
consistent nomenclature for the noise reduction provided by
bends. Field measurements indicate that the attenuation due to
a 90· bend in the duct work would be 10 dB higher than that
for the same length oflined duct [13]. This is valid provided
the lining extends at least two diameters of the duct each side
of the bend. Therefore the total attenuation provided by a
lined duct of diameter D metres with n 90· metre bends can
be calculated using the following equation:

Total attenuation »

4. 2aJ.4(i)+n(S.4aJ.4+ 1O) (3)

wheren =nurnber of bends and a = absorption coefficient of
duct lining.

The absorption coefficient is a function of frequency.
Typical values in octave frequency bands were taken from a
relevant reference [5] to obtain the total attenuation provided
by the inlet duct.

Equivalent Transmission Loss of Wall with Inlet Duct
Attached

The transmission loss ofa wall with a window and an opening
for ventilation with an inlet duct attached was calculated in
two stages. Firstly, the equivalent transmission loss of the
building facade with a hole and window in it, calculated in
octave bands, was determined as an overall area-weighted
average of the wall, window and duct cross sections. For this
calculation, equation (4) was used.

Obviously as the percentage open area increased, the
equivalent transmission loss of the wall, window and hole
decreased. The area of the hole dictated the level of
transmission loss provided by the composite combination.
The equivalent transmission loss with the inlet duct attached
was then calculated using an equation similar to equation (4).
The equivalent transmission loss decreased in a similar
fashion, but at a slower rate, however, than that fora wall with
only a hole it since the inlet duct has the ability to attenuate
noise.

TLeq =-lOlog(Awall't'wali + Alwle't'hole

+ Awindow't'window) I Alolal [dB]
where 't'wall=It waU/li

't'lwle=/r hole/Ii
't'window= It window I Ii

Acoustics Australia



...here L... fl)OItI - fAIl L,., clkulllC'd in equa tion (6) .

Thc tams J.. and J.. arethelralllll\ itted and incidenI Wlllld
inlen sil in reipeCtivc ly

NolM'E nttri ncRoom
The noise entering the room will be I combinl tion orran Il/Id
n ffic noise tbal hu b«n ll tenualed by ltlehned inlel duCl
Illdbuilding fac.de.

The sound pn:s1Ull:kve l of tnffic llOise enlerin g ce room
is detcnnincdbysub\nll.:tingthc'equiYlllenlU'lnllnissiOll.Ioss
in c:ach ~ band (:l.kullled ill lhe equation llirni lar lO

IClflWItioa (.. ). from the tnffic naiw IIpC'CtJUm in ocuvcbmdlo
sctintheinilialconditiom.SincetbclllcnlMtionprovidedby
the compos ite buildillg fl(:l.Cfedca'eued as ee Ilea of the
openingforvenlill tion incn:aM'd,!he levelof tnffic noise
enterin g the:room iocl'CUCdas tbc IJU of Ymtilationopenins
incn:ued. The tnff lC noiK m lainS the room. howeYer._
iarFly low 10 mid-~ POise (A·_ ip led). The noise
kvcls in the 250 Hz 10 I kHz ocuvc bands ..ere the <mly
signifl<:anl torWribWon 10!he O'owalllnffie noDeIc\d in !be
room. Hence !he coalributioo of theIBffie noise in !he room
10 the""nall sound level ill the room is only sipiflCl.lll for
lalllevcntibtion opmin, s in the building facade becauseof
the \oloo<erequivalm l tnmmiuion loss~ by !he _ II.
..~ bole and Wei dua II luJer~tibOOa openins......

In addi tioa lo thc fAllnoiM' bein, I !teDWlled by lbe lined
inldd\.lct,endrdlcetioaOCCW1l1themdof lhcduct run.
..,ku the dlICI diameter is very larJe (compared 10 the
.. -aveICIIg!h of 1OIIIId). The maximum end re liectioo OCC\ITIII

Iow frequencyas lhe ......vclengthi,lrelllclteom~with

thc:sizcof lhcopming. Equalion {5) ..... usedlOcaIculllle lhe
end reflection. lou dependi nl on frtqllel'lC)' and diamclcr of
lbedua: beinillUedlgJ;

<1L ",IO IO+ + (~r-U] (dB) (5)

where Co i~ lhe speed of soWldin l it (J«m1s),f is the octave
band frequency and D is the diameter oft he'duct

The sound p<J'W'Cf level of the fan eilierin, !he roDIJl in dB will
therefore be:
t...__ .. t...t- - Qltr",..,t;lHf by illirt du el (6)

- rnd rtfl r etiott

where the attenuation by the inlet dUClin each oclllvcband is
Cllcu l. ted from equation (l ) and the end reflection loss in
eactl octave band for a par ncular c uct area i. calculated in
equation (~).

The sound power level of the fan in the centre of the room
il converted to an equivalenl IOWld presl\IJ'Clevel usin, the
slandar dequalion for i point source localed in !he centre of
the wall, asl uming the fan noise rad iates hem ilp hericill y on a
l ingle reflectin g surface. The average . bsorpt ion of the
interior of the room wu .l . o lllken into account Flg.l TOlalso..nd prul..... lew l in _ (diffr...m fan ryprl; ...

ptl"€,nlageOfH!na,.,a[M...,IIma,lon

3. CASE STUDI ES
\ 'aria lio ll . fF.. Type

Tbe CClt'KCIiOll facton for ditfen:nt fill types~
mentionedindiCltCIMt the noiseIc\d in the room and hence
lhe oplimwn ventilatiot1 opcn in, size is l~dy innllUlCed by
the type of fan usedfee \'Cntilation . Fig\IJ'C I sbowslhetola!
IOOlId prellUre level in the room as a functio n ofpcn:cnlllgc
open area (corre spond ing to the size of the opening for
vmt ilation) for differenl types of fans . 'The di fferent fan I)'pcl
~idered wet'C flll'WMd curvcd CCIIlrifugaLback\loardcurvcd

centrifugal ,radial" u ial and prope llcrfanl .

D"d.irectivity offan, a-l\-erageruomabsorptioneoetficient.
S - stufacc Ilea of room (m'). ~ .. disWlCe from duet u it to

room eeeee (m).

Thc so und pn:SI\IJ'Clevel of the fan in the centre of the
room dccrclilcd as Ihe size o f the venti li lion ope ning
iecreased in a similar fuhion 10 the IOIUId power level eieee
all the terms ineql&lliOft(7). ex.ccpl ee fan sound ptJ'o"Ukvcl
L,.,.- are WlISWttl.

Total So u. d f'ttuurt u..~lla RoolII
The lOtallOUDd prasure level in the room «lUld thcll be
detenninedby aMi ng l/le coa triblltiona DUlde by the tralrw:
noise enterin g the room and the noiM' from lhe fan mkring
lhc room .'The overa UsoUDd pn:S5lI1e levc10 f lhe traffic noise
ia the room \loU detcnnincd by addinglbc:cquiva lcnll'luam:!
~oflhelrlffICDOiseiJllbcciJhtoctavcbu>dsand

then couvmirtil Nc k 101 IOtalIOUDd~urc level. Simi1ariy,
!be 1qllln:d~oflhc faDDOiseinthcroomwere

eombincdandCOflV'Cl'ted to.1OtIl soundprnaurc level. The
uvemllOUlldpraSl&rC 1evd intbe room due 10 llIc fan and
lrlffi c COIIld tbCllbe calculatcd using I li milll' technique

Thefaetlbalthc sound prnsun:level of tnfflC notM'in the

room increases as the sin-oftbe venti lation opminCincreasn
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the optimum ventilation opening size for forward curved and
backward curved centrifugal fans is smaller, allowing a more
compact size for a given duty than other fan types. The
smaller ventilation opening size also increases the effective
transmission loss of the building facade to the external traffic
noise. Therefore the type of fan used will also affect the
amount of traffic noise entering the room in addition to the
amount of fan noise entering the room. From Figure I,the
optimum ventilation opening size for the quietest fans

- (forward and backward curved centrifugal) were
approximately 1% of the total facade area exposed to external
noise and 1.6% for the noisiest fan (propeller). From the
nature of the curve for areas greater than the optimum
percentage area, it is reasonable to expect that any opening
size between I and 4% of the total wall area could be
considered for ventilation purposes.

Variation of Traffic Noise Characteristics
The design process required that the traffic noise spectrum be
set in the initial conditions. The typical spectrum chosen [10]
characterised urban flow traffic (below 60 krn!h) directly
outside the building facade, which is dominated by the large
amount of acoustic energy concentrated in the 63 Hz and 125
Hz octave bands (due to exhaust noise generated by heavy
diesel commercial vehicles). Obviously this type of traffic
noise will not always be present. For traffic flowing at steady
speed (greater than 80 krn!h) the spectrum contains energy
concentratedathigherfrequenciesduemainlytotyre/road
interaction noise (not present at low speeds) and mechanical
noise from power train components. The nature of the noise
will also vary with distance from the building facade. Hence
it is necessary to investigate the effect of different traffic
noise characteristics on the optimum ventilation opening size
in the building facade exposed to the traffic noise.

Fig. 2 Total sound pressure level in room (different types
a/traffic noise) vs percentage open area/or ventilation.

A traffic noise spectrum with acoustic energy
concentrated in the low frequency bands was used to simulate
suburban traffic. Likewise, a spectrum with energy
concentrated in the high frequency bands was used to
simulate freely flowing traffic. To allow a comparison to be
made between the two forms of traffic, the dB(A) values of
the two spectra were kept equal Figure 2 shows the total
sound pressure level in the room for various ventilation
opening sizes predicted using the design process. The
optimum ventilation opening size for the suburban traffic
noise was 1.0% of the total wall area and was 1.5% for the
freely flowing traffic (both points are shown on Figure 2).
This indicates that a larger opening size can be used for the

freely flowing traffic because the building facade and
attenuating duct are able to attenuate the high-frequency noise
more effectively than the low-frequency dominant suburban
traffic noise. The difference in attenuation of the two types of
traffic flow can be seen by the distance between the two
curves (the ventilation opening sizes where the two curves
overlap is the region where the fan noise is dominant).

4. CONCLUSIONS AND DISCUSSION
From this work it is concluded that the optimum size fan for
a ventilation opening, when there is a fan and a short length
of lined duct, is about 1-1.5% of the total wall area. This
compares to about 5-10% of openable area when natural
ventilation is utilised. The difference in noise level inside a
building, with brick veneer construction, facing a road will be
approximately 17dB(A).

If only a fan is used (without a lined duct),the optirnum
opening area for minimal sound level will be 0.75% with a
soundlevelreductionof9.2dB(A)overthecaseforl0%of
the facade open for natural ventilation. Compared to the
reduction due to a barrier this is significant.

The work described forms part of a project to reduce noise
entering building ventilation openings. Future work will be
concerned with developing alternative methods such as
'intelligent'openings,noisecancellationandsystemswhere
there is a road barrier between the inside and outside of the
building.
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VIBRATION SIGNAL PROCESSING USING
MATLAB®
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ABSTRACT:Vibration signal processing has traditionallybeen accomplishedusing analog and digital signal
analysers, or by writing assembler,FortranorC compiled code. The advent of higher level interpretive based
signal processing software products like MATLABhas added a new dimension to vibration signal processing.
This paper will outline the applicationof MATLABto analysisof the vibrationfrom rotating machinery such as
rotors, gears and bearings.Sophisticatedsignalprocessingtechniques can be developedwithina very short period
of time giventhe flexibilityand interactivenatureof MATLABand the rangeof in-built functionssuch as Fourier
transforms,cubic interpolationsand digital filters.The threedimensional colourgraphics includedin this package
providesa sophisticatedvisualisationcapabilityfor the more advancedsignalprocessingtechniques.

1. INTRODUCTION
Vibration is the study of the oscillatory motion of objects
relative to a reference frame. Vibration is evident everywhere,
and in many cases greatly affects engineering design and the
performance of engineering devices. In some cases vibration
can be harmful and should be avoided, in other cases it can be
the crucial element in the success ofaparticular engineering
process. In Mechanical Engineering, knowledge about
vibration is very important and the measurement, analysis,
modelling and prediction of vibration have provided
engineers with important tools with which to understand
engineering devices.

The measurement and analysis of engineering machinery
vibration can be used to determine the performance of and the
condition of the machine. Machinery vibration is often the
important parameter which can be unobtrusively measured
while the machine is operating, and from which knowledge
about the condition or performance of the machine can be
inferred using vibration signal processing. Vibration analysis
of measured machinery vibration has been used fora long
time and quite sophisticated techniques were developed over
twenty years ago, [I].

Two basic approaches have been used for analysis of
machinery vibration over the last twenty years. Firstly, there has
been the development of dedicated hardware, (digital signal
analysers), by a number of companies. These systems, many of
which are extremely sophisticated, allow the engineer to connect
the vibration measurement sensor directly to the hardware,
where the signal is then digitised and may be analysed bya
number of sophisticated techniques. The range of techniques
now available on these systems is quite large and includes
spectral analysis, narrowband zoom, time synchronous signal
averaging, computer order tracking, high frequency envelope
analysis and time-frequency analysis amongst others. These
techniques form the bulk of the comprehensive techniques
which are necessary for routine preventative maintenance of the
majorityofindustrialtypemacbnes.
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The second approach for vibration analysis was used
widely prior to the advent of the dedicated vibration signal
analysers, and involved writing software in Fortran, Pascal or
C. This software was then used to analyse the vibration data
which had previously been digitised by other hardware. This
approach has become more important recently because of the
need to analyse and interpret the measured vibration of
complex machinery for condition monitoring. For complex
machinery like helicopter gearboxes [2],andthe Space Shuttle
Main Engine Oxygen Turbopump [3], the dedicated hardware
of the digital signal analysers were found to not have the
necessary techniques or flexibility to correctly detect and
diagnose the mechanical condition of the rotating machinery.

The writing of sophisticated vibration signal processing
software from scratch using compilers is no easy task. In the
past very few establishments have had the resources,
knowledge or skills to dedicate manpower to the development
of the software. The software tended to be platform specific
and the adaptation to multiple computer types and the
continuous computer operating system upgrades meant a
considerable ongoing expense. Over the years new languages
have arisen, sometimes rendering quite sizeable code obsolete.

More recent software developments have begun to have
considerable impact upon the way that software is written for
the more complex vibration signal processing tasks. In
particular, a numeric computation and visualisation software
product called MATLAB has been developed by The
MathWorks Inc. This paper will attempt to address the
MATLAB product, to describe its benefits in as far as the
development of vibration signal processing software is
involved, and provide examples relating to the vibration

analysis of rotating machinery.

2. VIBRATION SIGNAL PROCESSING
An enormous wealth of information can be gained from the
measurement and analysis of vibration data of rotating
machinery in particular. The vibration signal contains the



information of the oscillatory motion of the machine and its
sub-components. Each of the sub-components of rotating
machinery, ie: gears, bearings, shafts, couplings, engines,
electric generators, pumps, fans, etc, can be modelled such
that the vibration from various modes of failure can be
predicted. For most of these sub-elements, such models can
be quite sophisticated. A review of vibration failure models
developed forrol1ing element bearings with localised damage
[4,5] found that they included the effects of load zone,
variation of the transmission path between the defect location
and the transducer and exponential decay of defect impulses
due to internal damping. They also included single and
multiple localised defects. Models have likewise been
developed for the majority of mechanical components of
rotating machinery covering the gross failure modes.

The goal of vibration signal processing is to analyse the
vibration signal measured at particular locations on the
machine, and extract enough information to determine the
condition of each of the sub-elements of the machine. The
techniques which are readily available for the bulk of rotating
machines using digital signal analysers include spectral
analysis, narrow band zoom, time synchronous signal
averaging, computer order tracking, high frequency envelope
analysis and time-frequency analysis. For those machines
where the vibration environment is such that the existing
techniques need further refinement or the mode of failure is
complex, the standard techniques will need to be adapted or
new approaches used to successfully detect impending failure.
Whereas signal processing software can be written using
Fortran, Pascal or C compilers, the author believes that the
recent arrival of advanced signal processing tools such as
MATLAB greatly changes the sphere of development of
vibration software. The next section outlines the major reasons
for using these latest tools instead of the traditional compilers.

3. MATLAB

MATLAB is a high performance numeric computation and
visualisation software product developed by The Math Works
Inc, Massachusetts, USA [6]. It involves the use of an
interactive environment containing numeric computation,
matrix computation, signal processing and graphics
capabilities. The features which are particularly important in
as far as vibration signal processing is concerned include its
interactive nature, extensibility, multi platform capability,
ability to link in existing code, standardised data format,
range of built in functions and graphics capability.

Interactive Nature The interactive nature of MATLAB
provides the vibration analyst with the powerful capability to
develop and test what-if ideas on the run and with very little
effort. This is particularly useful for vibration analysis of
complex machinery as the analysis is most productive ina
sequential operation with the next step often depending on
what is observed in the current operation.

Extensibility MATLAB is open ended in the sense that a
large number of toolboxes or additional built in signal
processing capabilities can be added if needed, or written by
the user if required. The user written code or additional

toolboxes are ASCII text files (calledM-files) which use the
standard built in functions. The interactive nature often leads
to processes which can be linked together to form a new
functionorM-file,allowingtheanalysttoquickiyandeasily
develop hisiher own suite of customised functions.

Multi Platform Capability MATLAB is available across
a large number of popular computer and operating system
platforms from the Cray to the PC. The same range of in-built
functions, interactive nature, etc., is available on all platforms.
This is particularly powerful for research groups having say a
data acquisition capability on the PC and a more powerful
computation platform for computationally extensive work. It
also allows the ready exchange of techniques around the
world due to the simple exchange of ASCII text files,
regardless of the platform they were originally written on.

Linking With Existing Code An argument against
changing software languages or operating systems is often the
enormous amount of software that is already in place and
working on the current system. MATLAB has the ability to
link to software written in a number of languages, so that the
original software is still useable, whilst the benefit of the new
tools becomes available as well. One of the obvious benefits
for vibration analysis is that an existing data acquisition
capability can also be linked in to run with MATLAB as well.
This should be particularly useful for the PC environment
where it should now be possible to conduct data acquisition
under Microsoft Windows straight into the MATLAB
environment.

Standardised Data Format One of the headaches with
vibration analysis is being given digital data to analyse where
the format of the data is different to that which has previously
been used. The binary data files used with MATLAB (MAT­
files) have been standardised across computer platforms by
having the original platform noted in the file header. When
the file is read, the software takes account of the differing file
formats automatically and does the correct read on the new
platform. This functionality has been tested to the extent that
MAT files have been sent around the other side of the world
using internet and have been read correctly on differing
platforms. This standardising feature of MATLAB may help
to encourage research and development cooperation between
differing organisations such as Universities and Industry.

Range of Built-In Functions The new versions of
MATLAB, such as 4.0 released for the PC platform in August
1992,containsome20maincategoriesofbuilt-infunctions
ranging from the low-level file input/output functions, the
polynomial and interpolation functions, three dimensional
graphics functions and the data analysis and Fourier transform
functions. it has been found by experience that the
development of the majority of advanced signal processing
techniques for vibration analysis can be accomplished using
the built in functions and the additional signal processing
toolbox functions.

Graphics Capability The three dimensional colour
graphics capability of the recent versions of MATLAB have
been a dramatic improvement over what could be readily
accomplished using compiled code, particularly for the PC



environment. Three dimensional colour surface and mesh
plots with hidden line removal and axis labelling, from
differing view points and with differing colour maps can now
be achieved with the use of a small number of commands. The
ability to animate the three dimensional plots and play back at
predefined frame speeds has been particularly useful in the
analysis of vibration from variable speed rotating machinery.
The use of time - frequency analysis is very helpful in this
regard and is one situation where the graphics display
capabilities can be of significant benefit in understanding the
nature of the vibration signal being analysed.

Other Comments Software environments like MATLAB
change the typical nature of computing. For the vibration
analyst, it opens up the possibility of conducting signal
processing in a way that wasn't readily available before.
MATLAB is fastest when the computation can be written
using vectors or matrices. This means that the complete data
array should be manipulated in memory at the same time. For
typical machine condition monitoring techniques such as high
frequency envelope analysis or time synchronous signal
averaging, the implication is that the memory requirement is
now much larger than that involved using smaller file based
software routines. However, given enough memory (memory
is cheap after all) the software now becomes easier to write,
understand and use and hopefully faster than the previously
file read write based routines. The amount of memory
required to optimise processing speed for a particular
application now becomes a significant factor, possibly even
more significant than processor speed itself.

4. SIGNAL PROCESSING EXAMPLES
The following examples are given to indicate the type of
vibration signal processing which can readily be
accomplished using MATLAR They relate to practical
industrial type problems and illustrate both the sophistication
and flexibility of the processing M-files which can be
developed and the nature of the information which can be
obtained from vibration data.

Rotor Vibration Displacement proximity probes are
typically used to measure the relative motion and position of
shafts with respect to the journal bearing housing of large
steam turbine generator units. Normally two probes are set up
90° apart (usually horizontally or vertically) to measure
displacement of the shaft at each bearing position. A
tachometer signal is also obtained from the turbine shaft and
provides a pulse once per revolution to determine the phase of
the motion with respect to shaft rotation. Figure I shows a
tachometer signal over eleven shaft revolutions and the
corresponding x and y shaft displacements, digitally
resampledtogive512pointspershaftrevolution. This data
was taken from a large turbine generator system with a
rotational frequency of nominally 50Hz.

Having digitally resampled the two shaft displacement
signals over 11 shaft revolutions, an average orbit plot of the
shaft motion can be constructed as a polar diagram. The
resulting shaft orbit is shown in Figure 2a. The shaft motion
in the two orthogonal axes can be considered as motion in the

real and imaginary complex plane, which with the use of the
complex Fast Fourier Transform (FFT) within MATLAB,
provides the vibration analyst with knowledge about the
resulting positive and negative rotating frequency vectors.
The rotating frequency vectors are given in terms of shaft
orders, and indicate the forwards and backwards whirl of the
shaftmotion,[7].

Figure 1. Rotor vibration of a steam turbine generator unit
operating at 50 Hz. a) Tachometer signal over 11 shaft
revolutions. b) Shaft displacement in one orthogonal axis.
(relative units), c) Shaft displacement in the other orthogonal
axis.Trelattve units).
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Figure 2. a) The average orbit plot over eleven shaft revolutions,
(relative unitsl.b) Theforwards and backwards relative shaft whirl
components obtained from the complex FFT of the orbit motion.

The trending of the complex Fourier transform frequency
vectors has been found to be useful for monitoring the
condition of rotor shafts for the presence of cracks [7], and it
islikelythatitcouldbeusedtodeterminetheconditionofthe
turbine generator journal bearings as well. The actual
MATLABcommands to transform the orbit motion, as shown
in Figure 2a, into the positive and negative frequency



components, shown in Figure 2b, may be written using the
complexFFT as given below,

f= abs (fftshift (fft (x+i*y, length(h)))) /length(h); (I)

where the in-built fft command is used to transform the real
x and imaginary y shaft motion components into the
frequency domain. The frequency components are then
shifted usingfftshift so that the spectrum runs from the
negative frequency components through DC to the positive
frequency components, and finally, the magnitude of the
spectrum is obtained using the abs function. As shown in
Figure 2b, the spectrum is drawn as a line spectrum since the
orbit has been forced to be periodic over one shaft revolution.

Shaft Speed Estimation of a Diesel Engine A second
example to highlight the flexibility of MATLAB involves the
analysis of a tachometer signal obtained as a once per
revolution pulse from the output shaft of a diesel engine
gearbox coupled to a DC generator. Gearbox vibration
analysis requires the precise angular position of all shafts in
order to accomplish time synchronous signal averaging [8].
Normally, for approximate constant speed operation, a pulse
once per revolution on one of the fastest shafts of the gearbox
is sufficient to accurately determine angular positions for all
shafts as a function of time.

A four stroke four cylinder diesel engine was coupled to a
DC generator via a gearbox with a speed increase of
approximately 1.6863. A pulse was obtained on the output
side of the gearbox once per revolution. A portion of the
tachometer signal over 0.4 seconds is shown in Figure 3a. By
analysing when the tachometer pulse crosses a threshold
level, the precise time of arrival of the pulse can be
determined using cubic or spline interpolation. By repeatedly
computing the time of arrival over a number of shaft
revolutions, the actual speed of the gearbox shaft and hence
the engine can be determined as a function of time, and more
importantly, the precise angular position can be found at any
instant in time. Figure 3b shows the speed of the gearbox shaft
over a period of approximately three seconds obtained from
the threshold crossing of the tachometer pulses.

The shaft frequency versus time illustrated in Figure 3b
shows that the nominal shaft speed was approximately 42 Hz,
and at times a deviation of over I Hz occurred in the actual
shaft speed between single shaft revolutions. The large
deviation in shaft speed for consecutive revolutions occurs
because of the large torsional vibrations which exist in the
diesel engine as the predominant forced excitation is due to
the piston firing which occurstwiceperrevolutionina four
stroke four cylinder engine. The large shaft speed difference
between consecutive revolutions of the gearbox output shaft
indicates that it is not possible to use a once per revolution
pulse to infer variations in shaft speed that occur within each
shaft revolution. Rather it indicates only the average shaft
speed over that revolution. Fora more precise indication of
shaft speed and angular position, under torsional oscillatory
environments,ahigherfrequencymeasureofshaftspeedwill
be required such as is available using an optical encoderora
torsional laser velocity probe.
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Figure 3. Shaft speed determination using a once per revolution
tachometerpulse, a) Portion oj a digitised tachometer signal, b)
Resulting massaged gearbox shaft speed.

The MATLAB commands to detect threshold crossings
are based upon the use ofthejindand interpl functions as
shown below.

% create a new vector, time shifiedby one data point

shifidata = [data(l);data([l:length(data)-l])J;

Yofindthe time points which cross the threshold with
positive going slope.

z=find(data>threshold&shifidata<threshold);

% interpolate on each zero crossingtofindan accurate
estimate of actual

% crossing time

n=length(z);

Jork=l:n

% construct the short 3ptx andy vectors for interpolation
at each revolution

y=[data(z(k)-l),data(z(k)),data(z(k)+l)];

x=[(z(k)-l)*dt,z(k)*dt.(z(k)+l)*dt];

s(k) = interp l ty.x.threshoid.spline'):

The MATLAB vector operations as shown above make the
resulting code very succinct and easy to understand once the
nature of the in-built functions is understood.

The use of MATLAB is envisaged to be particularly useful
for industrial applications of vibration analysis in a number of
areas such as the monitoring of variable speed rotating
machinery where the traditional black box approach is
unlikely to provide the required flexibility to detect and
diagnose faulty mechanical components.

High Resolution Frequency Analysis Frequency
analysis of vibration data forms the major part of traditional
vibration analysis. A number of techniques exist for
estimating the power spectrum of a digitised signal apart from
the use of the FFT, such as the maximum likelihood method,
the auto regressive (AR) estimation technique and the moving
average (MA) technique [9, 10].

The estimate of power spectrum using the FFT is based
upon the power or magnitude obtained from the Fourier
transform as

P(f) =E[X(f)X*(f)], (2)
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where X(j) is the fast Fourier transform of the discrete time
signal x(t), • represents complex conjugation and E[ ]
represents the expected value as obtained by spectral
averaging. The smooth estimate of the power spectrum
computed from stationary random time data is obtained by
averaging over a number of windowed data records and is
oftenreferredtoastheWelchmethodofpowerspectrum
estimation.

The portion of an M-file to compute the power spectrum
using the Welch method is shown below, where the time
vector data is transformed into the power spectrum vector ps.

% loop over data vector using window of length lwin

forn=1:nwin

% extract data window
dwin =data(istart:iend);

%1ftthe windowed data segment

freq = fft(win. ·dwin);

% compute the magnitude squared and sum

ps = ps + (jreq.·conj(freq)·dtllwin)';

istart = n·lwin + 1;
iend = (n+1)·lwin;

end

% eliminate negative frequencies,

ps(np+1:lwin) = [];

% double positive frequencies;

ps(2:np) = 2·ps(2:np);

An example of the use of the power spectrum estimation
on vibration data is shown in Figure 4, where torsional
velocity vibration data was measured from the output shaft of
a gearbox coupled between a diesel engine and a DC
generator. The nominal speed of the engine,ft, was 24.9 Hz,
the speed of the gearbox output shaft,jO, was 42 Hz and the
intermediate gearbox shaft speed,fi, was approximately 16.66
Hz. A 100 second time record was digitised at a sample
frequency of 2048 Hz, and a high resolution frequency
spectrum was generated and averaged using twenty five 8192
point FFTs as shown in Figure 4.
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Figure 4. Torsional velocity spectrum computed from a diesel
engine - gearbox - dynamometer test facility, with a resolution
of 0.25 Hz.

The torsional spectrum up to 400 Hz shows a number of
distinct frequency components, including harmonics of
engine firing frequency (fex2), gearbox output shaft
frequency (fo) and the fundamental component of the
intermediate shaft frequency, fi, The flexible nature of
MATLAB code allowed the high resolution spectrum to be
computed across the complete frequency band with a number
of averages. It would not normally be possible to obtain the

number of averages and the frequency resolution together
using the standard digital signal analysers currently on the
market. However, using the MATLAB signal processing
software, the actual frequency resolution and number of
averages can be expanded as desired up to the full memory
capacity of the computer platform.

5. DISCUSSION & CONCLUSION
This paper has outlined the use of MATLAB software for
vibration signal processing. It has been argued that the
interactive nature, extensibility and multi platform capability
of MATLAB along with the ability to link in existing code, the
use of a standardised data format, the range of built in
functions and the graphics capability all make fora very
productive software environment for the development of
vibration signal processing software. Three vibration analysis
examples based on data measured from rotating machinery
have been outlined and portions of the actual MATLAB code
have been shown to illustrate its succinct nature. It is
envisaged that the industrial application of MATLAB should
be particularly useful in solving the more complex vibration
condition monitoring problems where the traditional black
box approach does not provide the required flexibility.
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RECENT DEVELOPMENTS IN AUSTRALIAN
OCCUPATIONAL NOISE POLICY
Dick Wau gh
~nlor Sd~ntlnc Offlcer, Ind ustry De'ietopm enl Branch
Work u fc Aull rlU,
GPO 801 511, Sydney, 2001

[Nol~: S/ulemcflts of official policy are ifldiclJted a.J such. Opl flioflSexpressed art those of /he wrill'l'J

ABSTRA CT: This paperoutlinc . some recent~lopmenlJ in Allllnhan OCCupalional llOise policy as ;ndic.~

in publicatiON of Ihe National Occupo.tional Heal th ano;!Safcly Commiuion and Aus1nllian occu patio nal noise
rqulalWnI. Then: Iw bem I gradual clwl &eill un phuil _ the Iasl lWalty yun from Ile&rinC c:ons«VMion
proarams"limcdprimarily al protcc!ing exposed "'Odcn from b.tutdoIisooise, roSyalen>alU:nois.cmana s cmenl
pmjI........itmdprim&rily .. achievinaredudionsin workp/a« noilC

2. THE NATIONAL STANDARD AL'lrJD CODE
The National Standard for Occupational Noise is brief and
similar in form to ether exposure standards for atrnospheric
contaminants declared by the National Commission. A s

notified in the Common wealth Gazelle of 26 May. 1993:

xore: Some Junsd lctlons have additIOnal noise-related
regulations for particular industrial sectors. such as mining
and ccostrccucn
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Occupational noise was one of the Commission's early
priorilieliand it commenced a review of !he mailer in 1986. A
discussion papercarMlSliingoptionsforanationalexposurc
stllldard for occupational noise and seekleg comment on a
draft code of practice for noise managcment at work was
released in 1989. Following analysis of public comment on
Ihe discussion paper and extensive consultation with
governments, employer and union bodies, lhe Commission
fonnally declared the National Srandarti fo r CkcuJXlfional
NojJt' in 1992 and the Notional Code of Practice for Noise
MQfla~menl and Protection of Hearing at Work in J993.

The Siandanl and Code were published in booklet form
[2] by Worksafe Australia, the operating ann of ue National
Occupational Health and Safety Commission, in September
199) .

Like the original NHMRC Model Regulations, Nuljo"lll
StU"dllrtiS 1m" Nal;Of/a/ Codes athac/in declared by the
National Commission are advisory documents. Their
application in any particular juri sdiction is the preroganveof
that jurisdiction. So far, lWOState and the two Territory
governments have incorporated the National Standard in
l'e/!ulationsandother jurisdictions are considcring!hemalleT
(seeTable Lfcr funber details).

I. ISTRODUC T IO N Table I. Adoption of tbe !"iatlona] rio lu Sludard and
It is a little over 20 yean since the National Health and Code In AUltrlUln Jurisd iction s a, Deeembe r; 1994.
Medical Research Council (NHMRC) first published its
Model Reil,llations for Hearing Conservation [I ). Although
the Regulations were purely advisory in nature, their
publication promped jhe devetopmenc of actual hearing
conservation regulations in the States and Territories over the
following decade

Responsibility for scning cccupetional bealth standards
passed from the ~1iMRC 10 the Nlli onal Dccupetional
Health and Safety CommilSion ....hen the Commission was
C1tablishc:din I985 .
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"The national standard for exposure to noise in the
occupational environment is an eight-hour equivalent
continuous A-weighted sound pressure level, LAeq,8h, of 85
dB(A). For peak noise, the national standard is apeak noise
level, Lpeak , of 140 dB(lin)."

"The exposure to noise is taken to be that measured at the
employee's ear position without taking into account any
protection which may be afforded by personal hearing
protectors."

Accompanying interpretation clauses state that LAeq,8h

must be measured in accordance with Australian Standard
1269 and that instruments used to measure Lpeak must meet
the relevant requirements of AS 1259.1.

The statement that noise exposure is to be measured
without taking account of hearing protectors makes explicit
what is implicit in the procedures specified in AS 1269 for
measuring the values ofLAeq,8h and Lpeak' That is, it makes it
clear that the exposure standard refers to the noise in the
working environment to which people are exposed, not to the
noise 'in the ear' or 'under a hearing protector'. As this is an
occasional source of misunderstanding it is useful to have it
clarified from the outset.

The National Code of Practice outlines acceptable
standards of management practice for preventing exposures to

noise above the exposure standard and for minimising risks
arising from such exposures where it is impracticable to
prevent them. The Code is discussed in more detail below.

During 1993 an attempt was made by Worksafe staff, in
consultation with Commission members, to produce model
noise regulations, based on the National Code of Practice,
which could be used verbatim in all Australian jurisdictions.
This attempt was abandoned when it became clear that
differences between the enabling Acts and the preferred form
of regulations in different jurisdictions would make it
virtually impossible for all jurisdictions to agree on the exact
wording of model regulations.

The Commission then sought to reach agreement on at
least the basic principles for noise regulations. Again in
consultation with Commission members, Worksafe staff
produced a draft statement of Common Essential
Requirements for Occupational Noise (CERs), derived from
the National Code of Practice. The Commission formally
considered the CERs at its quarterly meeting in March, 1994,
and noted that they were "the basis upon which the States and
Territories are implementing the National Standard for
Occupational Noise".

The CERs, which summarise the key principles of the
National Standard and the National Code, are reproduced

COMMON ESSENTIAL REQUIREMENTS FOR OCCUPATIONAL NOISE

1. Without limiting the employer's general duty to protect
the health and safety of employees at work, an employer
shall, as far as practicable, provide and maintain
workplaces, plant and systems of work so that the noise
to which an employee is exposed at a workplace does not
exceed the exposure standard.

2. An employer at a workplace where the noise to which
an employee is exposed exceeds, oris likely to exceed,
the exposure standard, shall:

2.1 implement engineering noise controls as far as
practicable, to reduce the noise to which the employee
is exposed; and

2.2 if the engineering noise controls implemented
under 2.1 do not reduce the noise to which the
employee is exposed to a level that does not exceed the
exposure standard, implement administrative noise
controls as far as practicable, to reduce the noise to
which the employee is exposed; and

2.3 if engineering noise controls or administrative
noise controls implemented under 2.1 and 2.2 do
not reduce the noise to which the employee is
exposed to a level that does not exceed the exposure
standard, and in any case while such controls are
being implemented, provide to the employee an
appropriate personal hearing protector:

(a) that meets the requirements of Australian
Standard 1270 AcousticsHearing Protectors; and

(b) that has been selected according to the procedures
specified in Australian Standard 1269 Acoustics
Hearing Conservation.

3. An employer at a workplace where an employee is
exposed to noise that exceeds, oris likely to exceed, the
exposure standard, shall:

3.1 ensure as far as practicable that administrative and
engineering noise control measures are properly
implemented and maintained; and

3.2 ensure as far as practicable that personal hearing
protectors are properly used, maintained and stored.

4. Employees shall, as far as they are capable:

4.1 complywithnoisecontrolmeasuresrequiredby
2.1 and 2.2; and

4.2 use personal hearing protectors required by 2.3.

5. Designers, manufacturers, importers and suppliers of
plant that may be used in workplaces and that may emit
hazardous noise shall ensure that the plant is designed
and constructed so that noise emitted is at the lowest level
practicable.

6. Manufacturers, importers and suppliers of plant that
may be used in workplaces and that may emit hazardous
noise shall, as far as practicable, provide to employers
appropriate and adequate information about the noise
emitted by the plant and about ways to keep the noise at
the lowest level practicable.



below. In view of the drive in Australia towards national
uniformity in occupational health and safety regulations, the
CERs may be taken to indicate the general direction of
occupational noise regulations in Australia.

Employers have a general duty under occupational health
and safety law to take reasonable care to avoid exposing
employees to unnecessary risks to their health and safety.
Clause I of the CERs expresses a limited aspect of this duty
in relation to risks arising from exposure to noise, requiring
an employer to aim for workplace noise conditions in which
employees are at least not exposed to noise above the
exposure standard.

Clause I, like most other clauses in the CERs, is qualified
by 'as far as practicable'. The requirement is not to do the
impossible, simply the practicable. This opening clause is also
a useful reminder to anticipate noise problems when new
workplaces or work processes are designed and whenever new
plant and machinery are purchased. This connects with
responsibilities placed on plant manufacturers and suppliers
under Clause 5 to control the noise emission of plant they
supply to industry.

Clause 2 and its subsections say what has to be done in
situations where employees are already exposed to noise
above the exposure standard. The essence of Clause 2 isthe
requirement to implement the standard 'hierarchy of
controls': engineering controls, administrative controls and
personal protection, in that order of preference.

Engineering controls and administrative controls are the
only ways to reduce 'the noise to which an employee is
exposed'. Typically, engineering controls do so by reducing
sound pressure level, administrative controls by reducing
exposure duration. Reduction oftheLAeq,8h value of the noise
to which an employee is exposed is achievable by reduction of
soundpressurelevel,exposure duration, or both. Reduction of
Lpeakisachievable only by reduction of sound pressure level.

Technically speaking, hearing protectors do not 'reduce
the noise to which a person is exposed'. By definition, as
noted above, the noise to which a person is exposed is the
noise in the environment external to any hearing protectors
that may be worn and thus cannot be reduced by them.
However, hearing protectors are an acceptableeeindeed
requiredeeformof risk control if the noise to which people are
exposed still exceeds the exposure standard after all
practicable engineering and administrative controls have been
implemented (hearing protectors are also required, of course,
while the controls are being implemented).

Hearing protectors must be provided in accordance with
Australian Standards 1269 and 1270. These standards are
referenced to require that the protectors are selected and fitted
following standardised procedures (AS 1269),andthatthey
satisfy basic requirements of construction and robustness and
have had that their sound attenuation determined according to
a standard method (AS 1270).

Clauses 3 and 4 of the CERs require the employer to
maintain any noise controls installed and to maintain hearing
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protectors. Employees have complementary duties to use
noise controls and personal protectors.

Clause 5 places responsibilities on designers,
manufactures, importers and suppliers to ensure plant is
designed and constructed so that its noise emission is as low
as practicable when properly installed and used.

Clause 6 requires manufacturers, importers and suppliers
to provide information about the noise emission of their
products, an important step aimed at facilitating the wider
adoption of 'buy quiet' programs.

Duties similar to those in Clauses 5 and 6 are now in place
in several Australian jurisdictions. They are important
because they seek to reduce the flow of noisy equipment into
workplaces, in the long run a more fundamental and
economical solution to the problems of excessive workplace
noise than post-installation retrofitting. In addition, these
duties give purchasers the right to expect equipment designers
and suppliers to minimise noise emission and to provide noise
emission details of their products.

Duties on plant designers and manufacturers are a logical
step in the move from an emphasis on protecting exposed
individuals from hazardous noise-the conventional 'hearing
conservation' approach-to proactive noise management
directed towards the achievement, so far as practicable, of an
environment free of hazardous noise. While employers are
ultimately responsible for controlling noise in working
environments under their control, their job will be made much
easier in future if equipment designers and manufacturers
take their share of responsibility for the noise emitted by
products they place on the market.

3. DETAILS OF THE NATIONAL CODE
The National Code of Practice for Noise Management and
Protection of Hearing at Work deals with many other points
not covered explicitly in the CERs:

~consultation

The Code encourages maximum consultation and cooperation
between employers, employees and health and safety
representatives in implementing the principles of the Code.

~noisecontrolplanning

Refers to the development of specific noise control policies
and plans for the organisation, including coverage of the
following issues:

• noise goals for existing work areas
• design goals for new work areas
• selection and purchase of quiet plant
• noise controls in temporary work areas
• implications for contractors
• funding for the noise control program
• periodical review ofthe noise control program.

~ information and training
The Code advocates the provision of information and training
for:



• employees at risk
• their managers and supervisors
• health and safety committees and representatives
• staff responsible for designing work systems and for

purchasing potentially noisy plant and hearing protectors,

about:

• the range of health effects of noise
• social handicaps of hearing disabilities
• exposures to noise in their workplace
• general nature of noise control measures
• specific noise control measures where they work
• the organisation's noise control policy and action plan
• arrangements for reporting defects likely to cause excessive

noise
• when and how to use and care for personal hearing

protectors
• statutory responsibilities of employers and employees.

+ noise assessments

The Code provides general guidance on how to carry out a
noise assessment in areas where employees maybe exposed
to noise exceeding the National Standard.

It recommends that the assessment should be reviewed every
five years, or earlier where there is any change to plant, the
building, working arrangements or workload.

Ontechnicalissues'ofnoisemeasurementandevaluation,this
section of the Code generally summarises material in AS
1269 and AS 2659.

+ audiometric testing

The Code makes the points that the monitoring of employees'
hearing is not in itself a preventive mechanism and that it is
relevant only in the context of a comprehensive noise
management program. It thus takes a more cautious view of
the benefits of audiometry than some of the previous hearing
conservation regulations in Australia, reflecting, in my
opinion, a more realistic appraisal of the unreliability of
audiometric measurement and its lack of sensitivity and
specificity as an indicator of program failure.

Nonetheless the position taken in the Code is that
audiometry 'should be available to any employee likely to be
regularly exposed to noise in excess of the national standard'.
It is up to the employee to decide whether or not they want to
take part.

The technical details and procedures for conducting
audiometry and assessing the results follow AS 1269 and
guidelines produced by the National Acoustic Laboratories
[3].

Results of audiometry are to be given to employees within
two months of testing, together with a written explanation of
what they mean. To preserve confidentiality, individual
results are to be released to other parties only on the written
authority of the employee concerned.

Unidentifiable individual results and group data are to be
accessible by the employer and the relevant authority.

4. CONCLUSION
The National Code of Practice for Noise Management and
Protection of Hearing at Work,the Western Australian (4) and
Victorian (5) codes of practice which preceded and influenced
it, and more recent regulations and codes, devote significantly
more attention to the practical details of noise control
planning and management than the generation of hearing
conservation regulations they are now replacing. This trend is
also evident in Worksafe's Noise Management at Work
information resources [6]. It reflects a paradigm shift, to use
a hackneyed but still useful expression, from narrowly­
focused hearing conservation to comprehensive noise
management.

A major reason for this shift is the mounting evidence that
personal hearing protection programs are of limited
effectiveness. The intrinsic efficacy of ear plugs and earmuffs
falls short of 100% because the anatomy of some wearers is
such that it is difficult or impossible for them to achieve an
effective acoustical seal. This is especially a problem with
earplugs. However, even devices with acceptable efficacy in
laboratory tests have limited effectiveness in actual conditions
of use. Wearers do not always take the trouble to fit protectors
correctly every time they use them, again a significant
problem with earplugs. Ensuring that hearing protectors are
cared for properly and serviced regularly is also a problem.
But the overriding difficulty is that it is virtually impossible
to get everyone to wear protectors correctly and consistently
every time they should-and in some cases even to get people
to wear them at all. The result is that people continue to lose
hearing even though conventional hearing conservation
programs (i.e. education, personal protection and audiometry)
are in place.
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This system , !be ~bject of I provisional patent Ipplicloon,
was developed for measuring the eccustic impedance SpClClfa
and transfa functions of musical instruments and pan s thereof
(lJ.Althoughit was iniliallydcvelupedua resear1:htool,w e
believe that it will benefit !he: manufacturers ,of musical
instruments by providing a rapid, objective measurement of
relevant acoustic properties durin g and after the construc tion of
the instrument. These properti es may be comparedwith those
ofaprototype instrumrnt , otonejudgedlObcgoodby
ccenpetent pla~n , Such comparison would be useful in quality
eonlrol for oomplete instrumenlS, and might be included in the
feedback loop in the constru ction of pan s of an instrumentIn
thcse situations, real time pcr formanceis desirable

From the point of view of a mu sical instrument
manufacturer, measuring the acous tic respo nse of an
instrument is in severa l ways preferable 10 measuring its
SOIlnd. Fint, the soundofan instrumcn l isdepeDdeol on the
player - a good pl a~r may compensa te for the defects or a
poorinstrurne nl,anda poorplayermay produ<:e def«: tive
sounds from a good instrument. Second, such measurements
may be made without the assistance of a compete nt and
patient player. Third, such measurements may be made on
pan s of instrum ents or incomplete instrumenl S

With the exceptions of reeds and lips in wind
ins aruments , and the bow -string inte ractio n in siring
instrumen ts, most parts of mosl wind and siring insuumenls
behavelinearly 10a good approximatio n, 10 OIIe wc uld expect
that most asp ects o f lhe acou stic performa nce of rhe

instrume nt could be related to appropriate transfer functions,
provided that these are known with sufficient detai l and
pr«: ision (sec e.g. [2]). Many violin makers mak c simple
~ments of aoollStic properti es duri ng shaping of the
belly and backs of lhese instruments. Tapping lMl listening is
one test use d by most makers , and suspe nding the
com ponents above loud speakers driven wit h variable
rrcquency sine waves is m other. Onc manufacturer of brass
instrumen ts (Conn) has been mak ing aco ustic impedance
measurements since 1 945 using a s~pt frcquency mcthod

J3J. We believe that such obj ective measurements would
become much more widely used if the measurements oould be
made very quickly and elSi ly. and in thc worbhap ratberthan
in tbe labora lOr}'. If a dala file were establish ed for the lrans fer
functiOT\$of inslnun cnls witb dcsirabiequal itiea,instrumenl
makers would be able to compare the measure ments of the
instru ments or part s under construction with those of
desirable instru ments.

Stri ng Inst rum en ts. In siring instrum ents , the vibrating
string drives the bridge , the bridge drive s the belly, and the
bclly interacts whh the rest cf' the body and Iheenclose d air
10 radia te sound. For 111I intact inslrume nl, importan t lran sfer
functions are the ratio of radiated sound 10 force applied II the
bridge, and the mechanica l impedan ce at the bridge. For the
isolated belly o f the instrument , the same func t ions arc also
important, though in this ca se we measure them at the
position where the bas s foot of the bridge would stand. FOf
stringin slt\ll1lCnll,~apply the i nputsignal w i thanclectro­

mechanical transducer. Forces arc mea surcd with piezo ­
electric crys tals.

\'o1nd lnslrume nh . The input impedanc e is an imponan l
trans fer func tion for a wind instrurne nt. Mostof thc cxtrema
inthe magnitude of lh.is spectrum occ ur at freq uencies which
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lie appnn.ima lely in a harmonie Kries \\ 'b~ tbe insIrumm l
is played. the reed or !he playm. lips inkne1 with the
imtr\unenI\bos'e lOpodueeaqlaMi.ae.clyOlCillalionwltieh
oc:aan IISUaIIy.a fnquentywllidl ist"-' ioU! irugnI
ffaetiorlereee or more o( thew impedanee ntrana 12.3.4)

:\I, ..urta ltr..d",f.~Il, ..d l1..ptda'A sptrtra.ll is
relative ly tlS y to lnelSure sound pmsUff. mtehuiCiI
vibra!ionllnd f~Fora1)'piullCO\lttielignal,~,

!he \Vlwne velocily ef eir is mll(b IllOfe 4ifflCUlllO rneuure
aeeWlltel)'. Thi. makel il di ffK\ll1 to mc:uure aeoustic:
impeduKe directly IS the ntio of Pftuure 10volume \"t'loeily.
n ildift'ieuilyean b__"a"belYO;&dbysupp!yinglhe
_Ii<: lipal from In idell '"llJftDtlOlln:e. Wht u this-=e
is inpullO lW0 4iffmrn impccWlea, lhe ntioof lhe~

MJ.IDdprn~~islhenliooflheirimpedlnce:opectn.

A putieulMly aimplea.se (Ire Fil l) oo:eun ...-henooe oflbe
impcdInen (the reference ) il purely rnisti\"t' and ..nm Ibe
measum110Und spcdrum -eros, !herereeece is flaL In litis

taK.1hemel.Sured IOUnd Ip«INII1 in 1M Ini 1)'SICIll is
(proportioIW 1o) iIJimpedan<:eapa:trum.

Broa dba nd mfllUn' mfll U. An)' mt'l.SuRmenl of a spectrum
takcs i finile time and has I finilCrltio of signal 10noi.seand
lherefore yields a finite I mount o ( informl l ion. A
eomprom ise musl lIlere fer e be nade among lime of
meuuremcnt, sensilivity. frequtne)' range and (requo:m:y
resolutio n . In ou r technique, lIle (req ueney rang' I nd
frequencyreloOlutionlrechoac:nfirJl. A rmi le~of dilCrtle

frequencies is chOKn and the input .ianal i. synthesized
digir.ally u the sum oflJet of tine wavel and oUlpul via a
OAC and an ampli fier, Usua lly IeVl:ral hundred frequencies
over the range importanl to the in"trument I rt chose n.

Corrtdlnil forrrt q utn cyrespon.tuf lht signal.oun: e.

When a signal with a given, desired spectrum iSlyo lhesiud,
the frequency respo nsel of the Im l"lifier and the driving
IJlIW"alUS cause I diffe rent JJ'C'Ctrum 10 be output. The
mclSu remt nt tra nsducers 1110 have non -flit freqlleTlcy
response. Weeorrectfortht:ICrtsp<:JllKliten..tively. lnonc
Ipplication, tile:reference load il resistive. We IIlCISure lbe
oulputspccuurn ....hcn the lOW'Ce drives lllil load llId cak ulalt

the ratio of mea"urc:d to input amplirude (or I II spectral
compoeenu. Wt lhm divide tbt eomponen tJ o( the input
q>ec:trwnbythisratio, rc+Kale,U!dsynthnizeae:onttted
spectrurII (:ICe Fig I ). BccauscofDOD-linur rnpome insorne
COI1lpODctIts., this proo:edw'e (b) MtdIIO be rc:peaICd.a few_.
hrfonnaan of lb~ dt\~.

The limitlOfoddityo(lbespcctnam istbtdiJitiutioaClTUl"of
tlM:AOC.OdICI'pc:rfOl'lZlalKeparamttenlr'CdetenrliMd by
the comp romise made among titne or InQ lurnntnl,
IIeIlsirivity. frequency range and freq unleY rnoIution . W~ are
curranl)' usina: the device 10INdy nutn . Sampling the ruge
200 Hz 10 4 kHz It 2S Hz intervals, I rnea.surtmtII l lim~ of
0.1 s,andusingl I2biIOAC,thtilC1l. ilivityisratlltrbetlr:r
I!wII dB This is ade<J.1.att 10 dtt«t qllilC 'lIb11~clwigCJ in
tbc:rnponIC't'ww::tiaaoftheinstnlmcntll }.

Fut". ~plllna.

We are conrinWng dtvelopmtlll o(tbc venions of the doice
for wind and Itring illSllUmm ts., and app lying thetn as
research tools 10 Undt rsland the 1C0tli tic. o ( musical
instrurnentJ.A pplication ofth el t chniqlle tothtproduction of
improved musical insl.rUmtntl will requee the commer cial
manufaclllrt ofthe devict. and for lhilpurpose~ lrt ~eking

a cOt'flORte collaborator from the acoustic or ~lectronic

imlrumenl industry wbo is inlt reSled in Iicn.ing the
tcchniqlle for production
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Acoustics Into The 21st Century
Cbn ltJ Don
VICePrnidml, Austnlian Acoustical Soeiet)'
Drpattmnrt of f'hysa. Monash Univenity
a.yum.VIC10ria 3165

Whalin the ~iranePb aomale kOU$ba. vital force.
bothllbon>t&Dd~duringtbcDeXl f!.fteeJlyars?

The reply made by me AusnliaD A_stit Society10.
scrieaor~awtlinllhiskIpM:areprnmted.Ytilh

tIlenpcctationo(renentinlfunh«di~~gs1

Society membersand lbcmJy oeatinC • broUrbucd
response 10 JUdI t hallet\i:in&quntions.

INT ROD UCT ION
Whit willbe the role of acoustics in fi fteen y«rs time? Will
environment al noise: "ill be • signi ficln l proble m in
AI.l~tr.l illI1 commu nitie s? By the 21st century, how cen we
CnSurtll n ICOUslic-b.sed innovation wilJ rcceivcfundinlland
I smooth path 10 the mar kets of the world? What is potentiall y
the mon importanl arc. for developme nt within acoustics and
bow can we ensure hsucceeds ?

These are thouSh l-provoki ng question s _ bUI nlhrr
difficu1t lOlJU~.Sooft.m $llCh qllcS1ionsare bl'\llhedlSide :

~'lthink.bou1 Ihem I.ld'.

\10'cl1. later came nthn 5OOI'1aIbm exp«led, when !he
AAS wu askt'd I t tbe end of 1994 10 respond 10 •
~rc:onthc ~Decdio(acoulticlitlAIIIttIli&.

BACKGRO U:-;O; FUTURE NEEDS
~M.tc:binl Scieaoe and TcdlnoIosY 10 Fullift ~eed," itlhc

I.hnI.sc o f • INdy ",-hicb. the Au strali.ln Sc ience and
Techno logy COllncil (ASTEe) initiated I I ) in
Aup tlSe plem ber 1994 . They IC'Ck to eltabli&h w1lal
AllStraI>ansth ink ...in bc the most i~t i-. pcobIelnl

aDdprioritics fKinS usuntil lbc ynt 20IO,and ...m t rolc
science and leChnoiogy will plzy. RcsponKS~ bcinllOU""
from individua l, ",",11 U 1pCCialiKdlroup1 1UChulbc
Acoustical Society. ASTEC hu Jet up a conunittee 10

evaluate and report on ee rnponscs . Thi l shOllld lead to an
infonM lion bue which can direct indU1try and 100000ent
about the futUTe d~lopmenl and app1ica t ion of lC'irncc and

tcchnolog y

Unfort unal cly, thc reque sted time frame for l'CfoponlCl Will

\1:1)' l hort; prefe nlbly by October 1994 or if th il was teo
short , IlIen February , 1995. Counci l o f the AAS decided to

preperea respoMC for the lalkr dale, but eventhen ce reply
Ilad, of nccelliity, aninptnfrom only afcw pcople, cspccially
u the interVal inch>dcdth e muc h loved "AU1tralian HoJiday"
lime. The reluJ ting responlC il the com pilation ofideu from
-...1DiviJ;ions and wme individuals and Iw been KIlt 10

ASTEC U fDqUCItCd. 1Iowever, wu it the bel l fCSJlOllIC1
Docf, it accurale ly reflect the 0ycu1I alti t\ldc of AAS

rncmbas1 Do you qrce with or viokndy objca 10 the
anl'll'Cn?

Reproduced below arc the ~ main qunlioru from
ASTEC and the rnpcIftIa providedby tBc Soricry. WOuld
)'OlI haw: ineludcd quilC ditrcrmt ideas or examples ? Pkuc
rad and comidcr lhc tapome and 1ct me ~ YOUR
thoughts !XI the u.-.. Il b too 1alc IOdwtpthc prcICIll
rnpcn1C,Iw:M_, consi6ention of the i~ IDa)' stimulate
fTnh tdcasand help form tile bu b of haw p-cmmcnt sees
acou.stiQl prosrcuinl in the fulUrc.

QUESTlO;\iS AND ANSWERS
1. For,"em~rs of ,h~ Awstru/la" Acous tical Soci~ry ,"'hat art
1M",os, p ,.,.",l.J"• • ",,' orfl~ld. ofrr. earch, d~lopm('1l1

or comm~rda/isallf}/1 "''''~rt sig/lijica/lt acltiew mCTJIS art
u.pe"edowr fhe /lu. f /J~ar.?

Active control of noise and vibration is scen as the major
singlc areaofadvanccment.

Pred iction mod els for control o f noise, especil lly
cnvironmenlal noise . App licat ions such as estimating
O\Itdoor IlOUnd kvell around airpo ns, globa l tempcralUrc
monilorin, by 1001 distance acoustic pcopagatiOll 0Yef

oceans .

Re ( mcmcnI of cunatl thcomtcal rnOOclling 1pp1'OKhcs;

IlUCbubollndaryelcmcnlanalysil.,finite elemcnlanalylis
and ........-elcl lbcory. and tbeir appl icatioo IOIrlOR QlfJlpln

"""""-Mcd.ical acoUltiea: efred o f noise on bwnans; both
pl)'CbologiuIllIdpbyDoloJicalaspccu.

:'\oisc rCplllions; es~lIy governing Occupational
:'\oi1c./Cootrolin"uy. lbc mininl industry.

BctlCfbuildinC too1lrudion ilnproYed sound iio latiOIland
&hicldillg.

ACOIISliaiiDSlf\lmCQUltiOll:

developmc nl of~1 diagnoslie lcehniqun,
inlelligenl tra l\lducCTleChnolOiY,

;rn.:ludins minialUl'iu lion,

more effk icnlsound lleneralinl dcv iccs.
speec h processing te\:hnoios y.

Z. For you r ort a ofcxptr1iJc. .... af do you CO'l$ldt'r will ~
Australia ~ J ' rt/lgl Ju ill lit e Most proMising arew or fle l,;hof
"-Search, dew lop," ellt or commercialisa lion over 11t~ /lUI IJ
yean?

The cltpenise and skill of the peo ple and the racilitin
within Austra lia, such .. Univenitics, maou faclUl'inl and
min ing indus tries. provide a Stroll, ba se for telli ng 10
werseas marlr.ets, particularly 1lOUttt_1Asia, hiCh quality
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aco\lstlc product sand te<:hnology.

Aust ralia can be a leader in sett ing sta ndards and
regulations.

3. If tl1ing.f weill very well. lookillg at il oplimistically, whal
JfWdfic typn of slgtl ifil:atl' achkwm,nlSdo you think mIght
Npossibleill lhesepro mi.Jillg art'l1Sor/ieldsove r lhe next J5
)'f'Qrs?

A\lstra1ia oould bcoomethe ~aooustic centre" ofthe south_

el5t Asia region.

Austra lian based comp anies, involved with acou stic
consulting and building products, de.• would expan d in
AllStrali. and ovcraeu. They would sell to ovene u market!
AllStralian intcllcctualp~rty, ttthnology,trainingskills

ud regulation ideas. Spec ific examples might include;
pl'lCtica l appl ications of active: noise coouo! includin g
dC\-elopment oflowfrequency noiscattatuatonforvehiclcs
and industry , bionicears and hearing aids. smlI1 miruanrre
U'ansdoccn , improved acou stic buildin g materials and
designs.

4. J" whot ways will lhese types oj sigllificQ1l t o.chievemellls
o.dd"ss Important needs ill Ihe Auslnllio.ll economy. or
cOII/riDuIt tolhe heallhQ1ldwell- beillg ojAltSlnlliallsociery
over 'he llext l5years?

Create an improved lifestyle for Australians through
reduction ofen';ironmen\.illn(li~.

Less hearing damage through an improved acou stic
environment in residential and industri al areas and in
transport. Much of this improvement will be achi eved by
applica tion of advanced materials and acoustic techn iques.
espc<:iaIlYwhcre noi'le oontro l was previ ously impractical

Improved export market.

Longe r operating life of mac hinery an d reduced
maintenanc e co sts after applicatio n of vibrat ion diagnostic
techniques. An examp le would be quiet er mining and
processmg

5. Foryo ur area of exprmse. whO/lWll.ol:lleSJl'$or 'M ean do
YOII co'/Jider might limit AltStralio ~ success in the masr
promlsi"g a"as or fie lds of research. d~elopment (lI"

com",ercioliso.tionowr lhe "u t I5 years?

Univasity and other research bodies have very restricted
fund ing and ther e is a poo r Government att itud e to
promollng science.

Noise in ure environme nt is loosing its profile and therefore
attraetinglessfunding.Communityvalucs areoften ignored
when other things ate assigned higher priori ties through
political decis ions-eg,Sydneyai rport runway.

Overseascompetitor com panies will bypass Australia. Cost
of manllfacturein Austra lia is relatively high and there is a
lack of business development skills, Australia has a small
poPlllation and industry base and there is a lack of "risk
taking" when considering opply ing new technologies.

6. Co... you idelltify OilYspecial requi" men/s for Australia ~

success i .. promising oreOS or fi elds of reuarr:h.development

orc ommerciali.JotiOllo ver the llexlJ5yea,.s?eg. requirt'll'lent
fo r major co"triDutioflSjro ", ",ult i-discipliltQry research or
fro. ~,,~.

Industry should con tribute more to resea rch and
development, with sUOngCf Govemm ent support for co­
operative research and assistanc e 10 industry to unde rstand
commereial isalion oftechnology .

Increased lp breaks (or organisalions which imp lement
ncwtcchnologics.

Governm ent lIhould promote and susta in bodi es like EPA
and Universities wh ich are .lready involve d in noise
replatiolll and acOlWic research . Funding to such areas
should be incre»ed.

Governmen t must ensure companies have the ahili ty to
market overscll and there is protection of tecbnology and
intellcctua l property .

'1.Looking at ways reseorrh Is now corrledout. or the results
are developed a"d commerciali.Jro. what changes, apart from
oddilional resources, might help ensure optimistic
achievemellts in promisillg areas or fi elds are realised over
rhell l!XlJ5 years?

Educat ion of the comm unity, industry and Government
about the importan ce of noi se in the env ironment and what
technologiu are availabl e 10 reduce Icvels-iTl(:reasingnoise
ccn scicu snees.

Comp ilation of statistics showing effect of noise.

Closer linh between Industry, Governrn ent and Univasities
inthearea, Provisionofadcqualeresearch funding, or tax
el(emptions, Ior project s which are likely to lead to
commereiel success

Provide • more flCl(ible system in Uruversiues for top
researt hen to concentrate on research with only minima l
leaching aed admi nistrative commiun enlS and provide
simple paths for inten;:hange of personncl with industry.

WHAT TO DO NEXT
Having read the respo nses. whether in oomplete . greem ent or
in total disagre ement. please drop me, Char les Don at: the
addre" given altnc top of this artiele, a shorlnote indicating
your though ts. If you are in dispute, just ind icate the questio n
number and point which troubles you and then let me have
your idcas.Even ifyo u completelyagree,( hsuch an unlikely
event even remotely poss ible ?) l would be gratefulif youlet
me, arid there fore the Soc iety, know that the respo nse was
"correct". No matter what your response, all comments will
be given consideration by Council in the future and. if the
opportunit y arises, incorporated in a new version offuturc
needs.

REFERENCE
I. Australian Science and Te<:hnology Council (A STEC),
Matching Sciellce and Technology 10 Future Needs ·
Bockgrollnd Rrport, August !994



1 1~ 1
Anita Lawr ence
A thumb-nail blognphy b)' Dennis Glbblngs

I mrUuisud . llb Anitll in an ail'y room ill her SLlvn
bomc:_ I~ned 1Iw 11_ founeca ran 5inee OM:bad IIlef

as I committee UIUkfher dWrmmsbip 10 plan the teeluUeal
prtlIrwJl (or ee Intemationa1CongrnsooAco.lltics il:II980 .
Much had happened ainu !hen, but VlVIIld.cafe lOgo
further bac k sti ll. 10 the lime ",tlen she fi n! arrived in
,_

Ani ta La...'renee came10AU5tn.I~ from Eni1andin 1946
_ ,bout , ill. years lale. It er (alba had tQChcd Sydney in
J940,bul by thlll t imc lhewar hadnw;leI1J\'eldiffi cu lt. and

Anita and her mothCTspml the \WI' yan .1 their home in
Henfordshire. This was not eucdy tbe u fe a1lffll1,l~ 10
...-anime tra~l ei\her, and al 20 Itliln .....sc north of London
!hey ....d their IhaR of thc bom b blasts and • .uorted lnumas

of wartimc Blibi n. Anita t.Omctimes wondcn ifi , mip t have
been in those yean thai W acquired the 6 ki lt vi llcy. in her
audiO¥ram lila! intrigued ber stude nts man y yean later.

After lIIewar, having matriculated in England, AniUlceme
to Sydney ....ith her mothe r and enroll ed in the School of

Atthitec:tuft at Sydney Univeniry, Covnel th~ werenot in
equilibrium. Ninety of thc one I1unllmt fi nl yur stIIdmts

~ maln, mMt of them supported by C.R.T,S. I~
1'hnewcrepertlapsfour leenues ....ftk;forthcrntollbeir
Iimr PlXlmts levncd wN l they eouId Iiom. copyin. blue
pinlL !'l0'lll'. copyins the Old Masten bad bee:n I bal10wN
lDallSortrainina;artimrortmturioet.,buI ... mcalll or
n.ininS aK hitertl it IllS its lim itations, partiI;uW iryou WI'

draw, aDdAnita hi lte! ber fust yeu fmall.

Frirnds llln nttd lohetakeup the lPl, bul lUlh&dno
~ 100 ibc kJokte! forjobsmd btpn to meke loodber
ckflc;Ctl¢yifl dnI inS by worki ng tim II I trl«T and I&lcrII

I dra uShlsrJllII . l1 then that ~he heard oft hc uublil hmt nl

of lbe B ,Arcbi~ count at the Unive rsity of TecilnoIOS)'.
Here to nditionJ were much jess crowded; she '"..a, one of

only leYefl ltarl.ers in the flfSl yu roftht full -time roww. Al

the end of fifth yur, Aniu won the Un iversi ty Medal and Wlol

gran ted. b\lJ'$lll)' thai enabled hCT10 cmbm upo n I Muten
degreew itlt the prop het ic title MOe. ign o f Aud itoriums willt

Spec ial Rd creQCc to Acowtic.~.

Some of her lime wasspemat CSIRO (flightu) with Roy

Muncey. and lIer work included tourin g Victoria with the
VICtorian Symphony (:)Khan eccompanted by I llalion­

....lIgon load of KOUllica! measuring gear. The ilka .. as to 11)'

toelucicbte lbedcsisn facton in tile haJ1s that increased" ot

decreased, the pleasun: of ltlc players and audien ce in the
music . The life of I professiona l musician on lOWiSI Pftuy

wearing one , and Anill wryly suspects tha t a cri lica l factor
noI ment ioned in the report wu the loca tion and quali ty of the

neares tPublie House.

CS IRO II the lime wilhed 10 produce: I boo k to be called
~ACOU5tics ifl BuildilliM, and ANla _ asked lO be its luthor.

FoUawing thi.1Ite spen l. "'on tune in pti\'Ite pnctICl::

The ~an 19$1 aDd 19 51 ~ CTllCial 10 Alll la l

subsequenl~.lnI957sbemarriedand ifll9Slshe_

appointedlOlleeturnbipinBuilding~e llthc

L"nn-emty ofNSW. Oneoftbe advuuages of Uni\'CDitin ..

mtpio)'ersuthlltbeybaveSCllCl'llIyKCOgllisc:dtbevalue of

lY\ing Ihcir staff iO off from lime 10 time 10 cultivate finh
IfC<li of knowledjc. 'The trad itional IWI'lC of '"Sabbatical

Leave" derives of coursefrom the anc ient l~ish custo m of

leavirl g f ields unl illed and releas ing de btono from the ir

obligations every seve n yeln. But modem usage IUOWI more

freq uent observance thin thil , in fllC1 in some cases 10

frequ ent tha t Univcn itie, haY(bowed to 50Cietai prellUml by
disgu ising it under name. like " Speci al Stud y Leave".
Nevertltel~ her position ....ith the Univenity hi s 11lowtd
Anita unusual opport unilies for to nlac t wi th the ICQu~tkl

fratern ity cverseas, ....hibt ber partnership w ilb Gerry

Lawrence, begun in 1957, hal Jiven her a mi le whoK own

empl oym ent iIITllngmlCJ1t1 have 111_-edhim IOjoin her in the

major exCW'$ion. and IOlenle ee minot' DnC'S.

wh en Anill joined the Univenity in 1958, RA Phillips

wu in cltarge of the Building Scieece pmgwn . HI' intetntl
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lay in lighting, so Anita took over acoustics. In 1965 she was
asked to devise a Graduate Diploma course, which developed
into the MSc (Acoustics). When the Graduate School of the
Built Environment was set up, Anita concerned herself almost
entirely with post-graduate studies, her undergraduate
responsibilities passing to Marion Burgess.

The interest of Anita's department in traffic noise arose
somewhat by chance. In compensation for the fact that more
predatory projects had siphoned off the funds that should have
been spent on building a 'proper' acoustics laboratory, they
were given money to fit out the mobile one. They were also
able to construct a small house with replaceable facades for
investigating the relative soundproofing effectiveness of
alternative methods of construction. This proved to be a
salutary introduction to the general law that acoustic results
are alwaysworse than ideal. It is not much use double-glazing
the windows of your dwelling if most of the intrusive sound is
entering via the roof- a lesson which Anita fears may be
expensively relearned in the wake of the third runway.

When Anita took her first Sabbatical leave in 1965 she
travelled across the Pacific by ship to Acapulco, then worked
her way across the United States supported by a Carnegie
scholarship, ending up at Bolt, Beranek and Newman. Three
months in Europe followed, one of the highlights being to see
two of the rival models for Sydney Opera House - Cremer's in
Berlin and Jordan's in Copenhagen. The resolution of that
particular conflict is now, of course, history. A short stay at
the Building Research Station in England preceded her return
home.

An exhaustive listing of Anita's overseas contacts might
becomejustthat,butsomeyearsstandoutinhermemory. In
1982,afterextensivetravelstoacousticlaboratoriesin
Europe, she spent some weeks at the National Research
Council in Ottawa with its two Acoustic sections, one in
'Building', the other in 'Physics'. In 1986, she made her first
visit to Beijing where she lectured at the Academy of Sciences
on Building Acoustics. What they made of it is not altogether
certain, but they appeared enthusiastic.

Earlier, in 1977,afteraninterestingperiodspentwiththe
Acoustics Section of the Greater London Council, whose
work involved implementing compensation schemes for those
adversely affected by traffic noise, she spent two months in
the Office of Noise Abatement of the U.S. Environment
Protection Agency that were something of a revelation,
recalling the advice she had been given after her first unhappy
contact with Architectural Science. It turned out that the
Office was staffed not by Scientists but by Lawyers whose
function seems to have been to try to assess the effect of any
proposed Federal regulation on every citizen of the U.S.A.
Needless to say, not many regulations survived, andneithcr
did the Office.

Since her retirement in 1990, the pace ofintemational
travel has not slackened, with Internoise (1990) in

Copenhagen and Internoise (1992) in Toronto, where she was
one of the three keynote speakers. Internoise (1991) was of
course held in Australia. The I.C.A. meeting in Beijing
(1992), Internoise (1993) in Leuven, Belgium, and Internoise
(1994) in Yokohama were also attended,.

Closer to home, 1980 is remembered as the year the
international community came to Australia for I.C.A., for
which Anita headed the committee in charge of the technical
program. More than a decade earlier she had participated in
the establishment and growth of the Australian Acoustical
Society. Starting in the 60s Peter Knowland and Vivian Taylor
had moved to get a society going and technical meetings
began to be held. A constitution was developed and the
Society incorporated in 1971. Harold Marshall in the West
was persuaded to attach the group he had gathered together
and in due course branches were formed in Queensland and
South Australia. Anita looks back with some satisfaction on
the growth of Acoustics in Australia from a fraternity of
largely self-taught practitioners to a profession with
recognised standards and training, training in which she
herself has had a hand with the publication of three books:
"Acoustics in Building" (1962), "Architectural Acoustics"
(1970) and "Acoustics of the Built Environment" (1989). The
ghosts of the past would not be silenced, even here, and she
had to prepare all the illustrations for these volumes herself.
Standards Australia has also, she believes, been a valuable
forum for technology transfer and she has, over the years,
been a member of numerous committees, currently being a
member of the Executive Board of Council.

To the question of whether she has ever felt it to be a
disadvantage to be both an acoustician and a woman, Anita
answers a forthright "No". She has never been a lone female
acoustician,inanycase; there have always been a number of
active female colleagues. Sometimes, after it became
fashionable to insist that committees couldn't function with
out female representation, she had felt that her time and
talents were excessively in demand, but that was all.

Asked about the future of noise control, Anita was not
inclined to be optimistic. Digitalisationandcomputerisation
had given us a marvellous range of measuring instruments,
but she sees the problem of noise pollution being
overshadowed by the spectres of air and water pollution,
global warming and the thinning of the Ozone Layer. Aircraft
and traffic noise are not getting less. Vehicles are becoming
larger and more numerous, many even of the smaller vehicles
being powered by diesel engines, and regulations are too
lenient.

I wondered later whether she had any regrets about
devoting her working life to an activity which didn't seem to
have realised its early promise. If she had, it didn't show; it
had been an exciting and rewarding career. I reflected that it
was a pity that the real political world habitually chose so
badly from the technologies offered to it.
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Repor t on AAS Council
Meeti ngl
The ~3nl.t.$4lh Cowu,:;IMecti,,&, _

beldinCanbern.on9 & 11 Ncm mbcr 1994
Ninerouncillonaltendtdbolhmedinp.

The Chainna n of the Council Standin,
COfIUQ;ttu on Membtnlup, KttI Cook.
rqlOJtCd1ha129 grading> had ball made
lhrougbow tho: ,..,.... 1hq compixd 16
Membrn, 1 AQoeialC. 10 5nKkn1$...d 2
Subscribers. The mnnben orlbe Commi~
an:KmCook,JohnD.vyIlDdBiDDa'Wll..
All Committee lI'Iel\lbIm ""oe'te re-c!ected..
The k~. Ray J'Jusc.1'C'pOItedwIllie
llUn\berofadmWiOftl aad t~ 10 ee
Socicty io 19'M .... 27.Tbil ...... .
wbstantialimpruvemmloatbo:~

JI'W. Tbc lllllllbcr orc~.. tionINMtmber
1faok_16,whicbwu IOpalUtballlNt
yar. Ctnmt State JtltiJric:1~

NSW 116
V~ 117

Q<d ..

SA "
YiA "6
TOTAL . 25

Dr Norman Caner,bas bf:en uked by Ibl:
IntcmatioDaICommiuion 011 lbc BiofoP;al
EKecn of Noise 10 run 1M Scvmlh
INcmational Con.forcnce on NoiK as ..
Public Heallll Problem in AIl<tnl i.l io 199&.
Couocil di~tbo:ex~nllO""'if;bit

fwbtheSocietydlov.ldbcirMllvedwilhlhe
running of !hi. siani fiWlI rttnI and hat
agrced, II this otago:. IO plO'Vidc:lsmall
fmancial loan 10 Dr Caner 10c"" l>Ichim 10
funhc r rnoarc b optiona for runnioll 1M
Conference

Ani tl. La....ren ce pl'O\'idcd • repo rt on
Intcrnoioe''M andl.ICEMet1;ni " lndFl ob
Hooke r prO'Iided feedba ck on Weatprac V.
Ross Palmer put ••ubmission to Cowv;;l
~u• •tini lupponfOflhtfoJIDalioo of an
Acoustical Socict~ in aanaKok and
suggc.ted consi derat; on of Bangkok for the
19% Confen:nce, Any information lhal
might be usefu l 10 the new S~iety in
Bangko k. please: forward to Dr Pith . i
Pamanikab ud, KillJl Mongkul Instilute o f
TedlllOlogy, Thornburi , Pracht U -lid ROIId,
Rajchaburana, Bagmod, BANGKO K 10140.
tel 662 4270039, fu 66 2 l797089, It ......
considered thai the holding of the 1996 AAS
Confen:nce in Bangkok mighl d'oadv.n lag.
an.ndano . by 10m. AAS m.mbe B.

Th. Aum.lian Fouml.ation for Soience
recenlly C1t.ablithcd a national.omnunee on

theEnvironm.ntandMSiSlop~ a

suhmilli on 10 thil Comminee on the m. jor
.n vironm .n tal issu. s lh. l il would like
. ddre"ed. Council is a llO prep.ring •
$Ubmin ion to FASTS ....hich il R i ponding
10 ASTEC on M'lChi ng Seieece and
TcduloI ogy to Future Needs.

Anoth. r impoJWlt maim roT\Iiden:d by
Counci l was the admi nillral,on of Ibe
Soo;icty RcquimnmlS of 1hc Article s of
Auocio lion and the Ao.stralian Scourilics
Corrunillioncreate siglliflcant adminiSln­
Ii....,worldoad and Councilil f;OnCemcd thai
voIunwyolf~tIWdt.ang. rquI.arIy...,

no! in the beor interest of membm. II i.
plaJInedlOholcia funher CounciI meetin g
mid~toln"iewthen:l..h. ofocvcnl
mq\Ii.ricIiNl...,bcingmidcoolhismalm.

The I 99S Conferell« it being held. in
F."......II~ .....CSImI AustnJia, IS - 11
NOVftt'ba'. 1M AGM andCowleiI Medinp
...,pbnDcdforthattimc.

}iMItl LJdUlgItHI.,,""""-..,
AAS 1995Ce nterence
Located 011 the boInlcr of the ACT. the
Eagle Hawk Hill Resort pro¥idcd pleasanl
IWTOUDdinIS for- the 123 pcopl • ..-ho
RiilW'Cd for the 1994 AAS annual
cod.rene.. 1M openina speeches.
inchld ing • "Icomma: addrc51 by the
MiniIlCr for£JMronmcm, lMIll Planning
an4ACTGovanrnem,Mr BUl \\-oocl......-c
kepcobortlOtlWthe dclep:el- "",,",noI
diJtn,;1cdlOOmudlfrornCllloyingIbeBuffe'l
on Wednesday "",o;ng_ Duri ng the
following_and a balfdayslhcrc was a
lUOC«Iionofinl ingpapm.,aomrtimn
iopara1kl..eo.u' cavc ring lopics rangiJlll
from ohick. n noi.. 10 wei ooi1s, from
muskal instrurnellll 10 IdM control of
vihntinll ro4I. A Itimuiating workahoopoo
road tnffic noise descriptors rommc nocd
"',th li....,noubl .v.orke.. inlh is fi.ldgiviog.
. 1 ..lativdy.hortnolioe. thcirviewsOllIhe
!Opic. AftcrwardI. many mcmbcrs of the
.u4ienc.'ook "' eopportuntty .ojoin lhe
an imal=d discu,..ion, in what prov=d 10 b.
one oflbehighlights of "' e conferenc:• . Fot
many lb. gem of the a<;tivili.. would ha....
been lb. bri.f, bul necessary, Annu. l
Gcnera lMce lingofthcSo<.: ictybcl dal6 pm.
howev. r. olh.n may have fell tha I th.
Conference Dinner, with ils AUS!l"llian bush
flavour. WIIS more 10 their taste . Th.dinncr
", u .h ning for lhe Excellence in
Aoou!ilicl A ard "'hile lhe cl""ng session
prior 10 Fridayluncb WIIsprttt dc4 byth.
pr.....l. J ionoflhcPrc. i<!cn.'sPriz•. 1bi s
year il "' It .w arded 10 C.FI. ld . n4
F.R. Frick. for . papcr on oplimi... tion of
buikli ng vrn lilation opening sizc in . noisy
. nvironm. nl (ioo:ludcd in this issue) . In

. ddilion lo thc . onfcrcnc:e papcn,. dillplay
of ICChnic.1 .quipment . ltraet . 4
coOliiderabl. inleRst ....hile comfortable
ohain in lb. foyer provi4cd thc fQ<;US for
many stimulaling discUJtiona - 104. few
short ll8pS.pcrhapofrom lhoac ....ho hacl
ove.. indulg.41hc:niih l before. 0veraI \.lhc
coof.rcnc:....... JR.llU«CUan4 .credil
to all i....-olved in il&orllanisaliOll,espeo:: ially
~larionBuTJfls an4 Sf.phen S.mOfli.

I'rocftdin gs..., availablcfrom the Soc:iCly.
o:ost$SO.inepostlg.(A$60foroveneuaiT
mail) froonAustralian Acoustical Soo;iety
(NS W Divil ioa ), Privale Bi ll I.
Darlingb ....... ~SW 20 10.

o..n'n Dol<. 1'1« Pr-a~IJnu. pt-e-f#Ollill,

Prnidnof~Priu .. O", FWltiftwpopn by
fW/4tu14F~.

Exce llenc e In Ac::oustlu
A"'·uds.1994
The Soo;.ety\ hecllenec In Acousti cs

A" vds Schcrne"D NlI duri nll l 9904.for lhe
flnt hIM on' nahonal buii. PreviouIIythe
Schem. had been a biennial CVCM of the
NSW Diviaion. H.nocforththeA,,'lJ'\bwiU
continueUlbiennill\'nalionalll:hcmc

AWllrdIare madc IOcncourall .....elleno:ein
the resuroh, desilin and . x' OUlion of
lCOUitic. and vit>ralion ~llted proj eeb. The
wooom... , ha.... b«ncarricdou.ind..ign.
ltu4y or neo"lion in Australi • . An
ad4i tiOllal object iv. nf "'e AWllrda ia to ...ilt
in promoting communily lWIIt ocSS of "' .
aohi.v. m. n" of thoo. in~lv.d in lhe
various ficidsofacouslici

Two broad .nt ry ol legories were C11Ihli. hcd
andthcsel'O'V.rcd acouslica ld•• ignprojt<:f$
and .co ui lici l T'pO"S. procedu re• • nd
sys teml . Although me schcm. WIS
.dvet1 ised extonsi....ly, on ly lwo . ntri.. wer.
TtCCiv.4inth.finlc'legory .l ong"'ilhfour
enlri es in the second. E.o h enlry Wal
indcpcndc nlly . u" •..,4by threcju4I •• . A
j u4l ina: pan. l o f oine was ll ocmblcd, wilh
• • ch ju4l1' lI.eninll 'wo .n tries.
A.....mcnl ..... ~c.gainstascricsof
o:arefullytv'Olw4criteri.Utlli.h, inlcncral
lmns. includcd lhc following



° Tk IlOVlilty o f 1M proj"l in the ntent lO
which il ad... nced at_tic ~I~dge

andlorawliu tion

o The alt nt to which lhe proje<:t lChi~

ils atl tcd obj"hVel

° 'I'Ile lia:nificancc 10 thc commun ity of th~

OIllCOme. of thc proje<:t.

° Thcq uatilyof pn:. cntll ion

In lwO c...., . j udgcl . l. o m&dc silt in.p ec.
ucne10 a... i.t in making lh. i. ... essmears

Subsequendy,funher indepen d.nlcoll.tion
and an.ly.is of .U thc judg~s' u«tS.ment.
were undcTllkcn by the EucllcllCc Awards
Organi. in,l Comm inee. lt il o f someinl .... t
IOnotClbalth... w.. . vny high dtgree of
consiSICncy bc:IWftn tM l»tssmenls. In
ocher words, lhere wn coll$idel1lblc
oonsensusaboulan ~ntrics

Tbefollowingsi. ~ntries ....ere received

ACOIIStk.I DnI,lI
Sutherland Ctnlre, 51 C.lberine\ School,

W......ley
Sydney liarbow TW1IItl~nl.illtionooi..

cnn trol

R~port.. Syltc mt " Proc cdu ", .
E' l"'wreof th.Aust.a lian populalion to

roadtntTic llOise
Sydncy.irpon noifC manl gcmcnl pll n
Noi. e toum: idenl ific ation of. CM2~ ·g

toeomotivc
Noi......sarmntoft h. MS Ea.t MotlHWly

(h~•• II, the jud g.s' opinio n> w... IhlIt all
enlrin wer e of good l(lIIIity and thet neh
'*Uluitable for inclwion in thea$SCumcnt
procesl. H~the dear con>erl'Uloflhc

jwllU-..lh.otnooeoflheenlriclcouldbe
.....»ed aI ellCCllenL N..v\hc:leIs lWOof
lite cntries wne I.SStSlCdII being of I hip,
. tanda rd. On thi l baSil, no Awardl for
E•• cHencc ....cre m. de: High
CorruncndalioN"l'rem.adeto lhe f"llowin,l
twoenlnes

AlProf A L Br<Mn, Bri. blll . , Qld
ExpuI= of th. AWlnIlian pupul. tion 10
road traff ic no ise
Mil, hc ll Mo:Cottcr, Sydne y, NSW
Sydney airpo rt noise managementplan

Both High Commendation ccnifi,atci wcre
formally presented 10 Ihe reci pienu by MS
Vicc Presidenl Charles Don dunng the
off ici.l d inner of the 199 4 Annu.l
Conf.rencc. Th. Soci.ty\congnlUlalion.
..., ..tendcdtobodt recipiml . and thanb 10

.1lenlranlSforth~i.supponofandin1fte" in
1lte Awards scheme. A ........ invi\.llion is
INdclOaUlOcon.ider~nicipating in1lte

1\f:lI.t, 1996, Awards scheme . Thil will be
organised by Qut<lIIl and Divi. ion wilh
pre..ntalio.....g.i nscheduledduringtht
AM"'! Confer.nce, f in. lly, the Socic1y il
gre;ody indebtedlolhc l 994 judgtl and
Awards Committe< m. mbers

SI~pIr~n Somu~ls
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Int er national Ccnrerenee on
Underwater Ac:oustl(l : Ac:oustk
Imaging and Remote Senstng

Thi.. lhcthird ....hconfcrenccoonvcnedby
the AOllnliln AtoUl ti'll Soc icty On
Ilnderwl l• • 'COIlSlicl , Wal hcld .1 thc
UnivcTtity of New Soulh W. lcs in
December. Th c conference was "l'1I
Illpportcdbybotlt lhc dcfencc, indul tries and
Ic ademil , th•• c being 110 •• gi. t.red
dd~gales and 57 presentl liolll schcduled
during thclWO and . half day •. h was c0­

sponsored by 1M Australl.n A<:adcmy of
ScicllCcandGEC-MIIl'COTIi. Highlip, ts of tbe
conrellincewnethcli.loftminent""......
speakc.. and the hiihquality of lh~ papen
prtWntcdbylltelocalconling.nL

Tbe open ing addr." to the ,onfe",,,"
dclivere d by Pror. A ,C. Kibbl....1tite of
Auckland Uni~mty ga.~ the devdopment
Orunde""'I•• acou01ic.in!hcSouthern
HemilJ'h~re . Thi. ...'U fcllcwed by 6 papen
ondiffertnialptttsofundcrv... tcrnoi. e, in
,har aeterisliCJan dsourccs, particul• •lysea
anirnal and fim noiscs.A subsequ. nt .... ion
of 4 papers on fishcrics. lhe exploill tionof
the marine bio·m ... using Icoultk
tcch lll' logics such as imaging and remole
selt1ing addtd a useful appreciation of lOme
of thl:commercialaspctuorthccunfcrencc

Acouslicimagingtccltniqacs.,..,noclimittd
to lhc lIIMio.cnvironm.N," m.......tcd by
ptn<Cll\IItionI on mcdical imaging (6paptn)
.nd on ultnsonic Imaging (2 ~PCTl).

MJ .Buckinglwn ofSCRlPPS (San Diego)
inuoduce<1the mainKUiononllftdcr,o,ater
imagi ng and di~u...d th. concepl of
~.......ti<; daylip,t~ and iu develgpmen t in
acoustic imaging. 1n lhc fi~ld of i....,ing
andcl...ificatioll ofthc acouslil:p ropcni es
ofthcseal100\",.sericlofthreepapersby
M.D Richatdson of lhe US Naval R~.. .. ch

Labon.IOI)' indiclled the wide nnll~ and
scope of projOClaWHIn developm~N in the
US. TM ~ eontrov~nia1 and
comrnen:ially SUCCl:uful~Rounn" s)'lltem
ofcl...ifying these prop~rtiCi WI' thO'll
discussed by f. OIgivie of Marin. Micro
SY'le ma, Aberdc~n, Scot land, However fOt'
ind .p th cla..ifica lionof theseahl:d,· sCD­
sounding or low freq u. ncy Iyst. m i.
rtq ui•• d . nd this WlS Cllpandcd On by Pl'I,lr.
S.Y.Zhani of Ac. demia Sioica, Shangha i.
The•• invit~d papen _re followed by 9
paperalp"ialisingonK.bed pl'l,lpeniu

The sessio ns on remote liensing were
illtroduccdby lplcnaryle<:tw"eon ·· Global
,cowlic propagatiOll~ by W.A.Kupenna.o of
SCRIPPS, Th. invol~mcnt lJld cooperati~

.fforu. or the many AlI5tralian and N....
zealand ......tu:n in thi. ficld with their
nonhcm h.mi.pll • •~ tollUiUCI _ I
indiealtdby.di~.... IiCri.li of ll~

JUChu tholCOUltic deteelionofsupercooled
Antarctic ....l ler and the verificalion of the
nuclear tes t ban treaty

An enjoy. ble ..... nl .....ao th. Conf. rencc
DiM~' Cruis. on Sydney H&rbour, which
'oVa' combined with the Annua l End of Y~IT
F"""tion for theN.S W Division and gl~

many of lhe loc.l 1C000Slic ians opportunity to
mtet OUfOllerseas dtl egatcs.

Thc Socioty willu:S to express ill thanks for
thl:liupportgi~nbytheorgani!lltion.which

lupportcd thc Coo.fem'>Ce thruugh 'pO.llor,
5hipa and Id~ertisemmlli in the Proceeding ..
ThcConfcrenccmdcdwith.pluforllKll'l:
l'requenlpthtrings inundtrwat.r .cowhcs

!'ro<:ccding. (. 'leodcdabstracts).,.., avail·
able from tllc Society, costS40, inc F-tlge
(A$SO for Cll'tl"SClS . ir mail) frornAuliln.lian
Acow tic. 1Society(NSWDivisinn), PriVl.te
Hag I, Darlinghlll'St,NSW 20]0

John Dwnlop

Acous1Jcs Aus lralia



Enterta inment No ise Contro llers

Sound Level Meters & Calibrators

Noise and Vibrat ion Loggers

Phona : (02) 48 4 0800

Fa c llmlla : (0 214 84 08 8 4

2&5. 211Peo""" _""M.ThomIelg~

N SW . 2120 Auatraha

Environment Issues
Thc N. tion al Commill~~

Ell'Iiroluttc nt of the Austral iao Acadcmy of
Sci~ncc: is to iove sl iga te majo r
.~·~nllliuu~s. TheSocietyha.s been

asked 10 prov ide I list of issu~s for
CODliden. tion and (bopefu Uy) acti on by this
comm iltee . The Acad emy has an important
profil e and provid es I good opportunity for
addre ssing env ironm enta l issues thaI the
membe rs nf tile ....AS co ns id er to be
important on I nat ion al basis

At the last COWlcil Mcc ring o f the AAS ,
Mar ion Burg~ .. and lei Brown we re
liven ee responsibililY fOf prcparing I
subrn i..ionOll the majOf iSSUoCswitll which
the AAS ....... ld like the Academy 10 be
iDlIOlved, An y m~mben of the Society
who have issues for thi. submi""ion arc
invi tcd 10 p..s lh e d e ll ils ontoM.rion
(tel 06 268 824 1, fill 06 268 8276, ~maiI

m·burgeo.s@adfa .oz.a u)

Fellowships a nd Awards
Th~ Au slral iln Acad emy of Scienc~ h.u
as soc iati on s wi th int~rn.lional

organis alion s wh ich provi dc grlnlS in
vario us form s for scie nti f ic Cllchang~.

Som e arc for sllon visi ts while othen
p rov ide financial as sislancc: over lon8cr
time periods. T'hegrlnla8\IIilablefor
1996 incl..de visiu to Ff1llIce, U K, Korea,
Tl iwan, China and Japl n . Furthcr
informatioD and . ppliClltinn forms can be
obtained from Inlerna tiona l Exchangcs,
AlIS1Illlian Acadcfl1)' nf Science , GPO Bo><
783, Canberra ACT 260 1 or te l (06) 247
3966.

Equipm ent Hire Service

Penna nent Monitoring Netu .orks

Noise & Vibration Survey Services

Final ly these idcu were IJI(:d to compare
mUlic and speech and 10 t uppa n iOmc
lfJIumcnu o!>out!he poN ibie relllOJll for, and
the po..iblc origin of, thc phcnom enon of
mus.icl1conununication

Thi s inU rct hn a: presentl tio n Iparked
COJlliderabk diiCuuion wh ich uNllinued
duringthcdiM~r hcld ll a ... arl>yClub.

Informatio n In Muste
lbc fil'l1 meelinl of the ACT grollp fOf I99 S
....u hctd joilll1y with thc Aullnllilll lnltilUl~

of PbyliCl ,'The llllr. ...... given by J"' Wolfe
of the MUlical Acollllics GroIlp, UM.'mity
ofN~ South W.lnwilh thc title: "Th c
creationand ....lysisofinfOlTTlltion in mUlie
• from ideas to ICOUllic.and bac k I pinW

•

About $0 pcople lll~nded, including $e\'eral
mu sici .n s as well ., I couu ic il ns and
physicisla

Joc 'J lIlk trlCedll>c ~, ignal~ of lpi~of

mUlic from ilS genu is asIII idea or mOlifjn
the mind of a eompooer, throug h I!le stages
of melody, developm~nt, har monisation,
lllChcm1llion , and concert perfonnancc. Al
an slag~1 the informltion con tent and
lnIJ11mi..iOll rlt et weee enimated, the
eod ing wao dncribed, and the algoritlmta
cmploye d 10~nlle each lIN' vcniOll were
dlSCllSled frnm boIh mUlical and physi<:a1
ricwpoint

The ~ondbalfofthelllkfollowed the

inform l lion-ric h s ignal whic h enters the
ear lhrough the s lagn of fr~quency

an alysis, notc and timb1"erecogn it ion. and
higher stag~ s of anl lysis which, in some
listen~fI I I 1 ~10I , ro:vcrsc the sta ges of
compo.iuon

Nc~andVibfatiorJMoniklring Systemslor ~duSb'yar.cl ttl8E""';t'OIlmeol

" bit to ABC Centre
The final techni c.l meel ing for 1994 of lh~

VlClOfianDivision ..... . combir>Nonewith
th~ Audio Engin«rinlJ Society, and was a
t ile viti, to I!le new ABC Southbank Centre
Abou ,7Spcopleancnded,ofwhom 4 1 were
AAS mcmbn1. Tb~ inrrodu.ctof)' ~rnarb 10
the whol~ iroupto deiCIibe the iCope and
n~of lhenewbuildinlJand lh~ activitics

~gularly eani~d O\llwithin il,wt:refoll~d

by a tour ofin' pe o;tion.Featuresof"!",ciaJ
ICOUStiC inlercst includcdthe ''v irtua l doors~
l~adinll inlo each brOlldcuting or record ing
studio , lhe sludio ~Schrocdcn~fac:il iti«.and

th~ aco ustic and vibra tion isolation features
of lb~ C~nlre " emergency electri c power
B~n lor.

The inual cloora.. intothestudiO$,mabng
a physic al door UMe«ssuy , comprised a
f;tlNM pu ..g.........y aco ustica lly lrelted to

~lhi&hde~ofiOund. tbs«ption,

Il>d weufound tobemostdrecti~in

pnc:tiec ,theadvanlagcbcingllwthosc inthe
I lUdio -..: not completc:ly cut olffrom lhe
lIII:igb\>ourina: spa<;es.andlhal thosc: ~lll~ring

orleavinll Ihc JnJdio during a lIt'Ndca.stor
rccordin gKssioncould nOladdCll lrancous
noi.., throulIh the banging of a don r. The
~Schrocden" fl ci lit ie! , a SUbll illll e for
acoUltie . bsorpl ion, CO<I.Ii 'ted or .special
shapingof parla ofl lludioc~ilingorwaJlto

aimlhl: r~ n~cled iOund in d~i i ",d di rectionl

The acouil ie Ihroudinll a nd re. ilien!
mountin gs of the ~nlli n~..mvC1l emcrg~ncy

cleclric powergencntor we", found to bethc
lIlOiSteffcclivein~n1ingi!lnoi..,and

vibratio n fro m bein ll tranlmilted 10 the
surroundi.nl~andtuppor1lOgbuilding

~. ln all,this vi$itprovedlObe all'lOit

interel ling eve nina:

AcoVSlicsAustralia Vol 23 No . 1 27



ACOUS TICS APPLI ED
puttin g me science and technolo RYto work

Australian Acoustical SocietyAnnual c oareece 1995
sre manue, Novembe r 15·17 1995

An opportunity for all interested in the science
and practicc of aco ustics to meet during formal
lectures , workshops and free-forum discu ssions.

Over 30 pape rs in parallel sessions including:
. architectura l acoustics . musical acoustics
. material properties environmental noise
. physiological acoustics . occupational ~i~
Wurkshup/demonstr ation - oroecousuc emISSion

Fr ema ntle, 20 km from Perth., was rranstormed
for the America's Cup Into charming histo rical
town. The Esplanad e Hotel has wide verandahs
faci ng the ocean breeze and modern facilit ies .

Contr ibu ted paper s - abstracts 10: AAS Annual
Conference ,PO Box 1090, West Perth WA 6872

Regist ra tion for ms and full details will be in the
next issue of Acoustics Australia.
Information : Gracme Yates

tel (09) 380 3321 fax (09) 311 0 1025
email:gyatcs@uniwa.uwa.edu.au

NATION AL ACO USTI C
LABORATORIES

~
ACOUSTl.C & N.OISE

SPEC IALISTS
$uperbAnedlOiC andAe;oer!:leran!

TeSf Facii~es sei"t'lCl ng:

~ Transmission, Sound Power and Ahsorp liOJ1 ICSling

o Uencral Aooustic Tesling

o Comprehensive Analysis of Sound and Vibration

o Mcn un:mcnt and Control OfOc euplll;onal Noise

o Elcctro-Acou~tic Cahl'O'llion 0 Vibration Anal y ~is

bp ert. ln Nc iM ",~!MI1t and olher Serva$ . h:ludlng.

o Mea,~remem and Comrol ot Occupanoea l Norse

o lI.eferencc andM ulliloring AudiQlT1C\ry

Q RCl'idcntial llndEnvironrncntalNoi se

o Education uk! Training 0 Acoustic Research

126 Gre , 'illc-St r eet , C hatsw uod, N.S.\\' . 2(1(,7
I'h: (02) 412·6 800

National ACOUSlic La boratoriesis a Di visiOflof
Austrafian Hcanng Serviccs a

Commonwealth Governme nt AU1hority

~
&i~lWgWD~ lE9~Ba
... < 0 W • r i c a ~ a Ii I b , a I i a ~ Et. c If 0 II i c •

~ 'n.-I*"'s....

o.w..-,-.~W2Ol7

't. OI8 ~70 17'l

Td!I'..:«(1l) 1I1 9~

I'Q&. WI6
w........... ~m' 2046

o Sound Level Mete rs & Filters

o N oise Do se Meters

o Cal ibrators & Pistonphones

o Noi se Loggers & Noise Analyz ers

l,'ormuch iCSl'than

anywhl'redse

AClJ-W8 EIedmnia
can helpy ou with

c.aJibration , rcpair or

hire of' inst ru me nts

supplied by dilfrrenl

man ufacturers.

We also tradein new

and used instrumems

andilCCe!lSOnl'f>.

Send ;t to ACU-V18 Electronics. Wit h no douht the be st in th e r.C'IJ o f Aco us tic a nd Vib ra tio ns
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STANDARDS AUSTRA LIA
UPDATE
There Ir e severa l majo r proje<:IS and
revisiorn an beinS unden aken by Standards
Austra lia in the field of acoun ics, tbe
ful1(IWinggive l a brief lWl1mlll')'oflhe
progreSiachiev<:d~rthelsstyur.

The revi.ion of AS 1269 1989: ACllUllies
Hearin a Consen<alion is progn: ll ing .I """ly,
bolt the Public Com rm nl Draftl should be
availablelaterthil~ar. The revisedSWldard

is w be lplitinw lbe follovring fivcPuu

PanO IntrodllClion

Pan I : MeuuremenlUMI llloeiomenl.
Part 2 Noi.eredIJC'lionmarllg emenl

Pan ) : Selection ,lII eandmainu:naneeof
hearin gp roleclion devicel .
Audilc>ryas.essme nl.

The major change 10 the Slandard is the
expansion oflhe noise manase ment..,ction,
....hich it is enviJIIged wiLJprovideltnlu:gie.
for a noi.., mlw: lion Provmrt. This is due 10
the emphal ia o f hearing conscrv llion in
=l~anlhiftingaway(romtheuseof

pmonal hearing proteC'lion ro"'arw min­
imisinsnoi..,npot.urethrou&h noise ",duc­
tionmanasementandcnllineerillJl"";secon­
lJOl. The orher J«tions a", allO being lIpdal'
ed lo",nect ehange s inu:chnolol)'and,
when: applicable, to follow meuumnent
tochni'lue s,ll"idanceUMIeriu:riallivenin
",le:vanl lmernllionaiStandafi!J

The revi.iM of AS lOSS 1989: De.criprion
and melllUTmenl of environmenll1 noise and
theequivalentNewZulandSlandartls,NZS
680l l99 1:Meuurement of sound and NZS
6802 1<)91: Allellmenl of environmental
noi. eil proce edingandaillin il il lhoughl
that PublicCommenl Drafls v.'ill be availablc
sornelirmin l<)9S.

A Public Comment Onfl providing le<:h.
niquesfurthermlllUTmc:nlofimpll1llvc
noi.., such as lhat pmdw:ed by explosionl,
small and larp ulibn= ~apons and ear­
tridieopenlled nailing macbillCloboll1da llO
be available laler this year . It is hued on
ISO/l)IS 10843: ACOUIIic:. MetOOcbfor the
p!1ysical melluremen! of l ingle impu!se:sor
Wn.llofnoioe(hplosive noioe).

Grtml Cooper;
~tc"rlvtOffll:er

Sta ndard s Austra lia Email
Thc Sydney and Melbo urne Infonn ation
Cenlre. of SlandArds Au.nali . can now
teceivcl'C<l""'to for informa!ion fromrnern­
ben via Inlerncl. The addrc"es arC (or
SydneyCentre sic@u.a. l a.lrlememo.auand
for Melbourne mie@sll ,sa.u:leme rno.au
The Sydney Informalion Centre a1.0 pro­
video a bullelin bo&r-don AUSTEL on the
ETSIand rTU ""bli calion o.

AcoUSl iCi Australia

Multitechnics Standard s Board
In November 1994, Standards Auotralil
issucd a . tratellic plan for a Joinl
Mult ite<:hnics SWldardo Board. The Board
will eoverthooc lreuoulsidc the Building
andElectrical seclors, and ils c~ragewill

ine lude qlll\i ty,oecu paliona.lhea lthan dufe­
1)', and environment The Bovd WIll direcl
the Standartlspro<:ell and cstabli. h objec.
livcs. ...... .. performan<:eo fcomminccland
staff,andexploreopponunities rOlinltml­
lional and regional ralions 1i<alion. Anill
Lawrcnce lsamember oftheBoard

Costs of Sta ndards
Of inter est 10 those who conside r thai
AustrIIlian Standards an expenaive will be
an item on comparlllivtCOlllof nalional and
intemali ClJlllI Standardo ",h ich WII included
in SlIn dl rds Au. lralia . publicalion
Conl.n.uo for October 1994. Expre..ed in
AUltr l lian dolllll. the price of a cypical 20
pagellindard is 530 in AlIllra lil and New
Zl:a1and,S40from IEC, 5SS in the UKand
from ISO, 560 in Jlpan,S70 in Franc:eand
SIOOinGennany.

FASTS Changes
The Feden. lion of Australian Scientifi e and
Tcchnological Societies (FASTSJ, nf which
Ihe AAS is a member, lias been lo ing
lhrough adilrK:Uhtime.H~r=t1y

theR havebecn subslln lia!cllanges and
sign ifiunl progrcll hal been made II

FASTS enten 1995. AI the laIt Board
meeti"ll , 1"WO new members_rc eteciedro
the e"eculivc: Joe Baker u the President
elecl and Marion 8 ll'lJels, from the AAS, IU
TR a. ute r. This meanSlhl lthe AAS noww
the oppon1lllily to play 1 signifiea nt role in
Ihe aclivities, priorit ie• •nd po licicI for
FASTS,

Thenew Executive Oirct1or, Tou O•• goine,
commcnec:dinellllyMa.reh andhas alrudy
prOOuced a news letu:r l nd arran ged fortlu:
RI~ of the fASTS policy doc:wrn:nls.

Thesewcrcd'aclllledalthc (orum in lare
1994 and their orleu . will be a major
milcstone for fAS TS and WIth grcat po1ential
fOf im~l dutingan imponanlprc-election

y=.

Biisom Scmlnars
A ..m es of free half day sernin.... are to be
beldby Bilrom al venuu am und Auslralia
The aim of thcoe oemin... io to provide
i nformetien for induslry on lhe lalel l
dcvelopm entl in hearing conse rvation
produolS and serviou. Semi nar dale.
Briobane May 2, Sydney May 4. Melbourne
May ll, Adelaide May 10 and Pcnh May II .
for ",0~ in folIDlllion ronlaetai l50m u:I (02)

4W I$44 or fn(02) 486 3319

Proceedings Available
Thef'ro cee dings of th e 3r d lnt em allo nal
Congre ss on Ai r and Struc lure Botne
Sound and Vibration are now avail ab le
Thil congre ss was hel d in Monl rea l.
Can ada June 13 10 I S, 199 4 and lhe
th re. volume proceeding . incl ude 264
papers. The s ix keyno le pape .. are ;
Me tho ds to red uce co m pu ti ng lime in
s tru c tural aco us lic s predictions by
O uya d er ; Aco ustic ally induced
. tru o l ~ral vibra lion and far ig ue by
Nono n; H uma n response 10 l ou nd and
imp licalions lO sa fety by H. 1U; Wave le l
theo ry by Newland, Aeroacou st ie s of
he lico pte r rolO~ by Hell er a nd Dcsisn
of ac tive control I yste ml by f uller .

The pro<:eed ingl are available from
Inlernational Scien tific Publi catiorls, PO eo..
13, Auburn AL 368)1, USA rot USSllS
plu.USS40for~rxal ai nnail

Email Digest
The International So llJld and Viblllliun
(IS&V) Dige st is availabl . for no oosl on
cma iltoanyoneinU:"'Oled. Curren tly it is
dis tribuledto 1198 rcci l'ien ls arnundthc
world . Malcol m Cro<:ker ilthe Edilor in
Chief and the 18 member f.diloria l Board
comprioes membe .. from CJW:r 12 coun­
tries, inc ludlnllColinliansenand Miehae l
NortonfromAusI. All au invi led to sub­
Imtmalerialforlhe01aett u1he a imi lto
rmkclhe 01a:eJttnl1yinlernaliOlll I (the
next illue wi ll include: an item on the
AA S)

The conlent of the recenl Vol I , No J
includes: Overview of the Boundary Ek menl
Method, Ovcw iew of Active Noise Conlrol
Sy.tem" E.a.l- F:uropean Acousl ical
Assoeial ion,I'<:M Stalc Cenlerfor Acouslics
and Vibration , Conference., Shon Course. ,
Reader Que. lion. , Book Review.

To requ..l I ddiliM to lhe mai ling lilt or to
send a submiJSion for the Dig. Sl e-m&ilto
yanas@enl ·aubwn. edu

Sound A,,·ard
The 1994 USA Ann ual Discover Awards
forTechnolOiieal lnnovalionwcrepusenl­
cd by Vice ~Iidoenl Al Gore The winner
in 1he Soun d Te<:hno logy ea legory v.u the
No i.e Buster (ro m Noi se Ca ncellation
Techno lOt!ics (NC T) ....hich uoel aOlive
noisecont rol in a omall headsel. This1llli t
wasreviewcd in Ac" wl ic. Aus lralia 22 , 2,
36-37 and i. available from Did : SmIth
Electro nic Slo",s, f unhe rin fonna lion on
Ncr prodUClO can be obt l-ined from ICE'
Pty Ltd, Tel (03) 602 4041, fu (03) 602.",
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Metacoustics Move
After yet anotherre-organisation in CSIRO
two years ago, the Acoustic
Emission/Microseismic Department of
CSIRO which was located at Lucas Heights
wasprivatised. MetacousticsPty. Ltd. rose
from the blood, sweat and tears and the
CSIRO equipment and most of the staff
transferred to Metacoustics which was locat­
ed at Castle Hill in Sydney. Now two years
later, Metacoustics has moved into a new
larger and customised laboratory at 17
Chicago Avenue in Blacktown, NSW and
expanded the company's activities at the
same time. Dr. Bob Harris and Brian Wood
who were the leaders of the CSIRO team are
still together at Metacoustics. The staff of
Metacousticsareinvolvedinbasicresearch,
applied research and application and provide
a complete service which includes both
advising and actual testing of large and small
projects. The fields of activity include:
acoustics, acoustic emission, metallurgy and
structural integrity investigations. Contact
details: PO Box 6042, Blacktown 2148, tel
02831 7535fax02831 7626

ROCLAMove
The Sales, Administration and Accounts of
Rocla CompositeProducts are now located at
73-105 Frankston-DandenongRd, Dandenong,
Vic 3175. Postal address is Private Bag 1448,
DandenongSouthB.c., Vic 3164. Tel(03) 767
4574,fax(03)7912781

B&K Quality Management
Following an audit of its quality system in
October 1994,Bruel and Kjaer has been rec­
ommended by NATA to be certified to the
Australian and New Zealand Standard
AS3902-1987/ISO 9002. At the same time,
the parent company in Denmark has been
recommended to be certified to ISO 9001.

Consultant Quality Management
Acoustics Consultants Richard Heggie
Associates has recently received full certifi­
cation of its Quality System by Standards
Australia Quality Assurance Services.

The company has based its quality system
on the requirements of Australian Standard
390l,asitincludestheimportantelementof
Design and Development. "Design tasks are
essential in the services provided by
acoustical consultants", Mr Heggie said.
"Quality of design ensures that advice given
to clients is reliable, and meets project needs
with practical and cost-effective solutions.
Certification is really only the first step, and
it is important that the Quality System not
be regarded as some separate entity, set
apart from the company's normal
operations. By implementing responses to
internal auditing and more general reviews,
the system is continually improving the
quality and efficiency of the services we
provide"

ERM Mitchell McCotter
In September 1994, the Sydney-based
consulting firm Mitchell McCotter became a
member of the Environmental Resources
Management (ERM) Group of companies, a
world-wide consulting organisation with
over 2,500 staff in 21 countries. The
company will continue to operate very much
as before, with the same principals and
professional staff, but it will be strengthened
by the expertise available form the ERM
Group. Further information: ERM Mitchell
McCotter Pty Ltd, PO Box 943, Crows Nest,
NSW2065.Tel(02)9061666,Fax(02)906
5375.

Ultrasound Bioeffects and
Biophysics
In response to the use of higher acoustic out­
put levels, the American Institute of
Ultrasound in Medicine (AlUM) has
announced the publication of "Medical
Ultrasound Safety", an essential reference
source to ensure patient safety and operator
knowledge. Information is presented in easy­
to-read question and answer format. The
book includes 40 pages of text and is avail­
able to AIUM members for US$IO, and to
non-membersforUS$19.

Further information: AlUM Publications
Dept., 14750 Sweitzer Lane. Suite 100.
Laurel, Maryland 20707-5906, USA. Tel +1
3014984100

ARUP ACOUSTICS

ACOUSTICS CONSULTANTS - HONG KONG

Candidates are invited to join our acoustical consultancy team in Hong Kong.
They should be educated to degree level and be corporate members of a
national acoustical society. Preference will be given to candidates currently
working full-time in acoustical consultancy in the fields of building acoustics
and noise con trol.

In return we offer the opportunity to work on a range of major projects, good
career opportunities, salaries and benefits.

Please write enclosing details of qualifications, experience and salary
expectations to: Howard Gwatkin, C/- The Personnel Manager,
Ove Arup & Partners, 36/F Hopewell Centre, Hong Kong,

ARUP



ASSOC IATI ON OF AUSTRALI AX ACOUSTICA L COl'iSULTANTS

The AAAC .....s fOfmc<!in 1976 toad.......c:
the fledglingacousticalcoll1uhing indUSCfy
and 10 safC]lulTd \he inlernu of the d ienu
. nd publi c serve d by .cousti~al

~onlult.n!l . Some fl y tllit .cousti~ll

COIIIUIIIIIII I",tlthorralebi,do. In 1916
lhey wc", cvcn rner. The main driving
f=e ..... the li te Ron Car of Car &;

WillUnlon fame. I nd then of Car Marshall
D. y Acou.ti~1 Ply Ltd. Among the
foun,buion membe.. were the renowned
and inimitable h te, lCnowland and th. 1
Ilalwar1o f 1<mll lonely night. spent ...ith l
cold and he. vy B&K2203 sound l~l

met«. Mr Jim M~ o f lame. Madden
&A uoo;iatel . TheJ.teDt Ron Barderoal!ll)
eo<>tributedhilDOlincoosidetablc: skilb
and inll~nce totbe formation o f the
AAAC.

I~... I
ACU· VIB ELECT ROl'iICS
Por table Ana lyzer
TheSVAN 910Aanalyzercan beUIICdfor .
very wide ran8enf ptICliul.pplicalionl.
from environmenlll meu urcmenta, 10
ma~hine health monitorins in indUltry, to
lOpbillicate<l appliutions in the labo ralOl"}'.
Fel turel includcmicmphone, . co::e]eromete r
I nd direet inpulS; 90 dB dynamic range; FFT
analyli s up to 40 kl il (2' .6 kHz "' "I time j;
Jll I nd 113 octave dillLtal fihe,., ; linClr, A,C,
and "lIuman ""opo"sc to vibrali<m" ~ighhng

filte.. ; RS212C, I££ E488 I nd Cenl,onic.
inlerfa~e•• and easy operalion due 10 IIlCnu
c""lro l. Comp lies ...ith lEe 6'1 and IEC 804
Type: I, ISO 2631, ISO 5349 . nd EEC
861188.Wei&I" ...ithbaueries6 kll

Hand held Analyzer
The SVAN91 2providC'loound, vibralionand
YOh.ase n>easuremenI. Fealurel in<;lude 80
dB dynamie range, fFT analysiI Ilp 10 25.6
kI{z(6.4 kHzl"Clltime). lI landl l3 ocll ve
dillilal filtmo; linell. A. C. I nd "1Iuman
mponsclO vibration~ ~ ighh"gr, h«a and

a infraoowul filter; RS212C inlerface and
easy op erl tion due tn menu control.
Compli es ...ith IEC6 'J andIEC 804li'pe J.
ISO 2631. ISO 5) 49 and EEC 86/ 188.
Weighl ...ithballeri el l .8 k ll

FUrlhrr 1"/0"""'10 " : Acu,I'lb Elrc/TVltia.
PO Box W16. W..rrrmboa.NSW 2046 Tr/iFox
(02)8J96J98, Tn0/8 #'0 " 9

Acoustics AUSlrlllili

Membership of the AAAC il open 10 all
All$lra\ian acoust icaleOlllultingfmnl,but
i. re1trictcd'0 tho.., wboIICorpni... liDIIis
comple 'ely independen t frOlll othe r
commercillorCOll1llltinginleruu wltich
could ~ompromillC their inlegrity. AMC
rnembe.. I re . pecia]isl lcousliel]
con,ul lant" ...ho, e Princ ipal mU$t have
form a] eduel tio n. 1 qUll ifica tions al a
degree level and be I Member of the
Aus tra lian Aeoulti~ ll Soc iety. The ir
experience mU,1 CO'o'Cr a broad range of
lcoulli~11 areu including environmen Lai
noiseandvibn.lionlSlIC15mentand~ontrol ,

Irchileclural Icousticl. oc~upationll

heari ng protc:elion, ~eUJIalional ooillC

measunmenl IIld ~ontrol. road tra ffic
ooioe ~Oftt'ol, lirc ,.ft ond train noioe
inlnllion COlllrnl, ete

VIPAC
Sound Level Meeers
l.Mson-D.vilhasreleased ~ ModeI11 12.

720 . g12, Ind 820 sound level meten ,
conlinuingl tn dition of adapll bilily lo .
variely ofm easurement applications. f ",the
evl lUllionofhearing pmteetiondeviees. this
rans e olTe.. un ique C minU$ A analyl il
cap .b ility. This featu re IC'Iuenli.l1y
me........ I C-_ightcd Leq. lhen an A·
"..eisbtcdLeq,andrompuleslbcraullof
lubuacting the l.eqA from the LeqC. The
SO\IIIcI level meterS come IlI nd. ,d ",ilh
n'enaive ·""~",,,,·vol.til.memory.

D. ll can be ac'lu ired and stored in lhe ficld
Ind bta" !JVISferred to I PC fOf further
analyl i.. o' pnn l<ddire "' lylO • ...-; . lpnnter
in IIbuiar and graphic formolS. An ulensivc
rangeoflO fI...are i.o.vailib letoeomplemenl
the , oulldl e"" lme le.. .

Dynamic Data Vllu allsatlon
Inde1 Dala System. has ~re.ted the fu lesl,
UlIiest"..ay ln oblllin . ... _ .. ftommulli_

~hannel 1OI1/ld and vibration IIlIl y.i l ...ilh
theintroduetion of lD",flwarc.ltfulure.
dall acquili li"", dall procelli"ll. dynamic
dalll dil p!ay and ",p<><I JI "" rotion.lemenlll
and takes full Idvan lllile o f the powcr and
lk>libility of the ~i~lOIOn Window. envi.
roNtle nl, Easeoru... ..... oncnfthe prirocipai
del igD crileril . and li mpl. poin l and eli~k

func tioo alit y il m.inl line d lh.oullho ul
System requ irements are MS·DOS 5.0 n.
Ill er. WiMO"' " 3,1 o, ll te•• 386 DX 20 Mhz
or belle" a g,aphi~. controller . upporting
2S6 or more~olourl. 12· 15 MB disk space,
al lea. 1one floppy drive and I mOusc o,o ther
poinling dcvic• .

ODeof the Obj«tives of the AAAC U 1(1

coopcnlC and liaillCwith AUlboritic"and
Auoci.ol~ so IS 1(1 coruribulC to and
maintaiJla<:oustieal ll&lldards.1.r.o"Sand
lqUl l tionl . In thiS ",pM !be MAC is
reprt llCnlc<! on I number of Committees
\OtItking 1(....1'& new Or impnwe d
, w dardo of noile..,d vibralion contro l
We arc <,:UITCtIdy illV(llvedin . revicw of the
Buildinll Code of AUlln.li. and the NSW
Road, & Ttlmc Autllon ty ,evicwof thei,
Tram e Noi.., COllllol Guideli"" •. We a ",

also tep ,ellCmedo n I nwnber ofA u.tralian
Standard llcousticscommillee •.

A I~ol Day.
H~S«

17,,;, is IM fimofa SD"Waf iu""jrom I~"

.....",twn 0/111.AAAC

FUrl~~r i'!/<>,.",o/w..: YTPACE"gi~ aU
Sd~,,'i'lJ. 115 Normtmby Rd. Pori
M~/bouT/v. Vic no,.Tr/ (OJ) ~~ , 9'00. fiu
(OJ)6#6 #J'0,

ETM C
Real Time An alyser
The Nunoonic, RTA g40 , i•• du.l ~h'M.l,

pofll bJe I and 113 OClaVe analyllCr ...hich
combincithe powcrofaiaboralOI"}'1IlI1yoer
"'iththef'lc:1ibilityo f abatteryopentc:dfield
unit. Aa_ n•• rasl, slow ltl dimpulllCtime
COOIWltI.ithalfloppydiscdrivc . ndvatiOUI
inte:rfa«a. •
F....,h" INfrm4ll/o:>ll : ETMC Trc1tllOlogws.J
MOIII4IgI« Snul, Ba/mai.. NSW 10·1/
T~I. (Ql , H J 111J .F<u. (Ol)6JO ~021

I~... I
The following are new memben of the
Society, 01 membcn "'hoac gradi~g has
chan,ged:
Qu ....d a nd
M.~: M, B Tho.... , Mr P C Y.t Jamas
A.i"'OC"'-"I~: MrBAWhinle

Sou 'h Auslnl11
M....ber:Mr BCuzoIIIO
Subm'iba. MtPDewing
StouJe..t: Mro X Pan
\-letor la
Student : Mr A Mills , Mr R R Ni~hoioon

W. II.rn Au,l rlli .
Mt mb«: Mt DLloyd
Sub.tcribrr Mr M D hnkclh
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The followina li!tina of publ i~at ; cml by
Au,trahl n IU thOr! is provided in order to
encourage rommun'~ltions among those
""' rking in the variou. (ieldlof.eo\U li,.

Remot e eaell ili on and u nslna of
mKh .nl t .1 ru onant n In Ilru uu rn ul ina
II H r dlod n and an opl ln l flbn
Inttr ferom' lft , Philp, W.R, (Vi, Univ
Tech); Booth. D.1. Measurt",e~lS<:ien<:e&:

Te<hIMlogy v5n6 1994.pJ)I·J35

An.lydul and n"", erlu l tl udy of lho
loned vlbra llon of I spherlc . l uvIty.
fofbel. L.K. (UQld)JSV ~JJ1n41994.p

4 JJ-489

[ffeel of lra od er fuodloD u tlm. tlon
erron o. Ih' nu tftil. x LMS Ilgorll hm.
Snyder. Scott D.(U Adel); Han..... . Colin H .
lEEET~""Sig1ltllProcCJi"Jl v

42.. 4 J994 , 950-953

....... . lb..lloll of l. mlna led eoolcal shells
IDel.dIDll lra olw.... Ihea r deform. floo.
Tong. Liyong (CRC Atro spaee S!l'UctIImI)
1~I J So1idJ ('"d Sf"'Cr..rtJ v 31 " 4 J994.,
40-4456

Vlrr.h lah tens lll. i ry li pph lro trn ldu(fr
for vibra t ion melluremen ll . Peng, H.
(UWA); Bllir. D.G.; Ivanov. E.• J Physics D'
AppliftiPhY$iclV17 ,, 61 994,pJI5Q-l15J

Vlbr. tlon . nd J. r r inll l l.t. useof h. t k
Injul'}' In the NSWcoi l mlnlng lndult ry.
Cross. Jean (UNSW); Watters, Megan,
Saftty Scie~ct! v 17 n 4 1994.p 169-174

SbolJbon primor Impulse .Ollreu . Don,
e.G. (Mona' h Uni); Cramend. .'1.1.;
Meleod, l.D.;SwetlSOn, G,G ., App Acoust ~

41 ,,11994,,85-93

SlI bllllylnd blfu.utlon of unb. lanu d
rel )l(lnlf of • s'l ueeze film dlm pld
nulble coror. Zhao, J.Y. (Ault Defenc.
forc.Acad); Linneft, I.W.; Mclea n,L.J. , J
Tribo1ogy.Trol\ja<:tiOllJ oflheASMf. v I 1 6 ~

11994.p36/_368

In' ·er K n grllYllue pm bl. m ror l modlfl' d
ri brll ;ng Iysr. m. Ram, Yiu hak M, (U
Adel)SIAMJAppl~d .\follte""'ti a v jJ" 6
J993.p I762-1775
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[ l perl,ne n 01 • bulldin ll s, ,.. lt et
1C01lIli . 'II11iDeer. Palmtr, Ros.iH. (Paimer
A-. Brisb),A R,jrlg. Air C"" dd HeafY
47" 6 1993 p19-)]

f.rreelor ead cood;flonl oolbe . crive
co.lral of burn "'bnflo•. Pan, X. (U
Adc:I); Hansen. C.H-, JS Vv 168 " 31'JfJ3.p
419446

I ........ rnodep"'bln .. forll.e cllsc~e

model of ••1b..riDll bu m. !Um. Y M. (U
Adel).JSV.",69,,11994.p1J9_151

CUol lrllt llnc · flnllt elem. " l modol of.
"'hr'lol'}' rod rrom , 1g.I>dI!l . Ilam, Y,M
(V Ad. l); ouewen, G.M.L., JSV ."169" 1
1994.p 119·137

n oldlludyohbeorr u ll oflnmtnoite oll
hnrlrlt e . nd c.rdll t l t1'hytbmll durlo ll
sift p, Corter, N.L.(MAL);ln gham. P.; Tran.
~i~HWI)'Or, S.N , .JSV~ 169 " 1 1994.p 11J-

\'lb •• lIon ortr;'ngull r Mindlin pl.l ft
l uhJer l to h otrop lc In-pllo e IlreU ts.
Xi.eg, Y. (U Qld); Lie"', K.M.;
Kitipornehai, S,; Wang, C.M., J l'ib ,{
Acous. T"'I\jOClio~s of fhe ASME v 116 n J
1994,p61 -66

Tb roe-dlmu ,lon.1 Ilmol. lloo of Ilr n l
. mulld Ind ul ionllD d ' t<>el., tlt n uldL
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pul"'erllf rL Nathl n, R,J. (Stal. !:n. rgyCom
WA); Norton. M.P. J of Vib &: Aco.lm .
Thr""actiollJ oflh'ASM£~ 115 " 4 199J.p
451-461
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Environm ental Noise Manual
I'S WEPA

EPA. J91U.loose/N/;~bilfd". lSBN() ?JJO

/110 S. Available fro"': Gov J~f<Jr"'atjoN

Servia. PO Bw; 1'8. Re~nls /tIrlr. NSW
lUJ"r Tel(O}) 795 SOQ()for delailsof~r

co~Nler purcha.<e. Price S70 p/us SIJ fH'J I

tmJJ'f>clcitrg

The NSW En, 'ironmenta l Prolectio n
Authority (EPA) ha $ re~nl ly relu.e<l a
m-illCd vernon "fthe N" i.scControl Mu oW.
The oriliNllTUlnual_fint~ in

1985 IJld over the ya.rs tnere h..-c bttn
oceas ional amendments. The mamw hal
bttnRgularlyuudbyallof th05t' invol\'Cd
with environmcntllnoise issueo. [t hllte--c ll
been a valuable reference Icr thc se inothers
are... " fAustrali. ... ilhu $ection. dc. hng
wi th many diffcrenl lypct of noiK.

The lie'"' 19~ edil ionmaintli llJ the same
prodUCli0ll5tyle w;tb loose p1llel ina ring
biDder. The main changes 10 the manual art"

in the seclions on lel i.lalion and
.... ponIi bilityfollowinglh.inlJOduclionof
the Protection of the Environment
Admini llratiOllAeto[I991. This led lOihe
rcplaumml of lbc Sti le Pollution Conlrol
Commi ..ion with the EPA. An Olhe.
IIOIiccablcchangcis the incrt'M: inpl' ",ltin
II'IdfmeswitbDWlyincrtasedten fold. The
",clion on Noill: Mn... ri"g Equipmenl ,
unci.. Rcferero:e Materi. I, ""s . lso wi", ly
been mn lWed asthcll! hn'e bcen sub!ltonti.tl
chani e. in thc typc of equipmcn lused for
no" c monltonng

The bulk o f thc manual is cucnlia lly
unclwl ged. rl i• •taledlhal'~bc:EPAinlends

10 progrt » ivc ly rtView . nd upd' le Ihcnoisc
ronlrol llwdtlin.. in thc M. nual 10 ensure
lhallbeym&intainrel~etorontemporuy

1Ociety'"'.H~r iti. swprisin.lhatwitb

the release o f Ihis new edi lion, ume
opportuni ty u.u taken 10 update the conlrnl
which is nOI IpC'cific .ll y related 10
Icgiol.t ion. For uarnp le inlhe M'CIionon
assessmrnl proced"", s there il no mcnlion of
nois e logl:e. s, which " ' e now used
eXlensiv ely fo, e nvi. on mental noise
essessme m.y et tbere l••lill an entire chapler
on Ihe procedUICfor uoeof a tapc .«: order.
Perhaps even more ..,riOUI is Ih. railure to
lIjldale Ihe lisl of rel.v.n l Aum alian
Standu-da_ ilslili listllhe I97 4versionof
ASHlSS

Forlhoseinvolved in environmentalnoise
assessmenland who do not havc a copy o f
lhe originalNolse ConlrolMlllual,pun:hase

AcoustQ Aust.ali.

is Rcomme nded. It is cert&inly • valuabl.
reft'renc.""d the productionllyl• •lIowl fo.
easy irt3ertion of future updotes. Fo. th....
wllo a1re.dyhove. copy o f the old version
(with the l ubseq", nt arnendmrnts) and do
not need IOreiUlarly refer 10 the lelisl ' lion
ICcliOtlS,purchascofthe rtVisededilion may
not be wammted

Compendium Workers
Compensation Statistics , 199)- 92
Wor ksafeAustral ia

AGPS, 199{ .wft wvm, 98 pp, ISBN 0 15M
JB40 8. Ava ilable f ro",: Co", ,,,
Gawm "'t m Boobh oPJ or Worksaft AUJI
GPO Box $8. Sydney 100/ , rei (01) $6'
9H', FlU(01) J6' 9101. PrluSII.9'

This iltMflfSt lil lingofrornpanble dul
from around AUSIf.li1 011 eompl'nsa ted
oectlpIbon.tl injurinand d,scun, AIW
lime o f ilS release the Mmill Ol", Gary Johns
ui d thal ....itbunifomldau colloction for
WOfl<ers'compensation . CI'OSISllteborders,
~can, for the ftrst time, comparehealth and
safety L5IU.S . 1 Fedcra~ Stale and Tttritury
GO'\'. mmenl 1evel•.ft

Following the Introduction and hpl. rtallll)'
Nolet in part A, the Compendium contain s
llle compa.ativc slalillies in four m.in
grolljlings , PonB conll inl lhc Slali>lics fo.
fatalities. PartCcomporestbc:newworlr."
eompetl.lationcucbyindultryandpart Dby
occupatiOll. Th. lasl part il by dun lion of
ebseeceand this is folto..-ed by appendices

Information 011 hearinil los.s is included ill
palUCand D, Takinl ane 1<lnlplefromPan
CfOJtheilld\l$lr)' .re . mini,,&,thenumbcr,
incid .nc e . nd frequen cy of all
com p. nsalio nal C'S U i. provided by
jW'istriction, Tben lh. informalion on Ibe
types o f occurrence for the combin. d
jW'islrkt ions is p.ovided in tbe form of pic
chan s for nalUIC,bod ily loc'li on,rn edUUlism
and breakd""' n agoncy. So fo. th.new caileS
in Ihe mining industry in 1991.92, 19% we.e
for deafncss whkh is second only to 42% for
sprainllnd slrains. lolermsofbodily
localion, 22% oh he claims we~ in the head
lTl:ion. Th. cate.orin for ~b",.kdown

I grncyftincludcmobi l.pIanI,Jl'O"'CI'edtoolJ,
fixed planleic lO il iJ l\OIpo.. ;ble to di~

compa~ IMSC with rhe del fn. u da ta
Compari ng ICIOU illduslrics, ilcanhelCCII
tbal lhe deofne.. cl.imsw"Cre 7"-'ointhe
conotrucliOil industry while thcy did nol
score on lhe pie chort for the ro mmUllic. tion
indu5lJy. Part D PJCK nts tbe information in
.similar m' Mer bUl in terms of occupalion,
ie lradCl pcrson, elerl<ete

While th••• •• e obvio ully diffe rene. s
betvo«n tM eompc:nulioll systems in the
"'"OIlS Statn and Territories, Ibis is 0.1
C1~lIenl.laninthe comparison o f available

data. Tbe compcndium WOllldbe of value to
those involvcd with workcn' compl'nsaliOll
c laim~ Ih.... idenlifYing ocrupllionl and
indullrie s which req uire mOre noisc eonlTOl
eonsi dera tioDs and fo.thos. deveio pinll
policies and str ll . gi.. for dea hn. Wilh
workers'compef\$ation.

Marl"" 8wgus Iuu bull InllOl,," .,; ,h nou e
con/P'olUJWJjor ....."y )'ftUI aM U CIO'r'C1ldy
...plo)VdOJ"".sca1l:holfice, jll,he
AcoltJl/cJ " nd Vib"' lioll Co,,,''' '" the
A""",,Uan lkfttltOo Rwcc At""'. "')! ACT

Wave Scatte r ing from Rough
Surfaces
Alexa nderG. Voro nov ic h

Sp,i,,~, V.rlag, 1994,118pp.lturrJCOW',.,.

ISBN J '4 Q j74J9 s, AUJI DI.",I!>u,o,: ill
Info,.....n·on Sn- viuJ , PO 80%16J, MitduJ .. ,
I'"", J111, Tel (OJ) 8?J UJI. FlU (OJ) 8?J
'6? 9,PrictAj11I.1' .

lbiJboollcoveraalar@efi.kl, il llrongon
d. rivalion. and und.nt.uldi ng of Iht
mathemat ;t l , bUI some ....b. 1 light On
p.~tingresullS.Thelitlepal:emcrtllons

lhaltheboolr.tontainl 22 FiIlW'OS, Of the.., 9
presenlresultl, ond lh. I. .... . llinlheone
tha pler (No. 6). Thc: Enlllilhlend.tobc
SOmeu.hals lilted , Thed eicri ption on palleS 8
Ihat . variable M ••• t hani e l monolonously
along the linu ...ft would be Ih. m... 1
humoro ul o f much . wkwl .dness ;n
transl.I;On. roflcn h. dIO.ead.scnlCltCe
lwicel"be lilisfiedthat ihodpickedlljltht
messag• . On averali·th• •• i•• typogt:aphieal
CITOf t\'CI)' few p.lIlCl. Most of illese are
lrivial mioopelhng.. blll seW••1 of them are
irritl ting milreporlinll Or nlUl1hers. Further
usc Ibould he made of heldings wi thin
sections, to dilll11goi.h bcl"'Ull scawand
vec1OranalyseI,OJbet"'"enelecuOtnIgnebc
. nd seal• • analysc• . Mlny re.d.rs 001
inleresled in the mo•• comple Jt treatments
will have 10 JCln them wilh an alert eye to
ealch when the book relUffil to the ..alar

TbelnlroducliongiVCJ 'lloodbird '$-Cye
view of the field ofscatterinl: from rough
.urflCes. ll notifiu lher>:. dtr of lhe auIOOr
prtferencnandprescnts .swmn.ryof the
book 'sc ""lenl s,

Chopttr2 on the&allering Ampb.tudeand
its Propc:rtiu i.heaV)' going and p.ag. s 21 to

3Jarebette'leftunlil referredtoduringlatCJ
chal'ICfI.A llbeequalionlo besolvcdin2.2
il lh. H.lmho luinlegralequ'lion,itisbctte.
10 re. d 3.1 be tween 2. 1 and 2 ,2. The
definition. of the single-a .gumenl Green 's
funclionGO(R ) [a~ the incidenl field from .
lingl e l ource ) and the dou ble -a'llum enl
Green's function, G(R, ROj [oa tlte sum ohh e
inc identarnlscan. red fields for the c..eo fa
l inl:le IOIIrce) need to be eJtpl.i n. d



descriptively. The dimension of the field
seems to vary: at p.12 it is a velocity
potential,butbetweenpagesl7and20its
dimension fluctuates between reciprocal
length and the square root of length. The
unconventional definitions of Scattering
Strength onp 40-41 are better glossed over.

Chapter 3 treats the Helntholtz Formula and
Rayleigh Hypothesis (two quite independent
concepts). An odd convention is followed in
thatR*isdefinedasthe"observationpoint",
and yet the argument of the single-argument
Green's function is given as R - R*, where R
is a point on the rough surface. Section 3.1
gives detailed accounts on solving
inhomogeneous equations that are usually
found in texts on differential equations rather
than scattering. However the approach is
fresh and worth reading for those interested
in derivations. The objective of the final few
pages of 3.1 is not stated; it seems from later
comments that the objective is to find, for the
Dirichlet problem, an intermediary function
(nu) related to the field, for which an implicit
integral equation can be written that does not
involve derivatives of that function
(presumably so that it may be solved by
iteration). It would be helpful if there were
descriptive discussions of this issue, as well
as,forexample,ifthe functionF is arbitrary,
why Eqs. (3.1.'37) and (3.1.40) are
inconsistent [in the case of the Neumann
(immobile surface)problem].Sections 3.2 to
3.4 on the Rayleigh Hypothesis contain an
interesting and detailed analysis of the limits
of applicability of the Rayleigh Hypothesis
(even though the sentence that carries over
fromp.56top.57hassomewordsmissing).

In Chapter 4 on the Small Pertubation
Method, a series is sometimes described as a
power series and sometimes as an asymptotic
series (it cannot be both). In 4.1 on the
Dirichlet Problem (pressure release) is a
derivation of an interesting expression, Eq.
(4.1.22),forthemeanreflectivityofarough
surface in terms of aweighted integral of the
roughness spectrum. This useful expression
has been overlooked by some texts, although
it has appeared in well-regarded journal
papers. The conclusion of this section is that,
for the Dirichlet problem, the Rayleigh and
small perturbation methods are equivalent.

Chapler5 is on the KirchhoffApproximation
and the Helmholtz integral equation is again
presented, althoughina slightly different
form that is equivalent to the previous
expression under certain conditions. The
explanation of these conditions is rather
abstract and lacking in geometrical concepts
The remainder of 5.1 considers the field
"scattered" (reflected) by a smooth sloping
plane (although since there is just a point
source, it is unclear why the plane cannot be
treated as horizontal). Section 5.2 is on the
Kirchhoff approximation for a rough surface,
and as inChapler3,the treatrnent again uses

Vol 23 No.1-34

an intermediary function.

Chapter 6 covers the following "non-
classical" approaches: Small slope
approximation, Phase perturbation
technique, Phase operator method for
Dirichlet problem, the Meecham - Lysanov
approach, and the relation between Bahar's
full-wave approach and the small slope
approximation. This chapter contains
interesting diagrams showing the domains of
accuracy for the various approximations,
including Perturhation and Kirchhoff.

Chapter 7 deals with a homogeneous
waveguide bounded above by a rough
houndaryandbelowbyanupward-refracting
half-space. In spite of my interest in this
topic, I found this chapter heavy going. Some
more diagrams and descriptions of the
purpose and significance of the analysis
would improve its usefulness.

The References are satisfactory, except that
the English translations of many Russian
articles are overlooked. The Index is
satisfactory, except that I looked up
Reflection under "R" to no avail. It was
instead under "M" as "Mean reflection
coefficient".

Marshall Hall is a Principal Research
Scientist at the Sydney branchof the Maritime
Operations Division of DSW. heading up the
Propagation and Scattering section. His
current interests are in developing a useful
and accurate model of surface scattering, and
in finding an efjicient way to incorporate the
important acoustic properties of the seabed
into a practical database.

Noise and Vibration Control in
Vehicles
N.I.Ivanov and MJ.Crocker (Editors)

Interpublish, Russia, 1994, pp352, hard
covers, ISBN 573250090 I. Distributor:
International Scientific Publications, PO
Box 13 Auburn AI 36831 USA. Price US$80
(includes airmail)

The editors have put together 13 Chapters by
II authors and the book presents an overview
of the procedures for recognising and
controlling noise in cars, trucks,tractors and
other heavy duty vehicles. The emphasis is
on noise shielding and muffling. It is ina
summary form which would not be suitable
for a teaching text. The strength lies in the
workedexarnples, in setting realistic limits
on the effectiveness of the methods
described, and in the many Graphs and
Tables. It is therefore a reference book for the
practicing Engineer or Consultant. Although
the theoretical principles are presented with
explanations of all of the parameters
involved, the derivations are omitted, and the
majority of the references quoted are
unfortunately in Russian.

The overall picture ofa complex subject is
built up logically from chapter to chapter.
There are three main sections, as follows:

I) The general Problem of Noise in Vehicles.
A very brief introduction to some basic
principles is followed by Chapter 2 on Noise
Generation and Vehicle Noise Estimation.
This is a densely packed resume of the
contributing factors, often rolled into long
theoretical compilations suitable only for
computer usage. Worked examples and
Tables of data clarify the processes. Chapter
3 deals with the approaches to noise control,
and is largely concerned with the practical
effectiveness of enclosures.

2) Noise and Vibration Control Methods.
Chapters 4 and 5 deal with the theoretical
approach to designing effective noise
barriers and vibration isolators respectively.
These are overviews from work presented
more completely in other texts, but here
usefully specialised to the problems and
dimensions encountered in vehicles. Chapter
6 on vibration damping is very brief, and
would be better pursued in other texts.

3) Noise Control Measures. Chapters 7 and
8 deal with the practicalities of cabin and
engine enclosure designs. Theconsequences
of the penetrations required for access and
for cooling are well covered. Chapter9,on
the design of acoustic baffles and shields, is
applicable to open style vehicles such as
Tractors. Chapter 10 provides a
comprehensive and well written coverage of
Intake and Exhaust Muffler design. This
chapter alone would make the book valuable
to those concerned with this aspect. Finally,
there is a chapter dealing with the Russian
Standards and Regulations for Interior and
Exterior noise, which have recently moved
into line with the EEC Methods and Limits.
There are two chapters dealing with the
problems specifically associated with
Tractors and with Transportation and
Construction Vehicles.

Not covered in the book are Road noise and
Suspensions, Drivelines and Wind noise.
The Contents are detailed at the rear, but
there is no itemised Index. This is a pity, as
there is much of value which is not apparent
from the Contents. The book should
nevertheless be of particular interest to those
concerned with vehicular noise. It is a
distillation from a wide range of theory and
practice of many aspects which are
applicable to the control of noise and
vibration in vehicles. Some tolerance is
required for the differing styles of the various
authors, an unevenness of presentation and
typographical errors in this translation.

Jim Menadue

Jim Menadue is a Noise and Vibration
Engineer with 10 years experience at
General Motors Holdens in Melbourne.
where he specialises in new modelfamily car
development.
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Building Code
w~ al the Australian BuildinJ Code Board
(ABCB) Directorate are aware !hJ,rthen: is
some COncern ",gar dioll Ih. cur",n!
provision1 for sound and imp...,l isolation
belwcc:niol e oc<:u!,&""yunila intheBui lding
Code of Au_trll i. . The ABeD has
commmced • pr"8~ to R'~1uR the
BCA so thol it il more or. pt'rformanee
~ddocum.nl ...ilhdeell\Cd_lo-comply
proviloions. Thil n:l lf\Kt\Irin, could abo
higlilighlSOlnf: ~.. when: chang esare
need cd and so thi l ml)' be an opponw>c timc
IOrniew the <;UI'ftnlpr<Ml ionI .

OfCOUloe,onypropooedchal\iles"",uldnecd
IObejustifle<!. IlOIj,...t in term. of the
;I>l;n:ucd amenity. but l lso intheadditiona!
COlt to the community. W. welcome
comments from relders oflhe Journal who
have had difficultic . with eilher the curre nl
rat ing. in Pari FS, Ih. construction
provil ionlof Spccif iclti on f5 .2 or the
irnpac1le ll of Specificl lionF! .! .These
commrnU should be forwankd 10

Job KlnllNy, ABCS Di'Klomle, GPO Box
98J9 . CA.VBERlU ACT 2601 Tel 06 276
teoo FlU 06 116 1281

Ukra ine E:u:hange
I am writin g 10 you to preimt 1M only
Departmeru or Acowlici in the l/kninc, in
the hope that AUlual ian ICienlilu in the fie1d
oraco ustic. mi,hlbein1e"'~ted inthe posli·

bility of cooperalionwit h OllflltllilUle.Thc
Department of ACOluti cl in the Kiev
Polytechnic InltitlLleb... been in e~islellCe

foroverfiftyyearl,Weptc~ 'l'Ccial i "ain

the following brenchea of aeouslics
Acou.uic Ecol"i)' (prolCction from noioeand
vibration ), VibrolCoustic Dia,no llica,
Electroacousticl , Medicl l AeOtIItics,
U1lrasonic Techniquea, and Underw. ter
ACOUSlig. Thctclre400 slIIdatllslUd )'ina
in the [k partment, which Iw a ltarr of S
Profeuon and 14 Readcn. lho~l

cam e's Ollt nl'Can:b;n v,bfil ;on ac:OU$l;g,
. pplicd med... uc!, and uluuoni a . We
m. intlin colllboniiOlll with cducatiollll
i n.tilUlions in~m... y, E!l, I... d, [taly,
Poland and lhc USA . IUld~ WOIIld likelO

estlbl i.h l imilar rel. lionl wilh AUltnl i.l
Withintllc rr.mework ofauc ha coopcralion
we envision . e>«:lwllIlle ofscienlific and
tcebnicaldatl .nchan~eor scientificwork_

erstn deliver leclUns and nndertakenl'ClJCh
. joint s.cienhflCprojeeu. I W<nlld bc hl ppy
to di>Cl1II the>c pou ibilitiel wilh inletclICd
individlllllSOfOOi... ill liona.

ProfeJso~ v.Dldko.~ky KPJ Chi, of
Aco'Ulic~ Kin> Po lytcchlcol hun"',..
ProJp«I Po«Jy J1 Kw...1J 10J6. l/bu.-....

Rowing Noise
Inl993,theco-op«alive managnne lltof
lhe Bri. Nne River Catchme nl b«ame I
rnlity wilh the for m ll ion of Ihe
Brisbane River Mlnagement Gm up
(BRMG ). The BRMG focuses co-oper­
ative management by Slate and Local
Om-crnmenl agenc ics I nd the commun i­
tyofthe Bril bane River calchm ent area.
Initially, the BRMO SCi up five working
gro ups, one of which was Ihe Noise
Pollut ion and Abatement Working
Group . Thil Working Group hal oow
formed a Community AoJvisory Panel on
the spec ific ill ue of ,ow;n& noise. A.
parl of ill relCan:h inlo rowing noise on
the BriJbane River and iu effect On the
com munity, Ihe Commu niI)' Adviaory
P... cl ililatherinil infonn alion onoptiona
for abalcm enl and eontrol orthilma;o,
source ofaMoy ance for Bril hane River
residenl S. The Panel would welcome any
informalion or advice from members of
!heAnslratia n Acoust;caI Socielyon tbi.
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