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LOW-FREQUENCY ABSOLUTE CALIBRATION
OF ACCELEROMETERS

Norman H. Clark
Division of Applied Physics, csmo,
National Measurement Laboratory
PO Box 218, Lindfield, NSW 2070 Australia

Abstract:At the NationalMeasurementLaboratory,Australia,apparatusandtechniqueshavebeen developedfor
calibratingvibration-measuringtransducersin the low-frequency range,2Hz - 250Hz. This paper describesthe
apparatus and the methods used to calibrate the built-in referenceaccelerometersabsolutely in terms of the
primarystandardsoflength,timeandvoltage.

1. INTRODUCTION
Traceability, and estimation of uncertainty, are often of
interest to engineers who measure low-frequency vibration,
particularly if there is a possibility of legal challenge [1], in
which case the component of uncertainty due to the
calibration of the measuring transducers may need to betaken
into account.

The National Measurement Laboratory (NML) maintains
a horizontal air-bearing electrodynamic vibration exciter,
which is big enough to accommodate most triaxial geophones
and similar large transducers. Such transducers are routinely
calibrated by comparison with the built-in low-frequency
references, a set of servo accelerometers.

This paper is concerned with the apparatus, methods and
techniques which are used at NML to calibrate the low­
frequency reference accelerometers. To "calibrate" is defined
as to determine the magnitude of the transfer function,
generally referred to as the sensitivity of the accelerometer, in
terms of the physical standardsoflength,time and voltage. In
calculating the uncertainty of the sensitivity values, the
methods used are taken from the ISO "Guide" [Z].

2. STATIC CALIBRATION AT ZERO HERTZ
This method is a simple adaptation of the familiar "Zg
turnover"which is frequently used for field calibration of
accelerometers which have a response down to zero hertz.

The accelerometer is first aligned with its sensitive axis
vertical and the "positive" direction pointing up (Fig. I). In
the case of the NML reference accelerometers, this is
achieved by standing on end the armature from the air-bearing
shaker. The signed de voltage output Vi is then measured
using a calibrated voltmeter.

Next, the vertical orientation is reversed, ie the
accelerometer is turned over so that the "positive" direction is
pointing down, and the signed de output voltage V2 is
measured.

mm
(a) (b) (c)

Input ~ 1 9 Input=-1 9 Input. 9 sin e
Arrowdenotessensitiveaxis

Figure l, Static calibration of accelerometer using
Earth Sgravityfield

Thesensitivity So,inVoltsperms·2,isthenobtainedas

So = (Vi- V2)/(2 *gr) (I)

where g, = local value of the acceleration due to gravity,
in m s-s.

To convert this to Volts per gn , So is multiplied by gIg,
where gn=ISO standard gravity, the value of which is defined

to be 9.80665ms·2•

At the NML location of the calibration apparatus, the
value of gr is 9.79638 m S·2, with an uncertainty of about 5

parts in 106• However, typically the true sensitive axis of an

accelerometer may differ from the geometric axis by about
1.5 degrees, and the uncertainty in setting the geometric axis
to vertical is about 1.5 degrees also, when the armature is
simply stood on end on the bench. Hence for this calibration,
the total uncertainty in the applied acceleration is
approximately±O.l%.

Theinherentdcoffset, Vo,intheaccelerometeroutputis
also obtainable from

Vo= (Vi + V2)/2 (Z)

2.1 LINEARITY (i)

The static method gives an accurate value for the sensitivity at
zero hertz, amplitude I.OgI, but it is not reasonable to
extrapolate to lower accelerations without knowledge of the
linearity of the accelerometer. Foran initial linearity check,
the accelerometer was mounted on a precision rotary table
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(Optical Measuring Tools Ltd), which was then rotated
incrementally such that the sensitive axis was rotated in a
vertical plane, and at each increment a reading was taken of
the dc voltage outputV(6),where 6 is the angle between the
sensitive axis and horizontal. Linearity was then assessed
fromaplotofV(6) versusg, sin 6.

This method was found to be not entirely satisfactory. At
very small angles, there is significant error due to finite
transverse sensitivity of the transducers, and non-coincidence
of the sensitive axis with the geometric axis. The two factors
are not independent, but the nett error can be reduced by
aligning the direction of minimum transverse sensitivity to lie
in the plane of rotation (resulting in the smallest minimum
output when rotated through "zero" angle), by which the
effective transverse sensitivity was reduced by a factor often.
At an angle of6=6 degrees, corresponding to approximately.
O.lg[, transverse sensitivity of 1% can produce an error of
9.5%, but the alignment strategy reduced this to a just
acceptable 0.95% . The practical lower limit to this method is
thus considered to be about O.lg, {1 m s·2),corresponding to
6=6 degrees approximately.

3. ABSOLUTE CALIBRATION USING
INTERFEROMETRY
In principle, the accelerometer is subjected to rectilinear
simple harmonic motion (SHM) along the direction of its
sensitive axis, and the displacement and frequency are
measured, thereby defining the applied acceleration. The
displacement measurement utilises the so-called "frequency
ratio" method (FR) of counting optical interference fringes
[3,4,5,6]. The voltage output is measured at the same time,
hence the sensitivity is obtained.

3.1 THE APPARATUS
At NML, SHM is produced by an electrodynamic vibration
generator ("shaker"),the drive'coil of which is attached to an
aluminium armature ("shaker table") which is constrained to
horizontal rectilinear motion by air bearings (Fig. 2). The
drive coil has no separate supports, and the only other
constraints are four light rubber bands which centre the
oscillation. Peak-to-peak displacements of 25mm are
attainable,butdisplacementisrestrictedtoaboutlOmmpeak­
to-peakforthelowestdistortion.

Figure 2. Air-bearing shaker and interferometer for
low-frequency calibration.
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Two servo accelerometers are permanently mounted in
one end of the armature, and mounted adjacent to each of
them is an optically flat mirror which serves as one of the
reflectors ina simple Michelson interferometer. The entire
shaker assembly, of mass approximately 100kg,restsona
concrete and brick block approximately 2m long by 0.7m
wide by 0.9mhigh, which in turn is cemented to the concrete
ground floor of the NML building. There is a layer of about
3mm of bituminous felt between the shaker assembly and the
concrete block.

Also resting on the top of the concrete block, at the
opposite end to the shaker, is a steel cruciform structure
which houses the rest of the Michelson interferometer: a
bearnsplittingcube,aplanereferencereflector,a3mWHeNe
laser, and a photodetector. The assembly can be moved
laterally, to point at any of the plane reflectors on the shaker
table. The light from the laser reaches the beam splitter after
reflection by two mirrors, the purpose of which is to increase
the distance between the laser source and the reflectors of the
interferometer. Thus, by a deliberate tiny misalignment
(approximately 2 mrad) of the interferometer, reflected light
is prevented from re-entering the laser, and the resulting error
in displacement measurement is insignificant.

In addition to the built-in accelerometers, there is
provision for calibrating a small piezoelectric accelerometer,
which can be attached directly to the back of one of the
reflectors on the shaker table. This is routinely used to extend
downwards the frequency range of absolute calibration of
piezoelectric reference accelerometers.

The apparatus is used to calibrate the reference
accelerometersoverthefrequencyrange2Hz-250Hz,with
acceleration of up to 9.8 m s·2available at frequencies not less
than 10Hz.At 10Hz, the corresponding peak velocity is about
O.l6m/s, equivalent to 500,000 fringes per second. This is
easily handled by the photodetector, which is a PIN diode
with a close-coupled wide-band amplifier giving an overall
frequencyrangeof3MHz.

3,2 ACCELERATION MEASUREMENT
The shaker is driven from a programmable oscillator via a
power amplifier (Fig. 3), and the displacement, D, is
measured by counting the passage of interference fringes past
the detector during several complete cycles of excitation (see
appendix A). The counter is "gated" with a signal from the
shakerdriveoscillator.ThedrivefrequencYfismeasuredwith
a second counter, the time base for which is derived from the
NML Caesium Beam Frequency Reference. As the
wavelengthof the laser is known in terms of the legal standard
of length, to an uncertainty ofa few parts in 106 in the
controlledNMLenvironment, the applied acceleration
(= (2 1t fJ2 D) can be known very precisely. Simultaneous
measurement of the accelerometer output voltage completes
the calibration.

In applying the FR method of displacement measurement,
a correction is made for ambient displacement of the
reference reflector. At the NML location this includes random
noise with mean amplitude less than 0.5~, plus components

Acoustics Australia



Figure 3. Block diagram ojlow-Jrequency accelerometer
calibrator

at about 4.5Hz, 20Hz and 25Hz (attributed to structural
resonances), with amplitudes which vary randomly between
0.5~m and lum. Denoting the mean ambient displacement by
Da, measured by the FR method over an integral number of
cycles of the drive frequency J with the drive coil
disconnected, subsequent displacement measurements Dmeas
atfrequencyJarecorrectedas

D(corrected) =v(Dmeas2-Da2} (3)

whichisjustifiableasDmeasandD.areuncorrelated.

The ambient vibration is also ofa suitable amplitude and
velocity to provide "jitter" of the photoelectric signal at the
turning points of the motion. By averaging counts made as
the reference reflector is slowly moved, it is possible to
extendtheresolutionbelowtheexpected±1 fringe count (see
appendix A, and Fig. 4). Hohmann & Martin [5] noted a
tenfold improvement in resolution from moving the reference
reflector with mean velocity much less than the velocity of the
vibration being measured. In comparing the FR method with
other methods at NML [7], it was found that, by moving the
reference reflector, the displacement was measurable by the
FR method with a resolution of I nm and an uncertainty of
approximately ±2 nm. VonMartens [9] achieved even greater
accuracy for SHMat frequencies > 500Hz.

Figure 4. Successive observations of the photoelectric
signal over one cycle oj constant amplitude SHM, as the
reJerence reflector is slowly moved.

3.3 LINEARITY (ii)
At 2Hz, I m S·2, the displacement amplitude is 6.33257 mm,
thus the peak-to-peak displacement corresponds to the
passage of 20 014.46 interference fringes. Accelerationof
0.001 m s·Zat the same frequency corresponds to about 20
fringes peak-to-peak, which can be measured with an
uncertainty of about ±2 nm, ie ± 0.03%. Thus linearity
measurement can cover a 60 dB range atasingle frequency.
Similar measurements at 10 Hz, from I m S·2 to 10 m s-z,
effectively extend the linearity measurement to an 80 dB
range.

3.4 VOLTAGE MEASUREMENTS
Several different instruments have been used for voltage
measurement, and in each ease the instrument calibration is
traceable to the Josephson Volt Standard, via thermal transfer
standards.

The first instrument used was a Fluke 931B True RMS
Differential Voltmeter. This is a 51h digit instrument which
is calibrated "in house" by the electrical standards section of
NML, over its full range of use. At frequencies not less than
30 Hz, the uncertainty in those calibrations is ±0.05%,
increasing to ±0.3% at 2 Hz. The disadvantage in using this
instrument is that each reading must be made manually, thus
measurement is slow,tedious and cannot be easily automated.

A Hewlett-Packard hp3458A digital multimeter
overcomes the above difficulties. This 81h digit instrument
measures by fast digital sampling and computation of true
rrns, with or without dc as required, and its response is flat
within a few parts in 106 over the voltage and frequency range
required. Uncertaintyinitscalibrationissimilarlysmall,of
the order of ±30 parts in 106, and the instrument can be
programmed and read via an IEEE488 general purpose
interface bus (GPIB).

As the acoustics and vibration standards program has only
one hp3458A, it has been decided to retain it as a reference
voltmeter against which to check our other voltmeters. These
include several hp3440lA meters which are used at
frequencies down to 20Hz, and an Analogic DP6100 analyser
which is calibrated as a voltmeter for the frequency range
2Hz-500Hz. All of these have IEEE488 interfaces.

The hp3440lA multimeter, on medium filter setting, can
take I readinglsec with a claimed accuracy of±O.3% for full
scale at 20Hz, and about ±0.15% at higher frequencies. It was
calibrated by comparison with the hp3458A, the uncertainty
of this calibration was estimated as ±O.I% for full scale at
20Hz.

The DP6100 analyser is a computing instrument with a
l6-bit 8MHz mainframe, a 14-bit AID input which can
sample at up to lOOk samples/sec, and a built-in voltage
reference. It can be programmed to compute true rms in the
same way as the hp3458A, and when calibrated against the
hp3458A the correction is less than 0.1% for the voltage
range of interest. The additional uncertainty is about±O.05%,
with an extremely flat frequency response. To attain this
performance, the program ensures that sampling is over an
integral number of cycles.

Vol 23 (1995) No.2-41
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The DP6100 can also compute Fast Fourier Transforms
(FFTs), and has been used in this mode as a narrow-band
voltmeter. After applying to the transformed data a correction
for the so-called "picket fence effect" [7,8], it was found that
these measurements could be made with an uncertainty of
approximately±O.I%.

4. CONCLUSIONS
At the National Measurement Laboratory, apparatus and
techniques have been developed to calibrate reference
accelerometers "absolutely" at frequencies down to 2Hz. By
exercising great care in making measurements, correcting for
errors, and by maintaining strict traceability to the primary
standards of length, time and voltage, an uncertainty of
approximately±0.5% is achieved for these calibrations. The
interferometric method is complemented by a static
calibrationusingthelocalg field, which effectively extends
the calibration down to zero herlz. When accelerometers and
other transducers are calibrated by comparison with these
references, the sensitivity value can have a least uncertainty,
at the time of the calibration, of about ±0.6% in the 2Hz-20Hz
frequency range, though this maybe much greater for large
transducers. Uncertainties quoted here are at the 95% level of
confidence [2].

APPENDIX A'

MEASURING VIBRATION DISPLACEMENT
WITH AN INTERFEROMETER
Assume that the reference reflector and the reflector on the
armature are initially stationary, and that the distance from the
beam splitter to each of the reflectors is exactly the sarne, or
differs by an exact number of half-wavelengths of the laser
light. Light returning from the two reflectors is thus in-phase
at the beam splitter, and there is constructive interference of
there-combined light emerging from the beam splitter. If the
armature is now displaced by a distance of one quarter
wavelength, light reflected from it travels an extra half­
wavelength, and the resulting re-combined light exhibits
destructive interference. A further quarter-wavelength
displacement again produces constructive interference, and at
the photodetector the re-combining light has now gone
through one complete cycle of intensity variation. By
converting such cyclic variations (or "interference fringes")
of intensity to electric signals, the photodetector makes it
possible to count them, and thereby measure the distance
through which the armature has moved, in terms of the
wavelength A of the laser light. If the armature is subjected
to rectilinear SHM with a displacement amplitude equal to
one half-wavelength, then one "fringe" will be counted 4
times in each cycle of the SHM. Any given displacement
amplitude D is thus rneasureable by counting the number of
fringespercycleofSHM,iebymeasuringameanfrequency

ratioR,thus

This is essentially the principle of the "frequency ratio"
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method of measuring displacement interferometrically. If R
is not an integer, then the extra fraction may or may not be
counted, depending on the position of the fringe pattern with
respecttothephotodetectorattheturningpointoftheSHM.
Figure 4 shows successive observations of the fringe pattern,
over one cycle of constant amplitude SHM, as the reference
reflector is slowly moved. Averaging a large number of such
observations gives the value ofR complete with the fractional
part.

APPENDIX B

ESTIMATION OF UNCERTAINTIES
Uncertainty values are calculated using the methodology in
the ISO "Guide" [2]. The following describes how this is
done for absolute calibrations of low-frequency reference
accelerometers.

Type A Uncertainties

From n repeat measurements of the sensitivity of an
accelerometer, the MEAN and STANDARD DEVIATION
(S.D.) are calculated.

The S.D. gives an estimate of the uncertainty of individual
measurements, but to estimate the TYPE A STANDARD
UNCERTAINTY OF THE MEAN, (corresponding to the
olderconceptoftheStandardErroroftheMean,orS.E.M),
S.D.isdividedby-ln.

Before factoring in type B uncertainties, the type A
uncertainty is converted to per unit form, thus UA(perunit)

= S.D./(-In * MEAN)
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Noise and VibrationData Acquisition using a 16 bit
PC Sound Card
Ian Howard
Mechanical Engineering Department
Curtin University of Technology
Perth,WesternAustralia

ABSTRACT:Noise and vibrationdata acquisitioncards for the PersonalComputerhavebeen availablefor about
10 years, commencing with 8 bit, then 12 bit and now 16 bit plug in cards. The data acquisition capabilities
availablerange from two up to 64 or more channels,with samplingrate capabilitiesfrom a thousand samples per
second to well over one million samples per second. The range of plug in cards available on the market is
enonnous.Foraparticularapplication,itisnoeasytasktodeterminethe cheapestcard availableto meet the actual
requirements.For data acquisitionand analysisof rotatingmachinerynoiseandvibration,afrequencybandwidth
oflO to 20 kHz per channel is normally required.Unfortunately,the cost of specialpurpose l20rl6bitcards
with this bandwidth tends to be at least two thousand dollars. This paper presents a detailed investigation,
calibrationand analysisof amass market 16bit sound card which is now availablefor under two hundred dollars
and which has adequate performance for the analysis of rotating machinery noise and vibration. The data
acquisitioncapabilitiesunder the windowsenvironmentare discussedalong with channelcalibration, amplitude
and phase responseand the ease of transferringthe data to post-processingenvironmentssuch as MATLAB.

1. INTRODUCTION
The measurement and analysis of noise and vibration is
recognised as being essential for routine condition monitoring
for most types of rotating machinery. Special purpose data
collectors tend to be used as tbe prime means of collecting,
storingandanalysingtheroutinevibrationmeasurementsina
large number of industries [I]. For more specialist data
acquisition and machinery monitoring problems, tape
measurements may be made prior to analysis with dynamic
signal analysers or Personal Computer data acquisition
systems maybe used to capture and post-process tbe data [2].
An unfortunate aspect of the current generation of PC based
data acquisition systems is the cost which starts at around two
tbousand dollars and extends up to five thousand dollars for
typical 12 or 16 bit multi-channel cards. For university or
research use, the cost for single or multiple cards can be
prohibitive.

An alternate data acquisition capability is now available

through the use of plug in sound cards [3]. The mass-market
sound cards are typically used to produce high quality sound
from the PC, and are used routinely for computer games,
educational software and general multi-media applications.
The major reason for the current interest in sound cards is the
cost, with most two channel 16 bit cards selling for under two
hundred dollars. In order to determine the suitability of the
sound cards for general analogue data acquisition, a number
of aspects of a Sound Blaster 16 Basic card were thoroughly
investigated including the windows data acquisition
capabilities, transfer of the WAY files into MATLAB, phase
and amplitude response, input voltage ranges, calibration and
the cross channel noise. This paper details the results of the
investigation, provides a summary of the advantages and

disadvantages of using sound cards for general data
acquisition and describes a range of suitable applications for
their use in Mechanical Engineering.

2. GENERAL DATAACQUISITION
CAPABILITY

The Sound Blaster 16bit card provides two main options for
general data acquisition using either the microphone or line
inputs. The microphone input provides a single channel of
data whereas the line input can be configured as either one or
two (stereo) channels [4]. The Sound Blaster card comes
complete with a range of DOS and Windows software
products for controlling the channel gain, sampling rate and
resolution for general data acquisition. The Windows
software which was found to provide the easiest means of
transfering the resulting WAY files into MATLAB was the
Soundo'LE application. This could be run as an external
executable application from within MATLAB using the
fc:\sbJ6\winappl\soundole.exe command to execute the
application.

ThegraphicaluserinterfaceoftheSoundo'LEapplication
is shown in Figure 1 where the basic record, playback,pause,
rewind and fast forward buttons are available. The recording
option available under the options menu shown in Figure 2
allow the number of channels, sample rate and the resolution
tobe selected as required. The sample rate isper channel with
simultaneous sampling on both channels. Figure 3 shows the
menu to choose the actual data channel for recording
purposesandtbe channel gain selection. The channel gain is
independant of the channel selected which allows for the
acquisition of the same data channel at different gains if
required.
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Having specified the data acqui sit ion requirements,

clicking on the reccrd buuo n on tne lower righ t portion of the
menu shnwn inFigureldigitisesthedataandtramfel1 itto
the win dows environme nt usi ng DMA. The data aequisition
capabilities of the Sound Blaster card unde r Windows an:
impressive. At the maximum Wimple rate of 44.1 kll z per
channel, fortwochannels andl6bitresolution,thedata is
digitised and transferred cont inuou sly to the Window s
rnv ironment at 176400 Bytts/sec until the acquisition ~

stopped or the hard disk is full. Afler acquisition, the data
files an:available to be saved as induslJ'y su ndan:l WAY files
and are comp atible with the Windows Media Pla~tt and
Sound Recorder, allowing some basic edit ing to be done if
required .

II is also possible to transfer the WAY files into MATLAB

by writing a MATLAB M.file to read the WAY fi le once the
format of the WAY fi le is known . Append i:llA shm .-s a typ ical
M-f ile which can beused to read any version of the WAYfiles
supported by the Sound Blas ter series cards. The M·fiI e first
reads the file header to determine the format of the data,
whether II or 16 en acqu isition was used, the nwnber of
channels and the samp linil rate, etc. After the WAY file is read
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into MATLAS, the data can then be trea ted as any other
MATLAB vector allowing very sophist ica ted signal
proce ssing kch niques to be used to analysc the dat a [5 j.

3. INPUT VOLTAGE RANGE
The Sound Blaster 16 bit ca rd has menu selectable
independatttga.inconlroion therwochilnneis. Whe n lhe card
is UKd todigitisc: analogue voltage waveforms through the
line input, the maximum input voltage range for the various
gains has to be determined as it is ini tially unknown and not
specified in the tech nical documentat ion. In order to
determ ine the input vollagc fangc . harmonic distort ion
ana~i s was used to specify the muimwn input voltage level
IS a fullClion of gain . A Hewlen-Packard 35665A Dynamic
Signa l AnillyseT wa5 used to provid e a 1 kHz ana loguc: sine
waveform as input to the line-in on the Sound Card for
various amplitudes and gain s_With the inpul signal samp led
at 44 .1 kHl ,pO'oOocrspectrum analysis was used to measure the
amplitude ratio betweenthe 1 kHz component and !be nex.t
highest harmoni c component in dB. Figure 4 sllmo.'s the
harmoni c distortion results as a function of gain and the input
volt lgc amplitude

Figure ~, !l"rm o"i c diJlOrrioll as a jull c/ion of gain and
inpu, yollagc.

With 0.001% harmoni c distortion or 50da bei ng used as a
basis for determining a maximum input voltage ran ge, the
voltage ranges can be rea d from Figure 1as a function of gain
Table I provides a summary of the input voltage ranges
correspondingto a.harmon ic diSlortion of 0.00 1%.

Ga in Input Voltage Ra nge

1 % 1.65

2 % 1.6

• % .95

a ± .47

Table J. Input voltilge ranges for harmonic diston ion of
0.00 1% (50 dB ) and 44 . 1 kHz samp ling rate .

The input vonage range was not a linea.r function of gain.
As s!KM"fI in Table I, the mu imum input voltage n nge for a
gain of I and 2 were very similar . The cceversion of input
\tl ltilgeto qUlnrum level at these gains did not CO\'e1'the
complete range of the AID converter, (-32767 to + 32768 using
16 bil conversion) indicating thai the conversion "'''5len than
16 bil. This wo uld have to be taken into scceum in dcterm ining
the resolution and calibration of the cardat these gains



4. RESOLUTION
The resolution of the sound card was determined by
grounding the input channel and digitising the resultant noise
floor as a function of channel gain for both 8 and 16 bit
conversion. The results are shown in Table 2 as standard
deviation of the number of quantum levels in the noise floor.

Gain 8 bit 16 bit Resolution
conversion conversion Standard Deviation (mV)

I 0 2.2 0.27

2 0 3 0.18

4 0 5 0.145

8 0 9 0.13

Table 2. Typical noise level measured with grounded inputs
and specified as standard deviation of the number of quantum
levels.

With 8 bit conversion, the grounded input had a zero
quantum level noise floor across all gains. With 16 bit
conversion. the resolution became poorer as the gain was
increased and had atypical maximum standard deviation of9
quantum levels at a gain of 8. With a maximum input voltage
range of 0.47 Volts, this corresponds to a standard deviation
resolution of 0.13 mV as shown in Table 2. The resolutions
obtained as a percentage of the input voltage range are also
shown in Table 2. The resolution available with gains ofl and
2 were found by taking into account the reduction in the
number of quantum levels available for the input voltage
ranges.

5. CALIBRATION
Knowing the input voltage range as a function of gain, a crude
calibration from quantum level into voltage can be made. For
a more accurate calibration, a statistical analysis of the input
and digitised waveform was used. A 399.89mV peak
sinusoidal waveform from the HP Analyser was captured at a
sample rate of32.768 kHz using the HP analyser and 20480
time points were transfered to MATLAB for analysis. The
waveform was also digitised by the sound card and then
transfered into MATLAB for analysis at the various gains. By
computing the RMS of the two time signals, a calibration
factor was then computed to convert the digitised sound card
quantum level into Volts. Table 3 provides the resulting
calibration values for the various gains and resolutions.

Gain 8 bit conversion 16 bit conversion

I 29.772xI0-) 1I.663xI0- j

2 14.910xI0-) 5.814xI0- j

4 7.45 l x 10-) 2.9I3xI0-s

8 3.744xI0·) I.464xI0- s

Table 3. Calibration factors as a function of gain and
resolution.

The calibration factors will vary from card to card. The values
shown above should be taken as indicative only.

6. DUAL CHANNEL FREQUENCY
RESPONSE

The amplitude and phase response of the sound card was
measured by using a random noise signal from the HP
analyser. The signal was connected to both channels of the
sound card and after digitising the signal and saving the data
as a WAY file, the two channels of data were read into
MATLAB and the amplitude and phase of the complex
transfer function computed as a function of frequency. Using
the 16 bit resolution and the 44.1 kHz sampling frequency, the
amplitude and phase response of the sound card is shown in
Figure 5. An external analogue anti-aliasing filter was used
with a low pass cut-off frequency of 15 kHz, and so the results
up to 15 kHz are shown.

Figure 5. Amplitude and phase response across the two
channels of the sound card.

The amplitude response between the two channels appears
to be flat within 0.01 dB across the frequency range as shown
except for the low frequency region. A closer inspection of
the low frequency response of the sound card was undertaken
to ascertain the low frequency behaviour. Table 4 shows the
amplitude response of the card below 12 Hz. The amplitude
response was found to be within 1 dB above 10 Hz which
suggests AC coupling as would be expected for sound
measurement.

Frequency (Hz) Amplitude Response (dB)

1 -14

2 -8.3

4 -3.9

6 -2.2

8 -1.35

10 -0.9

12 -0.6

Table 4. Low frequency amplitude response of the sound card.
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Advantages Disadvantages

16 bit resolution No calibration from bits to
Engineering units

Adjustable gain, sampling rate No anti-aliasing filtering
and resolution

2channel,simultaneoussampling No DC capability

AID capability under Low level of technical
MS-Windows information available

DMAforcontinuousdatacapture Difficult to write MS-

I------
Windows AID software

Easy to use MS-Windows software 63 dB cross channel
isolation at 20 kHz

.wavfilescanbereadusing
MATLAB

Line andmic inputs

Extremely cheap «AUS$200)

Readily available for educational
and home use

Available on desktop PC's,
laptops and notebooks

The cross channel noise was investigated by digitising both
channels at the maximum sampling rate using 16 bit
resolution, with channel I having 0.4,0.8, 1.4 and 1.4 peak
Voltage sinewave inputs at the gains of I, 2, 4 and 8
respectively for various frequencies while channel 2 was
grounded. The resulting cross channel isolation from the
input to the grounded channel is shown in Table 5 in dB. The
worst case scenario occurs at the highest frequency with a
gain of8 where the inter-channel isolation is approximately
63 dB.

The phase response of the card shown in Figure 5 shows a frequency or DC measurement, then the sound card will not
linearly increasing phase within 0.2 degree up to 15 kHz be suitable.
which is representative of a small time delay between
channels. At 15 kHz, the phase lead across the two channels
was approximately 0.16 degrees which corresponds to a
negligible time difference of 0.03 msec between channels.
The time difference is most probably due to some small delay
in triggering the AID conversion on both channels. For the
maximum sampling rate of 44.1 kHz, the data acquisition can
be considered to be simultaneously sampled. Excluding the
linearly increasing phase, the phase response is within 0.1
degree across the whole frequency range.

7. CROSS CHANNEL NOISE

Frequency (kHz) Gain of I Gainof2 Gainof4 Gainof8

I >90 >90 >90 >80

5 >80 >80 >80 >75

10 >75 >75 >75 >68

15 >70 >70 >72 >65

20 >68 >68 >70 >63

Table 5. Cross channel isolation as a function of frequency
and gain (dB) sampled at 44.1 kHz.

8. DISCUSSION
From the investigation in using a PC sound card for data
acquisition, a summary of the advantages and disadvantages
which were found is shown in Table 6. The major advantage
in using the sound card for data acquisition over the more
expensive dedicated AID plug in cards is the cost. For less
than $200 the sound card provides 16 bit simultaneous 2
channel sampling capability under the MS-Windows
environment, including DMA for continuous data capture.
The software provided was very robust and did not crash even

-for long time capture records of tens of megabytes. The menu
driven software was very easy to use and was seen as
providing a usable and efficient data acquisition capability.

The inter-channel isolation of 63 dB at the maximum gain
and frequency range is of concern and is probably the major
deficiency of the card as compared with the more expensive
dedicated plug in cards which can provide up to 90 dB of
cross talk over the full frequency range [6). The sound card
had no DC AID capability and the response dropped off
below 10Hz. For those applications which require a low

Table 6. Summary of the advantages and disadvantages of PC
sound cards for vibration data acquisition.

A number of vibration and noise applications will be
suitable areas for using the sound card such as sound intensity,
gear vibration condition monitoring and general dual channel
transfer function analysis. The sound card has been shown to
provide high quality amplitude and phase response across a
broad frequency range which is required for all of these signal
analysis areas. Aside from the dual channel signal analysis
areas, the card will also be useful as a general purpose single
channel data acquisition system for those applications which
require analogue signals with bandwidths below 20 kHz to be
digitised. The card has the potential to be very useful in
Mechanical Engineering undergraduate programs in
laboratory situations as a general purpose data acquisition
capability.This could include measurements such as pressure,
strain, vibration, force, etc, for laboratories and final year
projects where the expense of the normal data acquisition
cards becomes prohibitive.

The sound cards present somewhat of a problem for the
application specific data acquisition area where special
purpose software is required to do acquisition and analysis all
in one. While software libraries are available using 'C'and
pascal for the sound cards, the task of writing the software
under the windows environment is a difficult one which in the
opinion of the author should be left to computer
programmers. The ability to develop Matlab compatible 'C'
data acquisition code under Windows would be very
beneficial as a MATLAB graphical user interface could then
be developed integrating the data acquisition and analysis.
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9. CON"CLUSION
The Sound Blaster 16 basic card has been show n to be I very
capable general purpo se 16 bit dat a acq uisition card with 2
channels sam pled simultaneous at a ma~imum rat e of
44. lkHz. The inbuilt DMA provides a continuous sam pling
capabi lity direct to the MS ·W indow s environment and w ill
allow data to be coll ected unti l the hard disk becomes full
The easy to use menu driven softwareallows the selection of
sam ple rate. reso lut ion, number of chann el s and gain oontrol.
The WAY files can be read int o MAlLAB onc e the format of
the WAY fil e is known and a sample versio n has been
provi ded . Th e price of the 16 bit cards « 5200) means that
they are readily availa ble 00 the nonnal desktop computer at
work, home. and for undergraduat e slUdenl laboratory or
proje<:t purposes. Wh ile the single channe l amplitude and
phase response of the card was not measured, the cross
channe l am plitude and phase response of the card conta ined
less than 0.01 dB andO. 1 degrec variatio nrespecli\oclyaCTOss
the bandwidth ....itichwas lested «1 5 k:H;z).

TIle ca libra tion of the sound card ....-as relativd y straight
forward give n a precision waveform generator. Th e ca leulated
cal ibrat ion factors then allow for the digitised waveform to be
converted to \bIts and then to engineering lBIits once the
llens itivity of the partic ular tran sduce r is known

The inp ut Voltage range whic h can be used on the line
input ca n pose a problem as it is initial ly lll1known. By using
a hann onic dis tortion test, the input volta ge range was
dete rmined IS a funct ion of lIain and the max imum input
range was determi ned 10 be j: 1.65 Volts with a harmonic
di slort ion of 0.00 1% or 5OdB. The card does not provi de any
anti·a liuing protection so a low pass ana logue filt er must be
used with thc appropriate selling to filt er the input .....aveform
prior 10 digitisat ion.

Th e sound cards are see n to prov ide a very inexpensive
altern ate data acquis ition capa bil ity. Further investigat ion
into various technical aspect s nO( shown in this paper would
see m tc be warraraed.
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Appendix A: MATLAB M· file for re ading WAV files

funtUonl·honl .. ""n2.d1,fo:rm.,]. hnve{ ......m. j

:~~"onl<>o.d ... yotindowo"""Pl1ibl.

"% lhefonnato flhe file il.nrturne4 infonnal
% "'" doll ill mumedin <hanl and. hon2
~ lheoamPletimeperiod iJl"'lumNI indl

'IfoModiflOdIT.... thc MAn.AB..._04.", file

'Ifof'Ol'''P",;",iowIO .. loot filo
[fllawnc.pa!JlJ · .i JClfilc(,o WOY' j;

if m............o
.be% c.... doperaeon

% _ lCplih ondfil...- of detired
..-.l'iJe.(poIh,l'i1cnam<];
'If,1oadl'ilo inlO_ 1*''

_ ..... l(·rod-f<lpen(......r;Ie..... ·j; ·):

if fod-·l
""'" =OI\ 'C... "lopco ,WAVm. for inpu" "l;

itrod- ·I
'Iforeadh u6er
h•.•de... flud(fid.( : ""bar ·);
head<l-t'.eadt l'id,l ; ul"" . ">;
hudo .. r.eod(f,d,(.·""bar ' );
bucle r.eod(l'id,( .·ucbar·);
beade find( l'id,I:uloo .'j;

'Iforeadformat fromfil< hu de,
% PCM fomIa'
fonrlOl( lJ-olk ad(fld,I.·...bort· l;
% Number of ehanoel.

format(l )"fread(r>d,l ."uahort· j;
% Sampl"" f,C<llIC""
f... fread(fld,l :ulol\i'j;
% speei'Y",",ptiullrIl.
d, - tl f.;
rbo'm'l(lJ·fs;
% "- .rIll. Ilytnper .. oond
fonnM(()·fread(fid,l:utOllg·),
% block alignmenl
formal(Slafre. d(fid, l :IlShoI1' );
% bi15per .. mpl.
fonnal(6)·fre ad(fid,I:lU!Iorl·);

"~­ha de.- f,ud(fid,(:u chor·);
% Nlfmber of .. mpl.. infil.
n.. mpl..=f,ud(fid,l:ulons ·);

'Iforu d d. ll in corr..lfunna l

if f':;,j6:='8in ~~.b::'::
d=fread(fid.nsampl••••... bar·l;

.1se;::=:11:~,~~data

.ndd=fread(fid,IISIQIPIe" ~bort·);

'Iforecrder d&lIi ( io lf.Oc/w ,,>elmode
ifformat(2)-2

<lIanl ·d(1:2 1cnc1hl.dl);
chan2 ~ d(UI"""b(d»;

.h.iffoclllll(l )-1
<'- l ad;

<00
% c..... r.1e

endfCloo«fw;l);
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Orchestral Music:An Assessment of Risk
KenMikl
Acoustic Services
WorkCover Authority NSW
132 LondonderryRd
LONDONDERRY NSW 2753

Abstract:Worldwide,a reasonablenumberof measurementshavebeen madeof the type of sound levels to which
Orchestral Musicians are exposed. The conclusions are in conflict when compared in isolation because the
previousstudieshave given little data as to true exposurelevelsovera longerperiod. The current study traces the
sound exposureat variouspositionswithin a ClassicalOrchestraperformingfor Operaand Ballet in an orchestra
pit. It determinesNoise Exposurebased on type and length of performance,rehearsaletc.onadailybasisfora
full season of works. The results, when comparedto industrialcriteria for noise exposure,are relativelyhigh as
many musiciansare often being exposedto levelsover90dB(A). The onlyperson in the orchestrawithout risk is
the conductor. The audience is alsonotatriskofNIHL.

1. INTRODUCTION
The establishment of the risk of Noise-Induced Permanent
Threshold Shift (NIPTS) for orchestral musicians is more
difficult than for process workers or other industrial
exposures due to the large variation in sound levels and
exposure times. This is caused by; the type of performance,
the acoustic environment, the performance schedule and the
rehearsal time. Also it has been commonly claimed that
"music is harmonious and lacks the peaks of industrial noise
and is therefore not as harmful".

There are two ways to assess the risk of NIPTS for
musicians. The first is by evaluating the working environment
of musicians. This is achieved by measuring and analysing
the sound levels and then calculating the equivalent
continuous sound exposure levels taking into account the
musical instrument played by each musician and his position
relative to other players during musical performances and
rehearsals. The performance and rehearsal schedule also
needs to be taken into account. The result obtained can then
be compared to ISO 1999 Acoustics - Determination of
occupational noise exposure and estimation of noise-induced
hearing impairment.

The second method is by evaluating the hearing threshold
levels (HTLs) obtained for each member of the orchestral
group. A comparison to a non-exposed population can then be
made. If the hearing levels for the musicians as a group are
no worse than the general public, then the risk ofNIPTS
could be assumed to be small.

This paper presents the results of the first approach. It
shows the results of measurement and determines exposure
levels fora season of performance. As a result of the findings
a follow-up audiometric study is being carried out. A further
paper will be prepared after the conclusion ofa four year
audiometric study.

2. PREVIOUS STUDIES
Records of the measurement of sound levels produced by
musical instruments and orchestras can be traced back to as
early as 1931[1]. The whole spectrum peak power and the
corresponding percentage of intervals as well as the
frequency range containing the maximum peaks, their power
and percentage of intervals, were measured and recorded for
sixteen instruments ranging from drum to piano, and for IS,
18, 75-piece orchestras as well as a pipe organ. The highest
sound levels obtained were from a 36 x IS" bass drum. The
lowest levels obtained were from a violin played very softly.
These levels were measured over short'times at undefined
positions and cannot be related to exposure. The sound
pressure levels and exposures measured by other researchers
are summarised in Table I

Sound Source SPL Author

Piano 70 dB Arnold

Symphonyorchestra 70-95dB Lebo
Symphonyorchestra >90dB(A) Westmore

for 3.51 of 14.4
hours recorded.

Symphonyorchestra 83-92dB(A) Axelsson
LAeq.8h=76.5-85.2

Symphonyorchestra 88.9-93.1 dB(A) Jansson
Symphonyorchestra 82.9-89.5dB(A) Woolford
Symphonyorchestra 83.9-95.9dB(A) Woolford
Symphonyorchestra 79-99dB(A) Royster

LAeq.8h=74.7-94.7

Arnold and Miskolczy-Fodor [2] measured the sound
pressure levels (SPLs)ofa concert grand piano. Placing the
microphone at the level ofapianist, theSPLsobtainedwere
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64 to 93 dB with the piano top raised and 59 to 86 dB with the
top lid lowered. It was noted that maximum sound was
achieved by repeatedly striking the keys with the sustain pedal
depressed until the sound volume reached its maximum value.
The authors concluded that the sound level produced by a
piano during normal performance was about 70 dB.

Lebo and Oliphant [3] measured the SPLs of a symphony
orchestra in an empty concert hall with the microphone
positioned at the centre of the orchestra. The SPLs noted
were usually below 70 dB and rarely achieved 95 dB, they
were also fairly evenly distributed between 500 and 4,000 Hz.

In 1981, Westrnore and Eversden [4] recorded the SPLs
produced bya symphony orchestra for a total time of 14.40
hours. Their subsequent analysis found that sound levels
exceeded90dB(A) for 3.51 hours and equalled or exceeded
110 dB(A) for only 0.02 hours. Peaks exceeding 120 dB(A),
probably generated by the percussion section, were also
measured occasionally.

Axelsson and Lindgren [5] measured sound levels during
seven performances conducted in a concert hall and an
orchestra pit by placing microphones on tripods near players.
The LAeq obtained were 83 to 92 dB(A). The LAeq,8h was
estimated to be 68.5 to 86.4 dB. The data also revealed that
the sound levels were slightly higher in the orchestra pit.

Jansson and Karlsson [6] obtained performance LAeq of
93.1 and 88.9 dB(A) at "exposed" and "normal" positions
respectively with the microphones placed beside the musician
at ear level during orchestral performances.

Woolford [7,8] measured SPLs with microphones
mountedatheadlevel. Eightmicrophonepositionswereused
within the orchestra and included the conductor's podium.
Measurements were taken of66 to 85 musicians performing
in a large studio for just over one hour. The LAeqrecorded
ranged from 82.9 dB(A) at the conductor's podium to 89.5
dB(A) at the point between the French horn and woodwind
section as well as in front of the timpani. Sevenlocations
showed maximum peak levels exceeding 115 dB with a
maximum of more than 125 dB at a point located in front of
thetrurnpetandbassoonandnearthepercussionsection. The
remaining position located between the double bass and cello
recorded a sound level of112 dB.

Woolford [7,8] took one hour samples of various
orchestral musicians. Results were reported for:

An 18-piecebrasschoirperforminginarecordingstudio
with the measurements taken at the conductor's podium. The
performance LAeq was 93.1 dB(A) with a maximum peak of
120 dB. At a cornerofa large recording studio fenced with
acoustic screens, the LAeq produced by 3 trombones, 3
trumpets, and I tuba, was 83.9 to 95.9 dB(A) with Lpeak of
115 dB.

A 45-piece orchestra on a confined stage of 7.6 by 11.6
m and with the microphone placed in front of the brass and
percussion instruments. The LAeq generated was 95.5 to 93.5
dB(A). The peak sound levels noted exceeded 125 dB. During
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a performance of the ballet SwanLake in a theatre pit, the
measured sound levels LAeqwere:

95.9dB(A) with peak levels exceeding 125dB in front of the
trombones for 1.27 hour;

93.9dB(A) and exceeding 125dB in front of percussion and
tuba's for 0.6 hour;

94dB(A) and exceeding 125dB in front of drums and
trombones for 0.52 hour;

93.4dB(A) and exceeding 119dB in front of French horns
and piccolos for 1.17 hour; and

92.8dB(A) and in excess of 125dB in front of French horns
and piccolos for 0.7 hour.

Measurement of SPLs were carried out during a
performance in a hall of 11mx20mx 4.3mhigh. All surfaces
were hard and sound-reflecting except that one side was
covered with a curtain to separate one quarter of the long side
which was not in use. Woolford reported on four locations
which gave LAeq 88 to 91.6 dB(A) and peak levels of 116 to

122dBover measuring times of 0.2 to 1.2 hour.

In a recent study, Royster, Royster and Killion [9]
obtained 68 dosimetry samples from 23 violins andviolas
(groupl),13horns,trumpetsandtrombones(group2),17
clarinets,flutes,bassoon,andpercussion(group3),andthe
remaining 15 samples from bass, cello, harp and piano (group
4). Microphones were clipped onto the collars of the selected
musicians on the side with higher noise exposure and the
corresponding dosimeters were mounted around the
musicians' waist or near the hip. The SPLs recorded are given
in Table 2. The daily equivalent 8-hour exposures were
ca1culatedbasedonaI5-hourweek.

TABLE 2. (Values in dB(A»

LAeq Peak Max LAeq,8h

Mean 89.8 124.9 106.4 85.5

S.D. 4.7 6.4 5 4.7

Median 90 124 106.8 85.7

Minimum 79 112 95.5 74.7

Maximum 99 143.5 115.5 94.7

The LAeqranged from 79 to 99 dB(A) with a mean value of
89.8 dB(A). Groups 2 and 3 appeared in the upper portion of
the overall range. The LAeq values for group 1 (violins and
violas) were evenly distributed throughout the entire range,
while group 4 (bass, cello, harp and piano) fell in the lower
portion of the range. 82 % of the samples had a maximum peak
level of 130 dB or below, and two samples (3 %) had peaks
exceeding 140 dB throughout the period of measurement. 76%
of the samples had a maximum RMS equivalent sound level of
110 dB(A) or below. The highest measured peak was 115.5 dB.
The mean LAeq.8h was 85.5 dB(A).

This summary of the literature shows the variation in
methodology and the lack of any determination ofLAeq,8h

except for the day of measurement. The long term exposure



Figi'" J. '1jIpind layout of mlt:rop!Jo" <'$ durl"1 <l

pnjOnM'ICr.

The L..... ...as sampled on I regul ar basis by Ihe

dosimetcrs.Thcsc-.-ethcndoY-n1oadedinlOlcomputer
PfOl!n.mmdthelOWldcxposurchisrorin-..ueploocd. OM

Fi~ 1. Cmu 1<'Cn- ofO'd!nmJ pit.

Figure I and f igure . 2 show the plan and ek\-.tion \~
ofrhc orchc\trI pit It thc Au\tralian OpcraHouse OpcraHall
together willi a~imale musicien positions. Microphonc
posilionl arc dctai led in Table J.

TABLEJ

Pl::>l.ition DeocrirtiOllof pl.., rm<1lt in the orehMtn pil

.=bo, Doubleb&ss in frof'll of trumpcts (full orch •• tra)

" Double bu. in frontohrurnpcll (reduccd orche.t ra), Double bus in frolll ofpcrcussion, Woodwind. Hup, AboYe~bctwcmp=","ion. ......-

to retain proximity to the dou ble bill. For ca lculltion
purposcsllle positions landl,~coll5ideredequ.l to the

DoobleBluClOposuR:.

To establish !he validiry of f ixed area IIfllplin& one
microp honcwas flXed ontol musieian's shooldcrnearthcear.
The L""" thus obu ined .....u in agre emen t with that obtained

...i th the fIXedmicrophone used to moni lor that polition. It
"' 'U COClCluded that the fixed minophoncs gave a valid
readin&ofpcnonalClOposureductotbcrcstofrheorchestrl.
l\anually fOl"caWn inslt'\lInCllU such as the violin the
cxposurcoftheearM:lfnltheinstrumentrnzy behishcr. The
ftgIITCS UKd in this n:pM arc frommicrophones wItidt were
AlSpCndcdfromrheceilingOl"f1ttcdtofaedpositiooldurins
recordin&througboutlbeopcnleUOf1.

•

3. MEASURE~tENT OF SOUND PRESSURE
LEVELS
A scries of meas urements of llle Austral il n Open and Ballet
Orchn tTi were tne... dur ing pcrf l}ffiU1n(:CI and reheanals
througho ut the 1992 winter opeTi SCUOll which extended
fromApril I to Oclobe r 31 1992. The r«ordinss~ limited
to'~lllliveumpleof eachperfonnanee.ThcL..... of

the pcrformancn of each opcnI ~ measuml onee . The
L"""of IClectcd rcbean.al. of severa l evenll performed in the

orcbcstrlpilandltt!lcOpcraCCIltrc~obtaincdand~re

esed 10 C$limate the L.....\ of the n:heanall no! rceordcd.The

frequency spmnim wu ,110 TCCOfdcd fOl" lata" eompulsons
toindustrialspKtrl.MCISUI'eITICl\tswercl&lrmMbctoo.'CC:n4
to 6 positiool. TbcL..... ora performanee in rheConecrt Hall

of thc Sydney 0pcTI House ....., 111(1 I&Irm fOl" comparison,....,...
Larson Davis 700 inte&n.tin& sound IC'VCI lI'\CtCT$J

drKimcln1 WCT'euted to measure the sound pressure levels .
lbe computa" capability of lbcsc ilUtrumenll allowed ,
comple te time hi.lory of sound Ie,,'el. durin& Ihe
IllCIluremcnt period 10 be recordedand llati\tically anaIywd.

The micropho llC' were IUIpcndcd from the ceili n& in
posilionl Tln&inS from 100mm bul always len than 1m from
the musician s' CATI in accordance willi Ihe AlisITlli. ...
Standa rd 1269· 1989 ACOWlica - HearinlJConSCfy.lion. The
ceiling of the orthestfl pil is low. varyin& from 1.8 to 2.3
metres. The relalionships berweenmicrophone position and
mUJieian varie d to I lmall ckSI'CC: from perfOl'tt\&l'lCC 10
pcrfonnance dcpcndins on the n\lRlbcr of musicilns in lhe pit.
The only unaccep llble variation be1"'tto performances
occurnd with lhe double bass in front of !be trumpets. Thi.
microphone ......s rltcrcforc movedbetweee poIitionIl met I,

has not beee calcu lated for allYorelleslnl. The SPLJ reported
nnged (JY'rI" 70-110dB{A). Prolonged exposure I I tIleM 1~1.

ill ca.,.ble ofcall$ing hearin S damage.

ISO 1999:199O{E) ~rn thaI Mdaily noise CllJlO'Uft
lcvd lhall be detennillCd fOl"a SlI1flCimt nlUTlhcTof da)'$ fOl"
the indMduIlsllllda coDsidcntion to allowthe dc1cnninlIlion
oftbe aYalICCex~1O IlOise fOl"!be )'AB0I"del:*'es
mdtTconridenDonsriml.llUYUall\mCCfUiDryappropriateto
!bepanit\llarllOiseproblcm.M llwulherd~eoncludedtllat

an euinwion of risk for !be Auun1i&l1 Open. and Balkl
On:be51n1 could IIOCbemIde based 011die r.railable Iilen.lIIl'e.

However !be bknturc did in<bcale • pJRiflCaDl number of
hip Irvel meuumnenu. from thnc It tMY be infcmd lhal
theprobabilityofrKkwu.ignifocant.

Thequestion of risk of y.,lHL boo>-'C\'eI" ITlllll be addrated
by a combi ....lioa of level andexposure . It is insutrKimt to
extrapolalc from a number of lnel me&IW'mImti witboul
lak ing into account the \'ariation of CIlpotw e between
performances. The only ...-.y to resolve mis issue is to
measure actull performance e~poIure In d relate this to
ool'lMl work practices and rosters. There fore I Ion&Ieml

measurem ent prollTimme wu und ertlk en
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type o( grap hiCIII OUIPUI i••hown in Fig 3 . nd this
demonslnlt u the Equivalenl Sound Level for each minule ,
LAeq,I. and \he muimum SPl (slow time ~ighting)

achi~during thatminu'eL_.

The lA<o!,l m "'Il~, wereusedto determine the exposure

and the L,,_ valucs were compll"Cd to I I ' dB(A), (the New

SouthWales maximum allllWlble industrill SPl) .

_.­[- ._,. - - )

F1pJY J. Ua"'Pu 0/ plon~ tnt t'UII1u doIto...foodN
fr- doIi-,~

Bccauscofw ntrcmevariabilityofpcr(ormanocsit ....as
DcCnf,If)' to IIIIIpIc opcru 00'tt the cnti~ opcmic KIJOIlI 10

maNe !he cklcnnina.tioa of I rcaliltic UICSlmCll1 o( the
owaall k¥d cf rUk.· A pphicallUlllmaf)" .. shownill Figure
4. hdcmonsttate.thc rdationIhipbc\Y.ftn the positions and
lbcdilTercntl:)'pn ofperfo:w'lNl'lCC_Thedocwnmltd Icvcls an:
for the full pcrfortn&lll:e indlMiins inta'Va1l and cncoru. "The
time o(Cllpolure.....ncswiththclcnrthofthepetformanu
and iI used in the nCllI ~lysi. , n eea je KellWt
pcrfOl'n\UlCCS of the 1hpl~ Bill gmcBte lipifieantly higher
outpull forthc Bu, in fronl ofthc Trum pctl than sayFigaro,
A.kilUl and L'l ttJ/iQ". FuJdf~,. Q'l r"~ Roof has I gcnnally
higllcrO<llpl.l1 forthcrcsc of the OKhcstra, mainly due to the
inll'Oduclion of a modem drum kit. Analysi. of all the
dosimcla OUtpul, showedno t.... in neeD of 113 dB(A)

, lOllI, Ihcrcfore no funlIcr analysis of maximum levels was
euritdout.

Flp... 4. CO"'JXl,i&Q11 0/ "oiJC u. poJu", /01' romp/~l~
/Nr[ormlJ'IUJo/Uc:hO/NfV

4. DETERMINATION OF EXPOSURE
After exami ning the dall accumulat ed for the variOlU Open.
pcrfOrm&lICCS Ind rehe...... ll it ..... , fclI that 10 csbmat e the
risk lOm usieians thc . imp le llk ing of levell during an Open.
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WI'insufficienlto eSlablish 10nlllC nn expo sute . II was also
feltlhat, although many exposllU' WC~ inte ru.ethe ir durati on
may be . hortand their averall enCfi)' ....hcn lve raged overthe
day 1m)' llOt be IS cri tical u thc spot mcuurcmm15 would
indicate . 11 was the~forc decided to cak ulll e an L"O\Jlo for

Ihc musiciansexpc:tKd.

Because noe every pcrfo nmncc "'... mcuurcd. H'\'Cfal
ass umptionl had 10 be made ~llardinll the validity of
cxtnpolating a single perfonnance meuwemm t to all
performanc es of the same prosrammc, The auumptions used- ,
I . 1he,'Uiationbetwcc n levels (or the IImcper1OJrn\&1lCCWII

not signtllCaJ1\. Two mcllUT« of hta Orimc:a gave !he
1ImCrcsult. Tbefunllcrnll'apOlation o(lhilrcsultil ,-ali4
bceausc!he Conductor, Musil:al t>irectotand \be whole

Opera CoDlpaDy slrive to '""C a cormant" historically
IOCUnte and polished perlOlT1\U1Ce.

2. Varill ions bettoreen rcheltMl. sta ge orchestral. drns
rdleimal., sitzprobe (rcheMul witb Ofthcstraand . iascrs)
etc IIoOUId reflect tbc mood of play and tbr ditrcrins
SII:lTOUDdingsratherthaatbropcraitlel(andthcrcfOlllIbe
vuiation belwee n rcbcanal in the ttud iOi and the
perfOfttWlCC 1\ the Open. House would be !be __ (or

eaeh perfonnance

3. £xcessiveooiseoutsidcllltopcra"'unotincludcd.Only
All§lnlian Operaand BlUet Orchcsn work Wl.S induded .

1heschedulc _broken Ilplllll'<by bycby, perfOl'1rWlCC by
pcrformancebuilandlilt L ....... _talculated futucb day.

The lbily~ _ dclcrmincd by c;ombinil'll lilt
L.......t from eao:h performance, pnctiee aDd Ii tzprobc in

.ccordancc Vo"iIh \he rebeanal and perfortJWKe M::hcdule.
Eacb pcrfortnanl:e "'u me&lUrcd directly IJld cslimIICI for
eac h ~hell'll\. sitzp robc and audit ion WC~ made by
correl ation ",·ith I full SCt of measured fClults for hI"
Grime! in ....hieh pcr(onnan(e, ~heatSlll .. siuprobc. Ill ge
orcbnnl, ie lltnl ~tleanal and auditions II theOpen CenU'l:
and I/Ic OperaHouse were monito red By Ibis ecmputanon it
"'IS possible 10 csu.b1ish an cstimate o( exposure due to
employmen t by \he AOBo.

Fig. , shows the telalion~hip bc\....een performance
position, \lie performan ce schedule and the daily L........... The
slwlin g. used show the level of tlearing damage risk.

Fit"" J. Rtp"&r>tlariofl of Nou~ upoJW'f! varialio"
ovu tht Optro Ma:JOII.



BOllom DarlcGrty : is an L....q,8l>of'Iess than g5dB(A). This is
a low risk area. The 0II1yperson with this law C'lpolWl: is the
condec tor,

Middle Ligllt Grty : is the lin with L"oq.l!lI bctwem 85 and 90
dB(A). This is a level of significant risk. For continuous
weekly exposure this level has been mown to cause hcarin&
damage.

TopDark Grey: level highlights an L~Sh of greater than 90
dB(A) and will need to be avoided

It can be seen that significant sections of the orchestra
haliC a risk of hearing loss if this schedule is a true
representation ofnonnal exposure. The an:aofhigh exposure
in MlI)'is due to two performances of the Triple Bill in the one
day. This type of scheduling should be avoided. There an:
ho"'l:Yer some compensating factors which will reduce the
appan:llt risk. The se are :

• Not all rnembcn of the orchestra are pn:sent for the ....bole
perfonn ance

• Not all members perform for each performance
• Each musician has a break of at leu l one open in each

season.
There are also factors contributing to risk which were not
measured. These were:

• Extramuralmusicalactivities
• Practice at other H:l1ue:s
• Other noiseexposures
• The: close: coupled outp ut from the: musicians own

instrum ent.

The eOlltribution of each of the$(! facton could not be
aiCertained in this study.

S. CO:\C LUSIONS
This report has. by its long term nature,demonstrated some
clear facts which were previouslyonly conjecture. Tbeseare

I . opc:ragoers, ballet enthusiasts and the:conduetor are not put

at risk ofNlHL by these performances

2. the placement of the: orcheslnI in the pit coupled with a
tight performance schedule contributes to a significant risk
ofNIH L for tbe players.

Steps an: curn:ntl)' bcing undertaken to modify the sizeand
la)'OUt of lhe pit together with modifications 10 improve the
ecousticcoupling between theorchesn and theaudi enee. In the
mcantimc:the orchcsn lTt:ut ilising hc:aringprolection in tbe
c:xtrc:meporti ons of thel oudestopcra.sandball ets. Audiometric
testing by air oonduction and OIo-aooustic emission has been
startc:dtoeslablishwhcthc:rthepredictions,basc:donlOI\i te:tm
exposure, arc valid for orchestral performers who typicallyha~
shortc:rCllpo,uretimes and longer breaks.
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Simulation of a Ripple Tank
Shao-Min Zhu and Phillip John McKerrow
Department of Computer Science,
UniversityofWollongong,
Wollongong,NSW 2522, Australia

Abstract:Visualisationof the reflectionof wavesoff objectsis usefulineducation,becausewecannotseesound
waves. Techniquesforvisualisingsoundfall intofourgroups:listening,mechanicalanalogues,measurement,and
computersimulation. This paper describeseffortsto developthe computergraphicsequivalentofa ripple tank.

1. INTRODUCTION
The most common means of visual ising sound propagation is
a ripple tank, where an observer can watch the motion of
waves in an artificial physical environment. The aim of our
work is to produce the computer equivalent ofa ripple tank by
displaying the propagation of sound waves on a graphics
display. While our motivation is to produce a visualisation
system for research into ultrasonic sensing for mobile
robots] l], such a system is very useful for teaching wave
motion.

Educational software must run on a personal computer,
placing considerable importance on the selection of
algorithms. Also, educational software requires a good user
interface to enable the student to interact with the system by
changing parameters to see what happens.

The following models of wave propagation are examined:
physical models, Transmission Line Matrix models and
Lattice Gas models. Models for visualising wave
propagation, the interference between multiple sources,
reflection,anddiffractionarediscussedinSections3,4andS.

2. VISUALISATION TECHNIQUES
Techniques for visualising sound fall into four groups:
listening, mechanical analogues, measurement, and computer
simulation.

2.1 Listening
People usually perceive sound through their ears. Humans
have highly developed auditory perception for speech,music
and other sounds. Wenzel etal. utilised this ability to develop
an acoustic display for a virtual environment workstation[2].
This system generates localised acoustic cues in real time
over headphones. Their aim is to make their virtual world
sound real as well as look real.

2.2 Mechanical Analogues
Physics teachers use mechanical analogues to visualise
sounds during laboratory classes. They demonstrate one
dimensional wave propagation with springs and wave
machines, and two dimensional wave motion with ripple
tanks. Some ripple tanks have transparent bases to enable an
image of the waves to be projected onto a screen using an
overhead projector.

However, repeatable demonstrations are difficult to
achieve due to the cumbersome nature of ripple tanks. For
this reason, teachers refer their students to photographs of
wave motion printed in most physics textbooks. Aripple
tank can be used to visualise wave propagation, reflection,
interference and diffraction.

2.3 Measurement
While a researcher can observe a ripple tank and record it
photographically,accuratemeasurementofwavepropagation
is required in order to do calculations. All measurement
techniques use microphones to measure the instantaneous
sound pressure. These measurements can be recorded and
displayed for visualisation purposes. To buildup a picture of
a sound field, a microphone is scanned or an array of
microphones is used.

Prior to the availability of low cost computers, Winston
Kock developed a method for recording an acoustic fieldon a
photographicplate[3]. He attached a microphone to the end
ofa scanning device: a long rod osci11atedby a motor to move
the microphone in an arc transverse to the axis of the field to
be measured. A second motor moved the scanning device
linearly along the axis of the field to be measured. Fixed to
the microphone was a lamp whose intensity was modulated by
the measured sound field. A time lapse camera recorded the
intensity of the lamp as it moved in the two dimensional
scanning plane.

To show the intensity of the sound waves at points in the
scanning plane, the measured and reference signals were
summed to produce a standing wave pattern. With this
apparatus he was able to photograph sound including
diffraction at the edges of shadowing objects.

2.4 Simulation

The problem with measurement is that many points have to be
measured in the acoustic field to gain an accurate
representation of wave motion. This process takes a longtime
and requires expensive equipment. To gain an understanding
of wave propagation and scattering, we are developing
simulations.

To develop a useful simulation we have to choose a
suitable model. This choice is constrained by the desired
accuracy of the simulation, the required update rate of the
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The model operates by propagating sine waves along the
lines and, due to the simulated discontinuity at the nodes,
results in transmitted and reflected waves being scattered
back into the lines. These scattered waves then become
incident on adjoining nodes at the next time instant (Figure 3).

graphical display and the method of presenting the
information on the display. Complex models and complex
rendering often result in simulations that are too slow for
dynamic visualisation.

It is difficult to achieve dynamic displays on a personal
computer with all but the simplest models. An example of a
simple model used to produce a dynamic display for robotics
research is the arcmodel[4]. In this technique, a sound chirp
is modelled as an arc with arc angle equal to the beam angle
of the transducer. This model has helped us to understand the
problems that occur when using ultrasonic sensing to guide a
mobile robot (Figure I).

Sound waves can be modelled using geometric, physical
and discrete models. Physical models, based on the wave
equation, are the most accurate but take the longest to
compute. Geometrical models, based on ray tracing, are
useful for tracing the pathofa wave envelope but give no
detail of wave structure. In order to reduce the execution time
of simulation, discrete models are solved with numeric
techniques, with resultant loss of information. In the
following sections, we examine the Transmission Line Matrix
model (TLM)[5], the wave model, and the Lattice Gas model
(LG)[6].

\5 C

3

4~2
*lV

a) Incident wave on line 1.

::+::
• • -2\9 •

c) Scatter (to).

e) Scatter (tj ) .

b) Reflected waves.

• .4. ••
••-e-.

• • V ••

d) Connect (to).

· . ~ ..
· f:.~ ·4.+....
• ~.-J •· . .., ..

f)Connect(t]).

3. DISCRETE MODEL - TLM

Figure 2. The building blocks of the two-dimensional
TLM network. Equivalent lumped element model.

Impedance~

PressureP

Particle speed u

DensityP

Compressibility B

Each iterative step includes two processes, scattering and
connection (Figure 3, coot). The scattering process is that
waves scatter from a node after impulses incident on the node;
the connection process is that waves propagate toward its
neighbours after waves scatter from a node. The computation
for the scattering process at each node, within each iteration,
is the weighted sum of impulses incident on the node.

kY~=~(~kV~)-kV~,(n=1,2,3,4) (I)

Figure 3. Transmission Line Matrix model.

Voltage V

Current i

The analogous relationships among the electrical and
acoustic wave parameters are as follows:

InductanceL

Capacitance C

Impedancc#

2~ 41 Lt.I/2

1 Lt.I/2r~

~

TLM modelling is a numerical method for solving scattering
problems. This method produces a computer simulation of
electric fields in both space and time. The two dimensional
TLM model has a network analogue in the form of a mesh of
orthogonal transmission lines (Figure 2). There is a direct
equivalence between the voltages and currents on the lines in
the mesh and the pressure and intensity of sound. Withthis
mesh we can model two dimensional wave problems.

~
L t. l / 2 3

Lt.I/2

Figure 1. Simulator using arc model to show motion of
chirp and reflection off specular surfaces. Reflection off
1. surface B, 2. surface A then B, then A, 3. surface D,
then A, 4. corner between surface Band E, 5. surface B
travels through opening between C and E, and 6. surface
C during return ofchirp.
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(2)

di ffraclion. As the propertie s o f sound WIves are similar 10
the properties ofligh t waves.jnodels for light can be applied
to acoustics after modifi cation for medium propert ies and
wave energy cbaracte risnc s.

C is the propagat ion veloc ity of the wave, and

tis the time.

This Cllpl'CSsion applies to waves moving through non­
dispers ive mediums . Tbe solution of the wave equation for a
cylin drical source [S.p. 357] is:

(6)

(l >

(4)

(3)

--A fIe'liT-_1-ir,.,. }T__ 'i";;k;'

----;=n-"i¥ ln(T>e·-

P is the instantaneous pressure of the wave,

V2 is the Laplacianoperator (the divergen ce of the gradi ent),

1 a1 jj1 jj 1

V - a.;r+ayr+a;r

4.1 P rop a gati on

Soundpropagal ion is described by the wave equation:

V2p _,,!,alp ,
c 2 at2

The:mathcmatic:sof the TLM model is simp le and hence
rapidtocompulc. AI cach ilcralion 11c:p,valucs are ealculaltd
II nodes in the mesh . To render I continuous or I smooth
image , Il.C must have sufficient nodes per wavelength to
cnablC8Ccuratc interpolationofthevaluesbetw«nnodn. 1f
we use linear interpclatio n. we can get the rcsull quickly. bUI
thci magcl ool<srough. Ifweusenonlintatinterpolation._
gclabe!lcrtesultatthecoslofincre.sedcaleulationtimc .

To smoot h the image and to .voi d the:long time required
for nonlinear interpolation. we use grey scale 10 n:ndcr thc
sound prcssurc al all points in 20 space:. A human 's eyesarc
much more sensitive 10 the straightness of I line than
variation in grey scale. The images io Figure 4 were
calcula ted at time steps proport ional to wave tnvel of one
wavelength, willi 20 nodes per waveleng th, Then they '"'ere
stored and disp layed at the end of the simulation. Evenwitb
grey scale rendering. ooise producc dby lhismetbodcao be
seen in tbe imag es.

where

IV: is the incidenl impulse at time step on Ie
linc l/ , and

Ihe nupcflicript of IV: denolcs the scatlering irnpullc.

The formulae for the connection process are:

101V:(Z,X)-hlVi (z.x - 1)

hIV~(Z. X).I . lV: (Z.X +1)

.IolV;(Z ,X)-Io IVaZ - l,x)

hlV;(Z,X)-hIVi (z + l.x)

Figure 4. Play back of a time stM/ue"ceof grey scale
images of I>ave propagatioll and reflectio" ol!a flar
sur/ace calculated with tlte TLM model for olle cycle.

4. CONTINUUM WAVE MOD EL

A is constant,

Wistheangularfrequency,

k is thewavenumber ,

T is thc distan ce from the source ,

J od cnotes the Besse l l\Inctioo of fi rsl kind ofuro
order, and

Nodenoles the Besscl function of~ondkind of

zeroorder.

To mode l wave pro paSalio n in two dim ensions, IS

required to produce the graphical equ ivalent ofa ripple tank,
weusc Equltion (5) and place objects It several wlve lenllths
fmmthesource. Although nOI COITCCtnear the source ilis a
sufficiently goodappTtlll.imalion 10 Equat ion (6) 10 produce III

acceptable visuali salion (Figure 5). USinll Equation (S)
results in faster calculation and in smooth rendering.

To obtain a mo re accwate vis uahsation wecen use conlinl,lOUS
models based on the physical propert ies of sound wavel .

However, each propert y must be modelled separately and then
combined 10produc e the final visuallsauoe. Tbus.we requlre
mod els for propagation, inter fere nce. re nec lion, and

4.2InlerfeTl'nc e

Another importan t arcl of ripple tank simulat ion il the
interference of waves, as this allowl us to study beam fonning
by lIfraysOfIOUfCCS. In a linearmedium, one can applylhe
principle of superJlO5it ionto obu inthc resultanl disnuban ce.
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Thesuperposition principle states thatthe actual displacement
of any part oflhe disturbed medium equals the algebraic sum
of the displace menIs caused by the individual waves.

Suppose we have waves PI and P2 emitted from two
sources, PI .. P(r"t) and P2 - P(rl,t) where '1and
'2 are Ihedislancesofthewavefronlsfromlhetwosouroes
attim e t The interference wave Pi.,, is

(7)

Figure 5 shows the interference betweenwaves from two
point sources.

Figure .5. Wave imelference from rwo point sources.
calculated with the Equauons (J)and(7)

4.JRenection

Waves are reflected when they reach a barrier. The law of
reflection for specu lar surface s slates: the angle ofrefle<:lion
8, equals the angle of incidenc e 8j"

To calculatethe wavefroot reflected off a barrier, we use
the mirror equation[1 ) from optics which approximates the
law of reflection when the inciden t waves strike the obstacl e
al points in the paraxial area . This approximalion speeds up
the calculation. The mirro r equation describes the relatio nship
between the wavefronl curvature of incidenl waves and
reflected waves. Thai is:

~+f, -j (8)

where
s is thedistanccoftnewavc SOUJce from lhe obstacl e,
s ' is the distanc e of the focus point from the obstacle.

'"'R istheradiusoftheobstacle.

In the caseofa concave bar rie r, the reflected rays near the
axis pass through a foca l poinl in frontoflheobjecl(S' in
Figure 6). In the case ofa flat barrier, the reflected spherica l
waves appear to com e from a point behind the barrier . This
point, called the imaginary point, is the same distance from
the flatreflectoras the sourceS is.

Spherical waves reflected from a convex curved barrier
appear to originate from a focal poinr behindtbc barricr bur
closer 10 the barrie r than the source (S' in Figun: 1).

Each geometric shape has 10 be modelled separalely and
the result s combined using superposition (Figure 8).

Vol 23 (1995) No.2-SO
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Figu1l!6. Graphtcal representation af mirror equationfor
a poim source S and a com:ave abject. S' i.I the focal
poimfor the reflected paraxial rays

Figure 7. Spherical waves reflected/rom a convex surface
appears to originale at the virtual source S',

We use the mirro r equatio n 10 simulate wave reflection ofT
obstacl es with simple shapes, -planesandarcs. Per more
complex curved shapes, we are experimenting with
algorithmsto calcu late the amplitude ofa reflecte d wave at a
poinl in space from the curvature of the object.

4.4 Dlffraction

When waves encounter an obstacle. they tend to bend around
the obstacle. Diffract ion is apparent by the waves in the
shadow region and the interf erenc e between the diffracted
waves and the incident and reflected wavesnear the edges of
the object .

EP;~~

Figure 8. Reflection of spherical waves from a straighl
edgeabstacle
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One way to mod el diffraction i. to place secondary point
sources at the edges causing diffraction. A simple source
produces a wave front with equal intensity in all dire ctions.
As this is an inaccurate model of diffraction, "'1: U5e the
following equation 10 display the diffraction from a knife
edge[9]:

P(r,f)'" A~- ib" """ 'E( .,J2'kr"cos~ f l +

Ae.tr-:f .1·)El.J21T cos(~ JI" - ""' - 4 ~)J (9)

where

P(r. f ) : wa ve pressore et I point (r,f) rei l tive lOlbe
edge (Figure 9),

r ; the distance fmm the knife edge to obse rvl tion poinl,

~ : the angle oflhe direct ion of inciden l waves to the
direction of the observati on poinl.(Figure 9),

\II : the angle of tbe obstacle plane with the orthogonal
direct ion otincioent waves, and

of the transmitted waves can be seen in the region (B). The
diffraction of the reflec ted waves is visible in the reiPon (D) .

S. LATT ICE GAS MODE L
The complex ity of conti nuo us mod els resul ts in long
compu~tion rimes. To reduce this time "' 'C U5e discrete
teehniques 10 solve the physieal mode l. One approac:h is tbe
LG mode l which is based on cellu lar aUlOma~ thwry. A
cellular autotnala model is a grid of cells each with a fin ite
number of states . Al eaeh time step a set of rules defines the
evolution of these Slates. The ruler. for I een involve a finite
nwnber of neighbouring cells and can be eilherdetermin istic
or nondetermin istic.

The LG model emerged as a means of mode lling fluid
dynam ics bymodelling the molecular dynamic s of the fluid in
order to caleulate transport coefficients. The first application
of this technique to sound waves....as reported by Kadanoff
and Swift[ IO], who used a continuous t ime model. Krutar et
al.{6] were the first to app ly a discrete time model to sound
waves. The discreteness of the Latt ice Gas approximation
introduces some noise into the visualisation .

Frgu" 9. Paromele~~ used ill Ihe model of difflW:liQIl
(Equ(lt;oll 9)

Equat ion (9) is used to model the diffract ion whkh occurs
on both the transmitted waves and reflected waVe! as shown
for diffract ion from a knif e edg e in Figure 10. The diffraction (11)

5.1 Lamce Gas C a lc u la ti o n

The LG meth od models macr oscop ic wave motion by
mode lling microscopi c particle motion. The cell s in the lan ice
are eonneeled in a square oonf'iguration[ IO] and, thus. each
cell is connected to fourothers . The particles can bemodelled
as , ingle pani cles. CowtlS or particl es or pre ssure s[6). These
particles (or pressures) mcvealong the links betwe en cells. At
each time step, the particl es collide at the cells and then
propaga te out from the cells. Krutar developed a finite
difference solution (Equation (I I») for the acoustic wave
cqua tion toea leulate the derivative of pressure at a cell al each
time step 10 generate a set of rules for tile cellular automata

dp(x, t + dt / 2) ,.,P(x,t + dt) -P(x,t )

ddP(x, t ) - dP(x, t + dt / 2) - dp(x ,t - dt / 2)

ddP(x, t) - 2m. p(x + dx. ,t)

Figu1"C 10. Wave reflect ion and diffrru:titHl.~how;ng A rhe
troflSmiued M<lve.J, B diffnu:ted wave~ fro m a blife-ed~,

C "fl«trd ..1ZYt$. D diffiu cled wavu frwn 1"Cfleerrd
WOve.J. E i ..lerjrren ce of ;lICldrnr wavu wilh 1"Cflrclrd

( 10)

~
."....po'.

~~~' ObItaa.wIIIl

"',,-

E(z) is defi ned as '

Fresnelintegrals C (Zl ) . S(Z2) are defined as '

C( w) _ fowCOS(~2 )d u

Sew)"".r:Sin(m;Z)d u

E(z )= kf-l ' dt

Jt - .!.[1- C(Z' >- S{Z' >J- .!.i [C(Z' J- S(Z' J] ZIO

· 1 ~ [:- C(Zl ) - S(Zl )] + ~ ll~(1 1 ) - S(ZI )] z " O
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Pix.t ) is the PlUs ,," II time 1and 10001Iion Il, equ ivalenl
to an integCl"numbc r ofparticlcs.

dt illhetirncllCp.

thc subscri pt Q reprc:scnts OIIeof tbc fi \1: direet ion.. N,
S.E, W, l nd . l the cc ll, and

m. is weighted coe ffieienl of the JlTCuurc Pss the direc­
lion a.

The fin! two cqu.tions arc diwetc dcmativn. The thUd
cquatioo islberlllitediffC1'C1ltecquationU$CdlO~tlhc

....zve equa tion (Eqllltion (3». It ul~llt"' the double
deri, ...ti\1: ofprnPR U I ~iehted nci&hbowboodl\"CnIge of
prnsurc . BychanJin&lhcJPCCd o(~.tlcel1_can

.im ul,teldifferenlmediwn(fl gut'e 11).

f rom Ktuw- 'I model • ...:: derived !he followin& equa tions
to bcapplied It e.:h «II II eacb timc stcp ,

P(X,l , t + I) - 2P(X" .t ) - p(x .y ,t -1 ) +

C.1(X,lXP(X +l.y,t) + p( x-l,y, t)+

p( x,y +I , t) + p(x,y -l,t) - 4p(x,y, t)) (12 ).....
c. (x.Y) is thesimul lt ion spccd (eclls~pted /simuwion

Slcp).and

P(X,l, t)is the \,....:e prewuc Il lowion (x ,Y)and time t.

l imulate rate R .. CU7;7
S

tcp. 1second,

model Klle S .. m · f cel ls I m eter , and
e_

m is the nwnber o f cens I WI\1:lenp.

fi gure 12 show. that the LO model can l imull te , II WI\'e
phen om ena : propag atioll, interference, reflection and
diffrlction. lnthisfigure spocular rcflcct ioo is vi lUl.lised by
Iett1nI all eclls on I lUI ight hnc to Mve zero spced 10
representan obstacle. AI there arc 20 cells per wvc lcnJlh,
diffusionmaybe modelled by modc lhn& the lCllture of the..-.

Flp'r 11. Waw~. ~trnt:Nr #ltd diffigcTioll
\ isr«JIuN ..,,1I ,Iv LG -.odd .

6. VISUALISATIOS
Pllysical parameters of waves iIlo::hade: IplKC. time, "'elocity,

pt'CS$III'\',and intensity. In 1M fi,gurcl in this paper space is
~ntcdbythc2D&"'pftin lCrftn,timcbyanimltion and

...we preuurc by grq SClIe Of .....ire frame . Grey 1C11c &iVCI
an Unagethat looks like a photo of " 'llYn mavin&on • ripple

"'" Wave rnolion can bc vilu.aIiKd ith . ...arietyofl~phitll

rcprncntalionl . In Figure 13, WlI e gene~tion by I point
I(lun:eisvisua li~ with wire frlme rendering.

Figurt II . Waw p~tio" through difJ~"t m~itJ.

ujl '!!Kio" : Sp«d .. l e. Midd/~ '!!KiM: Spt~d .. e.
R'ghtrtgiOll: Sp«d " O,Je.

In a square grid the maximum speed of the lim ulatcd wave
is 0.707 cell s per lime 5tep[6]. Thus, the maximum speed of
50und in any of the me diums, (tIIere could be more than one

medium), in the simulation is equi...alent to this rate. In
pracuce. ure cser wents to specify the frcqll(1lcy (!),spatia l

resolutio n (mode l Kal e) and the mcdillml IISCd in the
simulation. Fromthil , lhe l imulator calcu llt" the l imlllation
fate, basedon the mpimwn:speed of sound (C-J in any of Flprt IJ. K1rt ftum~ ......dn1"g of tJ poi" t loura.
the medium ", where mod~IlM wit" the,"""" ftIIlan''''''
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MOlt o f the images in this paper are grey scate images at
an instant in time , tha t is • Ulap shot . Mon: information can
be visua lised by a time seque nce of images to show the
mot ion of wave s ( Figure 4 ). Animation is achieved by
displaying the simulation resull s at the eoo of each time step .
However, on a personal computer the upda te rate is very slow,
so better an imation is obtai ned by reco rding the image s from
cach time step . nd n:p laying thcm .

7. CONCLUSION
A simuiat ionof.rippletank is .usefullOOlforteaehingwave
motioneoneepts. Furthe r, it isuserulinthe study ofsowld

propagation in natural5)'Stems. such u bat ecllo loeation.and
artifici al systems, $UCb as ultrasonic scnsing for mobile robc ts
Visuaiisat ion helps us 10 Wldcrstand a physical pbcoomenon
thatwe cannot see. HO'Ne\-er,theresuitsof visualisation~

OIIlyas meaningful as the lICC\IfIC)' of the underlying models

We have discu ssed the theo retical basi s for wave
simula tion, . nd demon strat ed current resu lts . We have
simulated sound with Ihree model s: two discrete and one:
connnuoas. Th e discrete models are simple 10 iterat e and
automa tically show wave pro pert ies, slICh as propagation,
reflect ion and diffrac tion. Th e TLM model is based on
elec trical fiel d theory, and the LG model on acollSlictheory.

Both mod els use I squaregrid and hence are suitablefor
real-time execuuon on a paral1elwmputer. Also, they inl:ludc:
all wave motionpropert ics of intere st in theif equal ions. Due
to thedis<:re tisation ofspaee, the exc.:ution ofthesimutation
is independent of tbe comp lexity of the env ironm ent
However. a number of problems ari se as a result of the
diiICretisation. Firs t, special proecssing bas 10 be done al thc
boun da ries . Seco nd, quant isation errors in the diilCrete
calculal ions appear as sma ll noise waves (Figure 4) . Third.
wire fnune renderin g showsthis no ise as a zigzag 00 all Ihe
lines. Th e result is rough loo king images, unless nonlin ear
interpolatio n is used. These variations are not so visible if
grey scale re nderi ng is used.

Th e conti nuous mod el requi res sep arate mode ls for each
wave motion property; wbicb mUSI be ee mbined usin&
superposition to prod llCe the fin. lresult. Abo, the compluity
of the calcul ation increases rapidly with the nwnbcr of
obstacles in the environm ent, As pressure is ca lculated at
every poin t in spaee without referenee 10 neigllbouri ng point s,
continuous models do not have the window edge problem.

When ca leulalilli the pressure at a point I I an instanl in time
the ea lClilation is fast . But a simula tion using a wavemodel may
only be fast cnougb 10 displly I snapsbotof the outputI t regular
timeintervals. As theoutput is based on I connauousmodcl, it
issuitable forbothgreyscaleandwirefrarnerendcrinit

Fin ally, a very power ful co mputer is requ ir ed for
an imation . For this reescn. dtscrete mod el s will be used in
educationaltools which must execute on perso nal com puters.
Researchers who . re interesled in the greet er acc uracy of
con tinuous models will either req uire acce ss to a powerful
com puter or be content with snaps hots . With I II models, it is
diffi cu lt to ach ieve real-time animation, so the computer
equ ivalent ofa ripple tank will calculate and store theImages
and then play them back in real lime.
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Back on the RA.S:r.S. Tr ack

Tbr Austn!ian AeoustiaJ Society is • IIlmlbcr of the
hderation (If AllJtnli... SQlI!llirtc: and TechJlolocKal
Socinln(FASTS)oIIId~withiD lbel't\yliUl

~ Board FASTS is lhc~ kIl:Iby.~. aDd
~_30,OOOsrin:tDrsthroucll1btir1l'leDlbenbip

of_ 40afrdiatedllOl:ietin. Tbe ron-u., item by Kn
Ba~. alMIBolt ero-proll Iw ben! t lltraeted from I
km,er ilem~ for !he AlIUnlIian and N,.... Za1ad
PIr)W. (ANZP) and~ ee tbc~..tion or
FASTS. Dr8&ldwin is a Fd'- IIlthcResard.Sdlooloi
Physical sam", ""14 EJlgi""fill' , ANU. and Vice­
Pmidemof FASTS. Professor CrompIOIl boIdi • VlSitinJ
Fd lowship in !he Scbool, and is !be AlP pasI_Prn idm l and
repteSftltllivrooth FASTSBoan:I

SV~OPSIS

Thc l ituation in 1993 could hardly have been 'MJne:

The Science Minill cr, Rosl r ree, ......, nut talld n, 10 FASTS
and had caUed for I nuthcTbody 10 Ilipplaniit

FASTS lwl no poh cies 10 put fOl'WV'd at tM 19'Jl3elect10ft
which Pili l KUl in l h.a4 wonwithout once lM miOllin, lhc:
wonl,Mll;icnccM,

TIlt FASTS Eucuti'o'e ~. DavidWiddup,lIad f(l1,jlWj il
i~inlty difficulllO intel'a<;lwith the Jt-nImt'ftt. A year
laler h left 1Opun>Je '''"' eateel'.1Nvint FASTS withao
perm."" nl cmplClY"1 bill willi .... oppor1 .... ' ly for
~unn&-

The 1 1I 5IllUlion or EDgiD«n ~ publia.lly {lP>d pem.p.

jvstirWJly) critical of FASTS ' approI'O'h. k>bbyin,

OrianiMtioN within f ASTS lUCk u tlw AlP. Ibe Rgyl1
Alil lral;"'n Chemical Instillile (RACI), the "uullian
Oeosciences Cowlci I( AGC) andlhe Ml.thlSeialcnCouDctI
_ JivingllOl~ Dr theil' intention 10~tip if FASTS d>d
noc!i ftit.game .

ThinI' _ indeed grim. The organ iNition~ 10 chan&e
both internally and 10 b«omc I. pn>-aetive n lht r than ~.l;"ti"l

body

D1AGJ'liOSIS

A number of ch.lnl et to FASTS ' oper. tion were t lllS uted in tM
M. y ' 93ltticle in the ANZP to place FAST S 011I. finner footinl:

I Sociery P~. iden" . hould form the FASTS Boerd 10 place
thcmdi~ct ly ili touch with lhcir con,ti'llentt

2 fA STS , hould .d opt I. Pre, ident-elect/Prn identlpu t·
P~idenl oontinuity.

3 i'm'iout FASTS officen shoold fOl'Tl'l • FASTS Adviwl)'
Commin«

I. The Eucuti"l Dim;t Ol''s potitiOll thoo ld be retlNC1Ilm1 for
J!"let'effcctiwnett and KCO\IfII.bility .

, FASTSthould.doplanoneoinapolicyfofmulahonl'fOCnt
lO~fledlhtopiniumofiuconstiluCnltoeWlin.
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Sin« thai lime FASTS Itu beettcontpieuously ti lent. I. t i1eftce
neh reflecud lut la ifllCd inlerna l re-elll.milllii oa arid reo
bvil4ina ntbcr th.In WcIioD. A1lhoup FASTS may ........ been
ur-..blc(becawcof~l~es)1O keeplhechaMt'ltof

infonnationf\owinglOilteonstiruenrs.. loI o f"""""' ..... 1O'I'&
OIlbdliDdtcnn

META~IORPHOSlS

The rnulIitlhall. _ . mean and lean FASTS Itu errwrsed like
I. P1loenixff'Omlbenhnwillt lhe rolJowiDgmilt'tlones:

N", 't'I'nbt'r1993: Prof. Onham Johnst on, former Ptnidt'nl
oftbeRACl, .... appoinIed Prnidan,lOgClberwithvi(e.
PrnidmU Dr Gordon Burch (AGe) and Dr Ken Baldwin
lIM n A lP reprete11tl.tive on FASTS Board). These
OIllaniNiliOOll'eJ'l"t'lltedllOrllCo f thetoeidietntoMlcrilical
o f FASTS ' opt'nIiorI. Prof. Bob CromplOn. then AlP
Prnidm!, ..... ekclc:d to the:FASTS Board.

NO\~bt'r 1993: A lin ft fASTS policy Oocumertl Wit

pretmted lOtM annUllI Counci l m«tilig

June 1994 : Rt't ip atiPtl ohhe fc>m>o1" EJ:ecutive Director lJ\d
Id Vt'l1iwme nt of the vaun t EUCUIive Director's pot ilion
.. hich .... ~1um1

June 1994: RAe I reocincbtlleir intention 10 witbdr- from
FASTS
N",'aI'Iber 19'J.4: EIec:Iioa of I. _ FASTS ItUCUtM.

inclodilla tnuurer Marion BUfJ,etS {from AAS), Ind
Secmary. Dr ar.twn Hulb. 1A-'1.I, and RACI ACT
PretidmI). The tonIimiry of fA STS _-as .wred ...:tb the
appoiJlanmt of I high profile:new Prnidml-t'lect, D! Jot'
BaUr(O BE,Mx, PhD.fRACl. FTS) fonnerDim:lorofthe
AUSII'a1i.an hlltinne of Marine samce and ACT
Coonmi»ioaerKwtbeEavirolunml.

Ncwanbet 1994 : RaliflCal>ofto f the~ f ASTS PDlicy
DocumenlbythelM\I&ICounciIrneetlT.gof~

-~
Mudl. 1m: AppoinUnmI cl Mr TOMGucoif.DC,Jormer
CSIRO l<:;l:IlCt' conununiutor. u E~ D=ctor.

Ml.l'Ch. I 99' : AIP ~indt their intenlion lO ...iIhdra ....

April, 199': fASTS moveJill pmnises to I centrally located
office in Del.kil\. clos e to Pll'l iamt'nt HOlI$('. whieh offers
better fl cll;ti" for It'fVidn& members, and leM .ll -round
financu.lburdcn

PROG~OSIS

The pic~ {or Ihe immediate fulur(' Jook " bright. FASTS hat
major proaramt which ...ill enhan ce ill t'ffectiven"1 and cement
ilt pll ceil\ 1he sciel>Ce policyllftlll:

/ 17Ie policy d«t<_", """" p"JnIwJ to &t\Qtor """ Com.
J,ljllbl"forJIIdw,,,.. ~,,u ,,IIdTn:"'oIogy.,,t 1'tlrl_,,r

H~ .... Ju1W8111



This event was well attended by the media. the Science and
Technology community, and politiciant of IU !nIjor partin. The
policy is en evclauonery document, w!lieh will be tevised and
used to respond to the Government's m~h vaunted Innovations
Statement in September, and whieh will form the plltform for
FASTS'p_ eleetioo lobbying ellTlpaignin lhe fol1owing period
All member """ieties will be able to f«d bal;lr their viewt on
policy to the FASTS Board and to the IM \l.II Cowleil meeting

The S & T poliey document seq oo..lllglftd Slatemenq for:

Eduntional Policy in Science and Maths Teaehing
Indu.1Tyand Commercial ReJean:h

Resean::h in Oovemrnenl lnstilulions and ~atiOl\lI Faeilitlet

Univmity Resean:h and Pmt-Qraduate:Reoean::hTn inin,

The emergence of lhi. document, Ind ils widespread
f;OIIlIJIe1ldation, Ilwb I new t1age in FASTS development. The
CIIITClII Board believee that il ean inflw:oce Govemment most
effectively if FASTS it pro-active in !lavin, iq ()\Vn well.
developed pouces that can be S«R to have thc wide endorsement
oftbomand.ofranlr-and·fi1e scientiSlaandtechnologists

1 FASTS will increase ilJ coN ullOllo" and ifWOlw",e nl wllh its
conJritu.... , loc ielju.

In the period withoot an El<Ceutive Director, FASTS wa.
unforhmalelyfon:edtoneglect rnuchofi tsintemaleo mmunication
while concentrllling oo restru<:lUring.II~"Cr, wilh the arrival of

tlw:newExecutiveDim:lor, this silUatiOllwill imp1"lJ'.'e dramalically.
"lrGasl:oigne'sprevou:spositiOllw;lsuCommunicationIMl\llIger
with CSIRO's Cen1refor Environmental Meehanics. lie is .Iso I
founding member and Secretary of the Australian Science
ComlmmiealOrs{ASq - a network orsctencejournalislS.

To.s has wide national exptl ience in science policy articulation

and prescnlltion, and in lrIiningtcienli'l5 in media skill• . IIis
role will be to liaiJe vigorously with member societies, to
implement and repreamt policies defined by the Board, and 10
deal wilb the day-to-daybusiness of the Federation, as ditected by
the Executive. His impact in rc:dueing the office bearers'
worlrloada and increui ng Ibeir national effectiveness has been
immediate.

The new FASTS office is now on email and hopes soon 10 have
il1 policin and other information documents available on World
WideWeb. The Executiw Director has also resumed publication
of tbe national FASTS Newsletter which aims to publ iciseboth
the onaoina poliey initiativcs and the science lobbying efforts of
tbe new Boa rd and Executivc.

J FASTS will form 0 set aj stroleglc allian ces, with Ihe o j", to
",oke its lobbying ejJorlJ more effu liw by approachillg
Guwr nmenlon a wnifledjrolll .

At lbe FASTS National Council in November 1994 a vigorous
policy forum was held with senior panetuu s from the Australian
Academy of Science, the A cademy of Technical Sciences,
ANZAAS, ASTEC, NTEU, ASTA (the Australian Science
Teachers Association) and the ASC. As one consequence, the
Executive Directon ofeleven different science andtechnaloaY
organisations (the two Academies, the Institute of Engineers,
RACI/Alp, the Deans of Science, ANZAAS lind others) ha\'e
agreed to meet on • quat1erly basis, coo rdinated by Toss
Gucoig nc:,IOdis<:us.join t actlonand mutual suppon. Further
slratee ic.lliallCCs in tlw:broader eummunity are being plannc<l

l'woycon ago, anewOTgillliAtionall1ruclw"e,documenledpolicies
endotsed by the eleeted Board,.frnh appoinlmClltsto senior
positions, and prudenl fInancial operatiOllw:a.tSOUghL Webelieve
thai FASTS has dcliveml on Ihese obligations, and has built a
mong foundation for an Ictive future in the Kicnce policy arena.

~ P~...
ARO TE CH NOL.OGY

Acoustical Diffusers
Arotec lLnologyhasre leased.l>CWnngeof
number theoretical (Schn:>eder)acoultical
diffusers. Schroeder diffu5Cra are idu Jfor
lrCalmentofcritica! lillenillg area. aucb ll
orchestrlIp ilO, lheatrct , .lI>dios, mUlicedu .
calion faejliri«, church"" etc. Tloe new
raRseolfmhighperl"OI1l\&1W;Cbroadband
operation in an economical, modwlar "Ylte:m
"'flichhu a>1:rydi stinctiveand anracUw
appearance. The standard finish is African
Aohwhichi.atainedandoiINlOauire ....
lOmerreqwremelll$.

FUTlher d~rlJih: Chru MOTU"., ARO
Tw.-Jov. PO 8011J06. I'msp«l, SA j (J82
TeZ(()8)J.f6.f199.Fax((J8)J.f0 0069.

HEWLETT PACKARD

Data Recor d er/Anal>·ser
The HP U 21lS Di ta Rcconlerf Analyser
"y"te:mm:orda,anal)"lQand,raphicallydis­
plays noise and vibn tion tnl da'a. Thc ncw
l)'Ilem i. de$iJMd10 repl~ analogueand
dig<lIl l1pereeordera ""llhahiaherpnfor­
mance, multicharmelay.tcm capabl., ofcon.
tinuoualyrecordin, from 8 '0 64 ehannelsof
dala. Sampling rates from 65,536
aampleslaecondfclla.nnd down 10 I
wnplcf_ondfchannelare provide4.witha
dynamic rani e ofrnore than 80 dB. O.la
alOral e;1 prtI'I'ided by disk modulea with
either 2.1 or 4,2GBof l tor.g., .puc, with
DAT baelrup far archivilli. Windows·buN
IOftware for<!ala . nalyl is . nd , raphie di.­
play ili ncluded

FWNhu d~laill: HP C W IOWI, T !'!for",ali""
C,.~ln'. Tel H IJ.f7ul 2902

AUS T RALIA N
ACOUSTI CAL SOCIETY

1995 Annual
Conference

Acoustics Applied
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15·17 November, 1995

Freman tle, WA .

~
Furtherdetails: Graeme Yates
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Wind Generated Tonal Noise ­
A Practical Solution

R T Benbow
Principal Consultant,
DickBenbow& Associaln Ply Limi ted
Member firm All$t. Association of ACOUSlic.l Consultants

Aconlull ing acouslical enainulis oftcn c.l1cd llpon lo wl~

unusual noise problem s. Many of which I B quite perplexing
when finl explainedby the client and al times unbelievable. This
article recounts my eqenence investigating and solving wind
aenerated tonal noise from the televi.sion industry's trallSmi5Sion
(OW« located at Cha lswood in Sydney.

TM transmission IO'oOer illocaled adjacent 10 the Pacific
HiJll way and from the lOp oftlle towI=r. appro llimately 240 very
long metre. above the a:round -. magnifi cent ",i"""of Chats wood
CBD and the whole of Sydney may be enjoyed · photograph 1
presents the vicw.

A residential I Tea is located to tile west of the tower and
approllimalely in the middle of pholOSraph 2, the occupanls of
one residence bcgan cllperiencing an unusual ...hooingnoise
dwi ng night timc. A disros sion wilb their neighbours failro 10
anist them in understanding where ee source ofthi$ strange
noise was localed. happeared lhat theirhome""'ti bc inga ffccled
in i$Olation, Over a l1eriodof several montht rwoother residenlt ,
one immediately ncnhef tbe tcwer and anolher 10 the south easl,
regislered complaintJ with the local counci l.

How the tran.sminion tower became the suspect source il nOi
knao\nblJtmyc1ient ·oneoftheoperalOrtofthel~ ·

reqllC>ledthal l lpeak lOthe affe<:ted~sidcnll, The residents 10
the wt st were being greatly affecl~d by the IOMInoise, their sleep
patternt were significantly disturbed and lhe inv~ll igal ion

ccecenrrared on lhil reside nce . Acou.l ieal instrument s . a
precision SLM and acoustic tape recorder were installed in the
residence. The noise occurred durinil the early hours of the nighl
and the residents wen: sllown bow 10operate lhe instrument let

further enquiries were able 10 CQlttlale lhe dale of the first
complaintl with theinstal1arionof a setof n~ dipolel atlhelop

section of the lower. A spare dipole ""'ti available and
subseq uenl ly i t>ltalled inasrudio althetelevi sion ~ntre. Wind
speedl obtained from lhe Bureau of MelcolOlogy for the limel of
then ighl recordedb ylh eresidenlswcre adjustedforheighl above
ground. A silenced fan and dueting were used 10 simulete the
exaet wind tp«ds and the whooing sound was suddenly audible
in the stW.lio. The dipoleconfigllration is lhCWon in photograph 3.
Orain holes are pmvided in the endt of the dipole rubing

l'owtkaltbesoun:ehasbC'en localedi ts houldbe are\arivel y
easyusk lodelign the sollltion!

f ortunalely. lhere were very few opliont available, The
common n ose app roach was 10 block the holes, h~CT, lhit
would cause unacceptable mainlenanceproblemt. Tbc scludon
wasdesigoed umg a very praClical lechnique- maskingupew.ilt
placedO'o"rlheholesandabiro~to piercetheupe and

gradllally enlarg e the diame ter of the hole. A varic,y of
tquiv.lentwindspeeds~generaled lIDtil tbebesthole

diameter clluld be found , Rubber gro mmets were designed and a
rigger enjoyed swinging from a bos....ain chair inserting the
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grommels in all 36 dipole" No more cllrnplaints were received
from the residenls. The project abto rhed about 20 hours of
coosuitinitime

One interettini IISP<<! remaiM wtt~h ha l bedevilled me C\'CT

since in !Ciard 10 the wbooini to Wld. A third octave band
analysis oflhe tape recording s thcw.'Cd the tone to be localedrn
the BOO liz band whereas the simulated lone was located in the
630 flz band.I would enjoy receiving any technical explanetions
frorn the more analytically minded reado..



~...
Meeting on DCA
On 2! September i 994, . = eting was held
at NAL Chatswood to di5CU"l !h¢ suilllbility
of the existing acoustical partsof lhe
Building Code of Australia (BCA). A num­
be,of speakers presented !beir vi.", s lUId
lhere was lively comm ent and quc:stioning

Ath ol Day l<Iid tha t tbe Anociation of
Austra lian A<.:ousti ea l Consultants was
working with the IIome Unit Owne rs
Associatioo in an attempt to improve !lOme
I)ft h. weaknesses in the BeA. The BCA
requires that the f100r and wall transmission
lo.. gelltrally should not be I... than STC
4S. However,b erwunkitehe:lsor bathrooms
and bedrooms in adjacen t apartm ent, the
minimum requ irem ent was STC SO plul;
lome form of impact noise control. Alhol
indicated that the AAAC considered these
minimum pcrformances too 1\IW.

Atho la lso address edlh econfrol ofplumbing
noisc inr especl of which the BCA ""quires a
oorntruction withminimum betwe<::nwaste
pipe. gerving one apartm.nt and spaces
with in anolhe r apanme nl The AAAC
considered that stru ctu re-born e norse,
including !hat from waterflow in pipe., i.
the most common inlnlsiOll of plum bing
noisc willlin apartment s. Cistern. refilling
and cold wat.r piping g. n.r aled higher noisc
levels than waste pipes , RCA shoul d
th.refore inelud.a control "'~ those forms

of noise generation , Not 1I1 waste pipes
generatelll. same noi•• levd;rc latinlev. ls
for dilkrent 'YP<'s are appro~imately:

OdB
uamtess se et +15 dB

pipe with fib regla... ani loaded vinyl
wrapplllg - 15 dB

pipe within plast. rboanl bulkh.ad plua
100 mmairgap - 1~ dD

During toilet l1u,hing and ci,tem filling, t!>e
noise level in the bathroom is commonly
dominaled by frcquencies alound 2,000 Hz,
whilst th. no ise in th. adjac .nt room
(.tmct ure-bom e) is commonly domi nated
around 500 Hz. The relative noise level
ge"" rated canbe roughly estimated by L - 20
log p + constwhere p e peessure. It is Athol's
view that pipcs containing a water prcssurc
exce. ding 300 kPa should not be embedded
in o. fixed rigidly to the building structure.

Potu Knowland thenllllked about suitable
wall sound transmission Ims, H. indicated
that the reqnirement fo. thl "''311 and 1100r
performance wa.' dietated by the use of
radios and sound system•. Classical mu,i c

Acoust icsAl;slralia

played at about 8 ~ dBA has a frequcncy
compo.sition which require. the high. '1
performance from the wall or floor around
250 Hz. Typically, a reductionofat I.... t ~~

dB is required at thi. frequency. Fer rock
mu.ic,whilst the l~lofplayingisalso

about 85 dBA, there is a higher compon ent
of low frequency ""un<l requiring a greater
reduction .1 250 Hz. This result, in the
minimum perfonnance of STC 45 rIOtbeing
good tIlough. Pelercon sidered that the STC
measure, d.spit e its weakness e. , was a
suitable m. a.ure for inclttsion in the BCA
and sugge.t ed. minimum ofS TC 55, but he
al"" m: ommendcd no shon fall of the STC
curve below about 500 Hz. Peter's view i,
lhatthe pen;_= rcquired should be met
in silU,es opposed toin a laboratory leSl

In regard to l1ool'$, the control of impact
noi se is impor tant and a carpe t fin i.h
normally suffices. However, ""me people
objcctt o carpet hecause ofpersonal.ll.!'iies
and oth e" consider carp el unc lean . A
minimum impact noise rating is therefore
mj uired in the code.Peter favours the use of
Impact lsolation Class (llC) hut further work
i. required to d.termi ne a luitable minim um
petf ormance.lt ispreferabl.thattheimpact
rating . pply to bo th 1100n and wall.,
particu larly to allow for the fact that
apartment layouts maychange overtime.

The third speaker was Bob )"il u ll who
talked about . tructure borne noi.e and
e><temal noi... It wa. hi. view that BCA
addrcssed the easy acoustical issues and
t.nde d to avoid the harder problems which
ofl. nrequiretet:hnical advice, lnhi, vicw,
the impact noise mjuircmenl!i in the S CA
basedon equivalent construction,~re of

hele use. He also suggested the use ofUC
and wasof the view that an IlC value which
wl\sthesame as thc STC ~aluclCsulted in a

, imilar subjective effect. He therefore
proposed a minimum IIC of 5~.

Bob con.id. red that C1<t. rnal noi se was a
significant problem in many apanmcnl!i and
!hat there.hould be some eontro l OVerits
Inll'U. lon. li e ques, loncd If ' hi, shoUld be
covere d by S CA or if it was the
responsibiHty of Council,

Grahlm Ra nda ll, of the Hom. Unit
Owners A.soci ation, referrc<Jto the results
of a .u rvey ofunitoY.'nerscarried oul in
January 1989 and involvini 8,000 familie.
The survey found thai 4(1% of families
cons idered that annoying noi. e WIS •

frequent occurrence and 53% an occasional
occum: ne<:.ltwas hi.vi..... thatco ntrolof
noi, e by law did not work and that noise
control . hould be built into apartmcnt
buildings. In this respec t, BCA represented a
pan solution. He also referred to the fact
that C1<temal noise intru. iOllinto apan ments
was a problem that ne. ded to be addre.sed

lnd qu."ioned the suitability o f BCA for
thi,

The filial speaker waa M n k SydDey from
Mirvac, all1.lljor homeunitd~\oper.He

firstlyin dicated that his (Mirvac's )views did
notnocessarilyrepresenttheviewsofall
developers. Mirvac 's approach ili UI buy the
land, hav<:it rezonedwherencecssaryand Ul
deve lop the resid .ntial .p an menu . The
d..iill i. commo nly carried OIlt in-house and
acomt k advice is often sought externally.
Constnicl ioni,then carri e<lou tbyMirvac
itf;<:lf.lngoin gthroughthisproccss,Mirvac
has to be awarc that it is responsiblc to
shareholdel'$ a. well as to necupanl$of the
aparun ents. The overri ding faetor is that
Mirwc is a long len n company and its long
tenn success c\cpcntls on the quality of the
apar tmen ts con.truc ted, includi ng the
acoustical eheracrensucs. In New South
Wale" there i, a mark .t resistance 10
pla,t erhoard, brick bcing preferred, but thi.
is not so in Qucc nsland. The generaJ view i.
that bric k is good for acou. tics, hut quoting
I figure like STC 53 ili mearungl..s to most
potential purc hasers. Dur ing the
con.truetion stage, it is necessary to han
bu ild.rs who have expc rienec in homc wtit
building. All methods ofac oustical c\ctailing
should be kept simple, parti cularly methods
of fixing. In summary, hc indicated that tbe
desire to maintain a good long term
reputation drive, the ecousucstandard to tbe
whioh the Mirvac buildin gs are constructed
Thi. ine<: nli~. i . more importa nl than the
rcqu;r. menl.in BCA

The meeting was lhcn opencdfo r discussion.
Pelcr KnowlandStaled thai it is possible to
.p endmoney on high" cosl walls without
geuin g signi fi oant aoou.t ical resune.
Andrew Zelnik , the Cha;nnan of tbe
meeling, advised tha t I number of
professi onal panels we re consult.d to
pr.pa re BCA. The Home Unit Owners
Assoeiation lulsa llo becninvolVl'dfora bout
3 years. He questioned whyMS wa. nOl
playing an advisory role in the review of
aCA, Anit . Lawrence expre..ed .o me
cuneern, about Pete. Knowland's view that
the minimwn STC pcrfo nn.ne<:awl y to a
ficld legl. If thecorultru ction failed the test,
it would be di fficult to improve the acnustic
p. rformance in many eases and this would
leave the huildin g not complyi ng. She
.u ggest ed that the re may be mcrit in
producing a proto,ypefotearly te. ting. In
reply, Peter Knowland slressedthat the.nd
rcsult was the only importan t thing and that
there may be some merit in considering
plOtOlypet.'ling, Fergu.Frickc told the
meeting that he was aware of .imilar ~od.s

applying in othor countries and lhat these
may prove of assislance in lh. review.

Barry Mwrray
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Aetlve Noise Control
The ~sw Di vil ion m« ring on Aclive Noise
Conlrol, 26 Apri l, was pnllCllred by AI SOC
Pruf J.-ph L.l of tbe Dqmtmenr of
Aerospace and Mechanical Enginee ring . t
the Auslnll i. n Def e nce Ac.demy and
Dire<:tor of the Acoustics and Vib..rion
Centre, UnMBity College, lrNSW. Jooepb
spokeckarlyan<! pusionatelyonb.il lu bject
prori dina • I lI le of lite an sumnwy of !be
pri neipl e. and cun-ent and potenri.1
applicationa of active noiac: conlrol. Practic.l
dm\on$tration$oftheprincipleaofnoiac:
canceu.tionwere.lIo.llTied 0\11and . ae:tof
active.nenllltingeannufl". ....... . loOpa5SCd
Iln'lUIIdllte.udienee.

Josep/l indicatedthalactivenoiseconuol
baKdontheprineipleafdeo!n&c:riw interfer .
once, can be used when: p" ' M: eonuol i.
considered imp<aclic.l. Of the two.ctiv1:
ooiac:coo!rOltechnicrlle.. feec1fOfwardispn:­
ferred (WCrfeedback which il p<>Cenlially
Wllllbk. Active .t!enution il seneral ly
moO!effective in the 20 Hz-400 Hz ratIi"
willt anenlll1ionlofup l030dBbeingpon i.
ble.Somepracticallimitatioo lincludc lolld­
opeakerpower,lpICing beIW«n IOll.lk·
enan<!ooi""WUl'CC, lignalplta"",volll11lC
mod el, ""'Orl<ing emOmnment and COIl.A few
of the CWTCTlr appl ication l either cammer­
cial ly IVIilable Of und er developmenr rellt e
toeannuffsandcOJTUIluniclltionsbeadsets.
olecll'icaluan.fonTleB,WlIl1soWld lnlnsmi ...
li on loss, l ir COJ'ditioning. motor whicles
and aiTCt.l!\ cl bins. Refen: nee ....... madero
the ELANC (easy acti Vilred noi se control )
gcneralised olec lronie co ntro l system deve l­
oped lt llte Univerl iry of Adclaide und er the
direct ion of Dr Co lin lI an l en whicb is
desianed for ma" produ ct illll . nd appliu ­
rion to con sumer goo <!s

It wou ld I ppear thai 11 pre senr much of the
deve lopme nlwork ror aclive noise control
S)'l ems i. occurring in the US. The prom ilC
of co, I effective, m..s pm duced oomme..:ial
I ppli cationl i. sl ill likel y to take a
c01Uiderablenumberofyell"5tobe re.li~

hindcrcd no t on ly by lcchn ica l ch. llcngcs bul
•uo by patents and intellectual prcperrylaw.

Joseph it.lk w.. well rece i""d wi th many of
the audien ce stl yingbaCk to firu:l out more
about this relat ivdy new arca of Icoustic
research and deve lopmen l. It il inleresting ro
note thaI lOme of the attend~esclme from
the In51itution of Enginee.. and the AudIO
Engine ering Soc Iety,

Aircraft Noise
The NSW Divi. ion mee ting on 31 Mil)' on
rhe controvers ia l lopi. of airc raft no il e
n.mined the AN EF ay51~m an d w"
prese nted by Rob Bu llen of ERM Mil<:bdl
McCott er and To ny Wllil anu of
Envirol\lTlCntlllmpact Repo" l , The A~EF
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(Airttlft Noioe E>.pooura Forecar) SYl tem i.
basedonrheUnilodStlle.NEF sysr01lland
wu ~loped by Rob Bullen and Andy
He<kin the early 1980's and i. docwn enled
inlhei,,,,,milUllNAL Repcm

Rob inditlled thai the AN EF system was
developcd ... . longtennplanning toolfOf
fi ting an d COOIIJIICliooof deve!opmenll
pol~aIlyaff«tedby.irtl'lftllKl\l'effiCtlt

Robi talk fllClllSCd on~findingl fnlm

!be NAL Stvd y co ncerni ng communil y
responK to .ircraft no ise u l'O'urt: . His
princi pal pointl -.e thai lhCrt IIppUIS lO be
little or no C<lIWlation betwcen individual
noisereution (lInnlIyIJltC) andtbelevd of
noise nposutt and tbat il ilnos possibklO
aelectanairtraftnoisenpOllft levdintenns
ofANEf ........ wltich noonc will ... . fJ«ted
The 20 ANEF wu found to oomla!e with
10% oftbr exposed popu\Ibon COII<idmnl
themselvu 10 be seriouaIy.fJ«ted and whert
li rtl'lll noise would SSIr1 tobe<xlmethe
dominanl aoun:cinthe neighboushood-

Robalso indicarcd ar the AS Ef Iystem doc.
norlCWllnl ror ~short tenn~ increun in
no ise u pos ure and consequent iDcruse in
the num .... .. . nd degre e of annoy . nce
experienced ~Short Term~ appears 10 be
ckfinedbytbeperiod ofresidcm~ill

I pa"icu l. r neighbo urhood . li e .Iso
ind icll ed th ll inallcxillin& I ilua lion
residen lltend ro keep their re lClion l but
ncwcom eB to an .ffected area tend to adapt
bated on tbe i,roreknowledgeofthe noi se
envil'OlVllCnr

It brief menlion wu made of orheT more
rhy sica l faeto .. l och as di sturb ance to sleep
and conven.ation,andhuillteffocll .Rob
weet cn to ind icate that someofrhe faclon
• ffecting ANE F are muimwn n~r noi""
levell, l veragenwnberof overllighll, timeof
the day, and dunlion.nd lpectnl m ofeach
noiset<>urce . He the n cxaminedthe rel al ion·
ship belween AS Ef and maxi mum n)lll"'U
level. (in dBA) . For eumple: even 0 ANEF
is equivalent 10 One nyover during daytime
havi ng a m.x imu m level of 7S dBA.
Rererc nce WlI. made to AS 2021 for the ,it •
ing and OOlUlruction of buildings affec ted by
l ircra ftllO ise. II Wal nOlCd lharthis.tanda rd
doe i nOladdrc...x;, ting .iNation l;n wruch
noile sen sirive develop mcnt l are cxl"" ed ro
mere rhan 20 A:-IEF,

Tony Wil liam l, has hid ex tensive expe riencc
as an env imnme nta l conlu ltant prill<:ipatl y
advi sing couneil l lhrougho ut Aus1ra lia on
aire raft rnarters an<!presendy ..rvel on tl>e
Sydney Airpo " Environm ent Subco mmit tee .
Hil ralk centred ond efi cienciCl of rhe ANEF
model which emp loy. the Integrated Noise
Model ( IN M) l oftwar e pach ge and on
defi cionciesorAS202L Freq uentre ferencc
WlII made to rhe pred icted ANE Fconto", s
for Sydn ey Airpon with the Th ird Run way
opcraung

Tonyindie.tedlltarANEFmodelpredictiom
have probl em . o r I>oI:h re li.bilit y . nd
accura cy. Inpanicular, aom e ofthc intpOf1lnl
factors innuen cing these prob lems in rel . tion
ro Sydne y Airport are the projec tion)'Car
(he nce toral numbe .. or tnO\'emen l'l)
~modelversion, .i TCt.lfttype' lnd

model s no! yet in operation, amiuion of
gen.cralavi.tion,noi.. dallhaseleveil lowcr
than rho.. ex peri e nced in practiu,
iltl uffi cien t modelli ng o r lopog ra phy.
...umpt:io ltl of sina le stra igh t line
aPPfOloChel and take olfl

Hequeotios>edrlle appl icabilityofmlllimwn
noise leve llimill rOf nyove tl spec ified in
AS202 1 which appear 10 be for
~inte""inenl~ airtl'lll noise , ather than the
~conl inUOUl" noise uperienced in so me
are as around Sydney Airport. Tony then
dilCUllCdlnd~~me!bodlI of

detennining fl)'OV'Cf maximwn dIM noise
leve l ror no i...s....men l and co ntro l
purposes. These me1hods con sist of using AS
202 1, f ie ld noi .. mell.. rem enl , I~M

aene nltcd Eff«live Pen:eived NoilC (EPN)
levelminUl I3,andmodi licatiOQ of~"Mto

provide dBA . It wu hi(lhlighted lhat lhort_
tem1 (>eld mealllremenll are unl ike ly to& ive
reprnentaliv eresulllbecauseofuncertaillIy
l bout varia bie .such uaircraf'ltypc:and
engineloading.beight and Dighlpath

Followi ng tbe lll kl of borh spWeB, lhe
majori1 y of que nioltl we 'e Ircm
represcntati VCII of Ihe No Aircraft Noi..
Pany and oth er residcnl groups alTccted by
.ircraft no i.. around Sydney Airport .
principally directed to Rob Bullcn ...'hoCIll"IC

in fOf ' f. irly vigoro us though controil ed li ne
ofquestioning al times . Later mou of the
. ud ience then adjourned 10 I cl fe•
conc luding yet another luccc"fu! meet ing

La Trobe Boiler
T he Victori a Div is ion second Techn ica l
Meet ing for 1995 ",as a)ite visit 10 the La
Tro be Univ efli ty boiler ins tillation a nd
po'o'er generllingslltion to leam abour and
inspec t the ..s"" il ted nO;le con tr ol
measures. Sixteen membeB attended. (Viln
Hlpworth (As sl ManagCl, Engineering , La
'rreee Univers ity) intro duced the: tWO
apea ken, Grume H.rd ing (ac OUllice1
eo n.ultantl .nd D.vld E lh erlngton
(Con tra<:l Manager, GEC AI" hom AWl LId )
who describ ed the bo iler and generat ing
planr before leadin g the inspcc tion

While rhe boile r in<tallarion provi dcs heat in
win te r fo r lhe univcra ity buildin gs, and
cooling in summe r by abs" rrti"n
rc frigera tion,' co -genera tio n se t provide, for
thcunivcrsity clectri cal loadand,through a
wule heat .. oovery boi ler, rhe thermal load
II well . Th e cen lre of the electr ical



~slinl Iyskm il s 6.1 MW I U tllJbin~

driven a1lCfllator, 'oIl'hidI iI dw main unit
requiri"lacousti~ ito lauoa.. Noise Ievt:\a in
dw psturbiMroom_oflNorderofll S
d1l(....). lIld bnnnl proccctioa doMces 'toUC
prvri6cdlOtIlo..eonlllc:inspect1OQ.Tbe
loC_i~ i. 1U1atioII. _"iltinl of .
OCIIIIbawionoflbaorptl~ll>eaIUmIwiIhi.

tbelOOUlo ~b8rricfrnakriillf«lIlc:

pvt,t iOll .....111 and UUlJIlft1I of the
\'CII!it.ll",ducu.provided s acnuatioaof tbe
orM of30dB lOnd>.Kctbe llOOMk>ocb lO
IbecrilCrioa oflS clB(....) n...llaumll'l lfnl
when: boiltr anmdanll and oclten II'Od

Tllt"" fl'nIinl _ ial _ h00k4 .".;tlI
lIIPPC"utcI&aom.1lhKUlion.

SA Meetin gs
On I" Marth, . bout )0 mcmbm of !he S....
l) ivi . ion~ .t lhc: I E""\lSl ball lO hear Norm

~lalo n , preliden. of M.-lnd", ' riel, lIlk
. bout the 11lC«11 of hi1 eompany'J pn . ivc:
vibn lion ilo l., on in the C. lifomil
~arthqUlkn.

On I I ....pttl• • jo int rn«tin l .. iththe ....udio
EngincaingScx:iety(S....DivUion) lI'Uheld
II llwUnivnlityof AdeLaide'JDtptrttnent
of M«hanic.IEnJinemnlllOhcar Dr CGll.
ll u Mn talk about aetive llOilceonlrOl and
dm>omtnIk the C.lUIl Sysktn. EZ·....NC
eonltUllet clr<clopedII the Univenily. At-I
20 pcople .mnded.

A.!he UMtatiOlloflbc ud>of.rl&lnccnJII
Soo:>e!y.00l 1 6 ~ 20 AAS_bm
viIllrd lhel!UdlolofSA·FM ndiollalion 10
_ 1lw_[).I 1UJ Co-nerci&ISymm
~ .... autOmIled~forrepa.yinc
_ialIlO air.

0a 6J-e. AoHC Pro f J oe W" lftfronl the
M\lIieal~ieIGroup oftbe Un~,ty

or N"" South w. 1n deliwmi • talk . bout
Infonnalion in Millie. 1M the \Jttivm.1Iy of
Adelaide

ACT Meetin gs
AI f*" or the third AIIII.. li. n SeielM;~

FC"'Yl I in C. nbcmoin May•• omn orlilks
_~ prncn.ed by DSTO .c iC",;.II . OM of
lhole w.. b)' Dr DOIII C. IO. from the
M.rilim~ Operoliono Dtvlsion of the
Aeronl\ltical I" d Malit ime RCiearch
Labofal"riCi. Hil li lkw l.en.illecl"Whal...
Shrimp'andS-~... d ltc:dillCusscd many
int~re"in. findinl ' from h.iI work OIl the
.aunclfrom,hrimplandwhalel.ThiI IOlllWl
canladtonoilfproblemofol _ 1llll
0llIet~cr irn-nlIl "lJOM, Thn w k
_ -dl.lleftdcd and -dl rea Md.

Air<:non SoiMAuCIomenIll'UtmlOpicot'.
joi lll lT1ft1inl ber.-n llw ACI"Group of w
A....S and W E.nvirorunent Panel of w
Instillllionof Enti neeri Oll U Junc. .Mlb
["lWIt. fnn "" CAA~nod. the lOOiJe

eenirlCll.ioa proccdun:l.lheailpOl"tmoni\CJl'o
i"I ~utcl1bI:A.~Fsyswn. lkl..
Be..lry. from laDcl UH'~ ia

Depl:Dcl'_,n.plailtcdtbe~huken

IOnoise~IM miliwylirf"kblllll

oInenbcdbcNdlanaaiamiliwyopemioaa
canlllica tbe llOiH_ .

Oa 20Jaly,I~ofl::lerXtM:

Soo.&nd Infomwion Symn (IS[S) f«
...... lOfIlnoetlblllOl... ""llI gemcul 'IIrU

pre_ ed by Dnill Dabblak. f", ...
c.Jifomia, IIld DpW Coh.,.- fi11m AirpIan
in Victori• . Thil pacb , ¢ "'*S initially
~lopcdfar ...... tionpWminKbut e.ll\be
IISed fOl" Olher mod" of t..noport . nd
environm. n•• l "" i•• , The c.p abilily co
dcmon'lI'Ik !be notlf !hat i, likely 10 be
pl'Odoced il of llfCst bencfil for planniJlalJld
eDlllm\lllily COIll\lltsll lioo

MariotlBII~"

C I. IA Ri~h.rdl" bas join~d ERM
Mitchell M<:Collcr ftOnl ERM Oxford.
Enaland- CLa;~ hasUpcTicrI«innoilfand

. ir quahty,l nd .. ,llbe...ninl in both thole

...,as . lIet . dd,lion 10 th. company hu
bI'OuJlUw numbcr of .......nc.1tI1l' 108.

Aad,", blnik hal ItlaftIy lett XOUItic-a1
CODSIIlwlt5 'A'1Ik.uIIoaMIllI'I)'. anclinlcndllO
~a lCOIdIieI.aftcr l l

yean.1hI_"~f"Id. He

..nbe---.. 1mb ni di ..., AcawtieaI
Society~biI~ .. TttIWca1 Mectinl
CorrvertOl. Acov.ll ie. A.,..,..Ii. Liaiwn
OfflCet Illll \ "ICI: (]IIi rmon of the SSW
O;" i......

Fol\owinS Aftdtew.. dct-rtwc . ..... arrival
of Mlnlo", IlIl'riloolIlWiIkiRlOllM~.

Matthnr_ rOl'lllCflywithcvnoultingfln\\
EdcIIDynamicl

Former dirwou Grsballl Alkl •• • nd
SIn n C..par of Sydney fi rm J&JDCI
MaddcnCoopcrAlkinlhavcrormcdscpanok
compani". Graham il director of AIkins
Acoustic. (tel 02 S79 SS4I).nd Slc~en is
dir. CIOf ofS levcn Coopcr Acomlics (tel 02
819 4 111) .

KI.IIN.t.ylma , fonnerly ofNSW EPA.hu
joined K oull ic.l COII'ullins firm Dick
8enbowand Msocla".

S atiOlllI Ulirl« I"I" 1 finn Busen
C-"hinl Enl'Men has .ppo inlCd
~hltll"' 51"" .. S'*'~ of ill

newly f...--cl Melbourne division. Buwn
~I.ThedMsionwillprcMdeCOllUIt.

inaandck$i8J1~lOcornrnm:w. .....
mtIIIetIl and educalJOllll chall " QlI\lple­
IIlCllIUIlthcflml "rne<::hanicalandekctncal
e"linftri"l dillCiplines.

Kan J.a" n has joinod BlUCl and K,1_
AlIIlnl ia'JHcaclOfftce inSydncy. He will
beleadinJtheAll$II'aIimtearllOll~

MoailOlin&S)'IleIIII.

Craq; 1'wwr .... joiDcdtbeSydDey otrlCl:Q/
lbeAcou...a Rcwarcb~. He hal
"'""'r~ lIis BSc(EItttroma) aad

ltu e:o.~ IS ,, ""IlcIio En&U>ect,

• •
Selby se tenun e :\1o\"e
Selby Seienllfic Limited haI rek>c:atcd ,tl
lIud Offi ce CO 2 Clayton Road Clay\OII,VIC
) 168. The"""buiklinllhoulcl lbeN.,iona\
DiuributiOllCentre, thc Natiortal Ctw omer
ServiecCent .. for the Sc icntir ICIn<lrumcnll
Divilion, S.lu. Marketing. TedUlical
Scrvicc. Finanec, Admi"istra,ion and Export
Serv;u" The pona l Ildd~1I rema;nl
unehaolJed II 5.lby Seient,fie Lim,ted.
P,; \<I•• B. S2 ... M\llg....'e Nol'Ill. Vic)170.

ARL Office in WA
AcoulhC:lReKatt:hLobon.lOIialftopemnl
• PettIoOll'"ICf _hichwillofl"crw PnlC Wn
lIId " ireoupponlS thc SydneyolT,". Bf}'"
\ ·. a<ltnuit. an cIearonics Cllli.... ..'ho 1tu
beatwnhARL oi_ I99I"";U belbc_
l&etofwoft'"ICI:...tb& ...illbeIocM«lIl16
KiAp hr\ Rd. "'~ Pe:rtb roos .

ARRB Name Change
T1teA llSlrIliulllo&dR=hBoard LlcI
(AJ.RB) hu changed ill name 10 ADB
TI'IftIP"1R ocIJrllLld. Thelddreu 1S500
BlItWOOcI lIy, Vetmant Sth. VIC) 1) ) , Tel
{OJ)91111 1HS . Fax( OJ)98111 IGol

I~... I
Tlte (ollowing arc new memberl of ,""
Society, or m~mbcn ...hoo.c ltadini tw
ehanlCd

\ "klnrlll
M.-hr: Mf P MeMuIle:a

", n ln1l A... lnl.
SoJ-nbn: Mr P A Taylor
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CONFERENCES

Annual AAS Conference
Planning is proceeding for the annual AAS
Conferencetobeheldl5tol7Novemberat
the Esplanade Hotel in Fremantle, WA. The
technical program on the theme "Acoustics
Applied" and the workshop onOtoacoustic
Emission will be supplemented by a social
program which will utilise the benefits of
this location. Registration brochures for the
Conference have been distributed - copies
and further information can be obtained from
Dr G Yates, Dept Physiology, Uni WA,
Hackett Drive, Crawley, WA 6009. Tel (09)
380 3321, Fax (09) 380 1025, email
gyates@uniwa.uwa.edu.au

Machine Condition Monitoring
The Centre for Machine Condition
Monitoring at Monash University is organis­
ingits second forum on machine condition
monitoring, Nov 8-10. The forum will
include mini-courses, exhibition of test
equipment and services, technical papers and
application workshop sessions. All therele­
vant technologies will be covered including
vibration,weardebris, non-destructive test­
ing and performance analysis. For details
contact the Centre for Machine Condition
Monitoring,Tel(03)9055699,Fax(03)905
5726.

Singapore
The Annual Meeting of the Society of
Acoustics (Singapore) will beheld on 10 and
II January 1996 at Novotel Orchid,
Singapore. The conference will cover a com­
pleterangeoftopics in acoustics, and con­
tributed papers are welcome. The deadline
for receipt of abstracts (two copies, not more
than 200 words) is 30 September 1995. For
details:DrWSGan,AcousticaIServicesPty
Ltd, 209-212 Innovation Centre, NTU,
NanyangAvenue, Singapore 2263,Republic
of Singapore. Fax (+65)7913665. Tel
(+65)7913242.

INTERNOISE 96
Internoise 96 will be the 25th anniversary
congress of the International Institute of
Noise Control Engineering. The congress
will be held in Liverpool, UK, 30 July to 2
August 1996. The theme of the congress is
Noise - the Next 25 Years: Scientists,
Engineers and Legislators in Partnership.
Every aspect of the legislative and technical
assessment and control of noise lies within
the purview of the conference. Call for
Papers has been issued, with abstracts
required by I December 1995. For details
contact Institute of Acoustics, 5 Holywell
Hill, St Albans, Herts, UK ALI I ED. Tel
+44 1727848195,Fax·+44 1727850553,
emailacoustics@clusl.ulcc:ac.uk.
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CONFERENCE REPORTS

International Congress on
Acoustics
The 15th in the series of triennial ICAmeetings
was held at the end of June in Trondheim,
Norway.On this occasion the meeting ran from
Monday to Friday, rather than including a
weekend, and the organisers carefully
scheduled the magnificent congress banquet
(included in the conference fee) on the final
evening,aftertheformalendofproceedings.
This stratagem worked well and there was an
excellent attendance during the customarily
sparse final aftemoon sessions (as well as at the
banquet!). Sessionsbegan at 8.15 each morning
with the first of two invited plenary lectures to
get people started, and this also seemed to
work. Sunsetwas,ofcourse,ataboutmidnight
andsunriseabout3am,whichprobablyhelped.

The Congress was held in the buildings of
the Technical University, a modest walk from
the centre of town but far enough in the
rather cold weather to discourage casual
straying. There were more than 800
participants, and nearly the same number of
papers presented, covering all the traditional
fields of acoustics from speech and music to
community noise and vibration control.
These have been collected in four handsome
volumes which were, unfortunately, too
heavy for some of us to bring home-the
organisers provided a rucksack as part of the
registrationkittohelpwiththisproblemona
local basis! There was also an equipment
exhibition, but it was rather small.

It is not really possible to give a summary of
the technical content of such a large meeting
withitsmanyparallelsessions.lcanonlysay
thattheplenarylectureswereexcellent,and
the specialist sessions had something new to
offer everybody. For more information you
should consult, or even buy, the proceedings.

The opening ceremony, held in the city's
concerthall,was most impressive. The lights
dimmed to near darkness and trumpet calls
sounded from around the hall,to gradually
coalesce into a most impressive brass jazz
group on the stage. Aftertheceremony,all
800 participants were led by a high-school
brass band in a traffic-stopping procession
through the town to the University. Let's see
what Seattle does to beat that at ICA-98!

As well as technical sessions, the conference
featured lunch-time concerts every day, and a
symphony concert at which Jurgen Meyer
from PTB demonstrated some aspects of
orchestralacoustics,suchastheeffectofdif­
ferentseating arrangements for the strings.
The orchestra and soloist then gave an excit­
ingaccountoftheGriegAMinorpianocon­
certo. There was also a stormy boat ride to
the island of Munkholm for dinner one night
and, lamtold,ahike in the woods, though
the weather was not really right for this.

All in a11,ICA-95 kept up the fine standard of
this conference series. The next ICA will be
held in Seattle in 1998, in conjunction with a
meeting of the Acoustical Society of America.
This will be conveniently accessible for
Australians,andwemayhaveevenmorerepre­
sentatives than the good-sized group who
attended in Trondheirn. I hope to see you there!

Neville Fletcher

International Symposium on
Musical Acoustics
Ashasbecometraditional,asatellitemeeting
on musical acoustics was held in conjunction
with the 1995 International Congress on
Acoustics, this time in the little medieval
town of Dourdan just south of Paris. Around
150 people attended and the 85 papers pre­
sentedhavebeencollectedintoaverynicely
produced book of 614 pages. (Copies can
probably be obtained from IRCAM in Paris.)

The papers covered the whole range of musical
acoustics. Winds, strings and percussion
instruments all received attention, and there
were additional sessions on nonlinear
acoustics and chaos, radiation, signal
processing, physical modelling for computer
synthesis, and human perception. Some of the
papers were accompanied by demonstrations,
such as the production of anomalous low­
pitched tones on the violin and the controlled
playing of sub-octaves on the bassoon, and for
the whole duration of the meeting the hotel
lobby was dominated by an immense
computer-controlled Heath Robinson-ish
instrumentofpipes,bowedstringsanddrums
that produced a great variety of fair-ground
music during coffee breaks.

More formal musical fare was provided by a
superb viola recital at the opening session, an
excellent evening concert of saxophones and
South American flutes, and an open-air
carillon recital in the town square. A particular
highlight was a specially arranged evening
organ recital in Notre Dame de Paris after the
tourists had all been turned out for the night.

In retrospect, many of the papers simply
added detail to matters already published, but
there was a good selection of new insights
and previews of work that will not see
publication for a year or more yet. The
meeting was invaluable for the exchange of
views and for catching-up with old friends,
andIamsurethe half-dozen Australians who
attended found it very worthwhile.

ACTIVE '95
ACTIVE '95, the 1995 International
Symposium on active control of sound and
vibration, organised by the Institute of Noise
Control Engineering, was held in sunny
California on July 6-8,1995, immediately
before Internoise '95. The conference venue
was in the heart of Newport Beach, close to a



myriad of excellent eating establishments, and
boasted a bar on the top floor with a 360' view
of the city and coastline. Many delegates took
advantage of this facility to renew old
acquaintances and discuss business; important
aspects of any conference.

With five distinguished lectures and 121
contributed papers from 22 countries, the
conference boasted a wide coverage of the
field of active sound and vibration control
and was attended by approximately 250
delegates. The attendance is a good
indication of the high level of professional
interest in this very specialised topic which is
really a mix of acoustics and vibration,
control theory, signal processing and
electronics.

Distinguished lectures included a discussion
of wave propagation in fluid filled pipes by
Professor Fuller of Virginia Tech, USA, a
discussion of reverberant sound field active
control by Professor Tohyama, Kogakuin
University, Japan, an excellent review of
research on the active control of road noise
inside automobiles by Professor Bernhard,
PurdueUniversity,USA,adiscussionofthe
use of genetic algorithms for control source
placement by Professor Hamada, Tokyo
DenkiUniversity,Japanandareviewofthe
application of active control to
electroacoustics by Professor Kleiner,
Chalmers University ofTecbnology, Sweden.

There were entire sessions devoted to each of
the following topics: active vibration
isolation; structural vibration control;
structural radiation control; control of sound
inducts; control of sound in enclosures;
control of sound in vehicles; control of free
field sound radiation; active control
transducers; signal processing and
algorithms; audio applications; non­
traditional active control including system
performance monitoring and diagnosis,
smart structures and boundary layer control

The social program included a reception
sponsored by Analog Devices on the first
evening and a Beach Barbecue (including
volley ball) on the second evening. These
events were an important part of the
conference as they contributed significantly
to the interaction of the delegates.

Although there was no official trade
exhibition, three companies took advantage
of the opportunity to demonstrate their active
control hardware to a captive audience.
Causal Systems (based at Adelaide
University,SouthAustralia)hadfouroftheir
low cost active control systems setup for
delegates to fiddle with. Digisonix, USA,
demonstrated their high cost active control
system and Analog Devices, USA, showed
their commitment to the development of
special purpose signal processing and AID
converter micro-chips for active control.

The organisingcommittee is to be congratulated

AcousticsAustralia

for a well organised, enjoyable and interesting
conference and I, for one, am looking forward
to the next in the series to be held in 1997 with
the venue yet to be decided upon.

CoJinHansen

InterNoise 95
InterNoise 95 was held 10 to 12 July at
Newport Beach, California. The three
distinguished lectures were: Applications of
Noise Control in Japan by Masaru Koyasu;
Applications of Active Control of Sound and
Vibration by Jiri Tichy and Progress in
Controlling Noise in the Workplace by Robert
Bruce. There were 21 special sessions on
specific topic areas. These sessions comprised
both invited papers and contributed papers.
There were over 300 papers in the 9 main
topic areas: General,ErnissionNoise Sources;
Physical Phenomena; Noise Control
Elements; Vibration and Shock; Imrnission
Environmental Noise; lnunission Effects of
Noise; Analysis and Requirements. As there
were only 3 days for the conference there were
many parallel sessions and the dilemma of
''which paper to go to next" arose frequently.
However the breaks in the program allowed
for meeting with colleagues and friends.

There was an extensivetecbnical exhibition
where it was possible to see the latest
instruments and products from around the
world. The social program included two
receptions at the venue. These informal
gatherings allowed for further discussions
with colleagues. The surrounding area, with
seaside and vast shopping malls, was most
interesting and provided a welcome break
from the hectictecbnical program.

The Organising Committee were
congratulated for the successful organisation
of another InterNoise. The closing session
incorporated an invitation for all to attend
InterNoise 96 will be held in the UK-details
in Diary of this issue.

Marion Burgess

STANDARDS REPORT
Standards Australia will soon be publishing
the following standards:

ASINZS 1591.1-1995: Instrumentation for
Audiometry. Part I: Reference Zero for the
Calibration of Pure-Tone Bone Conduction
Audiometers. (AdoptionofIS0389.3:1994)

ASINZS 1591.4-1995: Instrumentation for
Audiometry. Part 4: A Mechanical Coupler for
Calibration of Bone Vibrators (Revision of AS
1591.4-1974). (AdoptionofIEC373:1990)

Hearing Aids in Radio FrequencyFields­
Most of us have experienced the annoyance
of trying to hear a radio or television
program when an overlying buzz is
interfering with the reception. It is not
difficult to imagine how frustrating it would
be to a person wearing a hearing aid when
their electronic device acts in the same

manner. The possibility of "buzzing" or
interference occurring from extraneous radio
frequencyernissions has been recognised,
and a new part of the existing standard for
hearing aids is being published in an effort to
minimise this annoying problem. Known as
AS 1088 Part 9: Immunity requirements and
methods of measurement for hearing aids
exposed to radio frequency fields in the
frequency range 300 MHz to 3 GHz, the
standard includes both the acoustic and
electromagnetic methodology for verifying
compliance with the classes of immunity.

ISO on Internet - ISO Online is a new
electronic information service from the Int.
Organisation for Standardisation (ISO),
which is now available via World Wide Web
(WWW). It provides the full catalogue onso
Standards and drafts, classified and grouped,
and locatable by keyword search or through
their ISO reference number. Other available
information includes committee details
(including scope ofactivityofeachtecbnical
committee) and memberships, meetings
calendar,andgeneralbackgroundonISO.To
gain access connect to the following Uniform
Resource Locator (URL): http://www.iso.chl.
To get access to wwwservers over Internet,
most people opt for one of the commercially­
available softwares (browsers) such as
Mosaic or Netscape.

ASTEC Update
The Australian Science and Technology
Council (ASTEC) has been undertaking a
study on "Matching Science and Tecbnology
to Future Needs". The response from the
AASwaspresentedinthearticlebyCharles
Don in the last issue of the journal (vol 23,
NOI,p2I-22). On thebasis of the submis­
sions from the various organisations around
Australia, ASTEC has identified six key
issues for Australia to 2010:

Needforinnovationandentrepeneurship

Need for tecbnologically literate society

Need to capture opportunities from
globalisation

Need to sustain the natural environment

Need for continuous improvements in
community well-being

Need fora forward looking science and
technology system

Discussion papers, meetings and seminars are
being held around the country to investigate
each of these issues. In addition ASTEC is
undertaking another study to "asses the
adequacy of Australia's science base to
contribute to the development of information
and communications services and
technologies"

ContactASTEC(teI062715084,fax06271
5125) should you require further information
or wish to be involved with consultations.

Vol 23 (1995) NO.2-71
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Environmental and
Art hltect unl Ac:ou stlc:s
Z Maekawa and P len:!

Ii If FN s,-. 1994, 377 pp. 114-.1 cown.
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n ellU T.1 0J 9873 44J1 Fax 0) 9811
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TI>efi"'l $t nlenccof lhcp... f~ flltuthat

!h;' book il "intended 10prcsenll hc p",cli~11

technology needed to achieve I rna'"
I ccep1ablc 1OOU51ic environment for human
l i ~M Such a aoa li ,vcrygrand and whi!ethe
book present• • 11.... 1deal ofi nformlli on on
various ISpectl of aoou' lin, it Cin hardly be
c.pe<:led tolchi~ th;5Iloal in lme... 317
pageo. Tile t>ook ia bu ed on Maehw . "
leclu.... wilh addilional inform.l ion from
",sc. reh papers.Thcrol c ofL ordh u becn
to au iSI Mackawato"prcicnl hisW<lrki na
""aywhich wouldbec..ily undemoodb yt he
Engli.......dcr' ·. •

The fi rot lwo c haplen deal wilh
N"damcntal, of sound waves, hu ring.
IN'lIurcmcnl andntins _ Thcoe .refnllowed
by chl pters on roo m acou slin , lOund
absorption and sound insulltin n. The nexl
ch.aptU is on thc isolalion of structure bornc
SOIInd and vibrl tion, ~oise and ~ ib"'t ion

control in the enVil'OrlJ11enl is coveml in
1l'O\lIl<120 pagC'San<1lM luboequent ch lpter
on room acOU.ti~1 is only l lightly 10000er
The il$! fonnal ~hapter ilone!eo;troacou" ic
lystelTll. Chap terlOi lentitledAddenda and
Iw. technicllinfOfmation l uch .. procedu.re
for ~.l~ul.tioo of Io\tdneu level in phon,
IOUfIddifftat iooaround alCf utl,llong with
gmen. lin fOl'Tnltion ll>Ch.. . nO\ltlineofthe
ear . nd the princip~s of statistica l energy
analysis. Thc ,u ll ll-S\IlI11y found in an
I~hitect ura l acOllst icl boo k, lile sound
Ibsorpt ion coeffic ientl UId soWlll
Il'Insmili ion losl (Of ' range of building
material~ fom> the I ppendieel. The'" is I
Ii.. of 0"« SO reseaeeh papct'I and then .
B,b1iogt¥hy d ,~ided into 16 ",fe",ncea for
KOultic clcsign and 43 for ICOU'tic "' KIfl: h.

Althouilh the author cons iders the book
pl'1lVides 'lIseful follndotionl'or lllldenl s of
In;hiteet\lfCan d environmentalenilinem ns.
l doutll that the book would bc suit. ble II.
te~t bookf<>f .uch e"u,...uin A\lSUali• . The
mi themsticl llppr<lach throughout most o f
the bookml ypl'O\letoodlun tingforllWl)'.
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Also, """'" impofWtt upedI are del lt with
\'eT)'bric:ny or not al an. Such .topicisthal
" f road tr.ffic o"i se; cenaioly mo lt
impnrunt tob<>th typeo stuclcnll ~t not
lillc:d in the indc_ IIId only refemed 10

briefly in the c~pler on tbe cnvironmcnt.

Another nample is Ihat of the trIIWniuion
lou for a ...:all comprising. number of
elem""II .Thcmathematicalrelation"'ipand
an n am ple arc provided but the graphical
methr>d, 1ItlrTTII1Iy included in such a sediOll
andwhiebbelpstnmnfGKetbe importance
of the """.ke lll link in a pani tion, is not

inelude<1

Oortainly there i• • .....,.lthofinfontlltion in
this book and it VoQUld be. useful addilion 10

. library lOd . referenee cnl lection.

Morion 8 wge u

Ma,lan 8 urp' J NIJ bun 11fVOlved w1rh
'flI ehing of "ndergrtldu01e . lUd,n u jo,,,,allY
yM "', In hu c u, ,,nl pol/li01l <lr th~

Acowlic. and Vib,otion Cenl" Of ,h~

A,m m lion lMj~nu NJTN' AMde "'y Jhe iJ
inw,/vM with Ih~ (Jrgo niJa lion ond
pt'fJtnloli(Jn ojJhor1co W'$eJ.

Disab ility, Ageing & Carers •
Hearin g Impai rment , Austra lia
1993

Austra lian Bureau of Statisnc s

ABS. J995. ABS Catalog" , No. 4435.0.
ISBN 0 642 20666 X. Dis"ibull>T.'18$ , PO
Btu 10. BelconMtlACT 26 /6 . T~/00II020
608. £", ..11: JI4I.Jnfo@ obs. r~/e"',nw.au

Price S/O,DO.

Tht SlII'Vf)'ofDiubility. Ageing IIId Care,..,
oondJ.octedinl993wasdes igned ln iclcntifya
range ofdi... bili!ie1 and impainnents ....hich
were likcly 10 l>mit a person's ability to
function in society. Any hearini loss ......
io;\entified ...lIt:h an impairmen t. This
publieationpresmts data on all peno ns with
heanngimpainnmt.

Stat istiu are p~nted On hear ing
illlpli .-mc:ntcategori.ed inlOlhe foilowing
group': ~str\lC1\In:.li~inglStlOgemCJIll.

counlr)'c f birth, diloability and dilolbling
rondit ions,underlying causc:,If''flityand
area of handic lp , communic ation. Ii i "
language.l ip reading. aids, heip n«ded. help
rec:ei~ed, employmen t, income and
education. Withitt each group the dall is
p"'''"ledin''''''marytables and graphs ....ith
explmalOty te~t

h is illt. ", . ling to note that in 199 3, 999,800
Austuli lni (S, 7% o f the pop ulation)
su lfer~d from a hearin g imp. irment. About

3S,900peopleh.dlota l hear inlllnl s
Wor!cing conditions weu 'givcn II thc:most
common reason . for thOK rq>nrt ing .
hearin glou .. theironlydiJability.Di~.

tueess or. hereditary eondition ,,;(,
identified IS the second mOSlcommon c.use
for those "ith heari ttg impa inn ent only.
Diseases most frequ entl y report ed were
measles (4.S00) and mumps (2,5 00) . A
smaller numberrl'ported rubc ll. ( 1,8oo) II

tbewtderlyingcauseoftheirCOfldition.

Thcdallmnwsthat the UPclcrlying cauu of
hearing lou varied grea tly between males
and fema les. Oversll , wort< and wnrt ing
cOllditiom; ...... repot1ed .. the undertying
cause nf thei r hearing imp. irmenl by
IS7,800 (26.S% ) males, bul only 14,400
(3.8%) femalCl. When hemng IosaWI!~

only d,sability this rose In 40% for main and
onIy 4.S% for femalfl .

The propnrt iooof people with a hcarini
impairmen t using l ign language w,," ~ery

small,t otailing .bo ut l6 ,OOO.Sign lanSWOSe
llse~ were most 1ikely 10 h.avehad hurillg
imp;l,rmen t since bir!h or early childhood,
probably hsd a tNal hearing lou and "'"re
more likely to be women. Hfiring .i dJIwere
usedb y 363,266 people, withotherli<b lu~h

l\Slelcpho:me allaehments allo u.edby if>l1le

Thi$ bonkl erwo uld be of intereit to anyone
wanting 10 obtain demographic da ta on
hearing impa innen t within the AlUt...lian
populatio n

D;>.idEogu

David Eager i.r" L, <fure, in Manuf oc/uring
Enginu ring Q/ Un!Wl'$ity of T~cllno/"gy.

Sydney. H~ iJ currently und trtdlng
rese"n;1l on noiltudU<1ion In rhe shu,
"' ela/lnduslry.

Pr tnet ptes of Vibr a tion and
Sound
Thomas D Ro ss ing & r-;eville11fletcher

Sprin~,Verlag, 199J.U7 pp. Jofl c_l'S .

lSBN OJ~794JJ6 6. A \IIIDimlnttl>T: DA
l njO,mar/QII~J. PO 8~ 16J Mltelul...
Vic 1/12 T, / 019871 441/ Ftu 0191J7J
5679. PT/«AS49

Tht tutis .reprinl of lhefifSl sc<:tionof
a uthors' long er book . The Physics of
~l usical Instrumen ll, .Iso publi . hed by
Sp ringet"-Verlag in 1991. The boo k
e mph..ise. the m. themat ical ba:i l of
vibr l tion . ndSOllnd . nd i. suitabltforuK
in.dltaneed unde"lll'lllui tecou"fl. Anew
ch,pter.ACOUSlicSyltem .,hllbcenadded
• • _ 11u. set ofproblems for each chapler.
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The booki .noteworlhy forl he conci.e and
e1eg.n t lT. atm.n t ofa wide range of lopic:.
including . number not u.u ally fOlllld in an
introduelory I.U . The aUlhori make
f,equenl re(eren~. 10 relevl nt published
in....,.hgl lioo.wbichp,.... en"'llIebook fonn
becoming just anOlber K Id. mie exerc ise .
Part l i. devotedlo Vibraling Syol. m.and
Part II 10 SOlllldWavel .

Since the texl ...... ori,inally an inlJ't>duciion
lDIlreIunento f musical in.trum enU,lh.re
OR num. ... .... conunc,t!s Olrtlllghoul th.
book to mu. ic:11 appli caliollS of Ih.
INOlOlllllical modell. O«asiollllily sucll a
commenl need. revil ion ....hen ref=~c il
IN d. to fun her Ir. aunent ' lI ter' , ....ben
'laler ' m.an l in lb. original book ((or
in' l4nCe on p44 lhere is ref. rcntt to . non.
exill.nl ch.pt el 12: p4 5, III p,, ".omil
refer.nc. to 'l a t• • ~ hap l.l' : p ll 4 1• •1
seeteeee: p l86 III "D1.n ~ .; p189,3rd
p.....).

While onth. luhjeClofqu ibblel , onpI46:
Thc ·A'd ecibel ... lei . th. inverKof lh.40
phon ~ontow, not lh. 0 ~onlour; . g. in on
pI4 6 2nd par•• thc phn •• 'bumanbe aring
rcsponds toac ouSlic pr. lSurc· iS lomcwb.1
loo g. n. nl in vie w ofth.d.pend.n~. ofthe

scnsation ofio udnclSon.nusy tlth . r thln
pres.ur• •ndth. ~ompl ex rel .tionship l lh.t

exi'l b.t ...unloudn. u , pitch.ndlimbre
Alro on p19. Fill 1.12(. ) . hould read FiS
1.1 3(c):inFiS.I . 13(b) .od (~),B and G .rc

not d. fined.

Th.fltSl tlltee ch. pl. rs dc. linS ....ithth.
fundam.ntals o(vibn.tionlbcory (fruand
fon:ed vibn.liolll , continuou• •yslem. in
oncand IWD dimcnl ions) are clearly wrincn
....ithSood illusualionsandlbo\lldplO".,o
be useful ;nlroduclory mal. r;ll . Two
clupt.rs on coupled and noolinclr syll.m l
compl.l . I cond se and lu~id KCOIlnt of
vibnl ionthntry. Included are " clion. nOl
often . ncounl.re d in lu~h • book, for
instancc. reclangular wood platCl.oonlinCir
vibralions in pill . ' and .hll1o w Ih. lls,
vibnti ng.tringcnupl. d to lsoundbnard,
IWD Itring. coupled by . bridge

Chapl. r 6 0n Sound Wl v. l in Air il. g. ml.
inlroduclion loth.l...i. conc.p t. reglr dins
sound W'V. ' . r.f1e~lion . lrln . mission.
.bsorptinn and normal mod•• in ~Iviti..
An . xpand.d " •• rmeet of dHf....cnc n I nd
scalt.ring would h. v. be.n w.lco me
considering lh. ir impn'ta nce in ,oo m
•• ou. ties end in ...laticn 10 hnIO(lr.ph y. lr
Sab in. '• •qu~t i on i, 10 b. qunl.d, it.
limitation. I nd Som. I ll. rn' liv", arc
prnhably wonh including

Chapl. rs on SOlIrld Radi.t ion . nd Pipc, and

Acoustics Aus1ralia

Horns are lreated . omprchenl.i....,ly and in .
modcn.l.1y advanced Il)'le. Thcnccc., ary
. omllutatiolll i techniquc. I re c1.ar ly
d. scribed, lhc.. a....uillbl. waroinll' of the
compl. xiti.s ahel d when sillUllion other
thl nlhoscoomained ...ithin thepartieular
maTh.mali.11 model are encounl. red and
direction . ilP" are siven for · fun h. r
lJ1:lI mcnl. At times in these and earlier
cllap!Cl'll littl. morc discussion would be
helpful ....hen ca.. ' arise tbatdcvi. l. from
Ihcltrietmathcm.1IiU\ l;<lnditions

Th. finl l . hapt. r on Acou. tic SY' l. m, ill
IlICful introdu. tinn lo the u•• of l llllogi. 1
(or truling I . ousli•• l n.t work problems,
Th. book isro undcdo«wilhlbibliog....plly
Ind . euof probl.mfor . achchapl. r, (th.
figure, have be.n omined from probl.m
].1 2). Whil.an.wcrs have be.n provided
for •• I. cted problems, some hints Oroutline
toIUlionl (or lh. thcorelical u crci' cslOoOuld
prnve h. lpful for thos. who . ngag. in ..lf
ltudy, Th. book hal been ~I .arly 1.1 oul
and print.d Wilh I n exceIl.n t an ay of
dilg rams whi.h in most CISeI include fully
d. .. ripti....,c. ptions. Tbi. lcxl is lrelilb le
IIId cl.lrly acc. .. ibl. introduclory account
nf fundam. nlll probl. ms and lCchniqucs
.n d should prov. III b. va.luabl. both ID the
inm uclor l nd lOth• •tudcnl.

HUtoGrrll'oliard........ a A...oei..'.Profnwr
fa Physics al UNSW urU hi. ~ti~"'AI an"
1r. Ir.., CQnlia w</ hl. lnvuw-_al ...ilhpa"
11",. I..""lng, His rcu 'lI"ch In,. , ,,,s
Inclu<ie"'''''Yalpcctlof"cOUllic.

The Physics and Psychophysics
or Music
Juan G. Roed erer

SpTtltger-Vcrlag, N..... York, 199j . 220 pp.,
soflcowr; ISBN (}..J87-94J M-IJ. AUjl
"is l,ibu lO" VA Books, VA lnf a, rna/ion
Se", k • •, POB m: J63 Mif cirmn Vic 3132 rei
OJ 987J 44// Fax 03 9873 5679.17f..
AJ40,75

Wh. n 1I. lmhol!>:wrote his clas. i. MOothe
Sen, .t iOOlor Ton." in 1862, he ll id th.
foundalions for lh. whole lubject o(
. udilorype rception,port icub rly in reil lion
10 1h. p.rccpl ion orm u. icl l soundl . Sin. e
lh. n, howev. " mosl book. on mu.iel l
1C0u. ti.. have . onccntTlt. d on lh.phYl ie.s
of mu,ic ll instrom.OI'

Wh.n t""first.d itionorRocde,. r'sbook
I ppearro in I973. il r. pre..nl. d lrclurn lO
the IIclmholu tradition. though in a much
morc brief I nd modern form, with
psy~hnp/l)'lic' - the quanlitllive ,rudy of

pcrceplion -UkinS roug;hlycqllll placc
....iOl.bricfd.scriplionoflhelCousliClof
mu, i.11 instrumentl . S...... with iu third
. dition, it hal direcl COmpeti10rsin Plomp'l
-Aspect' o( Ton. SenutiOll~ (1976) I nd
Sundberg'l "Th e seteeee of MU1i. 11
Soundl~ ( 1991), both of ...hi.b are
.o",p~rabl. in I. nsth and techni.a1 level.
Everyone ....ith ...i.n lifi. inl. r. .. inlJlllllic
slIould read .1 I•.,t one of these three
book.

Rath.rmor. lhln hll f ofR oederer 'lboo k i,
devot~d 10 l uditory phy1iology and
p. ychol'hy.i •• , Th. tr. atm. nt, although
brief, i. compreh. nsive Ind up-to-dl t. and
h.. been extended in thil edilion to includ.
subj. ct. s u~h a. olo-l.oul1i• • million
(souodle mill.d by lh.el rs of mosl pcopl. ).
Th. discu"ion oth. ,....i,.. nmg•• from th.
n. urophyl iol"gy of hurins, through pil~h

perceplion. 10 th. Specil lilllion o(mllli.
li" . ning in Ihe ri&hl h. misphere of "' .
brain I nd the .«ecu of millie on "' e
. motions, There(erence !ilt i. pt'lmarily in
thiSORI ..... ith IUdiliOl> lnd psychophy.~

ICw unting for 120 er u e 140 it. m•. Of
these , 45 OR more recem IlIan the second

edl1ion, Ind many Ire r. vi....... whi<h arc

pl"icularl y ueeflll for rollowing ul'
iOlCTC. nn. t"l' i. , .

The phy. ic•••• Iion i. euenli. lly
",,~hanged from Ihe ~",Ii.r editioOl. Th.re
i, . nec.uary inlroduction lOthe r hy·i• • of
sound, tnllether ....ilh brief and rather dated
I CCOunt' "fmusic.l inmum enl eeoumes
Surprilingly, linee Roederer i, . phy.ic i.. ,
lhere or• • few minor ll pl n in Ihele
Choplen, .n d th• • ppendix on bnwcd . trings
iI Ofv. ryli llle\IIC - th.exlm rl. ' t,i ng il
bow.d . 1 iii mid-point ' 0 Ih. l the
characteri't i.bowcd-stringm oliondnc , nnt
develop! Th. phylicl section, "rc. however.
od.qua t. 10 give blc ksro und to th. more
impon.nlp.ychor "y· i. l l p.rl o(th . book.

W. lfe told Ihll lh. book 'm •• from I
cow.. ....ilh the 11m. till. for non-phys;cl
slud. nl. , bul I IUlpe~t tN t it ntiSh1t. ll an
average AUSltl lil n mu,i c Iludenl more than
(,) h. wantt 10 know lbou t the l ubjccl!
Whil. th. book ia . llule d. nsely ....rillen for
e.. ual ruding, I .... uld recommend il lO
Inyone ....ilh I .~Ience orientl lion ....ho
....ant. 10 di..ov.r 10m. thinS lbo ul ee
p· y· h"l' !lyli . l of hel rinll "nd lt, relev"nce
IOmus;c. I eenain ly.nj.oyfi1rc·rn dinllil

Neville FI.reh., Is <Inadj'unClProle" "'" Ii'
,1r.A"'ll"QlionN" lioalilll"I"",.IIy. Helral
...'rinea u lelUl",, /y on ", u Jic<l I <lc li ...JlCJ
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AUSTRALIAN ACOUSTI CAL
SOCIETY

1995 Annua l Conference

putt ing th:=~~~~~~~~ to walk
15-17 November , 1995 Fremarnle, W.A.

~
To beheld in the magnificent Esplanade Hotel
in Penh 's port city of Fremantle. This historic
town, revamp ed for the Amer ica's Cup
Challenge, is now a channi ng ctty with a
carefree flavour. Between conference sessions
you can stroll the harbour or sip cappuccino in
the pavement cafes.
For further details: Graeme Yates

Tel: (09) 380 3321 Fax: (09) 380 1025
email:gyateS@uniwa.uwa.edu.au

TECHNICA L PROGRAM will include
papers on architectural acoustics. acoustical
propeni es of materials, musical acoustics,
phy siological acou stics, envi ronmental
nOISC, transportation noise and occupational
noise.
WORKSHOP ON OT OACOUSTIC
EMISS IONS will pro vide a genera l
introduction for participants who want to
know wha t thi s late st inn ovat ion in
audiometric testing is all about. No initial
knowledge of emissions or audiology will
be assumed.

TECHN ICAL EXHIBITIONS wher e
manufacturers and suppliers will show their
latest products.

PRESIDENT'S PRIZE awarded for the
best paper presented at the Conference.

SOC IAL P ROG RAM includes
Conference Dinner, lunches and coffee.

I~etieu ... 11 1~~,4~... J
I write in re~ponse «I the very th<JUKhtful
Edi lorial by C harlu Do n in ACOUflics
Aus tralia, 23(1), Charles makes the
Observati<'>nthal lOOmuchol th~ Council)
time ia deYotedlO the relativcly mWldane
taU.01 running the fOCiet)' and \0(1 1in1~

time <lllthe broadtr,andmanyWOll1d fO)' the
more irnpon anl, quetl ion. ol lhe relevance
orlhc .ociery«lillmembclliandthefulur~

ol acous!ic f at IU leve ls within Au llt'l.lia
My humbl e opiniOll i. thaI the main ilem is
_lidcnlionor the roleorthe ....uotraliarl
Acoustica l Socieryin lhe wider Austrl.l ian
Socie ty; how [nCrUIe our
membcnhipandrelevance.

The mundan e menen can generany be dealt
with by the KCretuy and oll1y boughl 10 W
eouz>cil. "Bendo when the mallCr it deemed
~ontenliou, ~n<'>Ulh 10 meri t C <'>UnC il ',
COIlIidcration

Clwles O<llli . lObe OXlnl ralulalcd rorhi'
editori al which makes the COWlCiland ii I
mcmbcr1COMidertheirpriorilies. Meelingf
can all too eOli1y become a habitua l ritual
drival bylhcprevious minul .... A1l f lralgth
IOhim ...lloqu~ltioM ...hal arethe imporunl
priorilica lUld ll,hy are n't we dcvol;inll O<lr
tim~ \()th~m?

Gle1lHarries, ric
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Acou .ti e. AllSItlllia is the journal or the
Ausn lian Acousticl1 Society. It publ ishes
g~n~.. l kChn iea1 artid~1 in all u u, or
acOUSlk:1 or lnterel l 10 memb~rs or the
Society. lO&~tllcr with relevanl IlCWS IUld

viewJ ,RM_papcn,coverinIParticul¥
fieldJol _riC5W1daddrcIiN lOaoon­
specialill acoustics rndcnhip, as ....,11 Q

papers ola "lu tori. l" naltln dcaling with
impol1antacouslical princip les or lcchniqu~1

are mOIl>w:leome. Aco uslic,Austrl.lio doet
not aim «I be a primary':';ienlir.i: jo uma l,
and th~1'dOte does l1(li oormally publiah
primuy rne arcll papom, with the exceplion
of thoH thal apply spe~ific.lly 10 AUftra!i..

Subm ission or an H lid e carries the
implicalion thol it bas not be~n publiilhcd in
the .....e rorm ~IHwher~, and i. not
<:UITenlly llnde1'CODSiderati<lll byl1tlOlbe l
publ ie. ti,", . UponacccpW'oC~. authon win
be.sW«ItJan,rer copyript IOAcoustiu
AU'lrtl lia (10 ~nobl~ UI 10 deal cOlily with
reqUellS for reprint penn iliioM ) but the
autllor will retain righll \() use the material...,
Article. fhou ld gct>Cl'I1Iy not ucccd rJ\"e
jou rnal I'lles in l~ngth. T bi. impl icf a
mu im\U1lol about SOOOwordl , with u cb

sq uar e f ingle-co lumn diagram being
coun ted as 300 -.11, and ~rtIta (or
dia'rutl f 01 eeer fhaJlft Authors
. ubmining longe r artide. may be asked 10

bear the e~ln. publieation COlli involved.
Shorter ''Techni~a1 Note.", not exceedi ng
OM journal page in length , are also
_lcom~. All ortid~s will be submitted 10

independrnl review before bein g accepte d
rorpublication.

Three Wp i~s o f 1e~1 and diagrams, lopther
with origina1s 01 all drawinp. should be
. ubmined IOIhc Editor, Thc drawittgs muol be

olpub1icationquslity Olld1ctterina mustbe ol
flK:h a tiu that it will be 110lelSth&n 2mrn
hij;ll whenthefijW'Oi.m!ucedto fin&le­
eo lumn . ize (width g5 nun). The cquival~nt

ol eithtrTimes RolltlJl or Helvetica I)'pe may
beUiedin diallramleuering. Thejoumal
cartnOllllldctukelOre-dl'awunSllli,li1CtOly
dia p&m$. Halr·tone plIoto&raphs or l ood
qualiry maya1fObe included.

All rTI.Iterial ror publicali on shou ld be
submi tted to The Ed ito r, ACOUflkl
Au. trI.Iia, ACQUlti:. and Vibration Cen llc,
AUitralian De fen ce r eree Acad emy,
CANBER RA ACT 26 00 email : m­
burgCU@adra.ou u



1995

rn accordance wilh the recognition of the
importance of conti nuing education, details
OfCOUISCS held in Australia arc included in
this sectionat llOcllarge . AdditioOllldctaila
C&l\ be given in an sdvertisemCllt at normal

"~

No\'tmber 1. 10, CANBERRA

BsaiclofNoiseandVibratiOllControl
Details: ACOU.ltics &: Vibrat ion Centre ,
ADFA, Canberra, ACT 2600, Tel (06) 268
8241, Fu(06)268 8276 . emai l
m-burgesS@adfa.oz.au

NO\'tmbe r 15-16, CANBERRA
Bsaics of Underwater Acousticl

Now m ber 17, CANBERRA
M<>dem$cnarSystcms
Detai ls: Acoustic l &: Vibra tion Centre ,
ADFA, CllI1bem, ACT 2600, Tel (06) 268
8241, Fax (06) 2688276. email
m-burgess@adfa_oz.au

•••
COURSES

Septembe r 1-6, CHRlS TC HCRCH
ROADS %
loi ntA usllNew ZCalandConfcrence
DeUlill: ARRB Transpon Research , SOO
BurwccdHwy, VennontSth , Vic3 133, Tel
+ 61 3 9881 155S, Fax+61 398818 104.

St plember 19-Octobe r 1. BELLEV UE
NOISE-CON96
Visions for lhe Next 25 Years
Deta ils: NOI SE-CON96 ceerereece
Secretariat, Engi nee ring Professional
Programa,320 IFremont A...enueN.,Seallle,
WA 911103, USA. Tel +1 206 543 5539, Fax
+1 206 543 2352

Jun e 24-28, ST PE TERSBURG
4TH International Convesl on Sound and
Vibration
Details: M Crocker, Mech Eng Dept, 201
Rnss Hall, Auburn UIIi, Auburn, AL 36849.
3501, USA. Tel 33484433 10,F ax334 844
3306. emai l mcrocktr@eng.aubum.cdu

J uly 3O-Anii:u, t 1, LIVERPOO L
INTERNOISE96
Noiae - The Next 2S Yean
Delai l~: lnstilUte ofAcousticl, Aariculture

Houae,5 Holyweli HilI,StAlbans,Hertl
AL I lE U, UK. Tel +44 727 84819S,
Fu+447278S0S53
emaiI Acou.tics@<:lusl. vlcc.ac.uk

NO\'emb er 27 · December J, 5T LOLlS
l3 OthM eeting Acousticai Soc of America
Petails: Acoustical SocietyofAmeriea, 500
SlIlIIIYSide Boulevard,Woodbwy,NY 11197,
USA

Deeem ber 4-7, HO:'lG KON G
SDYNC 95 lnt Con! Struetural Dynamics ,
Vibration,NoiseandConlrOl
Dellils : Prof De Mao Zhu, Nanjing Uni
Aeronautics and A. !mnau tics, Nanj ina ,
Tianglu 210016, China, Tel +86 25 449
2492,Fu +86 25 4498069

J a nuary te-n , SINGAPO RE
Annual Meeling,Socof AOC'O.ISlic.t (Singapore)
DeIaiJa: DrWSGan,Acouatical.Servi=Ply
Ltd.209-21 2~nnCenll'e,NTU,Nanyang

Ave,Singap= 2263, Republic of Singapore.
FIIX ~ 79 1 3665,Tel +6j 19 1 3242

Febru al')' 19-21, MELBO IJRJI,jE
°Australllian Cong. on Aw lied Mechaniel
D¢tails: AE Conventions (ACAM 96), PO
Bo~ E l lll , Queen Vict"";. Tem ee, ACT
26Ol.l. Tcl (06) 210 6562, Fu(06)2732918

Febru a ry 14-27, SYD~EY

° Oc<;Upltional Injury Symposium
Detai ls: Occupational Injury Secretar iat,
Professional Education Program, National
Occ Health and Safety Commission, GPO
Bo~ 58, Sydney, NSW 200L Tel (02)565
9Jl9, Fa~ (02)5 65 9300

April I"', Al"o'TWERP
Forum Acusnccm96
hI Conv.E uropean Acou, licI Assoc.
Details: Forum Acusti curn, Teclmological
InltiMe KVIV, Delguinlei 214, B-20 18,
Antl>~n, Belgium, Tel +32 3 216 0996,
Fu +32 3 216 0689

Apri l 16-18, MICHIGAN
Joint meeting of Catgut Acoustical Society
and Michisan Violinmakora AlISoc.
Details: Catill t AcoU.ltical Soc. Inc., 112
Essex Ave, Montclair, New l eIK)' l.l7042,
USA. Fax +1 201 744 9197

May 28-31,PISA
Noiae and Planning '96
From technical tomvironmental srandord.!
Delli ls: Noise and Planning Confere nce
Sccrctoriat, Guido Lombardirvia Bragadino
2, 20144 Milano, lts ly. Tel +392 480 18833,
f u +39 2 48018839

Ju ne 14-18, HERA KLl ON, CRE TE
European Conf on Underwater Acous tics
Deta ils: S«:r etoriat , 3rd European
Confere nce on Unde tv.-ater Acou stics,
Foundation for Research and Technology .
Hellsa, Insti tute of Applied and
Computational Mathematics, PO Box IS27,
711 10, Heraklion,Cre te-,Gre ece . Tel +30 81
210034, Fu +308 1238868,ema.il
conference@ieu .forth.gr

1996

Novembe r 8_10, MELBOURNE

° (CM)2Forum 1995
Machine CollditionMonitoring
Details: Dept Moth Eng. Monash Uni,
Clayton, Vi. 3168. Tel (03) 90S 5699, Fu
(03) 90S S726

S O"omb.r IS-17. F REM ANTLE
° AAS Annual Conference 1995
Acousticl Applied
Details : Dr G Yltel, Dept PhYl iology, Uni
WA, Heckert Drive, Crawley, WA 6009. Tel
(09) 380 3321, Fax (09) 380 1025, email
&yalcs@un iwa,uwa_edu_au

Nowmbu 16·19, W lNDERJl.IERE
Reproduced Sound II
Delli ls:lnstinlle of Aeoustics, Ag.ricultuIe
House, 5 Holy~ll Hill , SI Albans, Herts
ALI l EU, UK. Tel +44 727848195,
Fax+44721 8Sl.l553
emaiI Acoul ticS@c1us l .vlec.ac.uk

Nov 21-Dec I , Kt!A LA LL'M PL"R
Alia _PacificVibr ationCooference
Details: JosephMathCY>'S,Dept MechFn g,
MonashUni,WellingtonR<:\C1ayIon.VlC31t>8
Tel+61 39053554,F IIX+613 9llS5126
email: malhew3@eng2·ena·monash.edu.lIU

1995
Septe mber 3-7, BERL IN
1995 World Congress on Ultrasound
Details: J. Herbertz, w e u 95 Secretariat,
Gcr!wd-Merca tor-UniVl'rsitaI,4108
Dui,bllI\l,Gcrmany

Soptt m1M:r 19-22, BRISBANE
° AsianPar ific Conf on OH&:S
EducalionandTraining.
Odail s: OH&5 ce nreence , PO Box 515,
Sunnybw1k, Qld 4109. r et (076) 312 438,
Fax (076) 34S 4892

Oct ober 9-11, SYDNEY
°Airpons 9S.Airport£niineerini:lMo.ation,
BestP'ractic<!andtlw:Envirorunml
Delail.:Convmlion Managcr,AirponI95,
AE Convention. Ply LId, PO Box EU I,
Queen Victoria Ternce, ACT 2600

Cktobt r 2G-n,VALDI\ \\
2nd Int Acoustic. Meeting Chile
Detail. : INGEACUS' 9S, PO Box 567,
Valdiva,Chilc. Tcl+ 5663 217 36&f2213 38,
Fax+S663213986. cmliling••cu.@
valdiva.uca.uach.cl

Z.~...

• Indkale, anAustralian Ao;tivity

CONFE RENC ES and
SEMINARS
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AUSTRALIAN ACOUSTICAL SOCIETY ENQUIRIES

KATIONAlMATTERS
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IMrW~~rWIMO~

IliIEAo.-1I'DMIE SOUlt\!DlI ANAILYSIEIli MODllIED. SA UO

Simultaneous RMS measurements of F, S, I,
t ime constants and Peak.

90dB dynamic range .

Fulfils lEe 804 and lEe 651 type0 , when used
with type 0 microphone and preamp.

Realt ime 1 / 1 or 1{3 octave analysis , plus A, C,
and Flat weighting .

B Percent ile levels (Ln) and graphical
presentation of probabili ty distrib ution,

Reverberation t ime calculations aod graphic
presentation of sound decay and FIT vs
frequency.

Storage capacity of 100,000 values In non
volat ile memory.

IMrW~$(f:»IMOcr:

ONTlEGlliA1I'DNIGi SOUlNDlI o.lEVlEo. MIEYIEIli i\IiI01li1E1L So.M US
'/ .

• Simu ltaneous detection of A- and C­
weighted levels.

• Paralle l measurements of SPL, t ee. tm ax,
lmin, and Peak.

• SOdB dynamic range.

• a Percent ile levels (I n) and in-built
graphical disp lay (opt).

• A and Un weighted AC output and digital
output of disp lay to printer or PC.

• Int ernal st orage of 48000 values
extend ible to 245 000.

ETMC Technologies
3 MONTAGU E STREET. BALMAIN NSW 2041

PH: (02) 555 1225



OPEN A W4-RLD
OF APPLICATIONS

Contact Briiel & Kjrer 4-
for your EREE editions of both th e 1995

II Transducer Catalogue"&

II Microphone Handbook"

MicroPhone Handbook

......_-
~: BrOel & Klmr Australia pty. ltd.

ISSlY .lIll:l !lLIl FA
tr (02) 450 2066 'It (03) 9370 7666 ". (07) 252 5700 tr (09) 38 1 4944
Fu (02)450 2379 .'u (03)9370 0332 Fu (07)257 1370 Fu: (091381 3588

GET YOUR FREE EDITION NOW!
~.._ ~:'.~~~:~.~.~~~~.~!. .
Return thi e coupon by mail or fa:>o: to receive your FRE E COPY of the 1995 ed itinna of the
"Transduce r Cat8logue~ a and/or -Mkro phoDlilHand book- 0 (Pleaee e" tic::k th e selected box)
Briiel &:Kj.r r 24 Ttpko Road Terrey Hills NSW 2aJ4 Austr.lli.J Phone:(02) 450206f> Fu:(02)450 2379


