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Many of you will have attended and
been stimu lated by the 1995 Annual
Confere nce held in Fremamle, W.A.in
Novembe r. The combination of
technica l prese nlatio ns and socia l events
maintaincdthe excellen t standard of our
past con ferences and the Organisi ng
Committee are 10 be heart ily
congratu lated. Pleas e note that we can
all look forward to anothc rcnjoyable
gathering in Novcmber this year when
the Queensl and Division stag e the 1996
Conference in Brisbane

At the Counc il mcctings associated
with the Frc mantlc Conferenc e,
Counc illors had to tackle an important
issue - the select ion of a General
Secrelary.FoTscveralyearsthisrolehad
been ably undertaken by Mrs Noela
Edding lOn, who tate in 1995 was forced
to resign from the task because of other
work pressurcs. Wh ilc gra tefully
acknowledging our debt to Noela for a
job well done, Council hadto find some
way of replacing her. It had become
appare nt that, rOTthe fir1it time, it would
be necessary for the Society to make a
salaried appointment. To help defray

costs,muchofthcfcdcralwork, suchas
looking after subscriptions, previously
Wldcrtakenbythe ProfessionaiCentrein
N.S.W.w ill be trans ferred to the Gencral
Secretary's position. After considerable
discussion, Council chose ~r David
Watkins, a longstanding member of the
Victoria Divis ion, 10 underta ke the task
A sununary of David's background and
futur e role in the Society is given
elsewhere inthisissue;ho~er, Iwould

like to take the opportunity to welcome
him to the post, which I amconfidcnt he
will admirably fill with ease .

A ycarago, in the April edition of
AcoustlcsAuslrolilJ, Iraisedthe issueof
"Acousticsintothe2IstCentw-y".While
the response was not exac tly a deluge of
letteu -there were at least four - il did
stimula te some interest. In particular, I
agree thatmynoteunder·representedthe
roleofunderwateracoustics,whichisa
valuable tcchno logy base for marine life
studi es, defence , mining and petroleum
exploratio n. It is the feeling of Council
that raising such issues is an importan t
part of the role of our Society and it is
anticipated that several discuss ion

papers on "hollopics" will appear in
future copies of ACQusflcsAustralia. l f
youhaveanissueinvolvingacouslics
which you f~el is importan t and would
like it raised please send a note to the
Editor of ACQustlcsAuuraha or contact
your loca l Division me mbers and,
perhaps, we can sti mula te others 10

action .
Often, members of the Society are

asked about courses involving acoust ics
Attempts were made in 1994 10 update
anearlier sunmary of tertiary education
in acoustics created in 1984. However,
this ventur e floun dered because of
incomplete info rmat ion. So in this
editio n, then: is a short fonn which we
ask all members in lJQlw d with tellching
acous tics, alany level, to complete and

send back. The inform at ion will be
collated and published in the December
issue of ACQ~sf/cs Australia. So if you
don't want vcnrcourse 10 be left ofT the
list, please send us the requested ~etai ls.

Chane sDon
President.

COUNCIL OF THE AUSTRALIAN ACOUSTICAL SOCIETY

President
V ice-President
Treasurer
Genera l Secretary
Federal Registrar
Chairman, Stand ing Committ ee 00 Membersh ip

Arch ivist

N Prof Charles Don
Dr Graeme Yates
Mr Peter Heinze
Mr David Watkins
Mr Ray Piesse
Mr Ken Cook
Mr David Watkins

New South Wales

Dr Norman Carter
Dr Stephen Samuels

Acoustics Australia

Councillors
jErteetlve from Nov, mber 1995)

Queensl and South Australi a Victo ria

Mr Russell Brown Mr Peter Heinze N Prof Charles Don
Mr Ross Palmer Mr Byron Martin Mr Claudio Senese

Weste rn Aus tralia
Mr Norbert Gabriets

Dr Graeme Yates
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ACOUSTICAL FEATURE EXTRACTION
FROM AIRCRAFT AND TRAFFIC NOISE

R. Mohajeri* and F. R. Fricke**
·Department of Mechanical and Meehatmnle Engineering,
Universityof Sydney,NSW 2006Australia
··Department of Architectural and DesignScience,University
ofSydney,NSW2006Australla

This paper was awarded the 1995 PRESIDENT'S PRIZE
The President's prize, established in 1990 by the Australian
AcousticalSociety,isawardedtothebesttechnicalpaperpresented
in the AnnualAustralianAcousticalSocietyConference.

Abstract:Forthepurposeofdevelopingareal-timetransportationnoiserecognitionsystem,avarietyof
acousticalfeaturesandstatisticalmodelsof signalsare reviewed.Findingan appropriateacousticalcriteria
to discriminatebetweenseveraltypes of environmentalnoise is the goal of the present paper. The main
emphasisis put on the discriminationof transportationnoise,musicand speech. The resultscouldbe used
in transportationnoiseactivatedsystemsfor the "intelligent"monitoringand controlof aircraftand motor
vehicle'noise.

1. INTRODUCTION
The goal of this paper is to find some statistical features from
transportation noise signals to be used in a noise activated
monitoring and control system. A variety of different
parameters and signal processing methods have been
examined to distinguish between transportation noise and
other environmental sound sources such as speech and music.
Some parameters are required to distinguish between the low
frequency, random nature of transportation noise and more
complex spectra of speech, music and other sources of
environmental noise. In this study, aircraft, heavy vehicle and
mixture of traffic in dry and wet weather are considered as the
transportation noise sources.

A real-time intelligent system requires real-time data
acquisition, detection and pattern recognition. The pattern
recognition problem can be divided into several stages of
which feature extraction and source c1assification are two of
the most important ones.

The feature extraction methods used in seismology, which
deal with low frequency vibration recognition, are found
applicable to transportation noise recognition. The methods
for automatic discrimination between nuc1earexplosions and
natural seismic activity are also worth examining. Speech and
speaker recognition systems have employed a variety of signal
processing and pattern recognition methods, some of which
maybe used to identify transportation noise.

The energy ofa signal, the zero-crossing rate, the linear
'prediction coefficients and the autocorrelation function are
the time domain functions which have been used for
successful waveform recognition in other fields [1,2,3]. The
frequency spectrum envelope, averaged-peak frequency,
maximum-peak frequency in each band and the plot of the
first and second most prominent frequencies are the other
features that have already been used for transient events and
aircraft type recognition [1,2,8]. The Euc1ideandistance and
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the nearest neighbourhood are applied to compare the pattern
vector with the sample vector.

In the following sections the characteristics of
transportation noise are discussed and a signal modeling
procedure is developed. A patternc1assification method is
then presented together with a recognition algorithm.

2. CHARACTERISTICS OF
TRANSPORTATION NOISE

Aircraft noise and traffic noise are non-stationary ancltirne
dependent. Transportation noise emitted by cars, heavy
vehicles and aircraft is variable in both time and frequency
domains. Most of the acoustic energy is concentrated in the
lower frequencies. The amplitude and frequency of land
transportation noise is strongly dependent on the acceleration,
speed, operating mode and the conditions ofthevehic1eand
road. Also, the distance between the source and the observer
as well as the weather conditions are very important
parameters. Many random parameters such as the noise of
vehicle brakes and the sound of car horns and the vibration of
trailers are mixed with transportation noise. In the case of
aircraft noise, the type of aircraft and propulsion system, load,
take off or the landing mode, the angle of flight and the
weather conditions all determine the characteristics of the
noise heard.

3. TIME VARIATION OF ENERGY AND
SOUND PRESSURE LEVEL

In real-time signal processing, one of the most important
parameters to be measured is the energy of the signal. This
parameter has been used to differentiate between voiced and
unvoiced sounds and silence in [3]. Fig. I(a) is the result of
monitoring the energy of the signal from different
environmental noise sources. It shows that the energy of
background noise is considerably less than the energy of the

Vol. 24 (1996) NO.1 - 5



(3)

(2)

noise events of interest. When the sensing system is tumed off
the energy is equal to zero. In the present research an energy
threshold level is used to activate the recognition system and
discriminate between the "Off" position of sensing system
and the "Background" noise. Also, the energy is an indication
of the beginning and end points of noise events.The sound
pressure level of an acoustical signal is another parameter
which can be easily measured Fig.l(b)showsmonitoringof
sound pressure level from the same events in Fig. lea) under
the same conditions. As the logarithrnic plot is much noisier
than the linear plot, particularly for the values close to zero,
the linear plot is more useful for activating the recognition
system.

Figure la) Energymonitoringof environmentalnoise, b) Sound
pressurelevel monitoringof the same noise eventsshownin (a).
The samplingfrequencywas 5 KHz for 512 samples.

In Fig. I(a) and (b) each number represents a separate
classofnoiseeventsasfollow:l)thesensingsystemisoff,2)
a B&K 4230 calibrator, pure tone 1 KHz, 3) Background
noise, 4) Aircraft noise, 5) A piece of classical music, 6)
Aircraft noise, 7) Aircraft noise, 8) Speech, 9) Rock music
and 10) Aircraft noise.

4. LINEAR PREDICTION MODEL OF TIME
SIGNAL

The "Linear Prediction Model" of time signals is one of the
most powerful existing techniques available to discriminate
between different waveforms. Different characteristics of this
method have been used successfully in the field of speech and
speaker recognition [3,4,5]. Also, there is a wide range of
applications in the field of seismology to classify the nuclear

6 - Vol. 24 (1996) NO.1

explosions and earthquakes automatically [1,2,8]. The basic
idea of the linear prediction model ofa signal is to model the
signal as a linear combination of its past and present values
with a hypothetical input to the system. The input of such a
model is white noise or an impulse and the output is the given
signal. Inastationaryandinvertibleprocess,if xn is the time
signal,the general form of such a statistical model can be
represented as:

p q

xn• k~laen-k+l~lb/wn-/+e. Is k e p, 1 s l s q (I)

where,0k' bl are the model coefficients, wn is the white

noise sequence,p and q are the orders of model and e. isthe

residual error. Thus, the output signal, X n is a linear

combination of past outputs and present and past inputs. The

estimated coefficients, akand b{,areuseful parameters for

pattern classification. The frequency domain representation of

equation (I) is:

1+ !b/z-/

H(z) - G 1+ /~~e-k
k-}

where G is the system gain. H(z) is the general pole-zero
model which is called an autoregressive moving average
model ARMA(p,q). Equation (I) can be simplified as an all­
pole model or autoregressive model, AR(p), equation (3),
when b/-O. It can be considered as a recursive filter with
feedback as follows:

p

xn·k~jaen-k+e.

where, p is the order of the AR model. The most applicable
frequency spectral match for the AR model is found by
dividing 0

2 by the magnitude squared of the FFT from the

sequenceofl,oj,az,···,aa.Fig.2(a)istheresultof20-polefit

(AR) to a power spectrum ofa signal computed from the noise

of an aircraft in landing mode.

5. DISCRIMINATION OF AR COEFFICIENTS
Transportation noise mainly contains low frequency energy
and the randomness of the noise is greater than other acoustic
sources such as speech and music. A low order AR model for
the I KHzfiltereddatafromdifferentaircraft,heavyvehicles
and mixture of traffic noise-has been examined, There is a
strongsimilaritybetweentheplotofthefirsta~dsecondAR
coefficients of aircraft and road traffic noise. The same
similarity has been found for classical music, rock music and
continuous speech. A second order AR model gives a
considerable separation between speech, music and
transportation noise. In Fig. 2(b) the results of200 data from
two pieces of classical music, apiece of rock music and an
interview are compared with the same number of data from
aircraft noise and a mixture of traffic noise. Fig.2(b) shows

Acoustics Australia



500.0 l00J.O 1500.02000.02500.0
frequency I lEi!

Figure 2. a) Frequency spectrum of the autoregressive model with
20 poles using 512 samples from aircraft noise in landing mode.

Figure 2.b) Plot of the first and the secondcoefficientsofa2-pole
AR model to discriminate between speech/ music and
transportation noise.

6. ACOUSTICAL PATTERN
CLASSIFICATION OF ENVIRONMENTAL
NOISE SOURCES

After studying different measurable and available features and
, their abilities to discriminate between different acoustical

sources, an attempt was made to combine the extracted
features to make a decision system. The energy ofa signal is
a good indication of the start and the end of noise evcnts.In
addition the energy of the signal is a discriminating factor
between an "Off" signal and "Background" noise. In the
presentstudythepattemrecognitiontaskisdividedintotwo
classes of recognition:
I. Short-time acoustical source recognition, which is quick

Acoustics Australia

enough not to miss the noise event. This is important as the
ultimate goal of source recognition is to activate a system as
the noise event starts. The data acquisition, data processing,
feature extraction and patten recognition must not take more
than a portion ofa second. In such a short time extracting the
detailed information from the acoustical source is impossib~
(Basically a person's hearing system is also not able to
recognise similar sound sources in avery short time either)..
2. Long-time acoustical source recognition, which does not
take more than 50 seconds duration. This case is useful to
identify the particular vehicle or aircraft. To differentiate
betweendifferenttypes of aircraft, a satisfactory number of data
is required to compare with the data base already made from
statisticalmanipulation of data recorded from aircraft noise.

7. SHORT-TIME ZERO-CROSSING OF
TIME SIGNAL

The zero-crossing is the number of zero crossings level of
signal per duration of sampling. In the case ofa pure tone,
zero-crossing is a good measurement for frequency, but for
broadband signals eg. transportation noise, itcanonlybea
rough indication of frequency content. Direct measurement of
zero-crossing fora discrete signal is difficult because the
value of the signal is rarely zero. The process of detecting
zero-crossing at a given time is based on the sign change of
the product of multiplication of one data point value before
and one data point value after that time.

8. SHORT-TIME AUTOCORRELATION
FUNCTION '

The autocorrelation function has a lot of useful properties in
real-time signal processing and detection. An important
property of the autocorrelation functionfor the present study,
is the considerable difference in its form for transportation
noise and the other acoustical sources. The main reasons for
this difference are likely to be the low frequency nature of
traffic noise and its randomness. The number of peaks and the
number of zero-crossing in the case of speech and music, is
considerably higher than that of aircraft and traffic noise.
(The number of zero-crossings of the autocorrelation function
is totally different with to meaning of the zero-crossing
function of time signals). Fig. 3(a) is the result of200 plots of
zero-crossings of the autocorrelation function with respect to

the zeroth element of the autocorrelation function.

9. THE LOCATION OF PEAKS
The acoustic energy of transportation noise is mainly
concentrated in the low frequencies. It seems to be reasonable
to draw the plot of the first and second peak frequencies which
usually occur at frequencies lower than 1000Hz. Fig. 3(b) is
the plot offl and f2,the first and second frequencies of the
most prominent energy peaks in the 200 samples of heavy
vehicle noise and the speech and music, that were given in
previous sections. The discrimination line shows a good
separation between the two classes of acoustical sources.

Vol. 24 (1996) NO.1-7
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Figure 3. a) Featureextractionfrom the autocorrelationfunction
for 200 samplesof traffic noise and speech/music.
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[(X-l'lx)2t(Y-l'lyh0.5<[(X-1'2x)2t(Y-1'2yho.5 (4)

In equation (4) the Euclidean distances between sample
and patterns are compared. This method is implemented to
discriminate between speech and, music and transportation
noise based on ARcoefficients and zero-crossing rate in the
autocorrelation function.

The pattern vectors made from the acoustical signature of
the environmental sources can be compared with the sample
vector made in the same manner. The statistical pattern
recognition finds the nearest neighbourhood between the
sample vector and pattern vector. If the reference pattern ofm
types of noise source is represented as a vector [6,7]:

P,·(lV2i'·..·'Pni) i=1,2, ..m (5)

and the sample pattern of noise character is represented as:

S.(sl's2' ....'sn) (6)

then the sample vector and the reference pattern vectors can
be compared. To evaluate the similarity between a sample and
references, the following set of conditional distances has to be
computed:

D(S,lj) - [j~1 (Sr Pji)2.Wjl'5 i=1,2, ..m, j=l, 2,..n (7)

if the averaged frequency spectrurn array is Yj -yl.y2' ....yn'

n is the number of data in each spectrum array and m is the

number of spectra. Fig. 4(a) illustrates the averaged frequency
spectrum pattern made from the overflight duration of aircraft
VH-TAD with 512 samples and a 2 KHz sampling frequency.

where wj i is the weight of nth parameter for a noise source
type andean be defined as the estimated variance of the nth
parameter for the ithsource. The sample is assigned to a type
of noise source using the condition that the distance scoreisa
minimum. The pattern made by the averaged spectrum from 5
types of aircraft have 256 elements per spectrum. The mean
and variance of the data can be calculated and compared with
the same parameters in sarnple vectors based on equation (7).

11. FREQUENCY SPECTRAL PATTERNS
A short-time data acquisition cannot provide enough
inforrnationtodiscriminatebetweendifferenttypesofaircraft
and vehicles. The averaged frequency spectrum is a feature for
long-time acquisition. An averaged spectrum has been used
successfully to identify 5 different types of aircraft (after
detection of transportation noise, 5 types of aircraft will be
identified when the noise event is finished). The main feature
used to identify the type of aircraft is the minimum Euclidean
distance between the averaged frequency spectra of the
sample and the patterns. The averaged spectrurn of noise can
be expressed as follows:

l:~:~uecon"e:1I~
1000.0- "r II

800.0- IINc
: II- II

600.0-. 'I. ~
400.0- ~ ~:lII •
200.0- •••• II

o~ooo ~o~.o 1000.0 1500.0 2000

~ I!!!]

Figure 3.b) A plot of the first and the second frequencies of
mixture of heavy vehicle noise compared with speech/music.
The sampling frequencyis 5 KHz with 512 samplesused.

to.EUCLIDEAN DISTANCE AND NEAREST
NEIGHBOURHOOD

In the case of short-time data acquisition and pattern
recognitionthefeatures(eg.ARcoefficientsorflvst2from
sample data) have to be compared with the related features in
pattern space. By considering the discrimination line, which

has the same distance from the means of two classes of noise,
the distance between the feature from the sampled data and the
mean of the feature from each pattern can be used to
discriminate between different types of sounds. The closest
distance indicates the type of sample data statistically. Oneof
the simplest distance measurements is the Euclidean distance.
If the coordinates of the sample feature is (x,y) and the means
of the feature from source-I and source-2 are located at,
(1'1x,l'ly) and (1'2x,1'2v),respectively,thenthesamplebe[ongs

to source-l if the following condition satisfied:

8 - Vol. 24 (1996) No.1
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12. DECISION MAKING AND AIRCRAFT
RECOGNITION

The order of various feature extraction stages and classifiers is
crucial in making a right and quick decision about the type of
acoustical source. The first thing to know is the correlation
between features and sources and realising the stage of
decision making based on the extracted feature. The best
method is to move from general criteria for a rough
classification to specific criteria for a fine classification.

A decision making algorithm based on the discussed
features, is presented in Fig. 5. The level of energy in short
intervals is measured and compared with the threshold Ievels
of background noise and noise events. When a noise event
starts, the system will change the sampiingrate and start to
measurethezero-crossingrateoftimesignal,autocorrelation
function and the FFT. Then the AR model of the signal is
determined. All information from these features is compared
with some selected threshold values. After evaluating the type
of noise, if it belongs to the transportation noise class, the
monitoring system will be activated and then the spectral
features will be calculated. They are compared with the
patterns in the data base to find whether they are matchedtoa
recognisable aircraft. The acoustical sources to be classified in
the present research are: a) Sensing systemOff,zerovoltage
acoustical input, b) Background noise, c) B&K 4230
calibrator, 94 dB, 1 KHz, d) Traffic noise in rainy weather, e)
Music and speech,2 pieces of classic music, 1 piece of rock
music and one piece of reading the news by male speaker,f)
Transportation noise in dry weather including 5 types of
aircraft,amixture of traffic, a sample of heavy vehicles and a
mixture of traffic, train and aircraft noise together.

frequencies of interest, ego Fig. 4(c) shows the growth of
frequencies higher than 1200 Hz and Fig. 4(d) shows the
multipiicationsofthosefrequenciesby3.

~
II\verogodLinool5poctrum m
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Figure 4. ComparisonbetweendifTerentspectralpattemsofan
aircraftnoise,a) Apatternofaveragedfrequencyspectrum,b)A
pattern of linear average-weighted frequencyspectrum,above
1200Hz, c) A patternof linearmaximumfrequencyspectrum,d)
A patternof linearmaximum-weightedfrequency, above1200Hz.

The major problem with this feature is its large nurnberof
spikes and its instability. We can put emphasis on crucial parts Figure5. Decisiontree for transportationnoise recognitionand
of the averaged or maximum spectrum by weighting the monitoring.

A further indicator of the source of noises, particularly
aircraft, is the pattern ofthemaximurn amplitude in each
frequency band. This pattern is comparable to the averaged

... spectrum pattern but the maximum spectrum pattern captures
the peaks of short-duration frequency components, which are
not observable in the averaged spectrurn.

Yj-MaxXij j-I,2, ...m, j-I,2,... (10)
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Traffic noise in rainy weather contains a lot of high
frequency signals that makes it easily identifiable from the
other transportation noise. The high rate of zero-crossing in
the time signal is the main characteristic of this signal. The
4230 B&K calibrator gives a constant zero-crossing rate and
sound pressure level.

There are two major stages in the algorithm; the first is
training and the second is operating. Both stages are adaptive
and will be activated only by transportation noise. The main
reason that they are made adaptive is that the duration of
overflight is different for different aircraft noise events.
Therefore, finding the exact start and endpoints of the event
can avoid interferences caused in the subsequent stages due to
incorrect data. An example of that is the process of averaging
the frequency spectrum which has a crucial role in aircraft
noise recognition.

13. INTELLIGENT TRANSPORTATION
NOISE MONITORING

A sound pressure level monitoring system can be activated
when the traffic noise or aircraft noise dominates the
background noise. Such a recording and monitoring system
can automatically record the desired noise. The described
program is able to calculate the time duration of an event and
the maximum and the mean of the sound pressure level during
an event. In a quiet environment this program counts the
number of vehicles and aircraft with a noise level more than a
selected threshold. The results of operating an intelligent noise
monitoringsystemforthenoisegiveninFig.l,arepresented
in Fig. 6. The monitoring system is activated only by
transportation noise. When the nature of sound changes or the
leve1 of energy and sound falls to less than some particular
value, the system stops monitoring.

Figure6. a) The energymonitoringof transportationnoiseby an

~~t~~~e~~ n~i;~ ~O~i;o~~~nSl'~er~s:~:e t~:v~~m~:~~~eri~;en~}
transportationnoiseby an intelligentnoise monitoringsystemfor
the samenoise eventsas in (a).
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14. CONCLUSION
In this paper some useful features for discriminating between
the transportation noise and other environmental noises, such
as music and speech, have been introduced.

The features used to discriminate the transportation noise
from the other sounds are the energy of the signal, sound
pressure level, linear prediction coefficients, autocorrelation
function, peak frequency and zero-crossing. The AR
coefficients and the autocorrelation function provide reliable
criteria to discriminate between transportation noise, and
music and speech in short-time data acquisition. These
features have been used successfully to activate an intelligent
noise monitoring system. There is also some false recognition
when the speech segments are not continuous.

Spectral features for long-time data acquisition are used to
recognise the type of aircraft. The result of this research is
likely to be applicable to other acoustical noise recognition,
such as intelligent noise control [9], counting vehicles,
acoustical diagnosis of defects in machines and even to
medical diagnosis systems.

Further development of the model is planned. This will
include the recognition of other environmental noises such as
bird and animal noises, wind and thunderstorm sounds.
Techniques will also be developed to recognise sounds when
they occur concurrently with other noises in the environment.
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THE DIDJERIDU (DIDGERIDOO)

Neville Fletcher
Research School of Physical Sciences
Australian National University
Canberra ACT 0200

ABSTRACT: The didjeridu of the Australian aboriginal people is an ancient and deceptively simple instrument,
consistingofa length cut from a narrow tree trunk or branch and hollowed by the successive action of fire and
termites. Skilled players, however, are able to produce a wide repertoireof interesting musical effectsincludinga
rhytlunicdrone, striking timbrechanges,and soundsthat are voicedas well as played. Thispaperoutliucsthepassive
ecoustics of the didjeridu tube, the active acoustics of the sound-productionprocess, and the mechanismsby which
the various musical efTectsare produced.

1. INTRODUCTION

The didjeridu (commonly spelt didgeridoo) or yiraki of the
Australian aboriginal people is avery ancient instrument
with considerable acoustic interest, despite its extremely
simple construction. It consists ofa more-or-less straight
piece of tree trunk or branch, hollowed out by the succes­
sive action of fire and termites to produce a gently flaring
tube. Didjeridusfrom Central Australia are typically about
one metre in length, while those from Amhem Land are
usually about 1.5 metres long. The longer didjeridus are
now generally preferred because they allow a greater range
of musical effects. In each case the blowing end is about
30 mm in internal diameter and the free end about 50 nun,
though all these dimensions vary significantly from one in­
strument to another, even among those by the same maker.
The average wall thickness is usually 5 to IO mm. At the
blowing end, the walls are coaled with a rim of resinous
gum, to improve playing comfort, and the free end is often
given a slight extra flare by internal scraping. The outside
of the instrument is smoothed and painted in geometrical
totemic designs, usually in black, white and orange.

To play the didjeridu, the musician seals the narrow end
of the tube around his mouth, blows, and vibrates his lips 1Ul­

der muscular tension in very much the same way as used in
playing a brass instrument such as the tuba. Thedidjeridu
uses air at rather a high rate so that, to playa sustained
tone, the player adopts the technique of "circular breath­
ing". After playing normally fora few seconds, he expands
his cheeks with air, seals off his mouth from his throat with
the back of the tongue and, while using the stored air to
maintain the tone, takes a quick breath through his nose.
Thistechuiqueiscommononcertainotherinstrurnents, such
as Indonesian flutes, and is now used routinely by oboists
and even flute players to play without breath breaks for as
long as several minutes. In these instruments, with their
much smaller breath demand, the objective is to maintain

an even tone and cover up any effect of the breathing. With
the didjeridu, however, the player makes a virtue of neces­
sityandemphasisestherhythmicbreathingcycletoproduce
a pulsating drone. The pulsations are usually further dec­
orated by tongue vibrations, so that the player effectively
says unvoiced words such as "ritoru" or even "didjeridu",
withthefinal"u" sound prolonged. The westernised name
"didjeridu" for the instrument perhaps arises from this cir­
cumstance, though it may perhaps be a word from some
aboriginallanguage,nowextinct.

There has becnonly a little written about the acoustics of
thedidjeridu[I,2] or about its playingtechuiques [3,4]. The
instrurnentitself, however, has become increasingly used in
popular music by groups such as Gondwanaland, and was
earlier made widely known on television through the efforts
of Rolf Harris. A few simple calculations and measure­
ments, however, allow us to understand a good deal about
this interesting instrument.

2. PASSIVE ACOUSTICS

It is a good approximation to treat the didjeridu as a trun­
cated conical hom of length L. Suppose that the diameter of
the smaIlerend is d j and that of the Iarger end d-. Then if
we imagine the cone to be continued to its apex, the distance
from this apex to the smaller blowing end of the instrument
will be XI = dIL/(d2 - d j). Since the players' lips form
a pressure-controlled valve, the preferred sounding frequen­
cies are those at which the aconstic pressure at this end, and
thustheacousticil11pedauce,isamaximum. Thesc frequcn­
ciesfn can be shown [5] to be the roots of the equation

knL' = mr-tan-1knxj (I)

where kn = 2rrf n/c, c is the speed of sound in air, and the
acoustic length L' = L+0.3d2 includes the end-correction
at the open end.

If the flare isextrernely smaIl so that the hom is nearly
cylindrical, thenxj becomes very large and tan-1knrr ap-
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proaches 1r/ 2. The resonancef~uerw.:ies arelhcn /n =
(n-!)e/2L' whic h fom llhcseriesof odd harTTOnics lhat
we expec t, for cxamplc as the playing Irequcrcies of a d ar­
iret, starting with a quan cr of a wavelength equalto ue nile
length. Morcgcncrally. if the f1are isfairty small we can
cxpand !he rcsult ( I) to I rrive at the approxillllllccxp=sion

1..~ {n - i )~ { I + [ I + lr :~~(n-_d¥)' ) 1 /2 } . (2)

Weeansce thai thc fJtqucoc ies of lhc1o\l.amodcs. and per­
licuIarlythal of lhc f~ntaI. are raised rclam-e1y 1D.ll'C

lhaIl thosc: of thc tigh:rpania ls., so 1Ilal: all the modcin­
lef\'a.ls are comprcsscd. For modc:ratef1aJe,onlythclov.est
IDOliefrequency is ii gnifical1.ly affcacd. Forthc~of

end diaJrelcrs foundinthc l}-picaldidjeridus oi Tablc l.1bis
fundamental-mode fttqueney is raised by I f-..or between
aboUII06 and 1.38 rdati~ 10 I q lilldriad tube ofthc
SInE \cnglb. The ratioofsccood 10 rust mode fm:p.cn:ics .
whicb would be I perfca Iwdfth (1-'0) for I cylindrical
pipe. ranp from about DO (abouIl tone f1aI~ Ipcrfcet

l:WClftlt) lOaboul I. O (llittle lcss thao l scmitonc flat). The
grcalertbc narc.thct1aner the5CCOoomodeappcan;rdam'c
IOthe droocfundamcn1al.

TAIIll. 1. l)pkal dldjmc hu I I)
GIl&thL (CDI) B9 144 14~

~d, (mm) n 26 Xl
IMrncWI"d~ (mra) J6 ((l 40
F~f, (Hz) 60 80 64

• DroncpiliCb B, E~ C~

Tbc:scfOOdc.fn:qlll:Dl;)'pn.:dictiol"6arecomrmcdbythc
me:lI5UIO:I drone fn:qUCllC iesof three Iypical didjaidus from
Amhcm Land 15 listed in Table I. The effect of fIarc is
caruyseerainlhcCll5l:of lbcsecondand lhin1iMrun1cnl:s-­
thc sccooo is only l pcn:ent soorter than thc lhird. butits
fundamental frequcncy is 25 pm:enl higher ba;ause of its
Jarg,cflan::. Unfonunalelylhcsccond. rnodcfreqUCllCics ",crc
not m:ordcd, bUI me pik:hes agroc qualitath'ely with thc
lhcoretical predictionsll ).

II is inlercsti~ to OOIc that traditionalmakersaM playen
secm to llave liltleconccm witll citherthc drnnc flal UCncy
or the inlClVai to lhcsccondmode--thc fitsl lwo instrumc:n5
in the table arc actua lly by thc: samcm.-Iker. lndeed. agood
player can produce most of the nuancesof llllditional per­
fOrTlWlCC5 0n apiecc:ofp1a stie pipe of appropriatediameter
and length! wten used in popular Westem l1UJSic, foweve,
it is rvx:c:ssary to 5Clect a didjcridll of approp riatc pitch to
matc h the keyboard instrumelllS. thou gh in some multi-track
recordingsthedidj cridu i5 actllal ly recordcd fi tsl and llw:n
pitch -shifted, the player having made some adjustment for
the associa ted change in tempo . Btcak ing with tradition.
Graham Wiggins has made the perhaps obvious extension
of buildinga didjeridu wilh key5 10 0pcnorweor more holes
nearthe fOOland 50 a llowthcdrollCp i[(;h to be changcd

He lmholtz a lumdrcd ycars ago [61. it is only recently that
these mechanis ms have been studied in detail. Tbere is a
clear distinction betwocn three types ofprcs5Ul'C'-COntmlled
valves. asiIlUSU1lted in Fig. I. In the rll'5l lWOIypC5. air
pressu res aeting on thc: two faces of the valve have oppos ite
effects. tcnding to eithcr open or close thc valve. while in
the third type excessprcssure on either face te nd5 10 open
thevaJve. If we repleSCnla c lo5illi aetion of eXQC5S pres­
sure by the symbo l - and an OJlCninsaction by + . then
the rust twovalvcs bavc c lassifatioa (- , +) and ( + . - )
rcspCC1ively. andtbc thin1has class iflCalion ( + . + ).

The familiar reed valves of oboes and clari tv:ts are or
the ( - ,+) 1}lJC. 15 also ~ the rncta11t1e1ds \l5ICId in orpn
rced-pipes. The buman vocal folds are usually m.xScl1cd
as ha\-i ng the oonfigwation (+ , + ).15 8ie the ,-ocaI orgalll
of birds (the 5}ri m ). lhough the modds used are ~nera.lly

IIlDIe C:O~R-x than Ibis. The lips of pIaym or brass in­
strumaII5.,sucbas thetrumpctortuba.andd lhc didjericfu.
arc either or conIigut3lioa (+.-) or (+. +). and possibly
changcchar3ck:rbctwccndiff~playingrcgirrcsl7J · 11

is probably ncce5Sal)' 10use a r31hcrcomplex modd forthc
,ibratinglip vat\'e,5UChasbasbeen~'CIopcdfOfthehu.

man ,"OC.lI!fold5I81. ~ thi5 bas noIy-etbeeDattempted.
WeIIWSlth:JdorcbesalisflOdforthcprescntwitllsimplcr

"""".If we defl/lCthclCOUSlicadmilWlCCof aplaSlll'C-
comolIcd valve under blol.\ing prcsswe. as viewed from
the imtrumcnt. 10 be thc laDo ofthc 5ma1kignal acous­
tic flow out olthc imtrumcnt to the smaIl-sigm1 ICOUSIic
pressu re in the in5UUmcnI moull1lieee. lhen therc is thc pos­
5ibit~· of 5Clf-su5laiBcdoscillation if the rWSli ve part of
Ibis impedance (the acotI5ticconducunce) is negative. to
ll''l:JWrn: the kJs5a, in the system. and if the rcacili--e part
can bc:ba1anccdbythercaai\~ adminanocofthe insuument

ntle andthcpla}ers rnooth.takcfttoBJClhcr. ln ai lcascs.thc
fust: condi tion rcquimlhattheblO\loi ns prcssllle 5hould be
gn:ate r than$Orn: thres hold \'llluedetenni nedbythetensiorl
of the lip muscles. whicb itself ikpcnd$ on the pilCh of the
IlOtebeing played l9.IOI

Pl'O\idcd a blowing pressurc greater tha n this minimum
isusc:d. then the lKXlllstic admiltancc of a lip-valvc gencralor

3. SO UNDING MECIIANISM (-, +) 1+. - ) (+ . +)

While rruc h of our undemandi ng of the 50000ing rrech­
anism of wind inst ruments dates bae\( 10 the time of
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flgu,", I. The!hnlctypc:sofsimpleprcssw«oolmlleJ
nl..e Air flo.....direction il shownwith lWl.-n:M'.
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U "" ,x(Po - p)I/2 (3)

Figure 3. The flow wavcfonn through a lip-valveat
several amplitude levels,as given by Equation(4).

(4)

This expression cannot be taken too literally in the limit as
a->ao, but the shape of the flow waveform is essentially
as shown in Fig. 3

Clearly such a waveform has many harmonics, and this
accounts for the rich sound of the didjeridu, and of lip­
excited instruments in general. The relative strengths of the
upper harmonics are not well predicted by this simple flpw
waveform, however, for several reasons. The flow waveform
gives a spectral envelope which is initially nearly constant
and then declines at about 12 dB/octave. The assumption
thatRisconstant, however, is not very good, and this re­
sistance is less for tile upper harmonics than for the reso­
nant fundamental, except for accidental near-coincidences
with higher hom resonances. Finally, the transfer func­
tionbetweenflow spectrum and aconstic radiation rises at
6 dB/octave at low frequencies and is then flat above about
3 kHz for the didjeridu hom. Despite these reservations,
however, this simple treatment does give a fair idea of spec­
tralbchaviour.

where, is a constant. The pressure p inside the instrument
mouthpiece is approximately RU, where R is the acoustic
resistance of the instrument tube at the resonance frequency
h,andwecansubstitutethisbackinto(3),alongwiththe
expression for x, to find, after a little algebra, thatifa < ao
the flow has the form

generating the upper partials of the tone. The process has
been examined for brass instruments such as the trumpet
[12] andtrornbone [13] and much of this discussion can be
applied to the didjeridu.

Because, unlike the reed valve in a clarinet, the lip valve
operatesatvetynearlyitsresonancefrequency[7,9,IO],the
motion of the player's lips is nearly sinusoidal. The aver­
age lip opening is determined by the blowing pressure, and
the amplitude of the lip vibration is such that the lips just
about close once in each cycle. If Po is the steady blowing
pressure, p the pressure just inside the mouthpiece of the
instrument, and x = ao + asin21rft the lip opening, then
the volume flow U through the lip valve is

Figure 2. Acousticconductanceofa(+,-) valve(full
line)andofa (+,+) valve(brokenlinc).Thercsonance
frequencyfor free vibrationof the valveis shown.

can be shown [9] to have a form like one of those shown
in Fig. 2. For such a (+, -) or a (+, +) valve, the acoustic
conductance-the real part of the admittance-is large and
negative at a frequency either just above or just below the
resonance frequency of the lip-valve, which is determined
by lip mass and muscular tension. At other frequencies the
conductance is relatively small and maybe either positive or
negative. The magnitude of this peak negative conductance
is sufficiently large that it is able to overcome the positive
conductance losses in the rest of the system and force.it into
oscillation. While this can happen over a considerable fre­
quencyrange if the lip resonance frequency is adjusted-a
skilled trombone player can play a giissando without moving
the instrument slide-the oscillation is most easily sustained
near an impedance maximum of the tube, where its posi­
tive conductance is least. The acoustic impedance of the
player's mouth also plays an important role in sustaining
the lip oscillation-a role that can be appreciated when we
realise that it is possible to buzz the lips at their resonance
frequency even in the absence of any instrument tube [10].

The discussion above is essentially linear and expressed
in terms of linear quantities such as acoustic admittances.
Sound production in wind instruments, however, is a non­
linear process [5,l1],andt11isnonlincarityisresponsiblefor

This is the operating regime fora didjeridu-the player
adjusts lip tension so that the lip resonance is close to the
first tube resonance. To produce the second mode, the player
must use a much higher lip tension to raise the lip resonance
frequency, and this requires, in turn, a greater threshold
blowing pressure. The actual pressures used are, of course,
well above the threshold value. Measuremcnts [I] show
that a didjeridu player typically uses a pressure of about 1­
2 kPa (10-20 cm water gauge pressure) for the drone note
and about 4-5 kPa to produce the second mode. Some play­
erscanproducethethirdmodeandevenhighermodes,but
they are rarely used. Indeed, even the second mode is only
employed for brief accents, and not as a sustained tone.

4. SOUND QUALITY
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Note that the sound spectrum of the didjeridu, as for
all sustained-tone instruments (except when playing "multi­
phonics" or other special effects), is strictly harmonic. The
fact that the upper modes of the pipe are not in harmonic
relation to the fundamental affects only the strengthofcer­
lain harmonics. If one of the upper pipe modes is sounded
instead of the fundamental, then this sound will itself be
accompanied by its own set of harmonics.

We should now consider the effect of the player's mouth
cavity on sound quality. The player's lip opening varies
nearly sinusoidally with time, as we have seen. The time
spent at each opening is inversely proportional to the lip
speed at that opening. If the lips just close each cycle so
that a = aD, the fraction of time spent at opening x can
then be shown to be proportional to [x(2ao- x)t 1 which
is sharply peaked atx =0 and 2ao, so that the lips spend
most of their time either nearly fully open or nearly closed.
Seen from the instrument tube, therefore, the player's mouth
is mostly either blocked off by the closed lips or else forms
a Helmholtz resonator consisting of a closed volume vented
by the lip opening. The resonance frequency of this res­
onatorcanbe estirnated from our experience with whistling,
in which the whistle frequency is the resonance frequency
of the sante Helmholtz resonator. Since the lip opening is
similar, within a factor of less than ten, in the two cases, the
attainable resonance frequencies should be the same within
about a factor three. We therefore ex-pect that it should be
possible to val)' the resonator frequency over a range from
about 500 Hz to about 3 kHz by changing the mouth volume
with the tongue.

It is fairly easy to understand the effect of such a res­
onator on the lip-valve flow and hence on the radiated sound
spectrum. The resonator is rather highly damped by the flow
resistarce through the lip valve so thatits bandwidth encom­
passes the frequencies of several harmonics of the drone
frequency. The acoustic flow through the lip valve will be
enhanced for these harmonics, so that the acoustic spectrum
will exhibit a "formant band" rather like those of the human
voiceand,indeed,arisingfromsimilarcauses. Details are
more complicated than this, of course, becanse the opening
from the mouth to the instrument is changing with time.

While the didjeridu can be played with a dull drone,
lacking obvious formants, this is not usual for good players.
Fig. 4 shows two examples of such formants, which play
an important role in producing the characteristic sound of
the didjeridu. In the first example, there is a pronounced
formant band at about 1500 Hz, while in the second example
the player has reduced the volume of his mouth so as to raise
formant frequency to about 2.2 kHz. In each case there
is some evidence for a lower vocal-tract formant at about
500 Hz. Because the frequency range of these formants is
similar to that of human vowel formants, they have a similar
aural effeet. In normal playing, using circular breathing,
these formants are produced in a rhythmic manner as the
mouth volume changes, but they are often made a tonal
feature of the performance.

These formant phenomena are much more pronounced
in the didjeridu than in Western brass instruments, prinei-
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Frequency in kilohertz

Figurc4. Fonnantbandsinthedidjeridusound. In the
upper trace, there is a mouth-cavity fonnantatabout
1.5 kHz, while in the lower trace this has been shifted
to about 2.2 kHz by constricting the mouth.

pallybecausetrumpets, tubas and the like have a cup-shaped
mouthpiece with a narrow constriction between it and the
main bore of the instrument. This mouthpiece, as well as
providing a comfortable support for the lips, functions as
a Helmholtz resonator in its own right, and its resonance
producesabroadforrnantband, typically with a centrefre­
quency around 500 Hz for a trumpet [5J. The mouthpiece
cavity aiso functions as a filter which reduces any influence
that mouth resonances might have on upper partials of the
sound.

There is one other aspect of performance technique that
deserves detailed acoustic comment. This is the use of vocal
sounds to augment the drone of the didjeridu. Because of the
acoustic coupling between the vocal folds in the throat and
the player's vibrating lips, the interaction is quite complex
Suppose that the player's vocal folds vibrate at a frequency
Iv Then this produces pulses of flow in the same way as
described for the lip valve and illustrated in Fig. 3. The
flow entering the mouth, and therefore the mouth pressure
Po of (4), thus contains all harmonics nIv ofthe vocal-fold
frequency. When this flow is convolved with the nonlinear
flow through the lips, which are vibrating with frequency
/L,asin(4),theresultistheproductionofallfrequencies
nIv ± mIL, those with greatest amplitude having small
integervalues(lor2)formandn.

The simplest eX3111ple of' this frequency mixing occurs
when the player sings a steady tone at a frequency simply
related to the drone frequency. A typical example is the
singing ofa note that is a just major tenth (frequency ratio
5/2) above the drone fundamental. The cross term [v ­
2/LthenhasafrequencYh/2andthisisaccompaniedby
all its harmonics from the other cross terms. The sound
is therefore an octave below the original drone frequency.
There is not be much radiated energy in this sub-octave
fundamental, but the subjective pitch is generated strongly
from the sequence of harmonics. Because of the low pitch
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rlflb (frequm:y J3tio312) abooo-e lbc dronefwIlWretul

FinlDy, wre5hould rmurt thll: pIa)'cn of ltE in!itrum:d
oftenustit lO ~tnditionll lO~CJfIlOricsand,to

Ihiselld, en:beUish tb;i.r pla)'irc by addins lbc SW'C5OUlds
01barkinc dinp. brolps .... other aninWs. Th::pill,:h of
tIw:se \'OCll sounds is llllha'high so that li'equen;)· ~1lI

docs llOlha\-~ 5UCh. prongunotd efred, w ltEsoun:lsean

be madeeasily recognisable
Fig. ' sblM'S I spect ral display 01. sbon passage: of

dldjeriduplaying lnlhi$ ~ntlllion. limeis . lollg lhe

borizoIa.la:cU andfrequep;y oo ltr:\-erticala..<is, ....ithlhl:
lknsily of sMdi nc indical ing lIE $OOIllI p ft$ stn Ia-el. Two
!hinpare inurcdialCtyob\'ious , Th::fi~ islhal. lbc har­

IIlDIlicSUUttureoC lbclOlUld isclear1yevidc:n1in lbccb.ely
spaccd dart bards R1nIUlIJ horiJ:ORla1ly in the fipre. Th::
so:o nd fcarure is lbc fonnan l bands, w~h soo....·up as
darkcrregions on the plol . nd val)'wilh lime. Articulation
andcircularbread lingdwidcthc lime recordinto repeanng
segments. Featull:$of this type will be fami liar 10all}vnc:
irrvok'td with hllnllUlipOCC h analysis.

5, CONCL USION

A1tRllIgh thcd idjeridli is physicallya simplein strulllenl alld
its makers appe.u 10 accept ", ide variations in its physical
dimensiol15.ndlbcrefore in us luning. il supports. wde ve­
riel)' of stbtk p.:rfom lallCCk:chniqUCi. Wehave considered
tr:rclbc lCOllSlics ofonly lbc mos:li lllJOrtanloft tr:se, blll it
is dear IhaIuere is a gre.uckal of inleresting lIMcmandi ng
to be derived . I bope lholil his papt r may serce ali an ex­
ample of lbc SOI1of 1'eS1I115fhal ean come from ooopcr3lion
bel\l-1XnacouslicilVlS . nd mllsiroIogiil$

sccostce AuSlra~a

AtkoowledgmenlJ

The:work 00 ""hil;h, thQ;paperis baKd was compkted a 1011&
timcago and. for the most psn. alreadyb«n pub!1S1v:d
eisev.-bcre l ll. b is a pleasu re !O ad llOVt'ledgc lbc bclp
I rave recei\--ed from com-ersalionswilh 1 m -or Jones. a
disl:inguishcdmusic:ologi5l andexpcn didjeridll player, and
wnh Graham Wir,gins.a phyUcisl lumed didJeridu ...-i nuoso
Someof the . nalyted eumples \W:replayed b)' 1 11:\'01"and
some were eoUecIedin lbc field by Iingui51Bill Hoddlnoll.
' .....ou ld also like 101h;ri;~Tbwaites for assistarlCC

with lbc rncaswc mcnlS

Rdenncn
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6. It HdmhoIIZ, Olo... 'S"""'O-" i¥T_ (IKU ) _ AJ _
Etm.no- .NewY<rl ( 1954)
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LITERATURE REVIEW OF IMPACT
NOISE REDUCTION IN THE SHEET
METAL INDUSTRY
D.M.Eagt'f' ..d II.M.Will iam son
Al;OUll iu • • d '~lbraUoa Ccnl~ U. i~tnit" Coll~. Vni' -t";t) ~ New Swtll "" ala
AWltra liaa Ddnl(C'Jlortt Acackm,. Canbern.. ACT, AUlJralia . 2600

At.tr-;t; Inlllf' tboel llda1 indwlry, highE\'ds of irnplld lKliJo:_..-ialoJ ....itll lllcrRlluml~W1'mU ol llOOle

indla:oJhadin, bl in ..odcn A liknl\"~isl'fCl"l*:dol rc:x.dlClr\.,.-;t llOlSC from pn;!lmd po a paxs
Illlhi1indusl1y_Thc~IIhm>,~~....:nhasho:ll~, GMtlMt ll"lllCh .. lUI<b1lood lhenoix
JCIlCRlioa.-;hmi.... in lhcocmodlincs. WlWIc more flllldlanmllJ r-m ..ilI~ prucNoe cr-~
lhaeio.nocdfarnu;h_design.m<k''do:IpnenI-n.IO~qllicla nlC/liria_~rortholhcdmdal......,

I INTRODUcnOS
MoY:ra;mI data from til:: AUSlr.IIianBureauof SlatJU:t;
1 11 5U~lhat 18~.OOO "Qf\cn ~~ in til:: meW
prokts II\o1nUfacturing iJd.Iw} ' in AustIll1ia. A brge pro­
pClruond ll'esepcopk probab ly ,,-m in emimDmmb 1Iltw;re
IlIghk\'tb ofnoiseare senem:d b)- impacts..-bicbOCCUl' mlr­
m, lhe JllUCCS$i.. olsheet~pn:Wcts, PoIentia!lydama g­
incimpact lltliscsoc::cw ill.many~in theshectmetal

indusuy sucb as staring. pum:tans. piemng .-.d forTJlinc.
MaIcrialshatdl ing ohtn ptIduccs sipfgn i~ mUes
"'''-dl.(Of~e,'''-beasheec meul poductsalC5tacked

orlrO'Ved o ll rolla«Jm'eYO"_ lnmanyinstancesroGc enclf>
5Un:sdonoc provide . pmaicaI noiK n:dud.ionstralCg)'.and
pcnonalhtaringp lOteCtOr$ provide:ks5 than ideal proto;tion
(o, lbe .. otkel5, Thcscf3ClO1Sgi\t: a strong moll'iationfor
d!....'Cloping dlCCl nlCtal machinery in .. hicb impact Dlliscis
conllOlkd ancl n:duccd at lhc sourcc .

SUlCC 1991, the:Ar;oustitf; and.Vibrauon Cenue ha$ had I
II1,1jor reseatl:hprogr.un onlhc: miuction or i~lnoise in

lhc 5hcet metal i ndu5t ry. Thi5 reso:an: h h:l5 becn~

by Worksaf e Austr:llia, the Aus tralian Research Counc il alld
BHP Duild ing Products. This literature rn icw, which Iw
been prepared as a pan of this program. and which ccnce n­
lralcs Oll punchartdpowc r pres5C$, shovosthata cons idcrabie
body of know ledge e llists rc~lIdjng the fUllda mclllai Mlllrc
of impact noise. Whiletheprinciples of irnpaclllO ise gencr­
ation in these machines arc n::lati\-ely well undmtood, much
work rcmains to bcdone in designing and dc\ -eloping slat
melal machinery which is inherently less m isy

:z IMPACT NOISE "'ROM r UNCIi ANn
POWER PRESSES

Many roeaIl:hers haY!: studied ln lJlll' t noise Irem punch.
PDWO' presses (2-49 ) and other impact noise sources 150­
110), a1tMu gh n::lati\ cl y few signUlCani art lCks on notsc
ICdltct ion (10m pulCh and JIO"u presses h.n-e been rc­
poned in the last ten years In more n::ttnt times. work!-

wide resean:b funl1mc has been d.lIttaed inlo rQse m1lc ­
lion and rmokl1inc of cornplell a JUClUret: iUCbu aulo mobilcs
waeropbnc:s. and_reducuoausi"llaeth--eooislC~

trotraltlc:r lban pnttic:al lOlutJons lOcomm: mrnaoofaeturin8
ecse Icl3aed problemsfor wbich there is IJttk filWlCial in­
~ Duri. !be70s andearlyl105.. "hen oceupatioll.1l

haItb a nd sard) ' fi N bc:amt ICIpical. lC\aa1 a udics 011 the
mfucuoa. olpreu !Disc Ill-ercconducted

SaUa: and Guy (371ina-earl) aldyonpun::l1~ noise
coutroi IlOlCd,COdI3l)" Io popu l:arbelid. thai the a:IllIaC1 01
!be pull; b and the die Illas IlOI;dill"'"the mosl sigmrarl
noisesowa: F~)'~~lllercte5pOnsible

forcqualorgreare.sound pressurc le\eIs. particularlY wilh
alllOlT\;l(ed ulUls. 'Tbey lllere able to ae!Ue\-e a ootse rodue­
tioll of greatCf than II dn aI Ihe operalor statio n by: isolating
the die Irom the rmi n pn::s5 frnme~ add ing a cove r 10 close
the space. in the main fnunc. under the die~ sub5blut ing rub­
ber washen on the stripper bumpcn ; and Inxb fyill8 the end
cjeetor cam lO lalucc thesharpncss ofthe kid.

In a n:viewof noiseand vibration <:olllrol for irnpract Jllil­
chines, Bl\II;e [53] ooll; ludc,:dthat: absorpth-e trc<Jlmc:nt of
the faetory sul'faccs can only ac hie\'e a rna'linll m noi5c re­
duction in t~ order of J dB (A)al lhe opcrlllorstal ion~ pa nial
cndosun:s of ImClunes ca n )ield as much as lO dB( A) of
noise reductio<l~ lotal c1O&e-filtlDll enclO$UfCS can achiC\-e up
1020dB(A) noiseredoctJO~ wcll-desig rw;,d large lotalclI;lo­

sures can scmeve cs mochas JOdB(A) noise reduction, illl

theycan be ccrsuucredof heavie r material s with no openings
for Sloek, prodocl or sernp; ard opcrating thc pul'I:hin shear
can rcduoc thenoise lcvcls by about I5 dD(A). Thc se ClailllS
appcarlObe lllcilabo\'eothelpWlisheddala atid lheauthots '
pcrsonal ~li(;nee

Studicsby Shinaishin 141. 421 on purw;, h pressdiagnos­
Ucs. llOisecoruol and impaet -ird uced inclustri., l noise note
that it is nooe:s.wy10 h.n-e a thoroug h knowledge oI the noise
genem lng n-.:chanisms in lhe: press. He useda COIOOina­
\I()JIof ....a\'efonIlaro~·SI$, frequcllC}' analy5is. lime-f requency
anal)'sis ard eross<onel3lionanal)·siJ.. lll·ith the oo,e.;ti\'C'of
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identifying the causes of sound generation and selecting the
components to bctreated. The analysis included extensive
simultaneous measurements of sound levels, acceleration and
positions of moving parts. He advised that in all cases the
sound spectra were broad and exhibited little or no sharp
peaks, indicating that the excited structures were vibrating in
many modes. He also advised that a 70% increase in machine
speed raised the overall noise level by 5-10 dB(A), and that
hard steel feedstock generated about 5 dB(A) more noise than
mild steel feedstock. In experiments with high speed stamp­
ingpresses, Shinaishin achieved noise reductions of 12 dB(A)
by reducing the maximum blanking force through shearing the
die. He noted that the application of this method should be
used with care, since it may affect the product quality.

Shinaishin [41] also tabled the following explanation for
the mechanism of press noise generation During the cutting
operation a large force is developed and stress builds up in
the feedstock material, with an equal force in the opposite
direction building up in the press frame. Upon fracture of
the feedstock the two opposing forces set both the feedstock
material and the press frame into transient motion. He em­
phasised that the noise thus produced could be lowered by
reducing the vibration amplitude, it's frequency, or reducing
the radiation.

This explanation of strain energy generated noise by
Shinaishin was recently discussed by Williamson [48].
Williamson developed the concept of this noise as spring­
back noise from the machine components. Williamson noted
in a report on the reduction of impact noise in the sheet metal
industry that in the cutting process strain energy builds up in
the press components as the forces increase leading up to the
cut. This strain energy is suddenly released when the cut or
break-through occurs. The physical effect of tile fracture is to
force the press components with a negative step function of
amplitude to virtually equal the maximum force. Impulsive
motion of the press components following this sudden release
was defined as spring-back, hence spring-back noise was the
noise generated by such a motion.

Allen and Ison [2] identified and outlined the principal
noise sources on a number of punch presses of varying ca­
pacity. They noted that although the relative importance of
each source varied from press to press, and job to job, they
were able to rank them as follows: impacts associated with
the die; turbulence noise due to air ejection; metal-to-metal
impacts of feed and ejection components; stop start impact of
automatic feed mechanism; vibration from the flywheel and
sheet metal fastenedtothepress;clutchandbrakemecha­
nism; and vibration of the press surface. Ona50tonpress
Allen and Ison achieved a noise reduction of 13 dB(A) by
enclosing the die area. This was achieved by making a card­
board mock-up enclosure and then using this prototype to
design an operational enclosure from metal and plexiglass

In an investigation to locate the major noise radiating areas
ona4tonpunchpress, Koss and Alfredson [25] located the
sources of transient sound through the use of multiple-input
correlation theory. The inputs were acceleration, measured at
the die, the support plate and the crankshaft collar; while the
output was the sound pressure level measured at the operator
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station They showed how sound was radiated due to changes
in the force-time curve.

Koss [26] also used a conventional vibrational shaker to
simulate the frequency response of the above punch press
A comparison was made between the experimental results
obtained from the shaker analysis and the blanking operations
for mild and stainless steel

An experimental evaluation of several commercially avail­
able mufflers to reduce air exhaust noise from clutch and
brake activation was conducted by Daggerhart and Berger
[14]. They advised that the peak sound pressure level of
pneurnaticexhaustscouldbe reduced by as much as 34dB(A)
by the installation of an appropriate air exhaust muffler.

Petrie [33] concentrated his efforts on obtaining an opti­
mum tool alignment and made simple press tool modifications
in order to reduce the noise due to the blanking operation of
a 15 tonC-frame punch press. Several operational parame­
ters were considered, such as: c1carancebetween the pooch
and the die; the location of the workpiece on the travel of
the punch with its resultant impact velocity; the angle of the
shearon the punch and die; and shear area. Petrie noted that
the minimum punch impact velocity compatible with suffi­
cient punch travel through feedstock resulted in a reduction
of up to 8 dB(A)

Stewartetal.[44] in a comprehensive report on the noise
parameters influencing a 60 ton power press studied the ef­
fects of the feedstock shear strength, hole punch diameter,
feedstock thickness, pooch impact velocity and the punch and
the die clearance, on the peak sound pressure level. They ob­
served a reduction of 15 dB(A) as the percentage clearance
between the punch and the die was reduced from 20% to
6%. Percentage clearance was defined as the difference in
punch and die diameters, multiplied by 100 and divided by
the feedstock thickness. They also noted that for percentage
clearances less tlmn6% the noise level was relatively constant
for a given thickness, while at percentage clearances above
8% the noise level increasedproportionaIly with increasing
punch to die clearance.

Strasser [46] believed that a selective combinationofsev­
eral simple measures, based chiefly on common sense and
sooodengineeringknowledge,wouldyieldhighlysatisfactory
noise reduction results. He noted that the noise produced by
a press increased as the load approached the nominal capacity
of the press. Therefore, to reduce the noise level, it is im­
portant to select a press with ample capacity, approximately
50% to 100% above that required.

Cook [12] discussed his experience in reducing noise on
a wide range of power presses using various types of barriers
with different materials, muffiers, vibration isolators andab­
sorptive silencers. He advised that the most common design
problem associated with applying noise control principles to
power presses was the need to make allowance for frequent
access to the machine. Cook also stated that it is possible
to reduce the overaIl noise in a crowded press shop from 7­
10 dB(A) by the use of absorption treatment. The authors
believe these figures to be unlikely in practice due to vast
area of panels that would be required and the associated high
cost of implementation. The previously consideredfigurc by
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Bruce [53] of 3 dB(A) is more plausible .
A mat hematica l 2-dimcnsioJ101l model of a punch press

frame Vibfiltions and aco ustic power out put was formulated
by Brick le (61. Thi s model 'MIS usedto dete rmine the rcla­
tionship belw ttn!>ll\ll;tura l dimensions and gene rated noise
k\'cls, He stated thai in most cases anal}'scd, the third vi­
brational mode was predomi nant and that it was sufficient to
takc onlylhe firsl ttm::c lOOdesi ll o acconn l inlhecaicula­
lion of the aconsl ic power , the fou rth mode COlUnb nting vet)'
bn le.

Ina Sludyo f tlm:c punc h pll:SSCS"'itll diffe rcntcapacities .
Kess 127)co mpa red tltc sound mdialion fortbe sanw:: loading.
He standaldiscd the charac teristic shape of t ile fall-o ff regions
for the force-time curves. Thi s was achie\ -ed using plcxiglass
as tile feed stoc k. since it wilSbrillleaoo prod uced flaClure
at the maximum load. resu lting in fall-off of load similar
to a step dec rease in the force. TIle foro: hist ory was al so
statisticallyrepcalabk: , Aleastsqu~fitofthepcaksouoo

pressure level associated with eachtransient sound to thepcak
force was found to be of tbe fonu; L""Ok = a +blog1oP~<Ok
whe re; L,.o~ was the peaksound pressure level (dB(A»), and
P,..d was thc peak force (kN ).

CheeP) also co nduc ted a research sUl\ eyof pullch press
ec ise. He coocluded that there was insufficient dma ava il­
oole eithcrto co llSlruct a gencral mode l whicbwooldpredicl
press rc ise from a wide range of machieerj; or to assist wlth
a reliable rcise reduction pmgrnm. He laler pub lished [II)
a~hensM: ~ew Of ~llCh press ooise ,hanll::tcristi cs
In sumJ1l3ry th::sc wcn: : thcsoundpressure levd waspropor­
tio oal to shear area of the feed stock; and the sou nd prtSSUre
Icvel droppcd as the cu tting-bladc shear angl e was increased
until it reached a mininmnt at 12° , thercafler no benefit was
measured For pmctkal anglesof sho:ar, in thcrcgionof2­
40

, a noise reductio n of about 8 dB (A) was noted; the JlUlll;h
to dic cleara nce was more crit ical wnh thicker feedst ock ; the
JlUlll;h to dic cjcarance was related 10 the feedstock material
propertiesand thc lype of frac lurc taking place; and thc sound
pn:ssure level incrcao;c:d witll punch i~ vc1ocity unt ila

maximum sou nd pressure level was reached
Koss aod Mo ffau (29) Sludied the structu ral response of

a 170 kN C·f mme punch press, They stud ied the first mode
shapcand concl udcd that it was responsible fora significa nt
portion of the sound radiali on They also conc luded that it
was ~ry difficul t 10 dampen the press frame duc to its large
Jm!iSa nd sti ffnc:ss. Koss (3ll laterrcponcd O\-cr."l noise re­
dllCtions of 1- 2 dB(A) using a tuned mass absoJbe r and con­
su-aincd laye r damp ing trea tments app licd 10 the press fralTE
He achieved t hi5 by atUK:hingSClSof llIllOO abSOJberslO the
press bod, A COfI5tantmassof -W kgand varyi ng tll icknesscs
of ncopre ncrubbcr werc cornb inedto c realc spr'ingrnaSs 5)'s­

,,=
In a follow up SlUdyKess and Moffan 130) reported mod e

shapc, rad iation rat io (O'rod) and da mping as a fuIlCtiono ffre _
qucncy for tile sar re press, T hey cosclcded that a value of
nni ly couldbea!;Sumedfor O'Tod, for n~chineslructureswith

frequencies above 1000Hz. Fo r rrequerccs below u ns, " .md
could have almost a nyva lue a oo the value was dependent
upon how well the struct ura l mode shape was matched with

ACOUSliCsAusiraiia

the wa...elcngth of sound in ai r at the modal frequency a nd
upon air transmis sion paths th rough the machine. They also
reponedthat the dampingflllio \'aIucswere opcrati on dcpcn ­
dent

Jeyapal an and Doak ]74) showed that (1rod can be used
for accurately pred icting the roise radiated by a decayi ng os­
cillalor if the meansquare vciocuy of the osctnarorand U. o4
are known in the Irequcncy band of interest . Thi s result is
speci rlCaily of intere st for expanded -metal press noise pre ­
diCliollS as the press frame vib rations decay rapidl y betw een

"..
lna repo n on ~hincry ooisc Jeyapaian and Ha ll i weli

175) uscd acou stic model ling to prcdiCl the equivalent sound
pre55Ureb-cl al lbe operntor Slatio n. Thi s mcthod provideda
lluick and easymelhod of accurat ely predi ctin g ovcrnll root­
mean-square soundevets give n a force inplll lo the machine
and the subscque nl " ibfillional response. The melhod is ap­
plicable to any J1Ia(;hin: which can be idcntiflCdas a co nt i­
natio n of separate sou nd sources

Coleman (9) investiga ted the sou tU radiated b} ' a hand­
operated punch by w mbining experimental mcasu remc nl5
with sound rad iation and classical vibratio n theories , TIle
predicted sound pressure levels from acccterauon data and
0' , .. 4 were within 3dB of the experi mental results.

Finile-elem cnl modc lling of punch presses and forge ham­
mcrswas pcrfomlCdby Al-Sabee h 1111). Sound radia tion at
modal resonance from a pu nch press frame was predicted
u$inc classicel structure-bome radiation co nsidcrutions . He
notedtbar tbe press structure was responsible for a large per­
lion of theoveran roise rad iation , He concludcd tha t a much
better slnlct ure-bo me noise prediction co uld be made if (1ro4
Of Sleelplatcswere know n. He suggc sted tha t an expe rinICn­
tal stud)' onstcel pJaleSof \'ariollSthickncsscsalld~ndary
conditions be undertaken to)'ield a selofemp irica l relati on­
ships that approxi mated 0' ....4.

Coleman a nd Hod gso n IIOJ dCIllOftilfilled the benefits of
acoustic intcns it}'conl oursb)' rnapping the lOuoo fieldarOllnd
a 330 kN punch press AIIIhrce C\'C1Its of thc pu nch press
cycle were anal ysed indiv idual ly b)' partia l-cohcre nt resid­
u:d spectra-analys is lechniques to help rank thc noisc sources
per event. Also, tlletransicnt respo nsc of a single-dc gree­
or-freedomsystem, subject to the actual pu nchpressfon::ing
function. de mOllstraled the responscto!Jesliffness co l1lrolled
rdlher than mass corarcllcd

Colcm,an! l l ) laser studie d rtc sound rad iation from rcpct­
nlve transient vibralions using multi-c hannel digiL1I sig m l
proces sing wi th an emphasis on transient impact n1<'"ICltin­
ery. He SOO" ed tha t the partlal-cobcrera residual spectra­
arul) 'sis lCl:hnique failed toaccuralclyidcntifyand rnnk
acoust ic soun:es on co mplex mac h.illCl)'. ch arac tcn sed by
omru-direcuonale rocJg)' flow andl or high spa tial coherence

Ihmugholll tlJC: structure. He conc luded that ri ns:i~ noise
was ren genefilled so1cly by resollantfrcquc llc ics. therefore
tC(hniqucsthataffCClthe enti re f reqocTlC}'rangc wereprefer­
ahle for red llCing noise, Hedemo llSlrated that increasinglhc
sti ffness of the plIIlCh press reducedbo th the resonant and
rc n-resc nant sound radiation Colc man also succcss fully em ­
ploycdthe useof ccps tra lanalysis t0 scpar31e o\,erlapp ing
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pressure waveforms , This allowed him to separate events
within transientmachine cycles and reverberantconditions

Sigttificanl. pioneering researc h by Richards et at. has
led to a bette r unders tanding of impact noise mechanisms
Richards etal. [35, 115- 941 published a comprehensive se­
riesofpapcrs based on extensive experimell1aland thcoretical
studies conductedat the Instituteof Sound and Vibratio n Re­
search, University of Southampton. Sincetheirpublicalion
thesepapershaveservedas thedefinitivercfen;:nceonim·
pact ooise througho ut the world

LikeShinaishin.Richards ardSti~n [35Iad~isedthat

the force within the punc h press body builds up and tlK:whole
rmc hine is strained until the feedstock material fractures. At
this stage the strain energy in the press body and the Iced­
stock matenal must be rcdistnbutod. This rcdistribu tion leads
to vibra tionofthcwbolepressbodyandsubso:ql.lCnt ooise ra­
diation The paper also describes work carried out on passive
and active caoceueuon systems used to arrest the spring-back
of the press body following feedstock fracture am explains
the limitations of such systcrns. Richards aod Stimpson stated
that well designed shear andIorcutting wi th low percentagc
clearancewas superior to active cance llatio n Tbcy also uscd
the Ene rgy Accountancy Equation to relate the noise radi­
ateddirectly to the squares ct tfe large rates ofcllange of
foree~ tiIIIC;whcreJ(t) wasdefinedastheforcc pulse

shape. This illustrated clearly the way uat oc tsc control.
wi th the use of passive or active rrctbods in designing the
punch tooling, can be related directly to the one paramete r
IOlog E IJ ( f) l~ax·

Most rece ntly Lam and Hodgson [77] used a numerical
techniq ue 10 predict tbe ringing noise from a i scale model
drop hammer, in a rectangula r room . The technique was
based on the Helmholtz integra l equation with a ncdiflcd
Green's fUfI;tion to account for tbe cffeets ofthcenclosure
Thevibra tion datarequircdbythenoisepredietion techniquc
was obtained by finite element predict ions and impact reo
sponscmeasurements . Itwas fOUIldthatthe noiseprcdietion
showed good genera l agreerueet wnhrreasurements. but at
certain frequenc ies noise ouc r than the ringing noise was
found to contribut e sign ificantly towards the measured noise
levels

3 CONCLUS IO NS
It can beseen from tbe above discussion that tbere is no single
mcthodofrcducing noise fmm punch and power presses. A
cc mmonconclusion tc roost articles is that there are generally
several noise sources, each requiring separa te and individual
treatment. The following is a summaryof tbe noise sources,
reductio n methods and techniques tabled b)' the various au­

thors that are relevant to the present study :

I . The noise leve l is directly related to the impact inten­
sity, that is, the sound pressure level is greater with
higher forces acting over sbcner pcnods of time; the
time element is a vcry importan t factor;

2. Strainenergyspring-backofthe presscomponenlS isa
major noise gcnernting r nccbanisrn;

20 · Vol. 24 (1996 ) No , 1

3. Lowering the machine operating speed can reducethe
overa11sound pressure level by as much as 10 dB(A);

4. Thecutting-blade cbatactertstjcs are important andthe
following points should be consideredwhen designing
for minimum noiseemission: provide rake to tbe edge
of the cutting-blade so IMI the cutting is performed
progressively in a smooth shearing action; stagger the
cut by performi ng the cutting operation progressively
insteadof in one hit; extend tbe durntion of the cutting
action; employ the smallest blade clearanceconsistent
with productquality ; use clean and sharp eutting edges
as higher forces are required to c ut with dull cutting
edges ; and employ anything that makes the cutting ec­
tion easier, such as lubrica tion For punch and dic sets
apercenlageclearance :56%appcaredtobeoptimal;

5. Absorptive treatment to factory surfaceswill only yield
a ooise reduclioni n the order of 3 d8 (A) att l1eop; rntor
station;

6. Effecti\'e inlet and exit t reatment to a press enclosure
is wry imponantand usually dilflCult to achieve ;

7. Pan ial enclosure of thc press, such as eJV;losi ng irdi­
vtdoatnoise sources.js ror crrecnve;

8. Increase the mechanical impedance of all moving parts
by increasing the mass, sriffness,ordamping;

9.lncreasetheslilTnesswitbou tchangingthemass isroore
effective than increasin g both the stilTnes.sandthe mass
together,

10. Radiation from impact tends to be broad-b and noise ,
so tcchniquesthat reduce rctse cvcr tbe entire spce­
trnmarepreferable. surrrcss ccreoned ro tsc rcduc­
ticn tcchniqucs reduce both resonantand non-resonan t
sound and vibration

11. Where possible , decouple thcencrgy source fro m the
radiating source ;

12. A presscapacityofat least50%anduPIO IOO%abolle
that requiredis suggcsted; and

13. The rrcst commondesign problem associa ted with ap­
plying ooiseoontrol princip les to presses is sc uode r
estimate the necess ity for frequent access to the van­
ous cornponents of the press

ACKNOWLEDG EMENTS

The authors would like to acknowledge the financial sup.
poll of Worksafe Australia, Australia n Postgra duate Research
Award (Industry) Scterre and BHP Building Products

REFERENCES

III M.<l<JcnR.No"cmb<l I994 -ThoLabo... Fot<. A...ual i.. A....lrali..,
~:; 1~:'~-~~. A...(rali.., Govom mont Publiolling Sorviot, Do.

PI AlI""C.l1. ondt""'R. C. Ap ...et k-.I "I'P'<'""hlOpuncllp..... qui.. .
ing. ln f'l/.....IOIH7JPItlC<lOdo"l(•• pa~90-94. C<!ponlt.l_ Dt.,.

....l. A"gusll973.

Accustk s Austraha



Il I ~J·S """ l\orflllfldl l .SfO<lOn alfecUn, ,,,,~,, J>i<rcir>I

_ b.....in._._wilh I """"" poao. "'_4001..79
~"IfJ.pqos:lO:l--:10 7. W "'.. Pol......~......... lm

III 8akl 1lE. IdollirlC"ioaof<m>P'-"'<fIlIof!,<""Ofprno""iN. "",,~.

C""BJI'--.It"XJ.~ «}-4Sl, 101_ 191}

IS] Ilr"-.. C. _ ily<IaI L D oni"" ..... r.,.....I~ ", .-;lU,w
.............. oppli«l lo p-ch POW"pmon. In1_·__ 'J11'..,.
"""'''i•...-flJ37- 8J.42.z..;<h.~'''iu.nond, MaR:h l977

16] BriclJ< B. l'un<h pr<.. f...... vil.- .iofto ..dnoi ..~iaoI. T.dIni_

wI'qlCllt.Electrodi<lp.-.otd\ Lal>o><ol;"'l< Tho Ulliwnil )of lfMd­
hoim, Norwl}',M ay l976

171 OIK KX A ......;.wof pundlpra.nDioc_h. 1Wt.. "",, ~·

"'~"""B",l.m" p... 14J - 147. M. ) 1971

[81 Cbce K,K.r-hprca noiocdurao; !tri, 'i<•. Shul AI<lal ' fIIhu"'...
S' lI 0):IIJI_11311.O:taberI971

[91 Colm.. R.B. Id... till<&Iiao1 ond oonll'<>l or noioe oo...-O<I a man·
... 1 pun<hprn•. Mul<r·.lh.. io,NonII Corolin.SI.I. lIn i", ,.i, y "
RaI.illh. USA,1 ?81

(l OJ C<>l<tnlOn R.B. ..d Hooll' '''' T.H. A"' .....i< inl<III~) ""' .. ...........,..
O<I .3S0lN ....Io.... ' i<J>IIrdl pra Lln !n'. ,., ,"' .. IUP__"l/..
P"8<O71_74. Edinbw-gh, S"",l ond, July 193)

[ II] Colm.. IlD. Soo<nJ R~.. ", ..""fro<toR'''''rIJ... l''>'''''nl f_'''''
M""g M. IrI.c l", n... I DogirafS,gnafPf\XU.i"l ..ir~Appl",_ ,,,

!,.".xI AI"",1"" . ry. PhD 1lIeaio. N«IlI Camlina Slat< U.,,,wnlly -'l

RAA.... USA, 1984

112J Cool O.C. Noioc """uol "" ,.,...~ 9Ioor M."" !.....IrNl,
..... 'S:w;~. N"""_ I ,.,).

113J c..- P.W J.ih,Dbo!I /~~H~~ s,wJAI_..P_
",O _io,I'wduo Ua;-''-l< USA, I9060

[I .J I>ogoo\ort J.A andlJnJ« E. A " . lIIIiotI ot ntllon .o re<lu<c
...- prno oil" .,....... anioc, NM.. COIff>'/l/ E..,-.n•. 1'"1­
12I'l-IZl. M&)'"J""" 197'

l i S] Does< E. _Wi"""","""O SoiN ,odiolin. l'rnm__ Not..

C_ &g1J1U'1-.t. H: 44--4" M~!Ifril 19U

116] ~ D.M.• Wil,"",- H.M, Lai J,e .s ,• ..d llmap M,J A pre-
bmiftooy I>dYof .. <>:pIlldcd-...... l"'-- ln l_<__ .. 9J
P--wng gesI 429- 14J2. r.-v-.Bolli ...... A~,... 1991.

117] f~ D.M.ond W~I~lLW. 'N reduo:bon.......wnoppliod"' ..~_.a;.l '~"""'Modu<.. t;G/E...
grnun"lC~ IMJ I::zJo<"'_ _ 1. p.g<o l I9--21), Porth,

A.......s'.. M.) 1994

[ I ~ I ~c.o.. Eag<l' I> ).4. W,lb.,_ H M. ondl"; J.C.S. R. lrof'l
noioc r<duo:lionu d miqueo applicd to .., <xpondcd·mc1&I prso _A
......o..ty, T.o m ie.1 R.port AVC No, 9-414(for Ill. Wo.h d. A... ·
.... 1i . R_h S<:bcm.~A<;morti"" _Vibr&li<lf\ C<'*". URi"',.i ty

d NSW, Cenb...... Au,treJi.. July 1994

[191 u.sa 0,1.1" Willian--. lUI., Loi J.C.S,. ond H...-op M.J, Noi..,_," r-...,<\en for UI ..plUl<le<J J_...... ~

1't«wJ,,,#. ... g" 737- 740, ¥ol o"- '" """"'" 19'i'(

[ID] lapr O.~ . Will ! W Y , ond Wil i _ H Io.l The""-0<11,0<1
r/..,; omc1 ... r... ... .~,..._ """',

f...quon:) mol l do m. io te<hn '" A.............. ,4-.,ln So-

= 1= AJr""" I CotIr ""'. ...g<o9S-102.c:..nholT.. A " .. ' ..

[21J Eq<tD..lol end W'lli H.M. Roduction of imf>a<:o "" iIo....
.... -.1 b:I"Ir)' -A I;... ....... rcvioo... Todini«I R<J'O"I AllC
No. 9l{ll1(f lho Worbaf. A..et"i . R-.clIS_~ Al:ouolH:e

;:SVibr C<nl••. Uni....ityorNSW,Canl>elT.. AU>lral... J"""

IU] £_ " ,"- A fundommleI r<~bol_ f..-.:c ",awf<Jnll

_ .... ooun4....ai.. od u-. _ .........d...... lI bl.w..i"ll ... p;.m;"ll
Joo.nti>lcfScfuod _»h_"", 61(J)c4SI---46J. I980

IZlI H..... . B._Ri.. E.l ltodlodionof~io""""..ic.uprtssK
.. N", ...e- 8J P--W",,, pas.. 41S--432. Cambrids<, 1.1...
-...,USA, M-.: h I911J

A(:OIJ$IICS Australia

[241~ll~Sunoki T. M""' T , y......uT._ IWlori KPuooc'"

iD& "'*" rcdooction "'pun<:II_ ..... h'p. dunpin...Ioy. plft:t>
_ r.-, In1_<·""".. 9# p .." . ...... 2HI-2J «, YoL>-
........ Jopan. .....ptIl l994

[lS ) KOOIL L aod JoJf-.... R.J, kIml Ll'IC.. ion <ll1tanOi.... _.....-.:•
... . "" RC!I prou. .hiiof..."'b""' '' nd l1b>... ''''',)4(I ~ II -)). 1974

1:161 KOOI L L l{,~~of . ....... h pn!M , I. N", .. SJoad _
Ii bnl_Conf_• ...". J7) )10. M. lb<unc. A.. ln li.. 197•.

[17] K_LLI'\m<b _ "*! . It><li" iaoIdurutotiotko . N", .. COtWOl
E"8In«nng. 8(I):3J- J9. J.....,.. f obnlory 1977

1281 KoosL L M "I ...... pl'Cl...... d . ..........._~I..Of ..d appli<:.
l ionlOpwI<hp noioc.J""'''''l tJfSc..ndQIIJ li h.. '',, ''',6!(1):U7 -
144. 1979

1291 K_ LL ..d M~f(... JA Vil><lliaol .. p"'''' of ,"" " .In><t~r 1~

T...,A!"'" _ ,,,""' C""g...,, "" A"""""" S<Jt. IIII. $ O~

£ 'lg'nee' i"1l fOl' No" . C"" IIQ/.~ f.I -E7. Adew,,", Au. II. I'"
July 1980.

(l OJ KooeL LendMoff JA Vibnoliaolond""""""aldotofor.pun<b
prou. Jo,"'tof tJ/ .<;m, on;/J.ih," n·otI.»:l(4 ),S4) -SH.19XJ

P I J K<uLL RodlJCtiOllofJ'RS" n..... .. lIIc _ , ln /n/~..- .. fl]
P~"8•. P"lI"' 2n-2S6. s..,fnnci><... USA, ~1&)' 1 9.2

[n J MoolIIt R, T", yeon of J'<"*.. praonoi.. -.u-ol 1n /~1V·_.. 61
P_/r"B" ~ 231-2S9. San fruci-. USA, ~l&)' 1911

IUJ Povie"-101 Pteoo noioc ....tucoioa. In 1_·"", . 7' P__,~
P'£<' Jll _J I• . S..,.l.o~ J.." A"«l'"' 197'

1l4 ] I')no JH . """" _ _ " / .. lJ(JP~"i""""

4lI'l-4IlI, Mi ~ 1AIA. I:locemberI91O

11'1 ilJ..... EJ . aod StiqoooooGJ .Onlhopredi<:liaolof imf-l .......
lX ;ne ...... m.mp..d l""...... Joo.""" "'s.","""""Vtb<~I-.

I O'J( I ~4J--I1. 19U

!J6J SahlI. I. o.;p. Q(ro-ll .... BOiso. lo ln"' ... .o.. . 7IP __ng..
_;::2J -2J4."'''ulrI..,...DC,USA,~!O<tol><r I97.

[HJ5aII<c E,D. .... a.y"c. !\mchprno "'*"""""'n>l. A _ I<....
'..........Hn _ """".." 19l.3 ~409-4 1 1, 1938

[lll]SIfdoI HJ".... _ iaoI... po..rnprssoo by ...... ipWolin."'"
furw.di >pI.".,J<nI<U<V< , 1n /", ....,Oi•• 8JPf'O&Hdl"Sl ,po"",91­
9• . Ed;"t.l""'~ Jolyl983.

[l9 1 S<nlflIo E.e , ond HolI Il E.l Noi, .end ...nl<, v<!o<ity 'l udi.. "".
6OOkN put><fI""'" ' ln T."'A I",. <"" ".,,."' C""t..... otI A=td'~

SaIoIhI.:iY'"fX'''~ '' ""C'lg''' "'lng frn Nor.. C""'''''. "'8'" HI_
1111. Ad<I.oidc,Auoln li.. Ju1y 1980

[.elI Sempl.E.C. Pns .noiso ,oduo:lion by modili<llion aod udaign
rn / .. ," ·nCl.. S1J'~"JlI, poogn U I -26}. San f.....,i .<O,USA,
M. yI 982

1411 Shinai.h in O,A On l"' ""h preudiognOlll'<>ondnoioc<""ltO l. In
~=;;~p_d" t!I. . ...... :l43-248, W.. hington DC. USA.

[421 Shinaiahill OA~iIId~ iII0L0trial ,",;'0- No<uCo",1OI En­
JI" .. "'''If. :llI):30-36. Win.... I974

1. )1 Su...-IIt N O., Do.&lI"rlwt J.A . ... d lloiI<yJ.R. Id_if,,,,,,ioo ond
ndooot""' of pundlp ..... ..,; ... IIoI__.... 7# P...................
12S-221. W.... inJlon DC, USA, Sepo..........a..,.., 1~4

[+l J Str.oort N D., lw .. y J It <l~li\. ~.~

inll-u.1 pundI p iN. Hal .. C_ £"lIl- "8, "' P
1lO-I6,~.Q<1<:Ib<o I 97'

14S1 S OJ , Dompi~ "'" pwd _ "'*" . In 1.....·_ .. 81
P_ d , ,.... 49') _S02. Ed"""zh. ikdbnd, M y 19lI)

1¥;1 = ~,;;-- ,..u..,;"" .. lho _ ........ To><Ih"l....P"' I6-}],

147J W'lholmD .f. U__",P"'. uOplrob"". Society

of ~t-r..,.... EaJ....... Mi<IIipn, I.. odilioo, 19111

lU I W,II_ H.M Rodlodiaoldi in tho_ ...... l indloo-
try. .. I." ... ·""' .. 9# P~"If•• p 7J 1 -7J6, Y~JarowI.

.....p11I~.

Vol. 24 (1996 ) No, 1 - 21



1~9J yanwnot<ly. ondT ...... .",,;M. E><alwilion " f " w dion",d noi.. by
..... 0<aI0"""'"l of COF' om. 1IIrN1p<l11d1 prt .. , In IM.....-... W
Pl'rXM4lfltl,"SI'"6<4_H' Y"<>hama,lap"" A.II".I I99~

IloOJ AbyA A ....... <>imp..ct 1O<>ioe. J"",-'Ao«lo...... SocJfOy</
A_.....,, 64(..);m --987, I9711

I' ll Atki.......K.R- ond l_P R.T.... h;,omy .....,.... oIw.,...:-o """.... tho .. ",i\< indu>lo)I.In T_ltf C__, _.1_ _ •

Stu&J,~s ...~-."IlP ·>J"'H C-._ M I_

M8, Add. idc, AIlotnIfi.. 1uIy19S0.

IS21 Atki...... K.R,ond~P. T'""'hitkJry ol lllUhi·irn.poo... ....a... N"'u
C""rn>i £'W"""'''Il. I ~ I):6-10,'''Iy-A...... I980

[SlIBnooeR.O. A .. ';"'ofn<>i .. ond';bnli<>n_ r", impKtma­
o:tUrm. In l"'~N'oi... 71 P"XHdI"Il" pq<t IS9- 1M. Y.'uh~

DC, USi\,O<.1<>b<r 1?72

[S~I RroeIP,V., I~otO.""A" ..dThr<mo I"'N.o.N<>i..iroduced~

loo.in .. . ut"""'bi.. ."O<\.......I I"C" ;"&p l"". A ' '''''''p«Iiv<
~;:lis.ti"" C<M:rirt& 2' ~ .""""tI_ A. Jrology, 2l:83 -9 1,

[" 1 Ilusch· \ Cwwoc u. and ~ RIl. p....' _ . _ ....-1...
~~A.ro.,,!<:al Soo:l.. )'ofA_,,"" 1ll(6):1679_1689,

[J61 Cnmcnd A J. P"'l""fldll ""c{I"'P"u~NOI", PhO .boo.. .. Chi&holm
1nWMc of Tedl"""'w;y. USA. July 191J

1'7j o. M K. ond Tobiu-S,A, R-..t -.:n .. hip.opeed <r<J!'Ping.
~_U.. tIlF",...",. p_ ~1-"'. f<bruaryl976

[S81 D-.. C G,Imp<Il" O<XIUOli<o ,~.A.."rtIlJ... 1 5I(l l :63 ~1. 1 99 1

[ S9I ~D,R. "oiJdno rolcl f<q:irlc. MItdI'>W~lIt"' I"'8"" I 07-III.

, ...,. 1974

IWI lJ\o<:Iobi G.• Sodo~ M.M., andT.... S.A h''''..rtd.., ioo in .1ltrf
~Il machi , In H,~ 1".. ..-.-aI Mad.". Tool Den g" a'td
RfloaK II C""' ..,.P"""udr"l/•• I"'JI'O2950-:(0) . 1 97~

[611 E' H.A.• •·,.".C.W,. OI>Il er.....C.J. Expo,.;",.",.. ;n f"'ll"
. lwnm noi•• contn>l. 1nT""I""~J"""'CO>Ifr~",,F<rgJ'"

No"~ C""rn>i,~. I -1). AJ I....... o."'ii.. USA. (),' ''''''' I91(,,

[621 Foulkner LI _ ~""",,• • nd o""trol of ",, "' frorn ;"' p-" 'l-1"'m ochin.
ory. N"....c""83 P""',.oJ, "g'. I'"I". ~ I '--424, M.clI I9lIl

IMIOognonY P Pn:.. ..ib.. 'i"" : ll ""'i' it olT«l<d byMT<ftn11ypa ol
f. k nw.• •.;.. ""' ondrol l ohapa, lnP"P'l"."~" C""!.,,.~Pro­

"-"I' cJ·~A..-r"',",""""~"""'P..".". I.o1Jo"ry.
r.- I l l - 161. AI\.onIa. U~A. April l ')8ll,

IMI HoIlrw<lI NA or>dRi<hordI E.J. Aoouoli<. I 01ud)' of . fotglng drop
lumm " , In r...1tJ_.... ~antIl C"'¥ .... . "" ACQI"~c, s..,~lh~ Sym­
"" ... .. "" E"ll'_""1/ f" NOI... C"",>Ol, pageo D I-D8 . Ad<loido.
.......... li.. JuIy l980

[6J IJahlIl..... II. S"" I'ty IJcl Not•• .-cr:._,loly ln'

[661 II_ AO ond lhd...doIU . A ..... .....-of "' .. l" ing;",.
poa""' .. """"I)' ,ln l."".""''' 11 PJ'OCftd", .. ... g<oBJ4J--BJ48,
Zuri<Io.S'"..erland, M.....-h 19n

[67j Herben A G ,ond aurr-o U I. NoiICin h-bolk"gon<lpiM:o""
In 1.....·"", ... 79P....-""..,....m -.wlI. ....·IfU. ..... PoImd.
s.r.._ 1919

[611JIIorbeotA O. on<lll .. I...-.lI!" .\ TM ...p' ol ,...... ond l"""' loOO
f.,,- k>...- n.,;.. em;..koo ln n..rh/~C~" '"' A."'•.
~c. S"'oIhlO S__ .... f .._ ""Sp,;"'.. e-nI. S)~

Am'nh.. l", yI9ll0

[691 HorbootA O, l'rqI oringand impicment;ng . noise.ooOO<Jl pt<>gr'''''''''
f"'pt... II>opo,SJo<.,M.,"' I"dt;'/ri.J.~ %-IO I .l 1 4). f... "' .
ory l98 1

[701 H<:ol_ D,C. ond~k , lIi]]<I ..p "" ... ""o hln i.m f..
...... prt>d.... ;.",in ... """ fomti"t- "' ochi · J""''''''' of S'''' "d "nd
1l~ 4ll.I~lZS-lH,I97'

1711 1lntf H-,..,..,Iol .... r"" reducti<>n""""'<ha<I icol blonkina
P'O'- , g,.." M. Io>iI...Jourro gco1l9 -264, I.t.y 1973.

22 · VOl 24 ( 1996) No. 1

[12J HofImanH-Tronof"p,. .... r""I.,...h... ·m<Ulpanolo. lt"hamtJJ
O"J ProcJ"Ch'cmE"I"'_""lI". l . 22-J ' 198'

[731 Jobe P" NO\lIIWflC.P"ond llrondI J, Noi.. an en. 01;""ond lool lif.
.00rie""y .. . h... rn<t&I . beorin .. 1"J"fI"". A'Il~,~,.9\l(3lp8tl­

'",April 1m .
[1~1 .k) ap.aI.. R.K. ond DookP,E. S<Jur>d ... .. IlY• • ku l. ';"" ol ......i<rol

SOIItld"""""by .... ,o4iotion.Oicienty mee_ ,J""''''' l q SOWTJd
~...II-l/!lr""..... 71(l ).HI -)(;.4, I ~ D:)

(1'1 Jo)al>ol.. Il..K,-.d HoIh.... N.AM-. hinory """"" prcdloti.- . l tho
deI;IP'......... ..,...bC -...klI... ApplJodA.o... "c .. l 4(j ~J6 I ­

)16,1 911

[761 Kroiok", to H. 5d.niltK hlagfma ...-..oi..... __ I:>l«ben_
bo.c<i..... a,._Tn.. . Bondrt., 2:1-4-)7 . Hoft 1977.

1771 I...... Y.W. and Hodp<on D.C. Tbopmli<tion of rinPta ..... oL.
dnv luommer ... . ra:lanpl.ondoo-Ift, .r... .....r Mooomrof SocMry
q A_rlc<iI, ~l(2),rn....4, fm-..,. 199)

[71I1 ...." lk f.ond T,..,..in D\n1>0<I ....... modolina lnl.,,,""1>OtWJI
1tOll.. -.I .. ~""""' -..I cooof-"''' }.IQI,.9J. _ . lS-4O, So.
' ..~R...... M..,._l \lll< 1'J'J3

179) Lovin.lI.lm~ ll-J'< noi.. oolll'«. ond tboo;, rod iotion. l~'~"'"t"",tJJ

CO"gJ". ... ,," Aro.""cfI !l. llorij inIloChino:El -9 . l m .

1801 Li""& S,Y., Domf. ld D,A., ond Nicl ........ l.A. Pu<><h o1r<l<hi~

pnx ... """,i1<>rina .. ina·""'·lio "";ui on ' ;lP'. I ", oI,. i•• Pon 2
Applio.oliono/ r.... uon<ydomoinda:<lnw lu' ion, J""' '''alqACQ., lJc
E"" 6( 1 ):31· ~2, JoniM. 1921

1811 M lr. T.on<I M...oIf. l . 1lte .<d"" lion ol l'l<llkshop n"; ... T/w
1'~£ngi_. 1"'P' ~91 ---49l1, De=rtbor I974

In l MIO<1><II I. D. """ ~""" G A Ori g__ 01 ""' •• MacA,... rx"g~.

~U14- I 1\l, M.y l'J6'l

IU] 0....... "£ M.• Knip,o W.A,-.ds.d<il.\lM. Detormintllion of d,..
......., d..-o<loritticoof.. ...,..,.r"""ina """"""" """"...... Jo.......
c{~'"..,"'p l....",,: ~J,,".. c{'IwAS\(E. IOO4)4­
44O,NoverrI>erI91S

1841 """lot A.C. ....-.-.- n F~ , _ l~ T Eo- l.'loalp" iIJr>ollnl­
'*"""l"'Ioen<>i........ """"""'",S1Jt,ndtmdl'il.....-._ ... 12.
J", ...,. 198O

[ ~j) Ri,j,_ EJ ,W.. l«Jtl M E..ond~.. Jt K. On""'''''''''';'''' ol
impocl noioc, L Acu l,... ' i"" "";... J"" """qSoo<nd"""PllN- .. "",,
6J(4 ):H1 - j 7j .1919

1M) Ri<hatdtE,J.. W" "''''' M E" on<IJeyapolon R K. Oa tboopredl.1.icn
ofimpo<t"";" , ll : Ringingnoi•• , Jo.",a/ qSowltd oItdPl~".,t"",

6S(]~~ 1 9 ~'). 1919

[87j Ri"" ...... .U . Onlhepredi<lionof~o<loo"" II" F......8}'_

.ooDlI'I<}' inindootrio1 .... chin.. , J "" , "" l n[ So<uid " Itd f1b' ''' tO>l,
16(2) 181-232.1'1ll 1

In ) C\ro<hieril M o>d RichotdLOnlll. prodi<lionof ;mpo<1....... 1V
r............ or.... <mtCY rad iatod by imp...'.""italicn " r . IlruC1"'"
J__ O(S0wt4,.,Jll,lo-""""" II(.l):319- l 42, I'1lll

III'J) RI<h-or<ioE.J 0 .. .. pn>do"' .... " fi ""' octooiae. V, lb< ",,"' fr<>m
droph J.-..Md{SOW'td """ l1b' ....,.",.U(l); )))..:J67 . 19U

IllO] 1l.JdI _ I;.J. ,A._ CtoodIicriJ. On 1loopoo:ltClion ofi rnpoct
noiw,VLDIoIrt_of....,.l<n<ion ...... wilh&ecj--,. wnlI op­
pl;.,.",;... ... bonle.....,... J_lqs--J_11"""-,9O(1~)9 _

8~. 19U

1111] Rid>..... E.l. ond UnziA On Ihe pn>di<Oion ofimpaol...,iM.V II
The ·Ir1JCtW'oI~Cofmochin"'Y .1Ct<ntQ/ c{S<>U...t_ I'iMol"",.

91(4);H '-'!I6, 1984

192] (:-:hi"; J.M ond RidlotdoEJ , On ,be prod,<I;.", .... ...,.... ...,...
Vlll ; Dind..,gi... nuioe. J"""",I .,.Sat.rwI ""d Vob"""",, I 02( I ) : 21 ~

S~, 1985

1931 Ri"" .. doF.,J. .. ... C0IT1 On 'hoop'<di<1;.", of ill" ><t n<>i... X:Th.
d.. ian ond .. " ing nf. q.,;......, d drop b..."n.." . Jow"'m « &-d dltd
I1br~tJ"'" 104(1):13?- 164. 1986



[941 Ilid d . E,J. Noise from ir"l "tri .1 mllChineo. In 1'.',"1. R.O. and
W.Ilo:. J.O" odilon, Noi,. Q,J ~b"" I"", ckapl" 22,~ 4~7·

606.E llisH orwood, l"od,ti<>ft. I'Itl1.

19' I RobcrtoH ,C, I_, noiK in ir>obtry, h lld <JnJVjb""""" pog.­
29- 31. 0<I0I><o- 1969

[961 s.d<kM.~, Thobdl1........ of lh< ......... <l.a<op..-. /'ro<ft<j'VI,o[
J""lWlroIIofM~F...,,_,.,I IOPlI(3.~t9~906,I~

!9?]SoddM.M1lWi T<i>i&o S.A-Il...-.:h .... noiK_"""' inimpoo<!
r""" in.noachineo ..... u..i>-.niIy ofBi innin...... I971_1976, In
Proc_dillg' o{ rlw /11~ MDCItI... ToaIDal:!:n <V'J"'.....,~ COI'{.,.
",", pogeo 2" - 27J, Bitmin;b ", En;I-ltl, l977.

[9'1 S<hoonderi>e<kW. In' .. lip';O"""n.oiK ......._;" ind...,.;oI.jlt~

Inlnr.,","'''.8S P _ ''fI•. pa... 91~22,Avignon.France,

August_Sc-pfemberI 9.H

[99J Schuk,HJ. Rod...1i""ofnoi",frorn in<Ji"';dool ilan . of oquipm..'
iDpaper m.iIIs. s.. IIU' r« A.. ""I R.",...,. ~. 12 1~ 1 24, M "",h l 976

[IOOJSclQrH Shurin. ~fmcl&I .h<ds wilh.c1ectronic-lryd.... li"imp""t
-,in&-z."xIrnJlfw 1-.,.,.,I.F<I'f'gtVtg. 71:71-7S. 19111

[lOl l SoDwnInUi. A """'J'MY ·. ... ........... itnp«1 "...,<rilcrio.olud
<»nlrOI~ lnf_·_"'86 Pr<>c-b"V,_ JO'}-J 14,

~M-'-- \J""" JulyMr"

[102J TI'<tI><wcyM,W Md E_ H A idc<Itifocal""' oA_..­
.rr"'llth.....-~ ,........,..... · "" opplicoo""' oi ,a;<1oaI
1JIO""""'1eC",, -,- "' 1I_ , ~o{s.:..-J_ll&t"',,,,,,,
104(J):J H -J 14. 1" 1

[IOJJ lyzu< ro.onJ HMd1 H.C.~O(f.h inlb< r«1Jcti<ln of llOi'"
_ vib•• ,io<!. JfJf<..... IJ.:go-.-.J So><-Hty of A_ , 1 ~ ; rn - &'7"

$q>ItnIb<1l 941

(104) VajM"'S,and Sodd. M,M, fJ'foctoofOlnl<"blrol..dfarmillg"........
""'" on th••mci. ncy of .., "'U ......r... in impoctf<>nnin. _ioI..
J-..a/ cf E<tg'nem ns for-1NhilJry, lOO:lIJ- lI B, Moy 1m

1l0S1 V'; poyu S , l' ilP" M.M , and Sodek M M A<oo. l;" di"l!"'"'io"r .
hyd<... lic bunmcr.1'/NrAnruI",n Soc,.ryo(M..,""nl<X1lEnglnUT' .
I I·WAiNCA· 8,1_7, 1911

Jl06J Wa:k U , " ..,; . W. Molderw., 0. _ J., Swff.... K, AaclIonT.II"
\ '__ V,C" ,.K! Wolf A,C.H" Hiji. JP ,A-W., U>dEindl><>wn
T,H.InI.....,..".. _l<><>loarwl~inmeulf"""'"

;".. A"""'" o{ ,J.4CIRP 11(}J.po,.. Sl>5-5'70.F.bruary 197l1

]l07J Wilb......". H,~I., L.oiJ,C. S.. H....... M,J.. andIhnd R.li<me""iK
~'-"'.. arr/MdIO. ohMmoIOi ""'-. .. 1......,IDi " '}}
P"-ng" po.... 12~12B, T_ C...... Jul~ 1992-

[lOllJ YodovU.I'. bnpubiw ""'" .........dinimpoctfonningD>O<birwry
Appl,eJA=o<JI"",l,29S-Jlo.l914

[1091 Yorys LF N<>i.. -J"<!;on in metol <win.opcnti"... InP "",
~ud",g, of sm", C"""" "" R«Ju<1nsof M<JCI"".ry N"' H, pop.
i~~~2S1, 1'\Irduc:Univcn ify, \\Ie" IJ aydlc , lnd ilUlll2,USA., Ma~

11101 " m.inLA.ludy on noiseO<>Ure<l.o( the fly"""'lel oorn tw< ISll, ln
In_ _"","lJljP~",., ...,.. 7W- 106. Avignm Fnnc<, Au.".,.
5.:plembcr1911l1

I l I I I Al.sabedl AX. F",.n- EI_ L'hI.: .. ,,,,,in'!wA",,,,,,Cl>I /...,,..,...
_<fSl_~S-N"'''<fLmpI_smt>I M<>c''',... I'bD
lhosis.l'orthComh"'S... . l',.;....if) .. llalrigh. USA, 19lO

I
FOffurt~ informalioo phone /fl1Jabo ve 00:- I

W,thin AUSfral,a . (07) 3831 6744
Ou/slde AustralIS + 61738316744

_iiiIIOm Ply ltd Engineering and Environmental Consultants
UIJ/llI1I , ACOUSTICS ENGINEER/SCIENTIST

THE COMPAN Y - WBM is a multi--disclplinary engineerin g and environmental cons ultancy based in BrIsbane,

with offices In NSW, Victoria and the USA. The Acoustics and Air QUality Group is high ly regarded in the areas
01 architectu ral and env ironmen tal acousti cs, air quality monitoring end modelling . The comp any is currently

expand ing to dea l with severa l exci ting major projects .

THE POSmON - Ari opport unity currentl y exists lor a suitably qual ilied person to join the Acoustics and Air
Qua lity sect ion 01the firm . Appl icants should have three or more years experience in acous llcs, preferably in
architectura l and building services applications . Essential qualifications indude; B.E, B sc. Of other relevant
degree levellertiary educa tion and a willingness 10 undertake lala night monitOfing work and trave/ to vario us

$it9S for f ield work.

REQUIR EMENTS - All app licants must have an enthus iasm for both routin e and chaJlenging ptOjects, good

vefbel and writt oo communication skills and be willing to trave l within Queens land as we ll as mterstare and

overseas to suit work require ments .

A PPU CATIONS - Wr itten applicat ions including current CV's should be addressed to :­
David Borgeaud
Manager Acousti cs and Air QuaJity
WBMPtyUd
P.O. Box:203 , SPRING Hill
QLD, AUSTRAUA 4004

s ccosece Aust,alla Vol. 24( 1996) No. '-23



Thc""iquo........... ........

:""=:'NJ:;';'~I(
.-,........
~~""-
"'_' · '~O<OO_l
)l;yl. b.r' " ("","<f' ·" V '
1'l rl'''''' ' ' (cnml'' ~ i''~1

:-;,........" I" " ldo"'I'," t _ 1

YOll can rely all.

NOISE
CONTROL
ENCLOSURES

NYLEX NOISE CONTROL
The effective way to suppress sound

Ir.trorloci ng • 'oI>lI ~ .....
tOOllly ;"'pr~" od n"'g<' of Ny ""_l_ r.."
::',,:...-..- .....
nw_ ~

~1I_0f-.I("___

pn........fa;II ......, .....
....!1I_"I."'p~ of

nn"""" r..-...<Jf1ll>l.lll.."",

for all yt>ur l'lOiw .,.j"", ..

........:l,.f""".moll bft otf uniOS

." ..... I&r1;"~nlabJ..

\lNo:I'" ... ·,.,.,(a_...t'·""
r.~ £.ngitw..-ri"t

Al r''''''''._t=·.l>offi ....
>i,o:n i "~""'nul.o<tu"ng .nd ln.

ol.1ll1ng n<>i>econtmlmcte..u....

>iJ'«1'l7ll.W.ca n h<olp r' '''

::..:::~:~::~~~\~m
, ...,6nna hon oi f'<'rlonn.>"""00
w mp!," i""

C. IIJ\"OW IOTd. "i l.

MODEM NOISE
LOGGER

)))

Also available
Standard Environmental Noise Loggers
& Tape Loggers

1111
1Wi'&TECHNOLOGYPTYLTD
""""' 16.'~"~ruW. ZXXl
~lll2) 232 ~1 k:c lO2l 232 rn.o

24 - Vol. 24(1996 ) No. 1 Acoustics AuSlra lia



UNDERWATER ACOUSTIC NOISE LEVELS IN
LAKE CETHANA
David R Edwards, Edward O'Brien and lain Edmondson
Australian Maritime Engineering
Cooperative Research Centre
Launceston Node
PO Box 986, Launceston, Tasmania 7250, Australia

This paper describes the noise measurements made in Lake
Cethana, Northern Tasmania, as the first step in establishing
the suitability of this lake as a possible site fora proposed
towed array test facility and gives the noise spectrum results
obtained. The results are compared with typical ambient noise
data for Australian waters.

1. INTRODUCTION
Lake Cethana is a long deep artificial lake which is managed
by the Hydro-Electric Commission (HEC) ofTasmania as part
of the State's hydro-electric generating network. The lake,
situated approximately 80 km west ofLaunceston, is one of the
sites used by the Australian National Underwater Training
Centre Ltd (ANUTC), a company established to train surface
supported air and mixed-gas divers.

LakeCethana is being investigated as a potential site fora
towed array testing facility under an Australian Maritime
Engineering Cooperative Research Centre (AMECRC)
project. As a first step in assessing the suitability of the lake
for this role, underwater acoustic noise measurements have
been carried out with and without the HEC generators in
operation. Depth soundings of the lake have also been made.
A map of the northern end of Lake Cethana is inc1uded.

This paper outlines the equipment and measurement
techniques used to obtain these noise data and gives noise
spectral density curves for the lake.

2. UNDERWATERACOUSTIC NOISE
MEASUREMENTS

2.1 Equipment and Measurement Techniques
An ITC 1042 hydrophone with a 9m lead was used, either
directly connected to a 20 Hz to 22 kHz digital tape (DAT)
recorder or via a 90mlong coaxial cable system suspended by
floats. A FET voltmeter was also used to record noise voltage
readings and headphones were used to monitor the signals
being recorded.

The hydrophone was lowered into the water to a depth of
approximately 7.5m when directly attached to the DAT
recorder. The full 9m hydrophone cable length was used when
the 90mcoaxial cable was added in line with the hydrophone.
The latter arrangement was used to minimise the noise
generated by waves lapping against the 18 foot aluminium
outboard boat used, however most measurements were made
with the hydrophone directly connected to the recorder as this
method provided the best sensitivity.

Acoustics Australia

The recorded acoustic noise was analysed by a Rockland
System/90 Signal Analysis Workstation. The FFT spectrum
was computed from this using the sum fast average function.
This required the least processing time enabling analysis to be
made between the periods when the sound of waves was acting
on the boat. Uniform weighting was used in accordance with
the Rockland recommendation for the analysis of acoustic
noise measurements.

2.2 The Noise Spectrum Level

This section shows graphs of the sound spectrum level in the
lake with and without the HEC generators in operation.
Figure 1 shows the spectrum level at different positions in the
lake with the generators running. Refer to the map in Figure 2
for the location of the various measurement positions.

1O_P'~OdlcooundlromOU~0I

50 .. ,,_ '"

:' ' .• ...... ...,~,~, ---. No ••' ~ •.

o 2 -4 is is 10 12104 115 18 20

f;:: =::::=::&cl
FigureI : Spectrumlevelfor LakeCethanawithgeneratorsin
operation

The arrow points to the water intake's periodic 'roar' sound,
the energy of which is mostly below 2 kHz. The spectrum level
increases in magnitude as the hydrophone is moved towards
the dam wall. In the absence of the 'roar' sound, the spectrum
at the warning signs, between points A and B and between
pointsBandCisasirnilarshapetothatbetweenpointsDand
E. The rapid decrease in the ambient noise levels below 1 kHz
in the above results is because the measurements were made
with the hydrophone directly connected to the DAT recorder.
The low input impedance of the DATacts, with the sum of the
hydrophone and cable capacitance, to produce a lower cutoff
frequency of about 1kHz with a low-frequency roll off of20dB
per decade.
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Figure2. Mapof Lake Cethana

Figure 3 contains the spectrum levels with and without the
generators running. The top curve is for measurements made
between the warning signs near the darn wall. This particular
spectra shows the 'roar' from the water inlet. The combination
of curves, for the case where the generators were not running,
is shown for measurements made from the dam wall (between
thesigns)topointG.

Figure 3. A combination of spectra with and without the
generatorsin operation

Figure4showsthenoiselevelatpointG~ithandwithout

the generators running. Betweenthefrequenciesof2kHzand
13 kHz there is approximately 5 dB difference between the two

26 -Vol. 24 (1996) No.1

levels. For comparison, the two upper curves show typical
ambient noise data for Australian waters for the wind speeds
shown. These data have been taken from Figure I of a paper
byD Cato [I).

~~.~ .... E
I-~~~~~l~rs - ;~~:ors - ~;~Ijd - ;:~li.. 1

Figure 4. Measurementsmade at point G with and without the
generatorsrunning

2.3 Wind speed recorded during measurements
As the wind speed over a body of water affects the ambient
sound level in water an anemometer was used, in combination
with a data logger, to record wind speeds when noise
measurements were being recorded.

It was not feasible to mount the anemometer on the boat so
this was placed in the position indicated on the map of Lake
Cethana. While this location was generally clear of vegetation ,
it was felt that the wind speed on the water was marginally
greater than the figures recorded in this location. For the
measurements made the wind was found to be from a northerly
direction. In general the size of the waves were greater further
away from the darn wall.

The wind speed was averaged over a 5 minute period
before being recorded.

time (24hr)

Figure S. Wind speed measurementstaken on 24 March 1994
whenthe generatorswereoff

Figure 5 shows that the wind speed for measurements
made when the generators were off was 3±1 rnIs.

3. DEPTH SOUNDINGS
Depth soundings of the lake were made witha narrow beam
echo sounder along the approximate centre line of the lake
from the darn wall to point H. The water level in the lake was
then approximately 2m below the dam spillway. The deepest
recording was 90m at a point between the signs in front of the
dam wall. The lake depth varies mainly between 60 and 80m

Acoustics Australia



with the shallowest point being 52mapproximatelybetween
pointsDandEasshownonthemapinFigure2.

4. DISCUSSION OF RESULTS
The reason for the rapid decrease in the measured ambient
noise levels below I kHz has been explained previously. For
frequencies above I kHz the ambient noise levels are
encouraging. The recorded Cethana measurements are
significantly less than the typical results for Australian oceanic
waters at similar wind speeds, and similar in level to those
recorded in Woronora Dam [2], which is used by the DSTO
Aeronautical and Maritime Research Laboratory for acoustic
experimentation.

5. SUMMARY
LakeCethana isa long deep lake which is acoustically quiet
when the HEC generators are not running. With the generators
in operation, the lake spectrum noise level between points D
andE and at point G are marginally increased compared to the
case when the generators are not running. Lake Cethana is one
of the sites used by the ANUTC and a 22m x 11m barge
carrying diving support gear is already in place at the dam wall
end of the lake which could be used as a winch platform fora
towed array test facility. Basic accommodation is available at
the old HEC camp at Gowrie Park which is a 20 minute drive

Australian ~
Maritime Engineering '"
CRC Ltd @lli

v

Proposed Lake Testing Facility
The AMECRC is seeking expressions of
interest from any individual or company
interested in making use of the proposed
Open Water Testing Facility for testing
towed arrays, large scale ship models or
underwater acoustic testing in a low noise
environment. If your company could ben­
efit from using this proposed facility,
would like more information or would like
to have some input to the design, please
contact the AMECRC, Launceston
Research Core.

P.O.Box 986, Launceston, Tas. 7250
Contact:
L. Deck, ph: (003) 354 885
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from the lake site. It now needs to be established whether or
not there is sufficient interest in developing such a facility at
LakeCethana.
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ABAQl!S
Acoustie finitc clemcnts.
LMS Cl DA.-X
Intcgrate<:lnoiscan d vibrationt cst andanalysis laboralOIY

Service.
Compumod offers extensive ccos ulting services for acoustic and
vibration slud ies, Coup led with many years Finite Element Analysis
cxpcrim cc we provide a enmprchensivc approach lo dc:sign, analysis
andlCSIing.

More Intormetlon
If you would Iikc morc infonnation , plcasc eontll\:tour S}'dnC}',
Melboumc or Brisbane officc.
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Solse Control in Run la
O.Rudc:nko lc. S.Rybak{Eds)

"PK/~ /994,16Jpp./wVn>Wt1'
DiJt~jbM'~d by J~t_ Sct. I'Nl>llcoliolt., .
POBIU lJ.A..m.r.ALJ6.tJl USA
PriaSUS1()(i1tdMdn/UT-;Q

This book i. w c:WrnlnolltOllofllle" or
p~bticisina llle acousUcal rauJq,~in

RuW ...tIidl e... muy ~ ""' IlOl
...."ilabklOlhe'"'"'"'"'-.ld..hconaistlol
~ <nino papen pr-epuN by ludi ...
Il.lWian ac:ouslici_ (III . widt ~ of

IlOiwUld\'Jbnbonconln'>l~

111 ee review of -S~·bomc IOOoIIld
dampm,-, Professor N,k,toro.- di~loCd

vilnlioll.bsorptiofI,~bntiaaitoluioa&lld

YitntioG dampina- The tomJIJeuy of !he
ICOWticaIUld~f_ofnDbed

pIaIes _ biablilhUd S"""Je bIM: ~~
mgiD«riJI, nti....nu .... n used in the
anaIysis.ThiailfolbtoNby.P'P'"'Oll
-so....din<u.\.aboaby~partitionI~.DI'

ArikJI.... Plofeu« Rybak"""-dhc...the

=:::m~~~::..:
qlindricalparoDanlCCIGmtiJI,ofrlutio:
andrioaxlascicbyen..

....idllhe iaaalIacDaaIII P-'W ..... 1lld

..,lnDan.DlXlDtIl.inlheprn;o.Noo-,""
~lheP-l""'""'-Adopiw.,.....for

1lOlseand",tntiorI canceIlinJ- _ JM'l b)'
lh.~aOrb<InIhoI~.lhe

adapli>'eCClIIIJOi Iywml~ impkrnen~

.. ono-dimmaional Of mwti....irDe... ion.aI
Wienet filtc:n for cancdl lJll 1'lfld<lm_
IPdvibnlionorditc:RlCljlOCtllIICI:lfTIpl.lI>aU

In paper -Vibrodoaimeuy. monitorinj of
bhol:rcooditions",Dr.MlI\'eC'o'cliJ<:uJ.Kdlhe
"ibrati ... dole, 1M muimlllD per:niMibie
limits of frequency.weia hll:d vib .. , ion
pan.meten. ril k factor, 1M ph)llical
mechanism oftlledfeclof vibrallonon!he
hW1lllllbody. the~uj.""",nll flll" dDoimellic

monilOri~i... trumc nl.lt;on llld "", ,,,,W'emcnl
lCchniqun [I il inlcR ot;nS 10 nulc thal
accordinllO Dr. M&tvecv, amonll lhe people
suffcrinafrDffivibrlltioninduc:ed diafutl,
only 5% came from ""Of'kina in ind\llotry,
comp...,d with I '" from IJtI and ~O% from
",,",

DrL B.u.hen<:w " BubeIlOYll ' ....e • wry
<ktaiJedl'C\'nof'"NoiHlI\dvibr.lionof
eeolrifuJ.1 f.os~. Theo~itll .n d
uperimeotal lIu din 1I0derl&Iltn II Ih.

Atoultie Inltil Ule of Ih. Atldemy of
Scimoesofllle USS R on Ihe mtehtnilll\of
,menuiOl\ o f 1011I1 eompoMnli I1Id

btO\ldband noiH _n: ptCHoled. The
open.tioaofn:attiYe mufllerUo'<elltiwx.
S)'IIonu hu beee tnaIywd. VibratiOll
IOIIJDIS in YOIItibtiocl l)'IIem. 1IMI beal
clitcuacdand~_1iva

10 mb:ilIf: Ille ooOHaDd 'IIlntiaa \oYok
et&rwdb1~_

Pto! RlldoftkodaJawed.radII:f_1;lpit:
"'S<dinarmahodtofra.e~.lbc

~ol~k-~
ooitc b)' III ........ tip •• 1ldt"1iC>e:rldy
hiPtfRq.-ybubealdncribcd.lbc
polftlbI1~aDdlbo......:l"'fwtlou

raurd1i11."""_ .....bleD~

lbc~~byPnlltaorJ.yt:U.tDr.

Soroluo... ·J.oom""""tiq·ilprimariIy
conoct'IlCdwrilhllwdom:\opmnIIof ...
~"'lof_loI:OlISDtf>dd illlll

cnc:~.lbcsw:illlictlllDO'D'modood,_

mdhod of ima. irwy -.en and the
mnhod~oo_theuyht\.ebeal

n.aninodand~

lbc .... _~papon_wntlCllby
Profo_ Ooipov. 10 -Ambi. Dl lIoOiK
pnICOdiooio_·• ...nou.nOOolCllftn
sud! u un. "ul. .hi ps aDd iodlLllri. 1
IllUhiMrios"'CfOtonIidtn:d. Pnctieal
IMI!>odroforooiKca:~tiolIIiII"ohi"i

ICOUIQC&\ .a-. JI'CCII pLonlIliooI md
cb"..... ~ofbuildift,!DI1iOriab

-..dncnbod.lbcpriKiplnflfDGisolm:l
IIUlppin.forroedno-U"'ffO.1so
pnICn"'d. Tbo book eonc:llldcs ""ith a
rniNp.p:s-oalbclainl""oiseprol«tion
lIIn<lanbin Ruuia - .

Wbilolhebooll......eft.Dwnbcrofimp>ftllll
noiM and ...tnlion eontrol lllpin. thno
lDpica...... not bomarnnaed in .Iocial
onkr.Ttwnun>aUlll~milla\<el

If'I wofortllrwdy ruJa disIracti"i and do
lIOtdo jYlliccIO~hiPtqualiryteehnical

ant!yoespnetllodinthebook.NeYmlldna.
itis.aoodlO\lR:Cbook .... lllpicllmca:dt
c:ondIIctodinRIlISia-ThebookhucerWnly
.chie>'edilIaimofprnetllilljthcmost
intorntinarfteln:hProinmsctrricdOlllin
RUllil in the lui f..... )an. This boot
ihouldbeofinlernllo~o:wdcnll

and n:1Can:ben in the an:u ccmmi Some
prac lici l no iH and vibn tioo n:dllCtion
mclhodl lv.~btcndclCfibcdwhich lWUld

bc u.eful puticulu ly lOconiW\I1IlI

JosepillJU,ADFA

.kntph Lal u All... Pruf I~ Sdlool of
A~p<J« (I"d M~IUca1 E;"K,".en"lo'

ADFA /I ...., IJw!-.w1loll Di_ofIJw
Atoou rl.... d f'ibrPfWor CrtUl'f! (1M Iuu •
t>-Mlapui<t1tUI~ MIsoCONl'Ol,

Mu sic an d Schema Theory
Man; Leman

Spm~, fi'He¢ / 99' , pp 1J4, HanJ c.-,
/S8N J ' 4060011 J Arul;o!itul Dwribwur,
DIl /'If-liott s"I'Vi..J . PO Box /6J,
Mitdw ... ncJ1J1. TliOJ 118rJ44// Feu
OJ1l81JJ1l19. P'rinAJ9,.

llil lllilt..!!inl!tnlapcricntob"one
lJ&incdillthcpb)'liclllcientalOradlll
a11.,td1y inlndilC,pll1lll"y Ie'll which
iDtJuda"iDlhe"'ClCllallhe....u-.·raulliof
IIIUSiooIoIY.P')'d:doc.ctImpUICf~

bnm ICiaIoc and pI>iIooopty'".lbc IUlbor
tM._ .... bo ....... "1o-u .. lhis
a<:aUiib/elOa,.,....tlUdialCt·.HoI'wtMr
1UlaIM"1bol!Choical1clJutlohatbca
~101he_da-r~·.

$.omcMoIl:OlWtW)'lOtDe-oaimitho
lMdilwrillaliDahiJblyledlnicalraahioa
wridl. •~ of to"'"llOloo
tuIIOII>IJyill"'lIIital~nc

..... .,.;I ..........«-_--....k­
pedalIiftaillordnllOUlillybil ...... bultl.u.
DOl: hocll able 10 break out of dIo
la1IIiJIokI&ical ....1-1itkd UI whid loll
f ..ldof~aauomoriIy..-... II -'d
lUo: III --uy "ll-infortnod .J'CIICIaI
I'U(\or"IOn:admonib.lll.r.wJII,elbcfOft
lUChiIIlford>o_leclInOcaldl~

MlIIicolc>ptttnd~hol<:lcilllWOllldrl/'C

bmcrutbnc_tMareatiJI .... io:htho
book 'i iImIgW 1M

lbc booku ...-ha1cis IuJlllYiIIjerIiobIlIId
em ploys proccdurn biNd on Ihe lat...
drooelopmcnbinllldi""Ybninn:san::hand
coatplllCJ pn>&ramIllm,_ But like lIIOIoI

COIIIpUla"manutlslhe .....terialilwrittmby
_upon forodl.crapau1I>rad. Tholit ofaddruain. tMecnmt public is _ tlwt 100fu
hu nc.l"'d 'ho Ift.joriry flf llCienlill"
.opo.;ilily tl\o$e onp..d ill inlOllli~.

mardi. This l'f"bIem is iliUllnlOd b)' Ill..Iltb«". htbit of sllJ'lin, 10 ckllClibc.
pcIicuIu .ffect III phcnommoo and Ilwn.in
hilenlllusium.pvi"lhilimpm.s;onsof the
tonICqIIoeIItawrilboulc\a.cribin.lhe e fl'c,:tin
IIlfI"lCimtdctail.Conscq..mtIyitisncceuuy
II>re..-dIl.lCh MtlionllCVUlllimn inlllder
lOimerpola lClhemillin, informalion

lbc who~ thruIt of the book is to procell
mlLlicai IOIIIldI IlIina simul.lionI of 1M
IppfOJIliIlCtunetionIofllle.ar&lldbnin.
AI lbc autho. tommenll. Ill • • mphaais
~ilfrnmtboviewpoinlof.ucbtory

infarm&tioopnx:euill&.Sianakl/'CanaIylCd
iotmnloflhetritica!butdloflhe innoreu,
<:<lfIWf1fl<I 1Jl\O......... impIIlH imIt:.. utd
thon pmallOd UIi", nNnI nelWofb tlltt
m.s...-.rlOllpCnlloin ·IIWI/IUInl!CillOUI
10 !he auditory emu &lid u lOCilIted
n:Pona. Dau leducti Oll t«hrLiqllel lllCd b)'
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the brain as at present understood are
incorporated.

Compared with the complexity of the mental
processes invoked in listening to live music
the analysis that can be performed with even
such a sophisticated system is still somewhat
elementary. The keynotes (tonic) fora series
of major and minor chords can be identified
using pitch perception techniques and a
musical score can be scanned with the object
of identifying the tonal centres. Some
success has been achieved with the
application of the same algorithms to the
analysis of rhythm and, to a limited extent,
timbre. The final two chapters discuss the
relations between the computer model,
neurophysiology, theories of meaning and
cognitive musicology.

The chapter organisation throughout is good
with a clear statement of aims at the
beginning and a set of conclusions at the end.
The book is a summary of research
conducted over many years in a difficult and
complex intellectual field wherein artificial
intelligence tries desperately to compete with
the highly developed musical skills and
mental processes that are still only partly
understood. It is an impressive effort that has
a great deal of potential for future extension.

HowardPollard

fn°;;t:.o~;a;;';~:n~i1~::~~~::e~:::sS;;
is currently Publications Consultant to
AINSE, Lucas Heights and continues his
interest in musical acoustics.

Mediacoust - Teaching
Acoustics by Computer
01dE, 1995, CD-ROM. Aust Distributor:
ETMC TechnologiesPty Ltd, 3 Montague si
Balmain, NSW 2041 Tel02 555 1225, Fax 02
8104022PriceA$I.485

Mediacoust is a teaching software package
using multimedia techniques to offer a
combinationofsound,textandpicturesona
personal computer. It has been developed by
scientists, teachers and professionals from
I'EcolePolytechniquedeLausanne,I'Ecole
Nationale des Travaux Publics de l'Etat de
Lyon, Liverpool University and the
companies Acouphen, Estudi Acustic and
OldB. The original was in French and it has
recently been translated to English.

It comes as a CD ROM and the minimum
requirements are a486 computer with 4 MB
RAM, VGA screen, DOS 3.3, Windows 3.1,
Multimedia card, CD ROM drive and
loudspeaker. This combination is comparable
with that required for many running games
on home computers so is not very
demanding. The installation is easy and the
first screen comes up without any problems.
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However no obvious choices for directories
are given during the installation process.
Once cornmenced, it is easy to move around
with arrow forwards and backwards and
bookmarks.

Mediacoust is based on a central core
containing the fundamentals along with
specialist modules. The user is really only
aware of the four main groups in the central
core of the software which is used as the
starting point and the main menu.These
groups are: Basic Physics; Noise and Man;
Room Acoustics and Noise Control.

The graphics are quite eye catching with the
regular appearance of cartoon characters
based on an ear shape. The other graphics
are either technical with graphs, spectra,
diagrams etc or relevant photos. For example
in the cornmunitynoise section there is an
aerial viewofa city and then small sections
can be selected for zooming, such as a
factory or houses near a busy road. The
actual text is necessarily brief to fit onto each
screen page but the use of hypertext links on
highlighted words, in a similar manner to use
on the internet, allows the user to seek more
information.The complimentary graphics
and sound mean that material can be
presented with a minimum of words.

When running conventional classes in
acoustics it is often difficult and time
consuming to set up the appropriate
demonstrationsfor the topics discussed. This
packageoffersaudio demonstrationswhenever
possible. Some of these are interactive with
movablecontrolsfor variouseffects.

The package takes some hours to work
through and is very comprehensive. It would
be ideal as an aid to teaching but it is not a
course in itself. Just as one can move around
the chapters of' a text book one can move
aroundinthepackage-goingalongbranches
(hopefully first using a bookmark to allow
return to the starting point). So although it is
structureditself,itdoesnotforcetheuserto
work through all the elements in a particular
manner. But then this is part of the appeal of
the package. Someone wanting to know
about any one of the topics can find that area
easily and quickly.The limitation is the lack
of references should the user require yet more
information on that topic.

This package would be of use in conjunction
with conventional classes for students from
highschool level to university.Even primary
students would find it interesting (the four
year old son ofa colleaguequickly found how
to make the sounds and to find all the
interesting cartoons). Enquiries from the
general public could also be answered by
reference to the package ifitwas availablefor
consultationinalibraryorsimilaraccessarea.

Marion Burgess

Damage Your Hearing and It
Won't Come Back

Australian Hearing Services, 1995, video.
Distributor: Marketing Section AHS, 126
GrevilieSt, ChatswoodNSW 2067. Tel 02
4126825,Fax024131571PriceA$20

This video has been recently released as part
of the Prevention Program of Australian
Hearing Services. Ithasbeendevelopedfor
children aged from 6 to 16 years to
demonstrate how they can prevent damage to
their hearing from exposure to loud noise.

The cover of the video shows a photograph of
a young person overlaid with coloured
graphics focussing on the ears. This sets the
scene for the video which has Jim Pike as the
humorous presenter. Bright, catchy graphics
are used along with film clips of noisy areas
and of short interviews. The audio is used well
to compliment the visuals as in the examples
of what a variety of sounds are like with
hearing damage, An explanation of the
mechanism of hearing is simply presented.
For example the cochlea is described as filled
with fluid and about the size ofa pea which the
presentershowsandthensquashes-ascene
sure to maintain the interest of the young.

An important focus of the video is on the
damage that can be caused by exposure to
loud music. Not only is there an
encouragement to reduce the level of the
music there is an acknowledgment that this
may not be possible and so there is guidance
on how to use ear plugs. Interviews with the
users of ear plugs show the benefits of
reduced noise exposure while still hearing
what is going on.

Thetitle-damageyourhearinganditwon't
come back - forms a catchy tune and there
are stickers and posters with the title and
graphics to reinforce this theme. The video is
well presented and should be of great use for
educating young people in the importance of
protecting their hearing. It is important to
get the message through at a young age and
hopefully there should be less problems with
hearing damage from either recreational or
occupational noise exposure in the future.

Marion Burgess

Marion Burgess has been involved with
teachingatvariouslevelsformanyyears. In
her current position at the Acoustics and
Vibration Centre at the Australian Defence
Force Academy she is involved with the
organisation and presentation of continuing
education activities. Assistance with this
evaluation was provided by Michael Harrap
and his son.

Acoustics Australia
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AAS General Secreta ry
At !he N.....,m!le' Council medillj Noell
Eddinglontendered herrnigru.tionfromlhe
posiTion of ~nenl mreta:y. Her re'lia_
tion Vr'li lCcepted"ilh~g~l .nd 'YOle of

thank. wumade by Cow>c:i1for herncelient
work in lhi. positiOll ""e r lM lu ! few yc:an

Council decided 111' 1, in ~iC'W of the
i"" re. "' dwork l<1l1d of tht Gt-neral Secrewy
and the nccdt o.ppoint .penon .blc to look
af\er lhe policyand buJincss needlof the
Soc:icly.lhc appoinlee lllouldbc p.i d lo
undcrt.k. the work. In .ddi,iDfl,lhc GcllCral
s.:.retary lhouldundertakelhe w lupe.·
formed by Ih. Profe.. ional Centre of
Australi•. Thi' mainly involves preparing
subscrip' ionsn olil;e. (or mc:mbcrs and h ep­
ing. Rc,illerofm embera, The Society will
R!tain theProfe ssional Cenlreof Au5lI'1IIi. u
illofficial m.i ling addre,".

hpl«foiOIl'ofinlere. t ;n filiing th. GellCral
Ste retar)' POSilion were =eived from three
pellOlU. David W. tk.im wu the succclo5ful
applicantandhclw initw ly bccnappoinled
10the positiOll for • peri od ofl2 months

Dl\1d W.lklnl lias bcen a Membe, of the
Society lOr I' ~m and. member of the
V~ri& Di",i";oo Commille(: fOf7)Ut1. lie
h&aheldvarioospositiCKa OIlIhe Cwnmi lle(:
ind udia ll Divisiona l Sec:~ and R.egimar
and is fam.iliuwith most oflhe administn ·
live requ~mems oflhe Society. David held
• positionin lhe SoiK Control Branch of !he
VICIOriInEnvironmenI Protec:tionAuthol'il)'
for22yeanuntil he ~tired llS1year.

David is lookin g forwardlDlhe challrn ge of
manalling the needf of the Society inIDthe
2hI Cen1W}'. He (8ll be wn~ted'IPOBo~

4,Tally HO, VlC)14'1 , Pbonc/Fax (0) 9887
9400, email watkios@pop•.mdbpc.DIl ,....

JIlSWDlVISIO~

TbeNSWDivi5ion'sfusttechnie&1meeting
for 1996 washdc1al the NAL . ud,lDriwn on
Wedn~y 28 February. The meeting was
well .nernlec1 with about 47 perso ns eomi"i
10 hear a pandofN.'Ospl:akersdi scuss . lec:p
arou.u l - whal really wake. Y"'" up. II ......
noIedthalalipersOJnsthatanended""U"e
....fficientlyal"OUSedlhatnOJOJne ..... noted
dosingoffduring lheeaeellenlprc.enlation,

Dr Norm C.rter ofNAL pruenllltion was
quite ec1uealional. He discus sed the valious
lradilional method s c f me..uring sleep and
rlliseda nwnbt:r of q...eS1ion. tltl\l1ill requi~

Acovstics Australia

ant",,"" , In sununary the nwasllll:menl o f
. l«p ean be eorw:lueted eitltcr durinlllle(:p or
Ihcnut dzy. lf il is measured c1uring .leep
there 're thre e eommon meth0<!5 of
1rIeU\ImnelIt; polygraph)' (EEC eyes chin
and lal11); actinometry (hand. movemCOl);
andvolunllry rfsponu(press. bultoo upon
..... ing). Allemalively.ifmeuured !hennl
day .!krsl"pOfsleepdeptedation the~ an:

also three conunonmcthods of mcuuremcnt;
polylr. phy; performanc e tests; . 00
subjective reporu. Dr Cancr suggn lCd thal
the lleep swe change cooId be . more
prefcr~methodofmcullTemenl,Hestatcd

thaltbereismongcvidc flCeeonfinni ngtlt al'
reduoetioninsleep affects pet'forrnanttand
healthinthe following "&)'lI:rMuclion in
SllIge 4 1lecpil rc latedlo ll eepiness;
reductionin Stage 2 s1eepinjurasorneI)pC
of mernosy;lossofstage 4 .leepmay im~

on the immune system O"AlAlniNCI01:Utle
SN<!y); and fnIgmenwion of .l eep recluc:es
daytimea!ertr!e so

Dr Rob Bul len of ERM Mitchell Con...
proposed a method for assessing sleep
disturbance dllC 10 inlenn iUent
environmenllli noise, 11was bued on: the
numbt:rofindividualnoiseevenlShe atd;the
m. ximu m level . of (Veots; and the
'emergence' of events abiwe the ambient
noi.... He def ined inte rmittent noi.e II

individual events such B,plann,tars and
trucks, Dr Bullen sl.lled thaI the derivBlionof
the methoo1and hence the 's1« p diSlutbance
indcx' (SDl). wu bu ed on Bnumber of field
tril il . Hep .... rnted . number of examples of
how the method could be used . A
fundam.ntal future of the method WIS ill
w e of. weiib 1inll faclClf. Tile weillhtinll
faetor .....u derivedfrom the ~lulu.or e lcvc:n

tN jor irllemaliona1 ltuc1ieson the probability
ofawakingba:scdonthenwnberofevenl'
and maximum interTIIOl noise level. Dr Bullen
pIOl!edthese, ..... It. and plll . l>nt(~ second­
Ol'dttpolynomialC\Jrve t!touibthi 'dolll10
oblllll the .......ilhtinIlC1ln'e .Dr B~llmi""' ited

the audie nce for any eommenu and/or
impromnenu., noIinathai this method i.
lllOOIiusel'i1.1t1tantltcaistinl aitentaliwand
could fonn . more solid b.'i' (Of ,Iccp
distwbance asseswnm~

The two speak... and ~Ir R"C". n-.l llul
from the EPA invited QlIeSlions from !he
. udi. nce, The QlICI1i.........reprobinlland
limulati n,l and highli,lhted the facl tha~ lilr.e
• irport noi..".leep diuwt>attce is. very
eomplexteehniealinue ,.,hieh isdtff,eultlO
define ulmodelw,tcovenBlltheJlOl"ible
""';Ibln. Whl tCVCferiteril are finally uiled.
10 dcfi ne sleep dioNrbancewill n«d1Obc:I
compromise of a more eomplu sel of
varilb les. Followmg the technical meeting
the mlj olity ofthose in I ltendanec adjOW1"led

10 the NAL cafe for collegial dilCl1Ision.
light food ondrcfreshment•. Some member .
WCrC noted in deep dilClIu ion u lit e BI

9:00pm in the NAL carp ark. soby . lI counlS
thi.meelingeouldbejlldged u suece5lful

Davld£age r.

ASJ 60 Years
The Acou.l ic. l Soc:ie ty of Japan(ASJj .....s
founded on I' April 19l6 andhu ils60lh
lI1Divenll)" in April 1996. A eelebra lion was
br:ld durinll tbr:splinllmcclinllof!heSociel)'.
Congratul.tions from Ihe AAS ""IS forwa.rd­

~~l::'::.idenl and read It the Ii"", of

The ASJ ..... rOIlIlded on April l'th 19l 6, lly
l'mcrnl>cn. By 1994. rnon: than 50 yean
1au:r,themcmbenhiphadreached",2 12. In
addi liontbe Society is supponed by 234

~u:~~.g Members and 226 Spe ci.l

Austulian Prize
The Aln trali.i'riu Wls inalilUled inI 9&9, u
. n intem alional .ward for Oulllanding
achievement in Kieneeand technology pro­
motin gbumlDwclfBR. ThepriuCOlllistlof
SlOO,OOOandaninacli bedmcdal. Thc fleld
in which lhe . ward io 10 be madein 1997 is
Telecommunications.

Teleco mmuniealiool is generally used 10

describe both the service. olfrn:dby the
wotldwid c nelworks which provide voice
lelephony facililieo, ond the techn ology used
10 eont truel and oupporl it Thit incl\ldes ­
butilnollimitedto_ ttans min ionsy. lem.,
."' itch ingoy>l eml, .cees. technique., net·
work mana gement software, fibre oplics,
broadband technolOllY, wirel es. technology ,
satell ite teehnoloj;y. microwawtechnology,
frequency modulation, packel .wi tcbingand
sigDilprocewnglcCbnique.

Fwrrlwr i'!fOngti",,: PrIze&ClTlarlat, GPO
SOl:98J9, Ca~Mn'fJ ACT 160/ . lel06 176
1146. ftu: 06 176 ]()()1.
ausprize@dur.gov.aw

FOR SALE
IU 22tl3Saud level Meter wilh
16t3Octavemterselandcomplete carry.
inocase
Microphone inl)peralive but all other
ilems workelld vety.
Myreasonable o~er abOli $500willbe
accepted
Phone:~monHill02992a7500
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FASTS Issues
Thi.5pastyear hasbeen""~ acti"",,,,,,,

for the Federation of ScientifIC and
TedmologicalSocieties(FASTS)andhn'eis a
surnrnaryofl:hehighJighrs sllo:1Ninghow FASTS
dfectivenes.hllim~rovedllrarmtically:

MaITh _ Appointment of a new. full time
Exe<:ln i"" DireclOr, To., Gascoigne

Jun e " Rele..e of Ibe FASTS Policy
Document at Puli.mentHoulIe

July 10 Nail" M. etin8' with Governmenl
officia l.cOnlributi na'othelnnovllion
Statement, Meetin gs wlth Opposition otri­
ciab eontriblltingtoCollit ionSc incePolicy

Nove/ltber " AGM, and election of new
~s;dent (J« Blker) andFASTS Boud and

Executive

lHu",b« " Pre. s conf erence in Parliamenl
1I0ui e fe.ponding to the lnnovl tion
Sw ement

F~ _ eollluitations with repre loenta·
tivesfromtbevariouspartielCO<ltendingtbe
elttlton Il'Id regular romm u1\icahon with the
media

The AAS is ..... of Ihe 6 member societies in
thePh~icaJSciC1lCeaGrouponthe FASTS

Board (the OlIleR being the AUltlllli an
In-l inlle ofl'hyli.,.. the Aumali an {)plica l
Socie ty, the Allronomical Soci.ty of
AllSU1Ilia, th. Auaua lian Soc iety of EleetrOII
Mieroloe"P'Y and the Society of
Crysta llographeR of Allilfa lia). Al the
November AGM, rep....entativea of of th.
Phyl ical Science. Group on the FASTS
Bowd aif"d th.t Ihe PI.lidenl of the:AlP
Iho\Ild be the Ph~eaI Sei C1lCes Board mem"

ber for !996(Prof• •sor Ron MacDonald), In
gencrol il ...... felt !h.otthe Boardmernber
lhoIIldbel toeiet y Pmidelll,iokccping
with FASTS policy, in order 10 place the
FASTS Baud in dtrect eonta.ct (via active
so<:iety lealk rs) willi current issues of con­
cern to the eonstituent societies. H""""""',i l
wlidecidedthII Ihc Boanirepre>Clltati"1'
lhoul d be re-electedeach year from !he
Presidenll in lhePhysical Sl:ience. GroIIp
.. ho were willing 10take onth il role

In . ddition, it wli reque .t ed IlIat th e
inlcrac tionbetu,een thePhyl ical Scieeces
Group Bo. rd M.mber .nd the other lIOC ietie.
in lh. Grou~ be~ regullt lO lhlt FASTS

can lTUly l'C'p"' loenlthcin uesofimpotunee
to the member toei.,i.s. Informalion on
FASTS can be obtr.ined from lbe Web sile
hl1p:l/bimbo.pharmacol.•u.oz.aulf",t./f"'tsh
orne,htm!. Communication with FASTS can
be via the AASJFASTS liai son officer
M.rion BUli.... Acoust ics and Vib,ati on
Centre, ADFA, Canberra ACT 2600, tel 06
261 824 1,fu 062688268,
m·burgess@ad fl .oz ,l u
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Young \'""1 for Future
VOUlIJ, peopk want the Auotn.lia of the
futuleto bea t«icty motivated moft by

lil·nerosity,and1eN by greed " Ol>Cthal
places lU I emphuil on the individua1,
mat. rial wu. llh and rom petition andmore on

community and famIly, the environment and
cooper. lion . Va unlil people .......,t 10
contributeto th. decil ions .... ich aff. et

them. YOUI'lg Ailltraliana S« K:ience and
tecbnolDIY II pilly inlil a major rolc: in the
type of world io which we live and ...:.uld

like to lee more ernphu is given 10placing it

in a so<:il l context. Thcse are some er uie
findings o f the recmlly released ASTLe
repon titled "HaVing O/<rSo:Iy aboul fhe
FUI"rtI " Y"ung hoplt 'l Drtlam. and
Exp«lalion. /<lrAIU/rIJlia in 1010 aM Iht
Ralt a/ SO'n uandTrchnolov,"The stud:y
found that young people recogni loethe .....lue
cr sctence and technol~y in l olving the

problcm. con fronting sociely, but ere
concerne d . bout some oftbe consequence s
ofaeientific and lechnological advances

'TheASThC report is th. re.ultof amajol
foresight study that comprised • •erie. of

.i &hl worhhop" involving ISO young
people from . vlli ety of'oackgro unds, anda

n.tiona l opinion poll of 800 youn g

AlI-'''llilJ'lslged ~en IS al'ld 24

Future Needs for Networks
As p. rl of the Aill tralian Scienc e . nd
Technology Coonei l (ASTEC) study on
"Fllture Seeds • 2010" • repon entitled
"Surf'. "1': Alt. mat i,.., F•• ture. for FilII
ServiceNetworks in A~tralia· has recenuy
been relCiloed and is ..... ilable from the

Australian Govmtmcn t PublishiTlJ!Service.
The report contaiM 12 recornmendation. ,
developed u partof. foresigbtingproeeu,
rel&ICd10 Au.strali. 's teleco mmunications

IYltems..~.i. ofvariou.s scenariosleads

to theviewtha.tthemain~ofchange

will he !he demand for newservi=

Pri mary In\:estigl tlons
Tbe Federai Min;5ter for Sl:hool.. Vccational
Education and Trainin&, Mr Ron Free,
launched the Ptimary Inveotig.tion ll""lil"'"
by intera<:tivesatellit. television in A\1Iilu.sI,

1995. Thil prog;ramlw bttn produced by
the Australian Foundation for Sciena: for
use in primory school education. A d•.IIbas1:
hilSbeen set up 10 k..,~ lJackof ocl>ooll thaI
have been trained on I ,,·hole·school basis

More lb.n 360 school. compri . ing .bout
4000 teachen are now trained Il) use the:

prog..",in th. ir l cicnceclas.es. In

Decem ber Primar y Investig. tiolll ....
l honl isted for !be C.ntre for Austral ian

CullUl1llStudie s A""wd for an OlItstanding
CO<ltribution 10 AustraiianClll ture, Thi.i, in

addrtion 10 it beinS commended for the
Auotrali. n Book Publishers Assoc i.lio n'.
Boo k ~sign Awar ds for u cellcnce in
~tionPubli.hinll· lnformation ahotJtthe

progrun i••vailable on the World WideWeb

on the Inlem el . The t: RL is '
M p:l.............asap.un ;melb,edu .• ""US'fowulal

ilprinwyi .hun.

Video Histor ies
Th. Australian Foundation for Sci. ooc has
initialed the ¥ilko Histories of AuslJ. li....

Sl:ientisls~rogramlO=rdinlervie\l.'.";lb

outstanding Australian sci. ntilt for this and
futu",generaliona . Initi. l funding 10
• •tahli.hthe program ...... provided by the
Fenner Fund. The video interview .

emphasise the human d imension and
tnteraclioni n science, lI. eounte rb.J ance lO

ee fonnaI ity of scienti fic publication. Thcy
recount the individu. l frus trati on . nd

It iump h that al e ~In of 5O;enlific
advancement. Tbc: Foundalion has plodll~ed

a promotio nal video tape with excerpts from
"""eral of the interviews; it.< them. il the

c.rlyinfluenccof parenlS alld teachelS on
seienli.ts'eareel1. PhOIOs.nd excerplS from
SOme of the eight interv i.w . are now

availabl.on !he lntem. t World Wi<.l. Web . t
URLhttp://www.asap.unimelb.edu .aull.ll fo

undat illhp _ vide .hlm . Th. fOllndat ion is

seeki nllfinancial 5tl~pot1 fromgovernment,

fO\1ndahOn" corpolltions I nd scient if ic
societies to interview between H and 40

addilionaJ scienti.1. Co~ie. of the inlervi""",

are ......il. ble for lOin from the BU loer
Librariart, Rosanne Cll)'l on, tel 06 2413966.

OHS Internet
N.tio nal O«up.ation H..1th . nd S.f. ty
information il now. .....ilable on tbe Internet.

Tbe Prime target in the transition 10 tbe ICCl!­

noIogical .g.by(WorkMfeAuslralil) lImIli
buoineMCl scroslAu.stralia. "Thl is l very

grey area, 10 we Ilave taken an iMO\fllI"1'
. pproach," Mid chief executi..." Dr Ted
[ mmetC. [nilil lly, Work$llfe informati on

availlb lethrouPilhelnlffnClwiU inc:lude
media relulCI and library and infonn.ation
oervicn. lnltanl acces.llO otherAusu. lian
and internationa l OilS bodin will also be
provided. Wort...a fe'. hornep.ge addm.s il'
http :I.....-ww,worksa fe ,l ov.aul........ 1

AC<l'JslicSAu$lf81i8



STANDARDS
Regional Standards
In the firstofa significant series of meetings
for the region, ACCSQ (ASEAN
Consultative Committee on Standards and
Quality) and the CER (Closer Economic
Relations) countries of Australia and New
Zealand met in January to discuss Standards
and conformance issues involving the two
groups. The meeting was a significant first
step towards the sharing of information for
the mutual benefit of the countries involved.
Later meetings will identify areas for future
cooperation and delve into these specific
subject areas more fully. The primary
benefit is, because Australia and New
Zealand are not members of ASEAN
(Philippines, Malaysia, Brunei Darussalam,
Indonesia, Singapore, Thailand and
Vietnam), the Standards conformance bodies
of both groups can talk together and look at
rationalizing what they do in terms of
harmonizing Standards and conformance
regimes, thus ensuring the greatest business
opportunities for all countries. Ease of trade,
lower costs and added convenience will be
some of the direct spin-offs to flow from
multilateral recognition among the group of
foreign certification systems. A
Memorandum of Understanding is to be
developed between ACCSQ and the CER
countries to formalize the cooperation
program.

ISO Publications
The International Organisation for
Standardization (ISO) has recently released a
two-volume compendium containing over 80
international Standards on mechanical
vibration and shock.

Vol. I - Terminology and symbols, tests and
test equipment, balancing and balancing
equipment ($250).

Vol. 2 - Human exposure to vibration and
shock, Vibration in relation to vehicles,
specific equipment and machines, buildings
($160).

ISO has published a two-volume compedium
containing over 110 Standrds from various
fields relating to acoustics.

Voll-Generalaspectsofacoustics,methods
of noise measurement in general and noise
with respect to human beings ($260).

Vol. 2 - Noise emitted by vehicles, noise
emitted by specific machines and equipment
and acoustics in building ($310).

FurtherinformationStandarcisAust.freeca//
1800808242

Acoustics Australia

Quality Assurance
Standards Australia is committed to assisting
small and medium sized businesses in imple­
menting quality systems. In many small and
medium sized businesses, resource and time
constraints mean that an ISO 9000 quality

. system. is implemented over an extended
period and while this is occurring, there is no
recognition for the parts of the quality system
which have already been implemented. A
subcommittee has been formed to consider
possible approaches and to come up with a
workable scheme acceptable to the business
community. The broad basis of the phased
approach adopted by the Subcommittee is
provided by distributing the requirements of
ASINZS ISO 9001 over three modules. A
draft for comment is to be issued shortly. It
is seeking specific comment on concept of
three modules. A section of the draft discuss­
estheriskmanagementaspectfromboththe
supplier's and purchaser's perspective.

NATA Alone
The Federal Government has announced that
the National Association of Testing
Authorities (NATA) is to be Australia's only
Government-recognised national laboratory
accreditation authority. This means that
NATA is the only agency able to accredit a
laboratory for its technical competence to
carry out specified tests. NATA will
continue to represent Australia at overseas
laboratory accreditation forums and at
international conferences. The Government's
recent announcement followed the
recommendations of the Commonwealth
Inquiry into Australia's Standards and
Conformance Infrastructure, chaired by
Bruce Kean, Although a private
organisation, NATA receives Government
funding for its international work.

Glossary
A draft glossary of terms used in noise
control engineering has been produced by
editorial staff of NoiseINews International.
Most of the definitions have been taken from
American National Standards on Acoustical
Terminology. Additional definitions have
been taken from a variety of sources. The
draft is subject to comment and a
questionnaire is provided. Copies can be
obtained from editors of Acoustic Australia
or directly fromNoiseINews,fax+1914473
9325, email INCEUSA@aol.com

Working Party Report
Reports from Working Parties established by
International Institute of Noise Control
Engineering have recently been published.

The report on "Upper Limits to Noise in the
Workplace" by the convenor, Tony
Embleton, has been published in Canadian
Acoustics, 23(2), p13-20,1995. This report
surnmarisesthelegislationandcompensation
fora number of participating countries. The
four recommendations include basic 8-hour
exposure levelof85dB(A),limiting value of
140dB linear peak, 3dB exchange rate and
engineering controls. It is interesting to note
that all of these recommendations are in
conformity with the Worksafe Australia
Codes.

The report on "Effects of Regulations on
Road Vehicle Noise" by the convenor Ulf
Sandberg, has been published in
Noise/Noise International 3(2) p85­
113,1995. The study has included assess­
ments of the development of vehicle noise
emission limits over the past 25 years and the
reasons why the effectiveness of the regula­
tions has been less than intended.

Spinal Ultrasound
The American Institute of Ultrasound in
Medicine's (AlUM) released a statement
concerning the value of diagnostic spinal
ultrasound. This states that:

"the AlUM recognizes that diagnostic
ultrasound is a valuable tool in certain
neonatal, fetal, perinatal, pediatric,
neurologic and muscuolskeletal disorders.
Intraoperative spinal ultrasound is valuable
in selected clinical situations. There is
insufficient evidence in the peer-reviewed
medical literature establishing the value of
diagnostic spinal ultrasound. Therefore, the
AlUM states that, at this time, the use of
diagnostic spinal ultrasound (for study of
facet joints an\:!capsules, nerve and fascial
edema, and other subtle paraspinous
abnormalities) for diagnostic evaluation, for
evaluation of pain or radiculopathy
syndromes, and monitoring of therapy has no
proven clinical utility. Diagnostic spinal
ultrasound should be considered
investigational. The AlUM urges
investigators to perform proper double­
blinded research projects to evaluate the
efficacy of these diagnostic spinal ultrasound
examinations."

RoclaMove
From February the Rocla accounts,
administration and business section moved
form Frankston Road, Dandenong to
Sandown Road, Springvale with postal
address: PO Box 67, Springvale, Victoria
3171,te10395494530 fax039574 1483.
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Ship Gets a Noise Job
Ships are too big to hide, but not too large to
disguise from radar. This is what is
happening to the HMAS Canberra, one of
Australia's six guided missile frigates and the
first to be fitted out with radar-absorbing
technology developed by DSTO. After much
research and testing with its industry and
Navy partners, the DSTO-developed stealth
technology has been fitted to the Canberra
progressively since July, in order not to
interfere with the frigate's operational
schedule. Along with the attachment of
'glue-on' cloaking tiles, changes have been
made to the vessel's superstructure in order
to reduce its radar echo. This includes
developing new steels and composites for use
in 'high echo' areas such as turrets, as well as
developing shipboard management
techniques that minimise the ship's radar
signature. Localised climatic and sea
conditions affect the efficiency of the so­
called anechoic tiles. Those used on US
ships, for example, are designed to operate
bestinseawatertemperaturesofO°C,while
the average seawater temperature
encountered by Australian vessels is around
20°C. The stealth technology developed as a
resultischeaper,lighterandmoreeffective
than similar material in use overseas. Initial
tests of ship sections have been successful
enough to encourage the Navy to completely
outfit one of its leading-edge combat craft
permanently.

Forfurther information: tel0396268214

Acoustics Lens Research
The inaugural RAN Science Scholarship has
recently been awarded to Dr Mark
Readhead of the AMRL Maritime
Operations Division for his proposal to

investigate "Acoustic Lenses". The Royal
Australian Navy has established this
scholarship scheme to promote and enhance
the profile of enabling research within
DSTO. It allows DSTO scientists to initiate
and undertake research activities with longer
term, more general or speculative naval
significance. Dr Readhead's proposal was
selected because of its emphasis on enabling
research. The main thrust of the research will
be to develop acoustic lenses to realise the
concept of 'acoustic daylight', a newly
emerging acoustic surveillance technique.

The benefit of this area of enabling research
to both the Navy and DSTO is that it should
provide a new capability for detecting and
classifying underwater objects and vessels.

For further information: Dr Mark Readhead,
Maritime Operations Division, Sydney, tel 02
6921422
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Noise Solutions
The UK's Secretary of State for Environment,
John Gummer, launched a new book on noise
reduction in the workplace as part of the UK
government's campaign to reduce ill health
caused by working conditions. Noise is one
of the first health hazards highlighted in the
government's campaign "Good Health is
Good Business". Thethree-yearprogramme
was launched in May 1995 in an effort to
persuade employers that health risks can be
managed simply, effectively and at
reasonable cost. "Sound Solutions:
Techniques to Reduce Noise at Work" is
published by the Health and Safety Executive
(HSE) and sets out 60 case studies of noise
reduction techniques applied in 24
industries. It gives costs and level of noise
reduction of each solution, along with the
companies involved. The authors note that a
large number of the solutions were developed
using in-house expertise. In other cases,
noise consultants, with wide experience of
investigating noise at work, provided the
most cost-effective solutions. Most of the
cases included in the book show a successful
reduction of noise to within permitted levels.
A range of solutions is demonstrated, and in
some cases the advantages of one solution
over another are indicated. The book is
available for £10.95 from HSE Books, PO

Box 1999,Sudbury,SuffolkCOl06FS,UK.

Proceedings
INTER-NOISE 95, the 1995 International
Congress on Noise Control Engineering, was
held in Newport Beach, California on 1995
JuiyIO-12.Morethan700Engineersattend­
edthe three-day Congress which had as its
theme Applications of Noise Engineering.
The two-volume set of Congress
Proceedings contains more than 1500 pages,
is available for US$150 (plus US$55 for
overseas airmail)

ACTIVE 95, the 1995 International
Symposium on Active Control of Sound and
Vibration, was held in Newport Beach,
California, USA on 1995 July 6-8. More
than 325 Engineers and others interested in
active control of sound and vibration
attended the three-day meeting. The
hardcover book contains the papers
presented at the Symposium, and each paper
averages more than 10 pages in length. These
full-length papers make a valuable
contribution to the state of the technology in
active control of sound and vibration. The
Proceedings is available for US$135 (plus
US$50foroverseasairmail).

Orders and Payments to: Noise Control
Foundation, PO Box 2469 Arlington Branch,
Poughkeepsie, NY 12603, USA.

Internet Supplies
LABLINK is a new approach to researching
and ordering scientific products. Until now,
if you wanted to see who stocked disposables
or other laboratory equipment,you had to
flicktbrough dozens of bulky catalogues.
You can also read suppliers' magazines and
flick through company brochures. If you're
an experienced Intemetuser, go straight to
http://www.science.com.au for on-screen
help.

RION Agency
Acoustic Research Laboratories is happy to
announce they now represent RION
instruments in Australia. Backup support
and service of these instruments will be
carried out in their Thornleigh office. See
advert in this issue for your nearest
representative.

B&K and SDRC
To further strengthen Bruel & Kjaer's
position as a supplier of turnkey system
solutions,acloseworkingco-operationhas
recently been established with Structural
Dynamics Research Corporation (SDRC®),
a leading international supplier of
mechanical design automation, testing and
product data management software. SDRC
has assigned B&K distribution rights for
IDEAS Sound Quality Engineering"
Software and related software support. By
entering into agreements with companies
such as SDFC, B&K is now in a position to
offer a complete range of sound quality
system solutions ranging from binaural
recording systems to state-of-the-art editing
and metrics software and high quality
headphone playback.

B&K Training Seminars
Due to the large number of new users for the
B&K Sound Level Meters, they have com­
menced regular training sessions. To begin
with, these will be held in Sydney and
Brisbane. Further details: B&K , 24 Tepko
Rd. Terrey Hills, NSW, tel 02 450 2066 fax
024502379

Wilcoxon Agent
ETMC Technologies have become
Australian Agents for WILCOXON
RESEARCH of Gaithersburg Maryland
USA,fortheirrange of vibration equipment.
This range includes vibration transducers,
hydrophones, shakers and associated
amplifiers, power supplies, cables,
connectors, and mounting hardware plus
underwater models as well as intrinsically
safe units. Further information: ETMC
Technologies, 3 Montague St. Balmain, NSW
2041, teI025551225fax028104022



EIlM
ERMM;'dlellM,;Cotta ""~_=ed lht

opening of . Melbourne OffICe, headed by

C ru me Dlekto n, Rcaional Manaacr
Victoria. Gra.eme hoi • bl ckaro und in

projCC'l~I &nd n·lJOIiation of all

types of .:!~lopmcnlllpprOVa1sincludingthc

COIIlmCrci al ond. iooustrial steton and lbc
pelml eum indumy. H. will be o ffering the
full range of ERM Mitch ell McCo ner
.. rvice.to t!icnts in V",tori. and CIIl be
coo!ac,cd 01101 9650 ' 200. AIIOE RM an:
now able lo offer Risk Aue..menl IIl'Id
Management stn';"" in auoxiation ""jth

ERM Four Elements, ERMa intern ationally
reoogniscdspcci alistri lk company.l'Tanut
Mohrl will be respomiblc for lhe an:a &ndis
localcdin tho Sydne y olTicc

Courses In Tur key
Thcre ar.~ariouJ coursesbcinB Of&lln iKdby

the Turlilih Acou stical Society in conj WIC­
tioo wi th ISVR,Uni~n ity ofSou(hlllTlplon

In Maythe lopics will be Mum.r Du ign and
Princ:iples of Acti"" Control. fordetaill of
lhnl: and future cOIlrln: Cuney! OZlUrk,
TEE AS R&D. Davulpi li . Litrol Yalu,
Topkapi 34020, b tanbul, lUr1tcy Fu + 1lO
212 54422'6

ABB Fans
The fonn ll ion ofASEA and Brown Brown
into ABK tw combined Ibc:I trengths of two
large organ isaliolUlinlO a single enJi neering
based-..panyth.alil capa ble of dc:signing
and olfering any lechnicIJ solution. That
fomution broug ht logether a vast number of
'IIT\&I I.~i&lilCd companie•• eacbWltbtheir
owninfnsuueturnlnthcnulllep lObetter
serve manetl, ABB hns and ABB
Indusuial S)'MClTII Ply. limited. ABB FIIlU
hM_b«omeadivUionofA BBlndustria!
"'Y. Limited.. FIITt~~ i~til>II .. ABB
FtJIlI, j O 8m . StrH~ Fort M~bcu~.vu:·.

Jl01 . AIdIJ'QI/a-,.IOJ9 UlJlJjOO
]iu OJ9U lJ8686

Acoustics Centre in WA
A Ce ntre of ACOlIIticl . Dyn amic. and
Vibralion(CADV) Iw been set "I' wilhin the
Departmen t of Mechan ical and Male ria ll
EnlineerillJl ~1 The UnMn;ty of We.te:m
AlAtraliL The prim.ary obj~vcs of the
Cenlre&re 10 ICtively lllldc:na.ke collaborati ve
ro ntICl n:sclrt:h , lOe nCOllnlge poslgradua le
n:,e lrt:h,to aetll afocalpoinlfor the
advancemenl of ICnust icI , dynamic s and
vibralion in the rcgion,lOmanlgcshon
courses and confcrcnc es, and tn W1deruke
colla borative Jcxarch and teac:hingc:>:change
with oVeJSell Itrili~les. Current inIfu,aiai

partn en in the cen tre are BliP En.inecrina:.
Lynx Engineering, SVT ; Engineering
COJ1l;ullants, and Worlo:y Engiriee1ing. The
Dirct:Jor of tbe Centre ilAisoCiate Professor
Mieltael P. Nortoll, un i\.er:iitY"c of Wcalem
Aus trali l , Nedl l nds , ..WA .600 9 email
mpn@uwa .cdu.IU. .;,.

INTERNOI SE 96
Pll nn ing is pro~ccding W<:11 for INTER­
NOISE%,JOJulylO 2 Augu.'.10 be heJd l 1
Britann ia Adelpbi Hotel in Liverpoo l, UK.
Over SjOoffeBof papers hiv e bccn ac:Cepl­
ed for inclus ion in the Forrnll and Poster Je l ·
.ionsof lheCongl'".s. Thi.meln.len paral.
leI Je....ion. l'\UU1in' C<ll'IlinUOlAly thro"gho"t
lhe threemain da)'1. An innovarinn thil year
islhe incIUliOll ofa S~~' Handbook .
TIn. wil l be in A4 format and eacb fin t.
rwned IUthor basbeen like d 10l ubmi t 100
WOJ'dalOindiQtcthclOC1 ofthingldtlc:~les

wiUhear aboId -theConlrl:"Procecdinll'
may be a linlc beavy for oicieptci 10carry
aroundwitblhem! TherrwiJllbobe llCcll­
nic&Iexhibition and a comprehensivesocil l
~includin, COl"I{m:ncc Di nner lJld l

Jacobean DllllIut l. The tel il tra tion
btochure s &re _ availl ble. F"I"/M, j'l/or .
""," ()IJ': /lu rilU/c of AcoWl'ia, S Holywc/l
Hi/l . SlA /baIU ALl I EU, UK './ +<1<1 1111
UIJHJj flU +44 J7J1 IJjOjH ._,/
Arowri cs@d Ji$J."lcc.ac.".

NATIONA L ACOUSTIC
LABORATORIES

A ACO UST.I.C &:\. "OI SE
SPECIALISTS

SupeJbAne<:hoica~Reverberant

~ TestFaaUes5e1'VlClJlg:

o Tran sm issiun , SoundPow eJ and Absorplion test ing

o Ocncnl Acoustic Testing
~ CompretK:nsivc Analysis of SoWld and Vibration

o Measurement and Conaol of Occupaliona l No ise

G ElcCl1o-Acouslic Ca lilnlion • Vibr~lion Analysis

h pe<tl In Nnlu Maflll\l. rntfl l l nd olh. r Setv Ie•• • hduding·

IS Mca~urcmClu a nd Ccmrol ofO<x:upationat Nois.e
o Refer ence and Mo nilor ing Aud iometr y

o ResidenlialandEnvironmemal Noise

o Edoc alionandTrai ning 0 Acousuc Researc h

126 Grnille Street , Chatswood, N.S.W. 2067
I'h : (02) 412-6ROO

National Acoustic Labora tories is a Division o r
A ustra lia n llearingScrv iccs a

Co m m o n we a lt h.Government Authority

Act;x.n;ticsAusl ,a lia

AUSTRALIAN ACOUSIICAL SOCIETY
1996 CONFERENCE

November
13·15

Ma~ ends meet.D
Innovation and legislation.

lar details pleaselantact:
Rass Palmer

Teleehane:/On38067522
la<s.mile: 07)38067999
"'" C.!"' 1'1"""01". tojom.

M o lcw leaf insel1
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·Noise &Vibration
Measuring Intruments

for HIRE

Sales
Cali ration

Hir Repair
Largest range & lowest prices

~-~
:'~:I~l~--....,_.
1~16 68'~

'""Fa lO3l!t5S19SI\

SoolIo.......~
!08I36S100ll
ra(08)3651001

VIBRATIONSJ\OI SE

l.1,«opilon e,

N~". I "'CC'<r1lt. Soft"". .. .

S ' if\ .1 G....ralO.. (up 10
SOOMIl, }

Not.. Analyscn

....'-

l,I e .~ j _P!I

"'llio., oI!DP._17__

__ ""'_)1"
p!>«)3I!IoM1Jn
f. (OJj ~~ li1llb

_s..,rr, w-.r..a
"" !l»l7<l8Ct>U
f.to2l7~10 16
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Charge Amr hr.. ..

T"l"' RC<'<Jfdc!S

POW<I Amphn ....

Lap l op 1'C

OK illoK<lpa c.... 10 I UHr j

Not oR)' can A CU-VIB E~lrOniC$ help reduce ycu
ca.b<abon & .epal l costs . we Cil<l a lso sa ve ~ou I.-ne
and expeI15e io SoOUf'Q1Ig newor useo equipment

ACU-\lJB E!fN:tronies is a OI'1e-slop lacil lly for a~ yo<.­
reee & vibration requlrerTlenls, We hand~ instrumems
from ALL manufacturers and we have the LARGES T
range of new and used equ ipment ava ila ble for sale or

~~~rur:~I:'1 1 al$O trade-in or buy your old measuring

So, if you are not elreedy using our services you are
payiog too much

ACU-VIS Electrollics
... . Ou .lI< u d Vi b ..Uon f l•• t ron l••

; MThompsooSI

Orum"'i.:o~.s~:~~
TellF.. (02).19 Sl<l1



I~...I
CEL
Sound Level Analyst "
1M eEL n J and 593 R~al-Time Anal)'Kfl
pnwido nu ibihty. JPft 4 and .... J.bmc
Il1eUUn1T><nll"""". Eqw~wilJl the
proo:essin8 up.city tqu....ltnllO mulhple
!ap-topCOlllplllerI,tbelCcompIII;l,b.andhdd
~mdcdnrlllltieimprovcmo... itl
opentional elfw;i~eybyrtdUl:inllbo:b..­

li ken to rnell.lIn Ind rvaluat c none
problt1ns. 11le t.nalysen off" IIKn l/Ic
choi« of "F"*.End'"........ Ia. tIanctional
ll<>ft'wanandinl.£l'fKQ..m.;h __ thal ...

inllnlmCnl UIl ~ lpCcificd 10 Ill il
applications or bucI,eu. bdI CIII .... be
speo;;:flalla in"'''_bu4,ot_
11141hinl~~,mocbUldoadlii

...mbblcinctttwrTypelor~2-..ioN..

Tbc CEL-5'.n a4clI tirllc 1ril.lD')' prof.,
aldItiooaaIpcriodtimaandC'o'alldaclllDW
featumf00.m4illlhcCll-S7J

Build ing AcouslkJ
The CEL Buildia.~ JY'IaII tMn
~lOIItimcaad~,"UOOI"""---" ill bui\dinp _. _ en..

1bc pnJCCUica;~ and opccd or . CEL

anaJyzer.!heQClft oflhc.,.-m,...-dlt
optnUJrtllek1Ddoffrftdomand !lnJbihty
ill • bud beld in_ W I -.Id
D<>nRaIty(ln/ybcasooxialcdwnll-a1up
and beavier Iaborslory tqWpmellL TIle
~ .. e-1Iy and qWdly IftNIIN in
"'Yofthecn.-"JIllCldeIl ..ftO~
chan&esor_arrnttdoclTheonl)'
other mll ll reqU;R1TICIlt for. OOlnI'IClC
bui1ding-ac:l~qllwnoiM""'"

1bc ....~a1IO ... I IMlbilitylObo:
~bymainsorballayJ'l'l'l'tt,AmI'Il:U

ndio link is ..... it.b le 10 mUtt the DOilC
toIU'C<: which t1iminalft 1M po'Obkml thai
kMlgc.~ronn«tiORl~prnenl

F~rIlwri'lji>nrulli"":H,..rirog ~..""",,,,
Servlcn ofA",,,,, IIJIPry LId. l H o.--J
RcxuI, EI...-J. V/C. JltU , lei OJ 9JJl8911
!IUOJ9J Z'61H

BRUIn..& KJAE R
Proximity Pr obe
Proximity prober . re lhe '( inlier.lip "' of
m.c hineeond ilionmonilOOnIl .llIlprole<;lion
Iy>tems,p""';din, vir,l inforllll iionfor bolh
m. chine nperalion ond m. ,nlc....nee. They
rneuure .hall v;braliOf\l nd Ihl n poI ilion On
indw trial mlC~inery I nd. willi now, thelr
operal ion lwdependcd llponlhe typcof lllc
sblftrNllailllObe"",lIll1cd UniPmbeT M
"breakJ-Ihroorih." lllillimi\lllioll,lIi1l1Kl1
bortIlhclmphlUdcand lhephl.. ilIfonnallOll

to prod~c In OIIlplil vollal C rhl l is
independent o( the Wier mlle rial. T1K
UIUPmbr:dmuis inselllilive to vlti.ltionl
in eapacila/q M IO chana e, ill cable
lcnl'h . lt illhotuilyEMCcomplianl'toitll
wmoJOl"ElUOpUIIandUSSIaIOdudI

Mkrophone Prea mplifier
T1K "'"' FaicOllnt Ran l e 114·iltt:b
Micr ophone Prumplifin T~ 2670
prooticlc, loIditiorW ""le-of·~

ICChnDIoo and f.mctiotIaIity. The bWlt·ia
0 .. , . Injec1ion CaliMlltion il hi,hly
OftlIiliWtowoondilionofwmicrophoM
and sopnwidcs I convenient veriftcalimor
lhe . nlitt nu:IS,"lMnI KI -up , II hu
nmlml pbut lincariry• ...mctl is dcsiped
to ....w In optilll1Kd phase charadenllic far
inlentiry __. The 267001fen1

>'a)'tlatlow.~unplillldetapOllK,

.. avoidiJt&·piaptakin....'hm rnakinllow--Posldonlng S)'Slem
AutomaticpOlltiomDaand-ut,ofiht
.....-dinleftliryprobtQ!l ...... be doDe br
..... MiaopboDt PoIitionin&Syswn 1')'pc
9'664. I'oiscS<>ur"Locati,.Sott.are
~llO_incllldts.,....nclDbol

dnow IIld • poinl-tab:t' that COIllIIW
inlormaaiortlboN!1hcruhol poaitiOOl llld tbc:
IlImt ofl!lt~ autym--f.... for eacb__dim:tioalluch~

poim . The lulom.lC>C! 1Il~

poW<wnJ opOollwillllCll0lIly irlcrtMe 1hc
C1DIl~IfClC1MDeumdlhe~ol

--......lI_blDtll>lttlllCll
i.II~IIYobct-t_if;irq:Ioubic

r« .......
F""'-/~,-Brvd &KjotrA""­

/"O/Jos 117, T-.,.Hi!h. .I{SIt'](M4
kI rJ] l'01li66 ja 0] ",fJ]J79

K1~GDOM

PCMCIA fIT Anail ler
ACE if; lht I'aoInl. IInIllC$lPCMCIAFIT
anaIyxrUlliwin rliMidelDOldlookI'C.
Thelallltll.labanlorylllnCiud FFT
Analy,il illll nunclll l;Ip.able o( ~filltd

meuWClTleTlll,clalI. acqwSltion II'Id report
preparation liu.r. lIy Inywh.e~. ACE
squu.t1 IVoQinpUI ond IVoQoutput channell
On al l'CMC lA card ....ith 20 Kl lr rW iiiill'
tri·lptClnJmlYt:f.gc(CTmI spec\IWI1and
bolh .UlO tpClCtrI) ....ith mllltiplc l>andwidth
StepSlnd a dyn"",ic flngc in uceu nf 100
au It prOliidcs , lnJe 32 bit WINDQWS95
analyser in,lud ing I fIIll 32 bil 50 Mlu
flUliting point DSP prccessoe, A full , rray of
m..su~mentl "" prOIiidtd includ;ng Power

Spe'tlllm Dl:nsity, Frequency Relp onse
FUnclion, Coh=nc., CllfTClllic n, Real Time
Zoom. DilkThroughl"'I, Ropl.-y Analylis
I nd Dill Pll yback. Witlt additional
memory, ACE ,on be: IUed foI"mqucnc:y
opecUll willluplO~OOO hlll:$ orrOl high

perfOlllllnl:.R",idWaterfalh srori"ll "l'1O
12' SCInof900 linn

F",, 1vr i'!l-ri",,: XblgJowoPry lJJ. PO
8M '" fm..-hs Fo-nt NSW 2fJl16
",/0199"J11]

NORSON IC
Buildi ng Acoustics
By impltmenllnl 1Ite Muimum-l.enjlll­
SeqlltrtCC(MLS)rneISUI\'mtlllltclutiqllt ill
• llSCr-m cndly ttaI-li mc 1IIIIyxr, Nonmic
lluovcrcomcmanyor 1ltepn>blcma bill­
ll lUlMISIImIW'ntIofJOlllldinllllltionand
-m.enDoa 11rlIe. Tbl: combinatiOll of tho:
RcaJ.TIlllt'Analyser l)ptlolOond1lte MLS
mellU rrmtnt tccl!niqllt bl'in" llrw

importan t futures 10 ht'lp . The MLS
ICChniqllc~ thcproblernorCJ,ternaI

irnpuJsivenone,ofinllllflCienlnoneencrtY
frOIll~lOIIdIptakcnlftdof-nn,

very Iltoft RTI- FICIdt' iNulalion may be
~withodlcabk:QlIIlII£CICdbctw;een

Ibc DOli se IOW'C' aDd rIM: lneI.SW'iD,
irwnImml The RTA I0IOInlI iu opcion 7
MLS oombintd trnth iht imemal PC witlt lbt
W~ bued ~R.SIC po8 pnICUIin,
1Oftwu1:,if; '~ain&Jeinsa-wnclllr....

i.II"';tabuilcknalCllaltic~

F..u-~·CTllCl~

J MOOIIqWSr..&.J-.. lo'$W]().fJ

""OJ'H I1nju 0] 61010111

PCB
\ 'ibn llon Calibra tor
Tbl:PCBmOOd394B06 is 1n __ 11101 r....
~'OIIIqIlidchtcUOlllllt'uhbralioIl

~~~~:=
UflIO"p- Blntl)'~tln.

tl~ ncil« hal l llllih';n

~ft-rcnoc ","ICI'OUIt'ICI' to II\IIIlII1II I

cortSUtll 1.0& 1tllI Imphtudt- III fixed
fiequt:ncyo(796th.

F""-~: MB & lU lld .o.n­
Pry Ltd. 11 RoOmNlSfrm.M~ I1c
JJBP r«OJ9HJ7177/<UOJPHJ7'J'6.
e-ailr,fof&d<lVldsoltC<MI411/

SNAp·TE X
Fabr ic Mounting
Tl>eSnap-lC>. _ im F, bricMount inir()l"
wal1Iandco: ;linplw.l· ;ned ....ide~t'
by Ille an:hilCC!UI1Il, ooign and acoustics
communitiel for combinini measurable noilt'
rcd"", ionwilh llle i csthc licq ualili' l offabric
Pllllell on walls and ceilings, The syl lCm
Compri,cl c r llle lrack, I PVC txll\Llioo with
patented lockin l jaw, flexible ~ i nlle and
adltesiwstriplO l lia:n rabricbefott lell illJl
inoo Ille jaw for perfect lCnllOR. Tbesethtte
feal\=> cornbineloeliminatefl bric c=p and
lagging." wtl l ll.ffccrinli l il nif lCut
llvin gim insu lli liono;ool

For fwnJ.., iIl!o"..""",,:11 Fwnrowr A...~.....
Rlnt'vill~ NSW 1Q69ft'/fJ1 IHJ''' J,
IBOO6Jf676fiufJ1 111""J
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AAS CONFERENCE

QLD
MemMr : MI G Adarns. Mrs C Richardson
Suboerl ber :Mr M la nchester,

Mr W Wright, Mr S Carter, Mr R 11l1li1

S.A.
SubK rlber : Mr S Kanev

The 1996 ConfemlCe will be held in Brisbanr from 13-15 Novrmber It the Novotel
Brir.blnc:HOItI wbich ;s IOCl led in the ht=an of Brisban e. The papers will be pte&ttlttd i~

parallel tt<:bn;cl1 sc.. ioftl from Wedneodayd'IJoug/l to Friday. A!tdIni<:aleo.hibilionwi ll
beopcnfOfthed\lnll;onorlht= o;onf~form..~ufacnrm-s &ndS\lpplierstoshow&nd

dcmonstnlletltc:ir lalnlpro<!u<:u .
The P~~ldenlS Prilt will be awarded for the best paper prelm led by an AAS member.
The (;~~lltntt In Aeoltsck~ Award . will be made on entriel from Il'OW'Id Auslnllia.
AninformalioD.broch,,", i.int:ludcd u lD.iru.eninthi~ jotltOll .

FtP'fwnlwl~lio" """""et. Ron l"D/fneTI,/O' J1'9 J7d ftD: 0' JJ16116O.

[~... IL:~~,,:~;)
Confere""e held In Fremantle dltfln l

The following are new membe~ of the N~r, 1995, on Acoltilici Applied, al
Socie1y Of memben whooe Ifliding hat which the paper, "Appropriale Standlrd ,"
changed WII pre&enttd, olttlinina the need fot ,
:-I.S.W. Standard for ee method ofmeasumnent of

~1elllber: Prof. J Wolfe, Mf F Wealhef\1l1, Milt from ~RGE ellth moving machinu ,
~f P Banks, Mr R Roper, Mr S Sltine, a quuflonna ,IC. tw been. prepared on the
Dr H Williamson subJecl 10 uml Iho" mlt resled In th.

AOIOdIl. : Mr J Basset. Mr K Willi,m, duign oflhe Standard
SubK rl ber : Mr W QoI;lff huilo, \\.'e~bopeful W I, in ~lion to Ac""'li,,1

M. N KDihs, Mr P ThllfnaS SOl:letymembers, the Envlfonrn.nlal SecllOn

Stu~:n;:~:h~,~mal;. Mr P Conroy, ~~~~:rsop:~.c\l~A~~n~nl ~~ustr;ov~~:
J" machInery ...111 uk. Ill' Ibis Queslionnalfe

and, by their r.sponse, give Ul lhe
Opportunily 10 providl: a worbble Standafd
Dr g.ne ral al,•• m.n t. Copi.s of lb.
Questionnaire are available to all inure~led
penon s from: C"Irl> Swri,. C_lti~g Pry
Ud, PO 80%J06. Tol'D~'o. NSW 11tH, ~I

0495Q583J flU0495Q~116

I~··· I
1996
~.,. '·IO, 5y<l...,.

B&K 1'01><01wonT,o;oillll:Coun<
= U:MK.P08oltl1, T<=y Hitil ":SW

Td: Ol.S02066 Fu., Ol.302J1lI

~o~~t:~::~::~ En-;~_'
Oe\aIIo: }o/lrI Bmmilow. ClT. PO 900 22a. lami-.
1oCT2al• . u t 06 201_,Fu06 207.}oIJ;
jolIo-lltorn,low@<iun.du.1U

n.. J- '.CANB[ RAA
=OTYVibrotiOll: C-""""'''''iItJoiII&""Vlb

DnuII:_.Viln6onea-. S<boolof
A....,.,..,.. l>kdIorIi<aI E"&A""r.ha"lkfal<:<
A<od<my,Canberra ACT26 00,T<l:06 26S8141
F..: 06 261 ' 276,tvU@odft "" ...

M.Ltl..... D-. FwIooI(2l -U Moyl,
M.... plc T...,.. T'.d<i"'(in M.l_I I _ IJJuno~

h IWll Rcco&oition U ' ·21J""e),Ad ""; ""Sii nt l
Proo... i.. (m Mdboum e2 -4luly ), lolrodu' lory
Si~IIProa:.. j"i (2').l l Julr ), A_ SigDaI
Proa:..; ....
(H ), M1Ohi_ Ilata FIlliM0/~

M<IlIod. (:2"26Scpreot1ber~W I.. Tran. rorm.
(1_)o.:""'.. ), Diiilallm.,e l'roo in,or>d Tttg<I
1l_ l oit;on (12.1. No-=b« l. Son" S;J'\&1
_ . in&(J-SIk« )
Ik LliI" MM)'AyYC, COII Edlao.. _""""', .. .
CGopera<MC...... r." ScnooTSlpol olll.r<mrlll_
Proc:"''''1 (CSS1P), SPRI B,"ldl"i. T<chn0"'s~

hrl< A<lo1&id<.SA '09S T<I:OS30 2 )923F..: 03
)02 )12.~ll'"ICe.csoip_."

~U1_ TImn .adClr""M"""" II<><I _ _ Skilll f0/ 5<II!nf.I....

D<t.allo: E<-<t. PO 0",. 0164,Podolinl'OfI,QUI
-4064,T.I: 07 3J67 2646 F..: 07 J1]7 6J7~;

j. nni.o<o""" .. @b....... one.n.uu

• Entertainment Noise Controllers

• Sound L~f'l Meters & Calibrators

W,.S~3V::==
_10!1 321111 I~acsilnlla:IOllU1 5031J

.,." ""wotioO'of~O<>nou

AeOU$liCsAu stralia

• Noise & Vibration SunY)' Sen ';ces
265-211 ~"'t!II" Rd

Thor rl .. gh NSW2120 AuIlO. lia

"'..... , t02)....='~~~=

• Equipment Hi re Servi ce

• R/a-{t& Piling Digital Seismographs

• Permanent J fonitoring Networks

• ,,"oiu, Wf'Oth f'T& Vibration Loggm

ACOUSTIC RESEARCH LABORATORIES
Noi• • and V,b.atl on Monl lOl in g Syu .... . lor lndu .lry ..-.;l lh .Env lron m _
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Z>~...
CONFE REN CES and
SEMINARS
• Indicates ... A~lrdi"' Activily

1996
J anuary 10-11, SING APO RE
AMlUll Mccling, Socicly of Ac OUlli<:.
Dct. il$: Dr W S Gan, c/o Aroustical 50rviees
P'l)'Ltd.209-212 1I11'1O'1'ation CenlR, NllJ,
N"'Y""IAve, Singapon: 2263,
Fu~ 79I3665,TeI -HiS 7913242

"'h y U-I1,I:"roIANAPOLIS
U l rt MCCling Acoustical SocofAmcrica
Dclails:ASA,SOOSunny!i<k Blvd. ,
Woodbllf)'. NY 11797. USA.
Fu +1 Sl6 516 2377, emai l d l.ine@aip.OfJ

May 20-23, LONDO:"!
LowFrequcllI;y Noise
Detail"DrG.Levcnthan, Slewan HouK,
B""",,",zy,l.catbcrhad,Sum:yKT227NA,L'K

Mlyl l-24 ,AUTRA."iS
4lh Speccll ProduC1ion Seminar
Dcl, ill: ICP-INPG, 46 ave Felix Viallet.
38031GrenobJece<kxOI, Francc.Fu +31
165747 \O, nna.il rtrw spm@icp" n:"" l.fr

MI)' 1),,15, MOS COW
Aeouslieal Meuun:_ntl
Dclails:Ru.ssiiJlAcou.WcalSoci ely,
4Shvemil<St, Moscaw I11036Ru..i..
Fu +709SI26S4 11

May 27-31, MOSC OW
Inll Symposium "" Acoust ic Remot e

Senaingoflh.Atmosphen: and~.

Details: St<:rC'Iariat ISARS'96, 3 PylCVSIcy
U"" , Moscow, 1090 17 Russia. Fu +7095
2331 6S2, ema;l postmaster@iaph,mslc..su

May2l-JI,PISA
Noise and PlaM ing '96
lnlCl'lI.IIIlional Confer<:nce on Acou. hc.
Ipp lied to p1arming: from technical
IWIdardotoenvironrnenul.wodardo
Delails:OW doLombardi, vil Bragldi llO2,
20144 Milano, 11.11)'. Tel +J 9 2 480188J3,
Fu +39248018839

Ju nel6-20,BARI
13th lnrl Congre$$of AlIdioloiY
[leui l. : Audiology and Otology Cmtn: ,
Univel'$ily of Bari, 70124 BIri , ll' l)'.
Fu +358 460224, email rwn96@hul.fi

Acous tic s Aust ratia

Ju nol1.21,NAJliJING

14th In'..... lion. l Sympo.ium on Nonlinear
ACOUllicl
Dell il" Ronj... Wei, Nanling Univ.... ity,
[nsti lulc of Aco lUOlicJ,N anj ing 210008,
China. Fa~ +86 25 360 5551,
cmail postncli@nju.edu .cn

J uno 14-28, HERAKUON, CRETE
3rdEIIJI'lPl'InConfaence on Undcrwalcr
ACOlWics
Detai4 : J SPapdakiI, fow>dationfor
Research & TeclInology, PO Box 1517, 711
10,Hera.ldion,C~, Gro«c.

Tel +)081210034, Fu +301 1238868 ,
cmailconfercnoe@ieslforth ,gr

June 24-211,ST PETERS BURG
4th lnl ConglCssOnSoWId & Vil>ralion
Deu ill :M Crocker, MechEng DepI, 101
Ro.. H. II, Auburn Uni, Auburn, Al 36M41l.
350 1, USA, Tcl J348 443310, Fu 334844
3306. emailmcrocker@enll:.aubYm.edu

J ul l 6-18: SHEFFIELD, UK.
Condi lion MonilOling & DiaiOOslic Eng. 96
Deuils: DepI Mech & ProcessEng. Uniof
Sheffield, Mappin St, Sheffield SI3JD,U K
Tcl:+44 1142 825 169
FU : +44 1142 753 671

Jul)' J I).Aul IISI2, LIVERPOOL
rNTER.~OISE96

2!thAMiversaryCongre..
Noise · The Ncxt25 Ycars
Dellil"lnslituteofAcolUlicI, Agrituh un:
lloulC, S HolywcUHill, Sl Albans, Hem
All l EU, UK. Tel +44 72784 819! ,
FU +44 727 8!OSS3

Srp lembor 2-6, CHRISTCH URC H
ROADS 96 - Joint A\I'StlNZ Conference
Derail. : ARRB TnIJI.P0l1 Resu rcb.,SIlO
Burwood " wy., ~rmont Sth, Vic 3133.
TeI+6IJ9881 1SS!,Fu+61398818104

Srp lembel ' 9-12: OXFORD. UK
VibratiON in ROlIling Machinery
Conlact: 1 MEot E., 1 Birdca&eWalk,
london SWlH 9JJ,U K Tel: +44 171 973
1249 Fu : +44 17J 222 9881.

S. pr. mber l 8-20, LEUVEN
Noi.. & Vibn tion Engineerios Conference
Delails: L Notre , K.U. l cuven-PMA,
CeleSlijnenlaan 300B, 3001 Heverlee,
B. ISium.F u+321632 21l87,
emllil lieve,lIntrc@mech.kuleu\ICn,ac.be

Sr plr mber 23-25, ST PETE RSBUMG
FASESymp<>sium:Ttanspnr1Noi..
Dec.il " FASE 5ecrdll)", K.U u Uval -ATF,
CeI,$IijnenIaa.n200D,300lleuven.
Belgiwn. Fu ; +J216 32 79 84,
emailju.lhoenI6fyr.kuleuven.lC.be

Sr p•• mbe r 29-Oe1ober 1, BEu.£Vl,IE
!'lOISE-CON96
Visi0n5 forfhe!'lut2S Years
Dellil s: NOIS E-CONIl6 Conf=nee
Secrelllial, En8ineeri ng Professiona l
P!'Oirwnl , ) 201 Fremont Avcnue N., Sellfle ,
WA9 U 03. Tel +1 206543!S39,
Fu +1206 5432352

Octo ber 3-6, PH ILAD ELPHIA
4th Ccnf. Spokcn language Proceu
[le u i!t : ICSlP96,S ci & EnS Labs, Aldu
Pont Institute, PO Box 269, Wilmington,
DE IIlS99 USA, Fu +1 302 651 689S,
. mail ICSlP96@asel.lI<kl.. du

Now .. ber 3-6, SAN AJIo"TONI O
1996 IEEE lnll U1trasonicJSymposium
DctaiII: JS~hoeJlwald, Rockw1:ll

Inte:mational ~ielKC ~ter. M.il Code A9.

1049 Camono dni Rios , "Jbougnd 0a4.
CA91358.t:SA.Fu +180SJ73 48 10

~ovomberlJ..l S. BRlSBAJliE

" I996 AAS Conferenct:
MJkin gEndsMeet.Innoval.&Ul iAl. IiOll
Detai l" Ro"'Palmer. Tel 01 3806 7522,
Fu013 806 7999

Orcr m ber 2-6, HO NO LULU
J rd Joinl Meeting of the Acousl ical Soc iely
ofJlp&fland fhe ACO\l$t Socielyof Americl
Delli1s:ASA,SOOSunn~ide B lvd.,

Woodb ury, NY II79 7, USA.
Fu +l 516 S16 23n , email . l. ine@. ip.ntg

1997
Aprll ll-24, "fU~ICH

lnternational cenrereeee ACOIlSIi. , Speech
& Signa1Proce ssing
Deui u.: H. FISI1. T~hn ical University
Munidl , 80290 Munchen, Gcnn any.
Fu: + 49 892 105 SSJ! ,
fas@mmk,e·teehnik.N,muenchen.de

AUl u l 19-12 , NJ:;W ZEALAND
Diennill Conferco. e · NewZCaland
Acouslical Sociely
Delllila: l'Z Acou.stical Society.
POBo.. I181 ,Auckland, NZ

AUC"' l 5-17, BUDAPEST
INTERSOISE 91
Details; OPAXf I. H-I027. Bud&pes.t FO
U68 lt ~pry, TellFu; +361202 04 52

1998
Jun e lG-U, SEATTLE
16Ihl nl. mationa! Conf....nccAcou.li.
Oeui ll , Applied Phyoics lab, Universily
Wasmngton,1013 NE40 th St, & . lfle
9810S-66911USA

Nov. mber 16-18, CH RISTCHl"R CH
INTERNO ISE 1111
Details: NZ Aco<.IStical Society, PO Box
I181, AIICldand, New Zar.land
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WILCOXON RESEARCH
PIEZOELECTRIC ACCELEROMETERS and PIEZOVELOCITY SENSORS

VIBRATION TESTING INSTRUMENTATION, CABLES, CONNECTORS & ACCESSORIES

UndtHw8tet ecc e" rometll'l;

Intrlnl lcell, Nfecertlflcet loni

Duel output transducel"l

(eg. acceleration & temperature

acceleration and velocity)

Elect tomelnetlc or PIN oel-etrl c

vibfstlongenerators(shakers)

or a corrom auon of both

Too much to list here - Please

G.R.A.S Sound and Vibration
• Condenser Microphones, Sound Intensity probe

Outdoor microphones and Hydrophones

ll:" Condenser microphones, free field or pressure
response, random Incidence, wide frequency
renge.

!C" Condenser microphones, wide frequency range.

Sound Intensity probe, microphone pairs for
Sound Intensity probes,

Sound intensity calibrator.

Outdoor microphone syslems

Preamplifiers, power supplies. cables, adaptors ••• Hydrophones, high votlege

sensitivity, nat frequency respense,omn i direelional to high frequency,

FOR FULL INFORMATIONPLEASECONTACT KO OOSTERHUIS

ETMC Technologies
6 MONTAGUE STREET, BALMAIN NSW 204 1

Tel: (02) 555 1225 Fax: (02) 810 4022



GET A PROFESSIONAL REPORT WITH THE m~~
NSW: (02) 450 2066 VIC.: (03) 9370 7666 OLD.: (D7) 252 5700 WA: (09) 381 4944




