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A Review Of Controller Hardware And Control
Algorithms For Active Noise And Vibration

Control

Neil C. Mackenzie and Colin H. Hansen
D of il

University of Adelaide,
GPO Box 498, Adelaide,
South Australia, 5001.

Abstract: Development of the digital electronic controller component of an active noise and vibration
control (ANVC) system is discussed with reference to the unique problems associated with the
transfer of information from the acoustic to the digital electronic media.

1. INTRODUCTION
Active noise and vibration control (ANVC) was launched by
Leug [1] in the 1930's, using a non-adaptive, open-loop
feedforward model to control noise propagating in a duct, as
shown in figure 1a. Such a model can achieve broadband
cancellation of the primary disturbance provided high co-
herence exists between the reference signal and the

Judicious arrangement of two or three control sources was
used i the seventies in attempts to prevent the acoustic
feedback (input contamination), from the control source,
“contaminating® the reference signal used in Leug's feedfor-
ward model (monopole). Jessel and Mangiante [4], and
Swinbanks [5] used three (tripole) and two (dipole) control
sources respectively, in attempts to constrain the controlled

However the of a system
like this in practice is very poor due to the inabilty of the
system to cope with small changes in the duct acoustics

to one direction in a duct. The alternative was
to create a null in the control disturbance at the reference
sensor location, as was attempted by Eghtesadi and Le-
venthall (6).

Sigm
Figure 1(a). Feedforward control system.

Figure 1(b). Feedback control system.

(such as speed of sound changes). Thus there was limited
interest in the technology due to an inabilty to demonstrate
it convincingly. The fifies saw ANVC reintroduced  in-
dependently by Olson [2] with a non-adaptive, closed-loop
feedback model, as shown in figure 1b, which uses the error
signal rather than a coherent reference signal to achieve
narrowband noise cancellation. To achieve significant at-
tenuation of the primary disturbance, such a system re-
quires an amplifier with a high gain, which makes the sys-
tem inherently unstable. The major difference between
feedforward and feedback control is that the former modifies
the zeroes of the plant transfer function (e. it alters the im-
pedance seen by the primary disturbance and/or absorbs
the energy at the control Source), thus achieving a more
stable system, whereas the feedback control approach
modifies the poles of the plant transfer function (ie. it cannot
alter the impedance seen by the primary disturbance, thus it
acts only as an absorber of energy at the control source),
thus only affecting the transient response of the

system [3).

The introduction of digital electronics in the Tate seventies
and early eighties saw dramatic advances in controller de-
sign. The first practical use of adaptive filters (adaptivity is
required to account for changes in environmental conditions
and ageing of the transducers) in ANVC systems was by
Ross [7). Chaplin [8,9] achieved limited success using the
root mean square (RMS) value of the error signal to adap-
tively adjust the control transfer function parameters, in a
frequency domain approach; however, he later used a time
domain approach for random noise with, what one may pur-
port from the referenced articles, Widrow's [10] well known
Least Mean Squares (LMS) algorithm. This algorithm has
since achieved widespread use for both periodic and ran-
dom noise applications due to its simplicity, well known
properties and ease of implementation. Burgess [11] applied
Morgan's [12] analysis of the effect of the transfer function
between the electrical output signal to the control source
and the electrical signal from the error sensor (error path) on
the control algorithm, to form the filtered-X algorithm. Eriks-
son [13) used random noise and an additional adaptive fitter
to provide an on-line estimate of the error path transfer func-
tion. The advent of digital electronics also enabled Eriksson
[14] to account for acoustic feedback using a non-iinear
adaptive fiiter and non-linear (recursive) algorithm. Som-
merfeldt and Tichy [15] later used the available signals with
an additional adaptive filter and corresponding LMS type of
system identification algorithm, to provide an alternative
means of providing an on-line estimate of the error path
transfer function. Elliott and Nelson [16] implemented the
first practical multichannel system suitable for global control

Acoustics Australia
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of sound, revealing the impact of the number and location of
controllers (actuators) and error sensors on the amount of
achievable noise or vibration attenuation.

Itis the aim of this paper to use the common single channel
model of an active noise control system as a basis for the
discussion of the recent developments in digital electronic
control systems, highlighting how the various problems have
been overcome and how practical systems may be imple-
mented using currently available software and hardware. It
should be noted that at this time no multi-channel control
system satisfying the general requirements of noise or vibra-
tion control has been implemented with proven reliability.

2. CONTROL ALGORITHMS

The widely accepted standard active control system is
based upon the feedforward model of the physical system.
A more detalled view of such a system is shown in figure 2,
and consists of an adaptive fitter and control algorithm. The
capial letters in this figure represent the transfer functions
for P the primary plant (the primary acoustic or vibration sig-
nal to be controlled), R the reference sensor, S the control
source, F the feedback (input contamination) from the con-
trol source to the reference sensor, E the error sensor, A
the number of samples equivalent to the time taken for the
control signal to reach the error sensor, S the estimate for
the control source, E the estimate for the error sensor and
A the estimate of the number of samples equivalent to the
time taken for the control signal to reach the error sensor.
For ANVC 1o be successful for a feedforward system, there
must exist a reference signal that is correlated with the pri-
mary disturbance. After passing through an adaptive fiter,
the reference signal is convolved with the control source fi-
nite impulse response (iime domain equivalent 1o the trans-
fer function in the frequency domain) and then used to drive
the control source. The adaptive fiter is most often imple-
mented as a transversal filter as shown in figure 3, where it
can be seen that the fiter output is a linear combination of
delayed samples of the reference signal (the symbol A rep-
resents a delay of one sample). Note that the reference sig-
nal must pass through an analogue to digital converter be-
fore passing into the transversal fiter and the fittered
reference signal must pass through a digital to analogue
converter before passing into the control source (as will be
discussed in the next section).

The weights shown in the transversal filter of figure 3 (one
weight for each stage in the fiter) are adjusted in such a
way as to minimise a cost function that is generally based
on the expected value of the square of the error signal (ob-
tained by passing the error signal through an analogue to
digital converter) at sample ; that is £/e()] . To adjust the
transversal filter weights so that the cost functionis mini-
mised, a standard gradient descent algorithm such as the
well known least mean squares (LMS) algorithm is used, re-
sulting in the following weight update equation

Wy(n+1)= Wy(n) = 20X, (ne(n) )

where, Xy (n) = [x(n), ..., x(-N+1)], With x(n) the reference
signal at sample n, W (n) = [wo(n), .., wy:(n)] , With w(n) the.
individual weights at sample , and y the convergence co-
efficient or stability factor.

Acoustic feedback (input contamination), shown as F in fig-
ure 2, from the control source to the reference sensor can in
some cases affect the stabilty of the controller. Non-finear
feedback of this type was eliminated by Eriksson [14] using

n-linear (recursive) filter and the recursive least mean

ACOUSTIC/
} Vgasion
SYSTEM

oGTAL
| eLEeiiouc
SVsten

Figure 2. Block diagram of a single channel controller.

x(n)

Wl Wy () yin)

Figure 3. Transversal filter (with Finite Impuise Response
[FIR] transfer function).
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Figure 4. Recursive Fiter (with Infinite Impuise Response [IF]
ransfer function)

squares (RLMS) algorithm. This flter consists of a trans-
versal filter feeding the reference signal forwards while an-
other feeds the output of this backwards, as shown in figure
4. An alternative and simpler method which may not always
be feasible is to use a reference sensor which isn't receplive
1o feedback such as a tachometer signal from a rotating
shaft. However this wil only enable the active control sys-
tem to control noise which is harmonically related to the ro-
tating shatt frequency.

The preceding weight update equation does not account for
problems associated with the electro-acoustic transfer func-
tions of the control source and the error sensor, nor the time
delay associated with the path of a signal between the two.
However, in 1981 Burgess [11] used the fitered-y algorithm,
originally defined by Morgan [12], to take this into account,
resuiting in the following weight update equation, with al
Variables defined as before.

Wy(n+1) =W, (n) - 2pe(m)X,y(n - A"y S+ E @

Vol 20 No. 1 - 6
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x(n)
o

CONTROL  +
SIGNAL

ERROR
SIGNAL

Figure 5. On-line estimation of error path transfer function
using additional adaptive fiter and random noise.

Snyder and Hansen (17 found that errors in estimation of
both the phase and magnitude of the error plant transfer
function reduced the allowed bounds of the convergence co-
efficient for stability, and in some cases led to instability re-
gardless of this coefficient. Similarly, if the weights of the
adaptive filter are continuously updated at every sample
(rather than every number of samples equivalent (o the time

were found to be reduced by an amount dependent upon

the number of samples equivalent to the time taken for the
control signal to reach the error sensor. The net result is that
the system will no converge any faster if the filter weights
are updated at every sample rather than a intervals cor-
responding to the time taken for the control signal to reach
the error sensor.

The problem of estimating the transducer transfer functions
and control actuator-error sensor time delay may be elim-
inated by on-line measurement using an additional adaptive
filter and random noise generator as was done by Eriksson
[13] and is shown schematically in figure 5. The addition of
random noise is clearly undesirable, as it reduces the
‘amount of achievable noise or vibration control. However an
alternative method of on-line estimation of these transfer
functions and time delays, which does not involve the intro-
duction of additional random noise into the system, was de-
veloped by Sommerfeldt and Tichy [15] as shown schemat-
ically in figure 6. In this figure H and H represent the transfer
functions corresponding to the combined effect of the con-
trol source transfer function, the error sensor transfer func-
tion and the number of samples equivalent to the time taken
for the control signal to reach the error sensor, and the com-
bined effect of their estimates respectively. Their method
uses the standard filtered-y algorithm for control and a sec-
ond adaptive filter with an associated system identification
algorithm that is based on the projection algorithm de-
veloped by Goodwin and Sin [18]. However this method suf-
fers from serious convergence problems when used to con-
trol random noise.

The above methods use the gradient of the cost function to
adaptively adjust the weights of the control filter. The gradi-
ent approximation requires knowledge of the error path
transfer function as discussed above. An alternative al-
gorithm reqiring no knowledge of this transfer function and
thus offering more stable control has been developed by

FILTER

CONTROL
ALGORITHM

Figure 6. On-line estimation of ertor path transfer functi
ing system denticaton agonthm and the avaietie sgnas

Figure 7. Tapped-Lattice fiter structure (FIR form) with
= forward prediction errors,
= backward, precition aros,
= tap weights,
ot to i,
= output from fiter.

Mackenzie and Hansen [19], and is based on estimating the
cost function, for three values of a particular independent
weight, and then fitting these estimates to a parabolic curve,
from which the optimum for the particular independent
weight may be obtained. The disadvantages of this al-
gorithm are its slow convergence rate and an optimal
weightvalue that is dependent upon the number of samples
taken to estimate the cost function and the spacing between
the individual values for a particular independent weight, To
enable efficient convergence to the optimum of the cost
function, independent weights are required. This means that
adjustment of one weight should ot affect the optimum val-
ue of any other weight. This criterion can be attained using a
lattice filer, as shown in figure 7, to orthogonalise the refer-

Acoustics Australia
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ence signal which, when tapped into a linear combiner, en-
ables the linear combiner's weights to be independently ad-
justed. The elimination of input contamination of the refer-
ence signal, in this algorithm, is achieved using a non-linear
form of the lattice filter,shown in figure 8.

el
el
e

Figure 8. Tapped-Lattice fiter structure (IIRform) with
forward prediction errors,
= backward prediction errors,

tap weights,

tput from fittr.

The results obtained using these various algorithms are il-
lustrated for a sinusoidal reference signal and a dual weight
transversal filter in figures 9(a), 9(b) and 9(c). Figure 9(a)
shows mean square error (MSE) contours, corresponding to
the cost function discussed above, and the paths from the
initial weight settings (weight 0 = -4 weight 1 = -4) to the o
timal weight settings (weight 0 = -0.87, weight 1 =

for the filtered- algorithm with Sommerfeldt and Tlchy s
method of on-line system identification, and the curve fit al-
gorithm using a tapped-lattice fitter. Figure 9(b) shows the
eror signal for the filtered-y, algorithm with Sommerfeldt and
Tichy's method of on-line system identification, while figure
9(c) shows the error signal for the curve fit algorithm using a
tapped-lattice fitter. Figure 9(a) shows the differing stabiliies
of the two algorithms while figures 9(b) and 9(c) show the
differing speeds of convergence .

3. HARDWARE AND SOFTWARE
IMPLEMENTATION

Active adaptive noise and vibration control has only been
practically realisable in the last decade due to the rapid ad-
vances in digital signal processing technology. Digital sys-
tems are used since analogue systems are inherently in-
fiexible and thereby costly to modify, as well as sometimes.
possessing unpredictable and time varying qualities making
them il-suited o the crucial requirements of system stabil-
ity.

WEIGHT 1

-7.0
-7.0

-3.0
WEIGHT 0

Figure (e Comparison of Aocths it
fean, Square. Error (MSE) Contoy
Filtered -, Algomhm with on-line system dentication, and

Error Sighal

e o
Samples

Figure 9(v). Error signal for the fitered -y, algorithm with Som-
merteldt and Tichy's method of on-line system identification.

0
®
g
2 o
12
B
&
P
g E R
Samples

Figure 9(c). Error signal for the curve fit aigorithm using
tapped-lattice fier.
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A typical digital system architecture is shown in figure 10.
The digital system communicates with the real (or continu-
ous) environment via digital to analogue converters (DAC's)
and analogue to digital converters (ADC's). The resolution
of these "systems" determines the maximum amount of at-
tenuation achievable; however, a side effect is to introduce
quantisation errors into the algorithms thus adding a further
source of instabilty. Both "systems" essentially consist of in-
putioutput amplifiers, anti-aliasing/reconstruction fitters, and
sample and hold circuitry which provide time for the ADC/
DAC respectively, to convert a continuous signal to the dig-
ital domain or vice-versa. The components of such systems.
are synchronised by a master clock with a frequency of the
order of a few MHz, which may be transformed down to a
sampling frequency of the order of a few kHz.

The implementation of the three processes shown in the fig-
ure may be accomplished by using a hybrid combination of
both software and hardware with either a serial or parallel
computing architecture. The general system for performing
eachyall of these processes is shown in figure 11. In the fig-
ure the firstin first-out (FIFO) bufters are used to store data
for the updating of the controller weights by the adaptive al-
gorithm and indirectlysthiesystenidentification-algonthim on
thrzmicroprocessor while the special purpose unit (eg. IN-
MOS A100 Cascadable Transversal Filter) enables adaptive
filtering to be performed faster than may be performed on
the microprocessor.

Depending upon the complexity of the calculations and the
memory required for data storage, all three processes
shown in figure 10 may be performed by the above system.
Such systems commonly use a digital signal_processing
board (available from Texas Instruments, eg. TS 320C25)
or Analogue Devices, eg. ADSP 2100) available in floating
point or integer arithmetic form. The use of floating point
arithmetic simplifies software development, as digital over-
flows are less of a problem, however operations of this type
require more time to be performed than integer arithmetic
operations. Digital signal processing boards currently have
inefficient compilers; thus, to enable efficient programming
of the processes, the programmer needs to know assembly
language and the intricate details of the boards. Should a
more flexible and sophisticated system be required, a par-
allel form of microprocessor known as a transputer can be
used as shown in figure 12. The transputer developed by IN-
MOS, uses a high-level programming language (OCCAM)
that enables efficient and transparent implementation of par-
allel processes.

4. DIRECTIONS FOR FUTURE WORK AND
CONCLUSIONS

Current research aims to increase the jstaliity=and=coh-
Vergetice™speed -Gf~control syStéms for_complex-erivirdn-
Iméits which may be at odds with commercial requirements
of flexible, reliable control systems able to improve sound
quality as well as provide adequate noise reduction at mini-
mum cost.

The use of a latiice filter eliminates the previously required
knowledge of the error path transfer function, thus providing
a more stable and reliable control system. It aiso sub-
stantially reduces the amount of control architecture re-
quired for multiple inputioutput systems, thus substantially
minimising system cost. Future work on this type of control
algorithm and architecture will aim to increase the rate of
convergence and the accuracy of the calculated optimal
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weights. At present the use of a lattice filter in multiple input/
output systems has been shown to achieve good attenua-
tion. However, the algorithm concepts are currently under in-
vestigation, since the optimum of the cost function changes
when the weights of each adaptive filter, corresponding to
each control actuator, are optimised [20]. The system re-
mains stable while the time for convergence to the achiev-
able minimum MSE increases. The effect of random noise
on the amount of attenuation and stabilty of the control al-
gorithm is also presently under investigation.
The semi-conductor evolution is heading towards high per-
formance and higher density circuit integration with the use
of alternative materials (eg. Ga-As). Application of such
technology to microprocessors will enable the development
of computationally intensive but more robust algorithms and
control architectures at lower cost.
Neural networks are now becoming increasingly attractive
as alternatives to current control architectures [21]. They
represent a paralel-processing-architecture, similar to that
of the lattice filter, Witt thesabllity-to*handlesmultiplesinputs/~
QutpTi. Such networks have direct application to systems in
Which harmonic distortion is generated from non-linear con-
trol actuators. To increase the rate of convergence of the
control algorithm updating the weights of the network, it is
envisaged that lattice filters will be incorporated at the input
0 the network, providing the network with orthogonal rather
than time delayed versions of the reference signal. T fel-
i ngarcombined-feedforward. and.feedback.con-
ol-archifgclure~is-curtently’
uiidersinvestigation. This type of system will use algorithms
ich s e “roae reerence” form or he ‘st tuning regu-
lator" form detailed in "modem" control literature [22] and
could link the stability advantages of the feedforward tech-
nique with the transient control advantages of the feedback
technique.

Itis evident that the rapid advances in microprocessor tech-
nology which has enabled the development of practical
ANVC systems, has indirectly led to the introduction of fur-
ther stability and control problems in the field of active noise
and vibration control. With these problems on the verge of
solution, one may envisage ANVC systems for complex en-
vironments becoming commercially viable within the next
decade.
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Acoustical Measurements of Quality Rated
Violins and a New Measurement Method
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ABSTRACT:  Quallyrated vioins from throe amalewr violin maker compefitions have been diagnosed
by acoustic t the first competition, Fiol75, jere measured.
It was found that high Ievsls oo anc modium high frequencies are favourabe, as well as low levels
at igh frequencies. A the second compelion, Fiol80, vibration lovels wore moasured at 1 i

bridge. It was found that high levels of three low frequency, resonances as well a:

bridge frequency region are favourable. At the last competition, Fiol90, a third mef o was riod I AR
previous experiments, the bridge vibrations gave less sensitive measures than the player's ears. ‘
Therefore the sound from a well-defined pulse excitation of the bridge is recorded at the position of the
player's lof ear. L s found tnat the recordings at the letear" and of tho bridg vibratons gonoraly

exhibit the same properties. The new method is simple to use and has advantages when a

analyser s available.

1. INTRODUCTION

In Stockholm the amateur violin makers have a club - the
Stackholm Violin Makers' Club. They arrange combined ex-
hibitions and competitions for amateur violin makers. Newly
made "anonymous” violins are sent to the competition and
are tested by two professional players. By means of tonal
quality points awarded, a rating of the violins is established
and the best rated violins are given prizes of acknowledge-

ent.

In cooperation with the club we receive an early copy of the
ratings and can select violins of different qualities for our
tests. The tests are made before the opening of the exhibi-
tion. We select the violins in three groups; best violins, some
in the middle and poorer violins. By means of such a selec-
tion we hope to obtain a fair coverage of different qualities.
In the selection we are not likely to find excellent violins.
Therefore we have included such a violin as complement,
an Andrea Guareri violin owned by our expert test player,
Lars Frydén. In addition our reference violin HS71 is in
cluded.

This report is limited to our findings. Very important contribu-
tions to the understanding of quality of violins have been
made by Dr. Carleen Hutchins of the Catgut Acoustical So-
ciety and Dr. Heinrich Diinnwald (see [Hutchins 1981, 1989]
and [Dannwald 1990, 1991] for further references).

In Australia Graham Caldersmith has contributed to the un-
derstanding of the violin and its acoustics. Two reports on
quality assessment by him have been published i previous
issues of Acoustics Australia (Caldersmith, 1988 and 1989)
Somewhat similar ways were used in the Swedish quality
ratings (quality assessments) for Fiol75, Fiol80 and Fiol90.
The ratings were, however, only made by two professional
players, both as player and listener, and on a scale from not
acceptable to very good.

2. QUALITY AND FIOL75
The competition and exhibition Fiol75 included 103 violins.

The violins were given tonal quality ratings from'72 16 36
(80 being the best possible). Twenty-two violins were se-
lected and represented ratings from the highest to the low-
est [Gabrielsson and Jansson, 1979). Al violins were
brought to a reverberation chamber, in which three whole
tone scales over three octaves were recorded for each in-
strument. Thereafter long-time-average-spectra were made
with a fiter bank and a computer program, approximating
the function of critical bands of hearing. Factor analyses
were made of the spectra and examples are shown in Fig-
ure 1. In the figure, spectra for the violin scoring the best
and worst in the three dominating factors are piotted. The
three factors are a low frequency factor (nigh level is favour-
able), a high frequency factor (low level is favourable) and a
medium high frequency facter (high level is favourable).
The violin scoring most favourably in the third factor was
the Guarneri violin, which is very interesting but may be ac-
cidental.

3. QUALITY AND FIOL80

In the exhibition and competition Fiol80 a total number of 77
violins had been tested and quality rated. Out of these vi-
olins 24 were selected to cover the full range of ratings. J.
Alonso measured the input admittances perpendicular to
the top plate on the bridge just outside the lowest and the
highest string with a specially developed sond [Alonso and
Jansson, 1982a).

The sond consists of two main parts. One part is buit
around a small accelerometer (B&K 8307 later 4374) fas-
tened via a small plexiglass angle o the violin bridge and
with a small but very strong magnet on top of the ac-
celerometer. The parts are “glued together” with wax and
also fastened to the violin bridge with wax. An electric coil
is concentrically placed relative to the magnet and its cur-
rent gives an excitation force without touching the first part
or the violin.

Results of the measurements are shown in Figure 2. Analy-
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sis of the measurements gave that the three peaks T1, C3
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4. NEW METHOD AND FIOL90

4.1 New Method

In experiments with violin bridges the method of measuring
violin properties was modified [Jansson et al, 1990]. The
bridge is excited with a blow at the bass side edge by a
small impulse hammer arranged as a pendulum. The
bridge vibrations are measured at the opposite edge by
means of an attached small magnet and a coil via a short
air gap. The method has been used much but seems to be
t00 insensitive as perceived tonal quality changes could not
be traced to changes in measured frequency responses.

Informally a number of violins newly made (by violin making
students after a three year full time course) were tested in
two different rooms. First the violins were tested in a small
exhibition gallery and thereatter in a large concert hall (Ber-
waldhallen). In the small room it was easy to hear differ-
ences between the different instruments, especially for the
player, but in the concert hall it was difficult, especially for
the listeners. The tests indicated that measurement of the
violin response in the position of the player's left ear (the
one closest to the violin) can give the most valuable in-
formation. The short distance from violin to ear indicates fur-
ther that such measurements should be possible to make in
an ordinary room (without special damping).

The method and its possibilties were given preliminary tests
in pilot experiments in the laboratory. Thereafter the main
experimental series with the Fiol90-violins were conducted
at the Music Museum. Finally the measurements were com-
pleted with two excellent violins in the laboratory. The re-
sults of the experiments are presented below. Answers to
two questions were sought: Does the recorded response at
the position of the left ear give information, which is missing
in the response at the bridge? Do the measurements sup-
port the previous experimental findings?
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4.2 Reproducibility of the new method
In the new method the sound is measured in the position of
the player's left ear, which results from a blow by a small
hammer at the bridge.

The violin is laid horizontally on top of two felt covered sup-
ports, one under the lower edge of the bottom (2 cm wide
and 13 cm long) and one under the scroll. The bridge is ex-
cited with a small impulse hammer (PCB 86M37) arranged
in a pendulum of 120 mm length. The hammer head is in-
itially displaced 45 mm from equilibrium and hits the bridge
15 mm after passing equilibrium. It hits the bridge hor-
izontally perpendicular to the strings just below the bass
corner of the bridge. A sound-level meter (B&K 2215 with 1/
2 inch microphone) is placed with the centre of the micro-
phone 14 cm above the supports and 10 cm beside the tail-
piece button by means of a special template. No disturbing
objects except table and sound-level meter are close to the
violin. For comparison the small magnet (0.025 g) is fas-
tened to the treble comer of the bridge and the coil core is
adjusted to an air gap of 1 mm. The impulse response is an-
alysed by means of an FFT-analyser (HP-35624) and
stored on a digital disk

To begin with, the new way of measuring was tested for
sensitivity to minor misadjustments, mainly in the micro-
phone position. It was found that the position was moder-
ately sensitive. A shift of 30 mm in all directions resulted in
level shifts of = 5 dB. The influence of the felt-covered sup-
ports was found to be minor compared to hanging in rubber
bands (one measurement only though).

‘The change in excitation direction influences the result con-
siderably. In the earlier measurements [Alonso & Jansson,
1982a) the violin bridge was excited perpendicular to the top
plate. In the new method the excitation is in parallel with the
plate, which results in differences (low C2-peak, less
marked bridge-hill, no C4-peak, no resonance peaks in the
range 500-700 Hz but new ones in the range 700-1500 Hz
instead (for an explanation of the resonances see [Alonso &
Jansson, 1982b)).

The small magnet as a vibration pickup works well. It in-
fiuences the bridge properties little (< 3% on the bridge res-
onance frequency). The sond used in the Fiol80 experi-
ments mass-loaded the bridge heavily (1 g). A comparison
between the two methods shows, however, that the fre-
quency of the maximum of the “bridge hill" coincides in the
two cases, which is remarkable and fortunate (it is likely that
the small amount of springiness of the wax attachment has
preserved the peak frequency). The pickup direction in par-
allel with the top plate makes again a different weighting of
the resonances (C3 and C4 are lost, the bridge-hill s less
prominent, and some “new” resonances show chan-
ical excitation is necessary as no electromagnetic stray field
is allowed to interfere with the vibration pickup of the coil-
magnet sond.
4.3 Pilot experiments with four violins
A pilot series including four violins was conducted (see Ta-
ble 1). Both the sound and the bridge vibration responses
were measured
Table 1. Violins in pilot experiments

HST71 - first time

W - (factory violin)

M - (modified factory violin)

G - (violin by Glass)

HST71, second time

Analysis of the measurements showed that the fe-
producibilty (HS71 two times) was good for the sound re-
sponse, say within 2 dB, but somewhat less good in the
bridge response, say =5 dB. The high reproducibility of the
sound response curves, says that the excitation pulse is well
preserved but that the fastening and adjustment of the mag-
net-coil armature is more difficult to preserve. The sound ra-
diation properties of the violin body should in principle be
given by sound response curve divided by the bridge re-
spone curve. The variations at single frequencies are, how-
ever, so large that hardly anything can be seen from such a
curve.

Three of the violins are easily ranked after tonal quality,
from best to worst: G, M and W. The measurements show
that there is at least a tendency to have more energy col-
lected at low frequencies for the best than for the worst
olin. This is in agreement with the criterion that low fre-
quency resonance peaks with high levels are favourable.
The criterium for the bridge-hill does not show up so clearly.
The violin W showed a clear bridge-hill, but violin G only a
trend of bridge-hillin the sound response.

4.4 Main experiments with Fiol90

To the exhibition Fiol90 a total number of 52 violins had
been submitted. After the quality judgements by the two pro-
fessionals, the author selected 15 violins in three different
quality groups: group | (ratings 72-54 and the five best vi-
olins), group i (ratings 45-43), and group Il (ratings 33-31
i.e. low ratings). The measurements were made at the ex-
hibition hall in three series. Each series began and ended
with measurements on our reference violin HS71. The
measurement records were stored digitally and were
brought to the laboratory for analysis.

4.5 Reproducibility of measurements
Initially the reproducibity of the measurements were con-
trolled with the repeated measurements of the reference vi-
olin (six times) (See table 2)
Table 2. Reproducibilty of measurements
3kH  3-5kHz
Sound response = 1dB =208
Bridge vibrations =3B =508

It was found that the reproducibility is good for the sound re-
sponse, but somewhat less good for the bridge response.
This means again that the variations because of mis-
adjustment in the magnet-coil armature are larger than the
variations in the blow (the impulse)

4.6 Sound response versus bridge response - all violins
‘The first question of Fiol0 investigation: Is there information
in the sound response that is missing in the bridge re-
sponse? To obtain a dependable (but insensitive) answer,
the average of all 15 violins were investigated (see Figure
3).

In the lower frame the profiles of the sound response and
the bridge response can be directly compared (not the ab-
solute levels as two different quantities have been meas-
ured). Itis easily seen that the curves follow each other, but
that a peak in the sound response slightly below 300 Hz
(AO - the air resonance) is missing in the bridge response.
The bridge response shows three peaks (C2 just below 300
Hz, T1 between 400 and 500 Hz, and C3 between 500 and
600 Hz), but the sound response shows only the two higher
ones. The peaks between 700 and 900 Hz are missing in
the bridge curve which also shows a *bridge-hill” with a max-
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Figure 3. FIOL90 - Lower frame: Average for all 15 violins -
‘sound response (upper curve) and vibration response (lower
curve). Upper frame: “Sound” divided by “vibration" (upper
curve) and vibration (lower curve).

imum just above 2 kHz, but there s only a hint in the sound
response. Towards higher frequencies the sound curve
gives a higher level than the bridge curve (peak labelling
can in general not be made without additional information
and has therefore not been pursued throughout this paper).

The differences are more easily seen in the upper frame of
Figure 3, in which the difference between the sound and
bridge curves have been plotted. The difference curve show
amarked peak for the 300 Hz resonance, marked peaks be-
tween 700 and 900 Hz and a clearly increasing level at high
frequencies. Furthermore a clear minimum slightly above 1
kHz is found as well as a less marked one at 2.1 kHz. The 1
kHz minimum shows that some resonances do ot radiate
well and that the bridge hill is less clear in the radiated
sound. Thus it can be found that the bridge and the sound
response give mainly the same information but there are dif-
ferences. In conclusion the violin response seems mainly to
be shaped by the air resonance, two o three resonances at
500 Hz, some resonances 800 to 1000 Hz and a bridge-hill
around 2.2 kHz

4.7 Measurements and tonal quality - groups of violins
The second question: What quality parameters of the violin
do the measurements indicate? The collected material
should at least give a hint — a large number of quality rated
instruments have been measured — both on buittin prop-
erties and on sound radiated to the player. Let us again
work with averages to obtain more reliable (but less sen-

i

Figure 4. FIOLS0 - Lower frame: Average sound response for group
best violins and group of least good violins, _respectively ( the
absolute level s displaced +10 dB to clearly show differences in de-

violins (*equal” corresponds to -10 as) . and average lovl of group
least good viol

sitive) measures, i.e. averages over the groups the best (1)
and the least good violins (11).

The lower frame of Figure 4 shows the average sound re-
sponse for group | and group ll. The response of group | vi-
olins shows a clear air resonance (AO), three approximately
evenly high peaks around 500 Hz followed by a marked dip
and several peaks around 1 kHz. The level is constant up to
2 kHz but drops thereatter approximately 20 dB to 10 kHz. A
trend to a bridge-hill can be found at 2.5 kiz. The group Iil
violins have approximately the same properties but a less
broad and even grouping of peaks around 500 Hz (C2 is
missing) and an evenly decreasing level past 2 kiHz. Only a
weak hint of a bridge-hill with maximum at 2 kHz can be
found.

The difference curve between the two groups of violins is
rather rugged and it is difficult to interpret differences be-
tween the two groups (Figure 4 upper frame). In spite of this
difficulty the average level of group | compared to group il
can be found to be approximately 5 dB higher in the range
of the bridge-hillfrequency (the sharp maxima at 3.8 and 4.8
kHz are likely to be the resut of measurement “accidents’).

Thus the peaks around 500 Hz and a bridge-hill are fa-
voured candidates for quality measures, in agreement with
earlier measurements [Gabrielsson & Jansson, 1979 and Al-
onso & Jansson, 1982a].

4.8 Single violins and quality
With the knowledge gained we can evaluate the response of
certain violins, see Figure 5. It can be seen that the winning
violin has several strong peaks around 500 Hz and that the

e ser

Figure 5. FIOLS0 - Sound responses for single violins - from top
0 bottom: violin of average qually, less good, the best and the
second best violin of FIOL90.

one at 500 Hz (probably C3) dominates. The second best vi-
olin has also this group of peaks in the 500 Hz range and a
clear bridge-hill. The two less good violins have two well
separated peaks in the 500 Hz region. The levels seem also
to decrease considerably above 2 kHz. Thus the quality cri-
teria found previously seem to have been verified again.

4.9 Two good old violins

In addition the responses of two excellent old talian violins
were measured, one Andrea Guarnerius and a Nicola Gag-
liano. The responses of these two violins are shown in Fig-
ure 6. Both violins show clear influence of a bridge-hill but a
quite different picture in the 500 Hz range compared to the
new violins. The old violins have a dominating peak at 600
Hz, probably the C3 resonance,
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Figure 6. Sound responses for single good old ltaian violins -
a

upper frame N Gagliano and lower frame A Guaeri (note that
the absolute levels are different in Figures 6a, 6b and 5).

5. CONCLUSIONS

In the laboratory a new method has been tried. The method
measures the sound response in the position of the player's
left ear (the one close to the violin). The method has shown
to give very reproducible results and to be easy to use.
Probably it can be further simplified by using only a mass as
hammer head — it seems unnecessary to mesaurs the ex.
citation impulse. The measurements of sol

give essentially the same result as the bndge Vioraton ro.
sponse: the differences do not seem to be of major im-
portance

The measurements on the quality rated violins indicate that
the properties around 500 Hz and in the bridge-hill range
still are major candidates for quality. Additional measure-
ments of two old excellent ltalian violins indicate that a
strong resonance at 600 kHz may be a mark of their ex-
cellence. The “bridge:hill" is partly governed by bridge prop-
erties [Jansson et al, 1990]. The findings are largely in
agreement with those of Diinnwald [Diinnwald, 1990, 1991).
Investigation of a large number of different instruments by

Carleen Hutchins indicates, however, that parameters not
included here are of major importance [Hutchins, 1989,
991]
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Claus and effect
Like many engineers | was brought up to question everyday happenings
and phenomena. A result of this was my ‘certain belief that the existence:
Santa Claus was no more than ‘mythology and that no self-
respecting scientist could possibly usm it sem)us!y | have recently had
lu reconsider this nusmnn since my son »s rmw of the age at which the
ncept Claus is very appealing. ut some work into this
snd feel that | may be geting close to a snlumn  have applied for an
EC Science at Christmas grant but, due to an EC environmental in-
itiative, there has been a massi rowth in the amount of Ad-
ministratium in Brussels sprouting to epmamm levels and, as a result,
‘most grants are being delayed.

‘The scientific communiy has three main stumbling blocks over belief in

Santa, These ar: firsty, how does Santa manage to deliver presents to
chiken ol over the wor o ight? bl e aes advanege

of globa time differences but clearly this doesn't suffce. Secondly, why
is it that Santa doesn' seem to age ? iy lsly, how can e coninue
© ion, especially

‘These are questons which, in solation, are dificult to answer. Itis only
when we consider these questions simultaneously that a semblance of
sense stats to emerge. the mater s that Santa makes use
of Einsteinian relatvty and travels close 10 th speed of if. Indeed he
was using this princple of travel before Einstein developed the theory.
So, with hi sty above ?

The theory is cleary able to satisy the firs problem, in that traveling

close light to isit al th

the same night. It also satistactoriy explains why, from our perspective,
he doesn't appear to age. Obviousy his reindeers have seen him age
over the centuries, To salisfy the issue of funding is a ltle mare dificult
o explain, but | blieve relativity also plays is partn this.

Santa firt began fis ole of providing chidren with free gifs when he was
issued with a Union of Nations (predecessor to the UN) social arts grant,
“This was in the form o a fixed mass of gold which he couid use towards
funding this plot scheme.  When Santa started transporting this gold in
his relativistic leigh the mass increased: it i this addiional mass which

uses to fund his gift giving, This phenomenon was copied in the
19805 by many Newtonian travellers in Bitain and is commonly known as
credit. However, Newtonian credit is subject to market forces and the in-
tinsic value of creditbased investments can go down as well as up,
whereas Einsteinian mass resale is always a growth area. Furthermore,
whereas science and arts funding hes been decreasing i real terms in
many areas, the Santa Fund (or SF for short) has maintained is value in
absolute terms

1. e (hele!uve , ool he s rery s sl to et o s
mong us. This is very el for me because

e oo o e e s of S Qv s my son without

compromising my scientic upbringing.

Campbell Aitie

Glasgow, UK (Letter to Physics World Feb 1992)
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TECHNICAL NOTE

Problem with a Column Loudspeaker

Roy Caddy

The problem: | have a ten year old column loudspeaker
consisting of four 150 mm diameter driver units, at 250 mm
centres. | may have to build another column loudspeaker to
go with this one. The only similar sized driver units easiy
available are 5 dB lower in sensitivity. To build this second
unit using four new driver units will mean the problem of
matching loudspeaker sensitivities and power amplifier
5.

What wil happen if the driver units are *mixed"?

1f A represents the more sensitive driver unit and B the less
sensitive, the theoretically obvious approach is ABAB along
the column length. At the first minimum response each driv-
er output lags a quarter wavelength out of phase behind the
one above. Thus the A's and B's will be half a wavelength
different from its similar driver. The first minimum will be at
the same angle from the normal whether the drivers are
mixed or not.

But a numerical investigation reveals that the power ratio of
the first subsidiary maximum to that of the power radiated
normally from the column is greater with this arrangement

compared with the AAAA column. This subsidiary maximum
will be the prime cause of acoustic feedback if a micro-
phone s used.

What about the BAAB arrangement? This shows one ad-
vantage over the AAAA setup. The angular width of the pri-
mary lobe is widened by about one fifth. By that | mean the
angular distance between the normal and first minimum of
the column’s radiation pattern. Instead of this minimum pow-
er being zero as with the AAAA setup it is down by 50 dB
compared with the normal radiation, no great worry. BUT
the secondary maximum is about 10 dB below that of the
ABAB and the AAAA situations. (The ABBA and AABB set-
ups are hopeless).

So the “mixture" of driver units has a worthwhile advantage,
if used the right way.

NOTE: The standard column loudspeaker textbook ap
proach is to treat the system as a single unit. | prefer a mul-
tiple source, diffraction grating, approach. The theoretical
problem then becomes that of summing discrete vectors.
This approach has been used in the above discussion.

Vol 20 No. 1 - 16
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Vibrational Modes of a Modern Chinese

Two-Tone Bell

JIANMING TSAI, ZHIQING JIANG, AND THOMAS D. ROSSING

Physics Department,
Northern lllinois University,
DeKalb, IL. 60115

ABSTRACT:  The vibrational modes of an almond-shape bel from the Suzhou Musical Instrument
Factory were studied using holographic interferometry. The non-circuler shape results in mode pairs,
one pair member having a mode at the xian or spine of the bell, the other an antinode. The two lowest
modes have a frequency ratio of 1.188, close to that of a minor third (1.189), due in part to six tuning

grooves cast into the bel.

Ancient Chinese bells with almond-shape cross sections
have atiracted the attention of acousticians (1-5] as well as
musicologists and archaeologists [6-8]. Due to their non-
circular cross sections, the normal modes of vibration of a
circular bell are split into doublets, with each member of the
pair having a slightly different frequency (9]. This results in
the bells having two distinct tones, often referred to as the
suiand gu tones.

‘The pitches of the two tones appear to be determined large-
Iy (out perhaps ot entirely) by the frequencies of the two
lowest modes of vibration. While the musical interval be-
tween the two tones varies rather widely in ancient Chinese
bells, it is frequently about a minor third on the Western mu-
sical scale. (in 188 ancient bells from various sets known to
us, a minor third was the nearest musical interval in 87 bells
[46%] and a major third in 51 bells [27%] [10).

In our experiments, the bell was driven sinusoidally by
means of a Bruel & Kjaer 4809 shaker, and the mode
shapes were identified by scanning the surface with a small

and by inter-
ferometry [11). The experimental arangement for hol-
ographic interferometry was similar to that previously de-
scribed [12].

Some 15 mode pairs are shown in Fig. 1. Modes are la-
belled (m,n) where m gives the number of complete nodal
meridians and n the number of modal circles [13). The b-
mode, in each case, has a node at the sharp end of the bell
(xian), where the a-mode has an antinode. Some of the
modes are distorted by simultaneous excitation of other
modes having nearly the same frequencies; nevertheless,
mode identification is reasonably certain.

A few additional modes are shown in Fig. 2. The (1,1) and
(1,3) modes, having a single nodal meridian, may be de-
scribed as “bending modes” of the bell. In the case of the
(2.4)s, (3.4)s, and (4,4)a modes, the corresponding t-modes
were not observed. Mode frequencies are shown as a func-
tion of min Fig. 3.

The mode frequencies and ratios of the t-mode to the a-
mode are given in Table 1. These ratios range from 0.89 to
1.19. In most cases the bmode has a higher frequency
than the a-mode, as in the Chinese two-tone bell previously

studied [1]. The largest splitings occur in the (2,0) and (4,1)
modes. No consistent pattern of mode spliting size has
been noted, however.

The thickness of the bell varies from about 9 mm at the cen-
tre of the broad sides to 15 mm near the ends. The inner
surface of the bell has six grooves, approximately 10 mm
wide and 10 mm deep. Two grooves are at the ends of the
bell, the other four about half way between the ends and the
centre. On either side of these grooves, the wall is a few mil-
limeters thicker.

Frequencies of bending modes in a uniform plate or shell
are proportional to thicknes. A groove at or near an anti-
node (where maximum bending takes place) will lower the
modal frequency more than a groove near a node. Thus the
two grooves at the ends would be expected to lower the fre-

Table 1. Mode frequencies and ratios of the b-mode

to the a-mode

Mode  Frequency ~Frequency Ratio, bmode %
Number amodeHz bmodeHz toamode

2,0 494 587 1.188 19
30 1399 1535 1.097 10
4,0 2626 2705 1.030 2
5.0 4115 4198 1.020 2
21 1671 1493 0.893 -1
31 1886 1867 0.990 -1
4.1 2850 3381 1.186 19
51 4765 4879 1.024 2
22 3270 3240 0.991 -1
3.2 3062 3178 1.038 4
42 3775 3854 1.021 2
52 5774 5378 0.931 -7
23 4328 4441 1.026 3
33 4170 4076 0.977 -2
43 4964 5028 1.013 1
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Figure 1. Holographic interferograms of 15 mode pairs:
inodes at the ends, there.

3
(1,1) 3621 Hy  (1,3) 5201 Hz (2,4): 5038 Hz  (3:4)0 5230 Hz  (4,4), 5075 My

Figure 2. Hol
The (i) modes may be called "bending" modes.
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quencies of all the b-modes, while the four grooves half way
to the centre would have their greatest lowering effect on
the (2,n)» modes. The thinner area near the centre of each
side would lower the frequencies of the (2,n)a modes and to
alesser extent the (3,n)o and (4,n)s modes which have anti-
nodes there. However, it can be seen in Table 1 that the fre-
quency ratios 01 the b-mode to the a-mode is different for
the n=1, n=3 mode families. The grooves are un-
doubtedly desxgnsd to give the desired frequency ratio of
@010 (2.0)s.
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Figure 3. inciion of
‘meridians m. The modes are arranged into five groups according
the number n of nodalcircles” around the bell
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Figure 4. Sound spectra obtained by striking at the sui and gu strike
points. Note that the (2,0)a mode is more strongly excited by strking
at the sui strike point than is the (2,0)> mode. The same is true of
the (4,0)a mode, but the (3,0)a mode is more strongly excited

atthe gu strike poin, as expect
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New Mackay Airport Terminal

How do you create a comfortable, quiet and re-
freshingly cool environment while noisy aircraft en-
gines and stormy weather threaten overhead ? For
the new Mackay Airport Terminal, Queensland, Sand-
ers Ellick Architects only specified materials which
could withstand the elements - so insulation was on
top of the list.

A major feature of the airport terminal's design is an
unusual metal deck roof in the shape of a vaulted
space frame. The vault, 50m long and 25m wide,
creates a major concourse space in the centre of the
building.

To provide an effective barrier against heat flow
through the massive curved roof and to prevent nois-
es caused by tropical rainstorms or air traffic, ap-
proximately 6,790 m2 of Anticon roofing blankets from
Bradford Insulation were installed. Manufactured
from glasswool and foil, Anticon is designed for ef-
ficient thermal insulation under metal deck as well as
fibrous cement and tile roofs.

Condensation in metal roofs is another common prob-
lem which can dramatically reduce a building's life-
span. By incorporating a combination of ventilation
and Anticon insulation into the building’s design, the
problem of condensation has been eliminated. And
by stabilising the internal temperature, the insulation

Mackay Airport for increased passenger comfort.

is placing less demand on the buiding's air-
conditioning system, thus saving on energy costs.

Available with a range of factory applied reinforced al-
uminium foil facings, Anticon eliminates the need to
lay foil separately, so installation time and cost is re-
duced. With thickness ranging from 50mm to 100mm,
Anticon can also be cut in non-standard lengths to fit
the requirements of any job. At Mackay Airport, the
rolls of Anticon were cut to specific sizes to suit the
unusual roof configuration. The 75mm thick blankets
were also manufactured with an overlap of foil on both
the right and left sides to facilitate easier installation
on the roof corners.

©OCO
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Higher Order Acoustic Modes in Ducts:
Propagation Properties and Active Control

Anthony C. Zander and Colin H. Hansen
D ineering

p of
University of Adelaide
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Abstract: A brief survey of past and current research on the active control of higher order
mode propagation in ducts is presented. This is followed by a discussion of the major problems
encountered, solutions obtained thus far and suggested directions for future work.

1. INTRODUCTION

Active control of plane wave noise propagation in ducts has
been shown to be feasible and commercial systems are
now available. However, little headway has been made in
controlling noise propagating at frequencies above the cut-
on frequency of the first higher order mode. For large air
conditioning ducts this frequency could be as low as 100
Hz. Thus, in many cases involving higher frequency noise,
control of plane wave propagation only will not solve the
problem. One solution is to parition the duct to reduce its
effective cross-sectional size and apply active control in
each partition. However, this is not always practical and a
number of researchers are currently investigating alternative
means to control higher order mode propagation.

Research in this area has been approached from different
directions by various people, resulting in a number of re-
search methodologies and active control systems. Neise
and Koopmann [1] have conducted experiments using a
system in which the control sources, namely two loudspeak-
ers, were positioned in the cutoff of a centrifugal fan casing.
Their aim was to attenuate the unwanted acoustic signal
near, or at best directly in the source region to reduce the
sound level for several or even all transmission paths si-
multaneously. Despite their previous success for excitation
frequencies in the range where only plane waves could
propagate, they found that their results were unsatisfactory
when they attempted to actively control higher frequencies
in the range where higher order modes could propagate. It
was believed that the acoustic pressure distribution gener-
ated by the centrifugal fan was too complex to be adequate-
Iy controlled by the simple arrangement of control sources
used in their experiments. A more sophisticated control
source arrangement consisting of a larger number of in-
dividually driven loudspeakers is intended to be used for fu-
ture research.

Mazanikov, Tyutekin and Ukolov [2] have theoretically and
experimentally investigated the active control of multimode
sound fields. For a case in which there are N propagating
acoustic modes, they proposed that 2N error sensors and
2N control sources are sufficient to suppress the prop-
agating modes, For particular point measurement locations
and excitation frequencies, they have reported up to 20 dB.
reduction in sound pressure levels.

Eriksson et al. [3] have approached the problem of higher
order acoustic modes from a control system perspective be-
cause of a background in adaptive digital signal processing,
and the success attained previously in actively reducing
plane wave propagation in ducts using adaptive systems. In
the system used to control higher order acoustic modes,
multiple adaptive controllers are utiised with multiple error
microphones. For the experimental system reported, one
higher order acoustic mode propagates in a rectanguiar
duct. A separate adaptive filter model is used for each pos-
itive and negative portion of the non-uniform pressure dis-
tribution associated with the higher order mode. Each filter
model obtains error information from a separate error trans-
ducer and outputs a signal to a separate loudspeaker. An in-
dependent random noise source is used with each adaptive
filter to model the transfer functions between the loudspeak-
ers and the error microphones. The active control system
was reported to reduce tonal noise by 20-25 dB at a single
measurement location, and broadband noise, above the cut-
on frequency of the higher order acoustic mode, by about
10-25 dB. System stability and convergence were found to
be problematic and future research is focussed on im-
proving these characteristics. No indication was given of a
suitable system configuration to attenuate duct noise when
more than one higher order acoustic mode propagates.

To determine why the development of systems to actively
control higher order acoustic modes have not progressed as
rapidly as those for controlling plane wave noise, examina-
tion of some differences between the two cases is nec-
essary.

2. PROBLEMS ASSOCIATED WITH THE
ACTIVE CONTROL OF HIGHER ORDER
MODES

Each higher order acoustic mode has a specific cut-on fre-
quency, above which the mode is able to propagate, which
is @ function of the duct geometry. For a rectangular cross-
section duct, the first higher order cut-on frequency is given
by fc = c/2L where c is the speed of sound in the acoustic
medium within the duct, and L is the maximum transverse
dimension of the duct. For excitation above this critcal value
one or more higher order acoustic modes may propagate, in
addition to the plane wave mode which propagates at all fre-
quencies.
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In contrast to the plane wave mode, which has a uniform
pressure distribution across a plane of the duct cross-
section, higher order modes have a non-uniform pressure

ibution consisting of regions of in-phase and in-
quadrature acoustic pressure, introducing an added degree
of complexity to the acoustic field for each propagating
acoustic mode.

Generally, the aim of active control is tozminimisexthestotal-
@coustic:powerzoutput of the system:being.controlled. 7and
zatiapoint. To
do this effectively, the active control system must be pro-
vided by its error sensors, a signal proportional to the total
acoustic power. Active systems for the control of noise prop-
agating as a plane wave have traditionally utiised single mi-
crophones as error sensors, measuring the acoustic pres-
sure at a point. Inherent in the use of such sensors has.
been the assumption that the minimisation of the total
acoustic pressure at the error sensor location s directly re-
lated to the minimisation of the total acoustic power flow.
Generally, at large distances from the noise source and
duct exit and at excitation frequencies well below the first
higher order mode cut-on frequency, this assumption is val-
id. However, care should also be taken to ensure that there
is no significant reflected energy travelling in the opposite
direction to the acoustic power to be controlled; otherwise
the application of active control could in some cases result
in a local pressure minimum, with little associated reduction
in power flow, even for only plane wave propagation. As
mentioned previously for the case of higher order modes,
both the amplitude and phase of the acoustic'pressure are
non-uniformly distriouted over a plane of the duct cross-

section. Hence, a point measurement of the acoustic pres-
sure amplitude and phase will not necessarily provide data
proportional to the total acoustic power flow, thus not ena-
bling the active system to reliably minimise the total acous-
tic power of the duct system.

The use of an intensity probe as an error sensor is also un-
suitable for a system intended to minimise the total acoustic
power associated with higher order mode propagation, as
the acoustic intensity in the direction along the duct length is
non-uniformly distributed over a duct cross-sectional plane.
This is because the acoustic intensity at each point on the
duct cross-section includes cross-term contributions. from
products of the acoustic pressure in one acoustic mode with
the acoustic particle velocity in another mode, or vice versa.

An additional problem arises for practical systems to active-
Iy control higher order acoustic modes because of the differ-
ence in phase velocity of each mode. In the majority of sys-
tems used to control duct noise, a reference, or input
microphone, is located upstream of the control source and
provides the controller with information regarding the un-
desired noise to be attenuated. A second microphone, usu-
ally known as the error sensor, is located downstream of the
control source and provides a measure of the performance
of the active control system. For the frequency range in
which only the plane wave mode propagates, the pressure
measured by these two microphones is linearly related, and
hence a linear controller is suitable to achieve good re-
duction and stability characteristics, in a reasonable con-
vergence time. For frequencies at which higher order
modes propagate, the difference in phase velocity for each

nals, such as a neural network, is required for systems us-
ing this common arrangement of sensors and sources. This
aspect of higher order mode propagation may explain the
stability and convergence problems reported by Eriksson et
al3 for an active control system implemented at higher or-
der mode frequencies which utiised a linear controller and a
sensor / control source arrangement of this type.

The propagation of higher order acoustic modes not only in-
troduces error sensing problems, but also makes the task of
positioning the control sources more complex. It has been
shown by the authors (4] that, provided the control source is
able to achieve the required volume velocity, or source
strength, it is possible to reduce the total mean acoustic
power for plane wave propagation using a single control
source located in any of the four walls of a rectangular duct.
However, when higher order acoustic modes propagate
within the duct, the placement of control sources has a great
effect upon the levels of acoustic power reduction achieved.
In addition, if the excitation frequency is such that higher or-
der acoustic modes are generated by the primary source,
they may also be generated by the control source. Hence
the control source will generate both a plane wave and high-
er order modes, and the problem cannot be treated on a
mode by mode basis, as one must consider the energy spill-
over into these other modes.

3. SOME ANALYTICAL RESULTS

A theoretical investigation of the active control of higher or-
der acoustic modes has been undertaken by the authors [4],
using an analysis based upon the alteration of the acoustic
impedance of each source by other sources, which is an ex-
tension of the work on plane wave active control undertaken
by Snyder and Hansen [5]. This analysis ditfers from those
mentioned previously, which s d the active control
mechanism to be *cancellation" or superposition of multiple
acoustic fields.

A reduction in the total acoustic power flow may be
achieved by two mechanisms - alteration of the acoustic ra-
diation impedance of the primary source by the control
sources, or absorption of the primary source acoustic power
by the control sources, or a combination of both. Duct geom-
etry, source location, and excitation frequency are major fac-
tors in determining the levels of acoustic power flow re-
duction achieved and the physical mechanism most
responsible for control.

As an illustration of the influence of these variables, a rigid-
walled duct of 2 m x 1 m rectangular section, containing a
primary acoustic source mounted at a non-symmetric loca-
tion in the cross-sectional plane of the duct, and a single
control source in one of the four duct walls, will be con-
sidered. With the primary acoustic source excited at 100 Hz
both the plane wave mode and one higher order mode, with
a cuton frequency of 86 Hz, can propagate. To determine
the pptimumlocation"of the"control-sourde, a range of posi-
tions+across-the*duct-and-along-the duct length, need to be
considered. For the purposes of illustration the calculated
reduction in total acoustic power is shown in Figure 1, for a
control source having the same lateral location as the pri-

source and for a range of primary and control source
separation distances. For this case, the optimum power re-
duction occurs at a source separation distance of 6.8 m.

mode causes the relative modal pressure
vary along the duct length. This results in the total

sures at the two microphone locations being non-rinearly o
lated. Hence a controller capable of handiing non-finear sig-

This distance twice the plane
wave mode wavelength and to a single wavelength of the
higher order acoustic mode. At locations other than this op-
timum, it may be possible to attenuate either mode to a Fig-
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Figure 1. Total mean acoustic power reduction using a single

source at 100 Hz.

greater extent; however, the other propagating mode will be
reinforced, resulting in an overall reduction in the acoustic
power of less than that achieved for the optimum source
separation distance of 6.8 m.

It was found that the power reduction achieved is also a
function of the modal wavelength of the propagating acous-
tic modes. Because the modal wavelength is dependent
upon the excitation frequency, the nfiguration of
control sources will vary for different excitation frequencies.
Hence the optimum arrangement for a particular excitation
frequency may not be effective at other frequencies. Also,
for higher order acoustic modes, the modal wavelength is a
function of the duct geometry, and a configuration chosen
for a particular duct may not be suitable for a differently
sized duct. This is in contrast to the plane wave case for
which the modal wavelength is independent of the duct ge-
ometry.

Introduction of an additional control source into the system
increases the levels of power attenuation that can be
achieved, and makes the active control system more robust
by increasing the effective frequency range of operation.
Thus to be effective over a reasonable frequency range,
multiple control sources are necessary, even to control one
higher order mode. As the mode order increases, so wil the
required number of control sources.

4. FUTURE WORK

In the results presented here, the analysis assumes the use
of an error sensor capable of producing a signal proportional
1o the total acoustic power flow. The performance achieved
in practice will depend upon the accuracy with which a par-
ticular sensor configuration can provide such a signal.
Hence research towards this goal will improve the likelinood
of the development of a practical system to actively control
higher order acoustic modes in ducts. This might involve in-

into optimal multiple

which provide a reasonable estimate of the residual power
flow, and also the use of multi-channel controllers containing
a sufficient number of channels to handle these error sig-
nals.

More work is also needed on the optimisation of control
source placement and number to adequately control a num-
ber of higher order modes over a reasonable frequency
bandwidth.

Development of controliers capable of managing signals
which are non-inearly related, or system arrangements
which eliminate the non-linearity associated with the com-
monly used arrangement, would be a major factor in speed-
ing the realisation of an effective practical system for the
control of duct noise characterised by propagation of modes
other than the plane wave mode.
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INTER-NOISE 91 CONFERENCE PROCEEDINGS

The COSTS OF NOISE was the theme of INTER-NOISE
91, the 1991 Intemational Conference on Noise Control En-
gineering, held on the campus of the University of New
South Wales in Sydney, Australia from 2-4 December 1991.
The Proceedings of INTER-NOISE 91 are now avaiiable.
Three hundred and eleven papers on a wide variety of top-
ics have been published in the INTER-NOISE 91 Pro-
ceedings.

The texts of two Distinguished Lectures, “Fifty years of ‘de-
velopmenl‘ in the sound insulation of buildings® by Tor Kih-

, and “Frequ sis - a stroboscopic approach’
by Robert Rendal included inthe Proceeding

THE COSTS OF NOISE will be of interest to engineers con

cerned with noise control technology, educators, scientists,
acoustical consultants, government researchers and regu-
lators, public officials, architects, students and others con-
cerned with the control of environmental noise.

Copies of the INTER-NOISE 91 Proceedings are available
from Noise Control Foundation. The two-volume set of pro-
ceedings contains 1289 technical pages and is available for
US$130.00. Shipped postpaid except that overseas orders
must add US$45.00 if shipment overseas is to be by air.
Payment must be in US Funds on a US bank or a bank that
has a correspondent relationship in the United States. Or-
der from Noise Control Foundation, P O Box 2469 Arlington
Branch, Poughkeepsie, NY 12603, USA.
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CIiff Winters

A Sketch
by Dennis Gibbings

When | went to see Ciif Winters at his Church Point home, he was smart-
Iy dressed, leaning on the raiing of his deck, enjoying the splendid view
over Pitwater. Had | gone unannounced, it is more likely that | would
have found him in hs working clothes, complete with goggles, dust
and the hard hat that is wite Carolyn had insisted on from fear of what
00 frequent bruising might do to his brain, nawying away at his current
enlarging the working space under his house; a picture of the
retied executive who ikes to get his hands dity.
Cift was bom, in the mid-wenties was al he wouid sy, in the ancient
0 bt cy of Bl andone can o et ces o e Engh
Oomiy scen s soech A Awwmnmnmmcmm
00l, whence he emerged fr tion into the world
mugm wpin the sﬂuggle o Word a1 o Appropriately enough for the
Sonof  great sesprt nat e s Jon Gl et ut for e A
in 1497, he joined the Navy. The Navy sent him first o the Robert Gor-
don College at Roarions study Electronics and then 1o the Radio and
Electronics School at Warrington, known, rather whimsically, as HM.S.
Aviel. Following raining, he went into the Electical Branch of the Fieet Air
Arm and joined a real ship, the aircatt carrer Formidable.
Atter sseing much acton the Formidable retured to the U.K. in 1946 and
some word yen rourd ha o Ausaon Nevy had plans for es
tabishing its own Air Am and was volunteers from amongst
Royal Navy persomel. Ciff, who had iked what he had seen of Aus-
o applved was on the

up s goddel aducatonay. Hs Nawy coures in diisratonhave
stood him in good stead in his business career, and the Navy foster
one of hs great oves, navigation. As well uumamwmmm
siiute of Radio and Electionic Engineers, he contnues 10 be a member
of the Australian Institute of Management and the Austraian Insttute of
Navigation.

In 1960/61 Australa was in Recession and there were no jobs so Clif
spent an enjoyable six months in Real Estate. Then the National In-
strument Company offered him the position of Head of their Electronics
Division. Bruel & Kjaer was one of their Agencies; the 2203 Sound Level
Meter and the 2305 High Speed Level Recorder had just been released.
One of iifs first actions was o propose the then novelidea that Agents
might have examples of the equipment they were seling to demonstrate
o the diients. This meant spending money, and approval had to be
soughtfrom Head Offce.

One of his warries was senvicing the equipment. N.LC. were well known

in the Marine and Aeronautical fields and senviing demands in these ar-
02 eded 1tk prfoence ot . Repaimen were less fa-
milar i i mnmumbegnnjnhambc

ol 2wy o flend o ameting moe ugent, his successor
Vith 2 heap of b hat he was suppased b assembe and get o
again. Not inrequently, to keep his customers happy, Citf wouid do the
repair himseff

Another problem was that, while Ciff knew something about Electronics,
he i ahe s sbot Acoutcs The ramedy wes ol i ot
tomers, such as Ray Piesse at the Commonwealth
and Ted Weston at the Experimental Bulding Station; see S gear they
Pad and whal they i v 1. Tiose e’ seys Cif,"saw e be
goningof 2 ong assodion ice people.” Peter Know-

ancietof s customers fom this perot etr, e f Nor-
n Addicl, boughtsame goar and bogan tesinginane f e diused
muron buners atChavcor B Pl vas ken s om an
tical Society, and meetings of mmm.nmmg i vae
held.

One of the B & K agency
Berg. George had  weldeserved reputation for being able {0 fx any-
thing, and his visits were eagerly awaited. There are many stories about
i, but o must s ne day Gorge e u ai o Customs
House to find Ray Piesse and Jack Rose ecstatc about the arivl of a
wondrous new Neumann microphone, but despondent about the hand-
book which was entirely in German. A muli-ingual European was a git
from the gods. Of course George would transiate, and he proceeded to
o 20 i uen s, o the g mplfcaton o s adnce
‘was some time before anyone realised whal was happening. He was ren-
dering the German not nto Engiish, but into Daish.

“The second story concerns an occasion when George visited Sydney by
way of South America. Ciffwent to the Aiport as usualto meet him, only
10 see George being shepherded out through a private door by two uni-
formed offcial. Urgemevmnssvmaladm(korqemarmedm

when they after the war. The routine was enivened by the
Amefican nabt of booby-aping sctet Got it deonalors: e 10
notice and remove them before working on something might have dire
consequences.
In time, a small carer, the Vengeance, was sent out to get Nowra start-
ed. Clit joned the L.D!U. (naval acronymese for Electical Development
Uni) and moved to H.M.AS. Watson, where he worked on such jobs as
modiying acoustc detectors for the fring range at Nowra to discover
whether pilots were actually hitting their targets, and developing sonar-
buoy gear for detecting submarines and relaying the information to air-
craft pairoling overhead. The group produced a training system which
use at Nowra.
After two years the L.D.U. moved to the main Electrical school, HMAS.
Cerberus on Mormington Peninsula, but someone had noficed that Ciff
hxdmnbemmseafumovemnmyurs and he was sent on a num-
ber of cruises”. n 1

inhisit
Yo yolow book. Wihau oo, ho wad spend aew days at Nt
Head Quarantine Stafion, quarded by two Nursing Sisters, with Qantas
footing the bil. The curious twistto the slmy is that while G
e 1o it Gif, et soemed o ba no Sjecton a al 1 I viing
George, 50 the two might have been seen chating and sampiing the pro-
visions thoughtfully provided by Qantas, admiring Harbour Views.
Aorsomo tin a5 head of i Elecroics D, Gt had bocome
Sals Manager for e whol of NLC, bl
conglomerate, and Ansett ng
Industries. When Ansett pmposed "t Gif shau move t Mboure
he decided that the time to part had come and took a job with Jacoby
Mdchl.cicaly. he yea rt e spnt wih Jcay Michel, o ro
the very year i which the Acous-

gz

longer associated vith
tical Society was founded.
The move had another eqully unfreseen resu. No longe nibted by

the Navy with the rank of Chief Pety Offcer.
He does not regret his long time in the Service. Along the way he picked

their own agen, B &
K approached Ciffto set up an Austraian Branch company. Fresh fiom
completing a 4 year course in Managemen, Cliff grabbed the op-
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portunity. There would be offices in both Sydney and Melbourne. When B
&K acquired the Sydney Office it was a litle more than a shel with a
quaintly old-world frontage. Ciff fited it out, making al the workshop
es himself, with Carolyn helping with the painting. The founding
st sl cane o NAC.and it g ey Seren), e -
ersen (Maintenance) and Ray Wicox (Stores). Prior to moving in during
et 74, Cif Maggie dealt with the letters in Maggie's kitchen.
After her husband had leftfor work, Ciff would arrive 1o atend to the cor-
respondence, doubtiess to much twitching of the neighbourhood ace cur-
tains.

The Melbourne operation was run by Daryl Bowker with secretaril help.
N.LC. continued 1o act as agents in Queensland, South Australia and
Western Australia, but wwnmew after two years. The agencies were re-
placed in SA. and W.A. by one-man operations from private homes.
ekt A it Sydney, Tasmanian from Mel-
boume. Allrepairs were sent to Sydney. The fst prioity was to estabish
& high class service system handing only B & K equipment, and it was
believed that qualty and economy were most likely 1o be achieved by
concentrating service at one location where the greater throughout would
engender greater expertise. Every item imported came fist to Sydney
where it was unpacked and tested, then retumed 1o its box and for-
warded o the customer.
When he opened B & K (Austraia) in 1974, Ciif set out for himself a 15
year plan in which he would get his own B & K builing, buil o his own
specifcations with display rooms and ciasstooms and with service facil-
ities recognised by NATA. The goal of NATA. registration was
reached by 1979. By that ime, Vibraton, which i the beginning had ac-
counted for only 30% of a relatively small tumover, represented 70% of a
‘much larger budget, By 1987, the annual turmover was around $4 milion.
The dream of a home of its own was finally realised in February 1987
when B & K (Australa) opened s Terrey Hils offces. They almost man-
aged to anange that the Queen of Denmark, who was wsmnq husia,
should do the horours, but worry about fiting a joumey ug
Vona Velo Road o ver g schedulo e ncossan o st for
the Danish Foreign Minister.
Any close association with the firm of B & K ineviably meant an associa-
tion with Dr Per V. Bruel, it co-founder, and with his passion for fling.
He was reputedly at one time the only prvate piot, or at least one of very
few private pilots, permitted to fly into the Soviet Union, where he went
trequently on business. Amongst other planes, B & K owned a smallred
aerobatics plane of Halian design which had originally been bought for
model testing as part of the contract wih the developers of Concorde,
and Dr Bruel lew it e a test pilot. Rumour had it that a fight with him in
the iite red plane was part of the selection procedure for entry ito the
higher echelons of the company.
By 1988, Clif was beginning to feel that B & K was no longer the firm he
had joined. Dr Bruel was il active, indeed stil fiying, but control o the
Somparywespessing o o yuirger Bl and s vho s -
ferenty. H e and take a year to look around Australia.
oo e Soran i o cunu enisa o o dosas o e b
Tand. Two and a hafyears later he is stil not finished.
For many men, the demands of his business career would have been
nough Cilf has found the energy for many voluntary acties con-
oustcs. He chaired the SA.A. commitiee on Vocabulary
s oo s monbor o eeg s representng the Confederation
of Australian Industres. He was on the SAA. Executive Board for
Acoustcs and Vibration, but finds that the S.A.A. 00 is doing things dif-
ferently and it takes up less of hs time.
Possibly his most notable contribution o the Acoustical Society was the
job he did as Treasurer for the Tenth Intemational Congress on Acous-
tics, held in Sydney in 1980.
Nt suprisng. s successn 1660 el i s being oed i gan
as Treasurer for Intemaise ‘91.
Heked o what h atiules s succes, Cflmodesty ghs wo an-
swers.Fes. e as oy ihe nsyening udersiandng and uppon
of his wie, Carolyn. Second, he has had to deal with a bunch of people
who, by and large, have o a pretty decent lot. My guess s that, in
ol cates,it e a e 10 dowi e fac i e r o o
of abloke himst

grating Sound An-
alyser Type 110
combines the fea-
tures of an integrat-
ing sound level

meter, environmental noise analyser, frequency an-
alyser, graphic level recorder and reverberation time
analyser - allin a single portable instrument.

The Type 110 conforms to ANST and IEC requirements
for Type 0 performance. To assure complete definition
by a single measurement the Type 110 can simulta-
neously measure

o Lp, Lmax and Lmin with Fast, Slow and Impulse
time constants,
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+Peak and -Peak waveforms

°

amplitude distribution statistics.

The time mode option turns the type 110intoa paperless

by storing up to cight of the above parameters for
successive measurement intervals from 2ms o 10, with
. After
the monitoring is complete, it can string together any of
the classes of events for close examination.
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is, the Type 1

For frequency

For reverberation time measurements the analyser pro-
vides synchronization for a small band-limited pink-
noise generator.
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AEWS.. NOIES.. !

Wews &

SOUNDS FISHY
With the development of a commercial kil
fishery has come the responsibilty of mon-
itoring and managing this resource which is
pwoml in the Antarctic food chain. Acoustic
techniques are recognised as one of the main
‘ool avaiable to scientiss fo fish stock abun-
dance estimations. Fundamental 1o these
techviques is knowledge of the ‘target

tullize samples
i he oty o th (st e barr sam-
pls could be positoned verticaly and the im-
pications ofthe shape of he edge of the barrer
investigated. The investigations of the propaga-
tion of Sound through an atmosphere showed a
form of shadow boundary but the reducton in
sound levels was not n ful agreement with the

ories.  These results prompted many inter-
esting questions from the Instute of Physics
atendees who work n the area of flid flow and

shock waves
Marion Burgess

* * *

EXCELLENCE IN
ACOUSTICS - NSW

Submissions for the 1932 Excellence Awards
il

strengih® (TS) of the species, e the propor
ofincdent energy reflected by the fish.

Atthe August meeting of the WA Division, Tim
Pauly, a research associate in the Centre for
Marine Science and Technology (CMST) at
Curtin University, presented a descrigtion of
the acoustis data acquisition system he has
developed for determining the TS of kril. He
also showed some interesting results from a
1rip o the Antarctic when he and Assoc Pro-
fessor John Penrose deployed the system in
an effort o determine the TS of kil “in situ'.
(Wondering what kil look like? - smal prawns
about 20 mm long))

John Macpherson

* * *
STARTING WITHA
BANG

Impuise Sounds, such as gunshots, have been
used as a probe for investgating a number of
physical phenomena. Because of their short
duration, the direct impuse can often be time
isolated from reflected and  difracted com-
ponents whil the wide frequency range in-
herent in an impulse means that most of the
acoustcal spectrum i being simultaneously in-
vestigated.

At the February meeting of the ACT group,
held jointly with the Institute of Physics, Assoc
Prof Charles Don from Monash Universty, ex-
planed the methods he has used for the pro-
ducton of impuise_sounds (see paper in
Acoust. Aust 19, 3. The application to soi im-
pedance measurements showed dlear 'fes-
onance” effects where the frequency spectrum
of the reflected sound changed dramaically
with changes in the moisture content of the
soil. He suggested that these changes were
due mainly 10 the layering introduced by the
addiion of water 10 the top surace.  Studies

presently or having recently been engaged in
design, research or manufacture and in-
stllation of products, materils or systems in
projects involving acoustcs and vibration. En-
ries are open 1o all indviduals and organ-
isations who consider their work, no_mater
wha s scdl, i desening of rcagnin by
their peers and the public at arge and st

25 el o e sl of exelence, The
work must have been carried out either in de-
sign, study or execution within NSW.

Closing date for subrmissions s 31 July 1992.
Entry forms and conditons of entry are avail

able from: Excallence in Acoustics Awards,
Australian Acousuca/ Society, NSW Division,
Science Cenire_Foundation, Private Bag 1,

DARLINGHURST, o 2010 Tal (02) 331
6920, Fax (02) 3317296.

* kX

QUESTIONS TO
MEMBERS - VICTORIA

In an atiempt to determine the future direction
of the Society, the Committee of the Victoria Di-
vision sought the opinion of members on a va-
vity of topics. Perhaps it was the pledge by the
Committee to donate S2 to the Deafness Foun-
dation for each reply that gave rise 10 the very

tedd & mastng i th past year. Tre o
reasons ttending were time pressure
(45%) o s (195, Of those 1500 on
the questionnaire, the most preferred topic was
industral noise, which scored 34% of first pref-
responses when adding
first, second and thid choices together. Using
the lattr crieria, noise measurement (56%)
and mechanical senvice noise (41%) were the
next most popular topics while auditoia design,
vibration isolation, hearing and instrumentation
all scored in the low twentes. Underwater
acoustcs and a workshop were least popular,
recording only 2% of the votes in the first tree
preferences.
The replies were equaly divided aboutthe use-
fulness of having a local division newsletter, a-
thugh 70% sgrod 1 acasionaly conde
news items 10 such & production. Acoustcs
Rustali was consdered guod by 71%, ox
cellent by 10% and average by 19% of re-
spondents. A stiong vote (79%) was recorded
for Acoustics Austraia to feature more news of
members while other suggestions included the
need for more practcal anicles and an increase
in the number ofssues per year
A common interest (31%) and the gammg of
knowledge (24%) were considered fo be
main reasons for joining the Society with e
each claiming that the fechnical meetings and
afation recogriton were their principle rea-
son. Acouslics Austraia was the lure for 8%
while the conference attracted only 2% of re-
spondents. One person noted the support re-
ceived since retirement s being a reason for
gorinued menberip Tro mefty of mem-
bers (725%) were happy wih the perceived
adaric e of e Satay, wih e remainder
being equally dvided about increasing or de-
creasing the level. One suggestion was that
there should be a stionger applied emphasis
within the Society to meet the needs of in-
dustally based members.

Oter commens ncuded eroouragng e
scholarships and re-

duung their fees. Joint technical meetings wih
et learmed societies and running the annual
conference in parallel with another industry as-
sociation were suggested as a way of in
creasing attendance. It was pointed out that
ies cannot it a sx or -

high, 50%, retun of (i 63 re-
sponses) - although one member did query
‘whether it was consttutional for the Committee
1o use members'funds for such a purpose
While several of the questions and answers are
specifc o Victoria, some of the responses may
prove interesting to those in other States. The
forian technical meetings held throughout
the past year have proved 1o be very interesting
and informaive, however, the Commitiee was
often disappointed by the overal attendance,
typically about 20. So, many of the questions
sought to_help the Commitiee 1o plan future
meetings. 62% of the respondents had at-

en conferences per year. Elevation of more
members o fellow, creating a higher profie for
the Society, possibly, by hiing a professional
publcty _ officer, promoting _greater public
awareness of community noise and how it can
be prevented, were ofher suggestions. In par-
Ve, maler coukd b prepared for sudss
in the areas of acoustics, hearing loss and
noise CONVD\

Many of the above suggestions and responses
will act as a guide for the planning of the Victor-
ia Division actvties over the folowing years,
One of the major concens of the Society must
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be to maintain and preferably encourage
giowth in the membership numbers. Some
27% of the respondents indicated they knew of
addiional people who were eligible for and like-

new members. I this holds true
nationally, then the potential growth of the So-
ity is good. If you are one of the 27%, go and
el new merber loday. (Dot gl our
33% discount on new subscripions - EG).

* * *

COUNCIL ACTIVITIES
Reportof 47t mesthg o Counch,
25th November 1991
Merborshp of e Scmaiy again increased
sightly during the year to 411 with the eleva-
tion of 27 applicants to member, 4 to Affiiate
and 9 to Student grade. The grade of felow
was awarded to 1 South Austraia and 3 New
South Wales Division members. Council wel-
3 new Sustaining members and ap-
preciated the high level of support from existing

members.
1991/92 Budget: Athough council estimated to
spend about $47,000  now appears ikely the
final expendture for the year wil be closer to
$40,000 due to & lower than expected cost of
supporting the Intermational Standards meet-
ings in Sydney held at the time of Iner-Noise
9t smlowelwslso‘!womumg “Acoustics

i ‘Budget Estimates: Counci_ex-
pendture is ut $38,000
Tris includes an amount of §12.000 o suppart
*Acoustics Australia, $3,000 for the publcation
ofthe directory of members and some increase
in general expenditur. In view of the generally
fower expeniture and a low increase in the
Cpi. 10 June last year Council decided ot to
increase annual subscriptons.
Acoustics Australia: Counci expressed ap-
preciation of the work of Howard Pollard, the
Chief editor, and al those who assisted in the
publication of the journal. In particular, it com-
mended the forthe high standard of the spe-
cial issue associated with Inter-noise 91.
Code of ethics: A draft code together with a
note on the procedure for handiing complaints
will be forwarded to the Divsions for comment
pior 1o its publicaton in the August edition of
*Acoustcs Austala’. It is anticipated that
members will be asked to vote on s adoption
atthe AGM nNovember i st
Conferences: The South Austraian Divis
fas boen asked o axplore e posiity o or
ganising the 1993 Annual
Earees nformaton: Gounci s ctabshed
a small sub-commitee to prepare a brochure
and has appealed to Divisions to supply suit-
able materal
History of Acoustics: Litle progress has been
made with the suggestion from Fergus Fricke
1o document the experiences and memories of
people who have retired from Acoustics. Mem-
bers are urged to assist this project by offering
any deas by may have co b an eresiog
account o the hist
Liaison: Council considered joining e Aus.
tralian Foundation for Science but decided to
seek the approval of members at the next An-

el Gonerl mosing bekre conmiing So-
city Fur

The Sacnsry continues to support the Federa-
tion of Austraian Scientic and Technological
Societies and Marion Burgess has agreed 1o i
aise with them. Nevill Fleicher continues to
fepresent the Society on the National Com-
miteefor hyss and e Natloal Comite
for the Environment. Charles Don i involved in
osor o peraion wih o Ausvaian Insas

of Physics.
Appreciation: Council s fully aware that many
‘members make significant contributions to the
ety and acoustics generally. Those con-
tributions are much appreciated.
RA Piesse - Acting General Secretary

* * *

STANDARDS

ADret Anarican Nlora Sandard oo Eva
uating the ness of Hearing

tion ngram, (ANSI $12.13-1991) m re-
cently been released for trial use, comment
and ciitcism. Afer three years a revised text
of the draft standard will be submitted for ap-
proval as an American National Standard. The
standard defines the methods for evaluating
the effectiveness of hearing conservation pro-
grams in preventing occupational  noise-
duce hearg o by uing eciues o
audiometric data-base anal tails: ASA
Standards Secretariat, 335 East dslh St New
York, New York 10017-3483, USA.

* * *

1SO MEETINGS

Immediately following Intemoise 91, Standrds.
Australa hosted a number of ISO plenary and
working group meetings. The factor dominating
many of the committees is the need to produce:
standards rapidy or adoption by the European
‘Community which has its own Standards Tech-
nical Comittee (CEN). The CEN commitiee
has agred It e ectcl vtk o be
Undersen b 150 and thl volng n drats
‘oke oo in parall provice e e
gt targe deles can be . Ths wil
mean that Working Drafts should be prepared
viin 18 mons (2 year lrgl at presen),
rafts within 24 months (5 years at
p«esem; “2nd Ot Inomatonal Serdass
within 3§ months (7 years now)
trgets are iacing gret demanc on g Sec
retariats and committee members. The pre-
viously perceived pro-European bias of ISO is
even more pronounced, however the very fact
that the IS0 meetings were held in Sydney
demonstates the commiment of ISO to being
a worldwide organisation. tis Standerds Aus-
tralas poiicy 1o adopt International Standards,
as Austraian Standards, without
wherever possibl, So i is most important that
we have inputs at the working group svage
There is also a possibity that
ralia may be able 10 assist with partial ﬁmdmg
for delegates to atend overseas -
sidering standards of importance to Austala, if
industy funding is not available.

SC1 produced 26 resolutions including approv-
al of a number of Comittee Drafs - thes in-
clude specifation of the test surtace for road
vehicle noise measurements, a series relating
to measurement of emission sound pressure.
levels from machinery and equipment at the
workstation, determination of sound insuiaion
performance of encosures, measir
Pearon o of duced slecers wihout fow
and recommended practice for the design of
low noise workplaces,
SC2 agreed to prepare a proposal for short test

 measurement of impact sound in-
sulation and the working group s to enlarge its
work program to include measurements of re-
Verberation ime in rooms other than audioria.
The main TC 43 committee approved 4 new
work items - reference hearing thresholds for
‘2coustc test signals of shart duration, for pure
tones in range 8 Hz - 16 kkiz, evaluation of the
effectveness of hearing conservation programs
and determination of noise emmissions from
sources placed at the ears.

rom report by Anita Lawrence

* * *

INTERNOISE 91

Intemoise 91 was organised by the Austraian
Acoustical and held on the Kensinglon
campus of the Universty of New South Wales,
December 2-4, 1991. Some 500 delegates at-
tended with approx 50 accompanying persons;
in addion there were 70 representatives of the
31 trade exhibitors.

The first of two plenary lectures was given by
Tor Kihiman from Sweden on 'Fity years of
Development n sund nseion of el
and th second by Bob Randall i e Uk
versity of NSW on *Frequency analysis -
Seoboscopi approac- The g ‘spocilses.
sions" and the technical contibutions meant
that delegates could choose from approximate-
Iy 300 papers in up 1o nine paralil sessions.
Allthe papers are available n the two volume
proceedings.

A number of Technical tours were arranged.
Internoise 91 was not all work and delegates
were invited to an *Australian Barbeque* at the
R by Vipac and Ono Sokki. The
Conference banquet was held at the Argyle
Centre and the partcipants were partiularl in-
tigued by the Australian flavour of the en-
tertainment - incuding the shearing of a sheep
on stage. The closing ceremony included an
invtation by Dr Tony Embleton to participate
in Intemoise 92 in Toronto, Canada, July 20-
2.

The Secretariat was provided by IPACE at
NSW Uniersiy and Christine Bourke in par-
ticular was responsible for the smooth running
of the meeting. | would like to express my sin-
cere appreciation to the members of the local
organisi tee who spent many hours
over the three year preparatory period; they

were ~ Ray Plesse, Ferg Fricke, Renzo
Tonin, Clitf Winters, Richard Heggie and
Roy Caddy

Anita Lawrence - General Chairman
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WESTPRAC IV
The IV Western Paciic Regional Acousiics
Conference was held in Brisbane, 26 - 28 No-
vember, 1991. This timing was selected 10 al-
fow delegaes to atend Interois in Sydney
the following week.  The Conferer
sponsored by the Queensiand Divison of the
Austraian Acoustical Society and the De-
ent of Environment and Heritage. Grifth
University was selected as the venue and the
University also_ kindly donated $250 towards
hosting the Conference.
The four ke note speakers were: « Prof. To-
shio Sone (Japan), + Prof. Yu Wann (Korea), »
Prof. Wang J-Qing (China) and » Prof. Ma
Yuan Liang (China). Eighty-eight contributed
papers were recelved. The break up of au-
thors by country was: Japan(18), China (17),
Korea_(7), Australa (28), United States (2),
New Zealand (1), Germany (1), Hong Kong
(2), aly (2), France (3), UK (2), Singapore (1),
India (1), Canada (1), Denmark (2).
The papers ranged across the felds of Archi-
tectural Acoustcs, Bio Acoustcs, Underwater
Acoustcs, , Measurement, Management of the
Acoustic Environment and Specialist which in-
cluded acoustic theary, electroacoustics, signal
processing and ulrasonics. Workshops on
Architectural Acoustics, Bio Acoustics, Educa-
tion, Measurement, Underwater Acoustcs and
Planning Controls were held.
One hundred and fity delegates attended the
Conference.  Countres represented included:
dpan 24, Kasa (15, Chin (19, Ausaia
(65), New Zealand (3), Poland (2), Norway (3),
Bagum(). Prilpines (1), Sngapore (1), UK
(3), USA (3), Canada (1), Denmark(2), Swe-
ot lla\y <2) FranLe ), Germany (2}, India
(1), H
The mam mm events for the Conference
commenced on Tuesday evering, at @ bar-
beque on the lawns at Grifth Uriversi
demonstration of didgeridoo playing provided
enteriainment. A number of delegales even
joined the artists and tried their skill at ab-
original dancing.  The Conference Dinner was
held at the Beenleigh Rum Distlery. The
smorgasbord and the company were delightiul
an unsuspecting delegate lost some
personal item o the roving magician.
Conference Proceedings are for sale at SASO
per copy from: The Australian Acoustical So-
ciety (Queensiand Division), c/- Mr Greg Lee-
Manwar, Division_of Environment, 160 Amn
Street, BRISBANE 4000 Qld. Tel (07) 227
6436.

Noela Eddington, Conference Convenor

* * *

NOISE WORKSHOP

In the week prior to WESTPRAC IV, the Divi-
sion of Environment sponsared a Noise Work-
shop on_ behalf of the World Heakth Organ-
isation. The Division is a Reference Centre for
Noise Control in the Western Pacifc Region.
Approximately 16 delegates attended the
Workshop. WHO  sponsored one delegate

ina and one from the Phiippines. At
o the week, students presented re-

on these reports and was most impressed with
the standard of work. Dr Lex Brown from G-
fith_ University undertook some- specialised
work with the overseas students at the Uni-
versiy for 2 days during the Workshop. Greg
Lee-Manwar did an excelent job in his single
handed organisation of the Workshop.

* * *

DESIGN AWARD FOR
SHIPPING CONTAINER

A Sydney company, Environmental Noise
ol Py Ltd, has eamed the prestgious
Austraian Design Award for its acoustic
shipping _container for diesel generators.
Known as ‘Enco Conteinerised Power, the in-
novative container is a complete diesel gener-
ator power package in an approved shipping
container - designed to supply auxiliary power
for refrigeration and other purposes.
"We had to build a complete acoustic power
package which met the requirements of Loyd's
certication scheme. The resut is a
durable unit with flexible interor space able to
accommodate a range of generetors,” the
Technical Diector at Environmental Noise
Conl, Ram Keshoaswany sat. Tre Con-

FOR SALE

ANECHOIC CHAMBER

The Civil Aviation Authority has
an Anechoic Chamber for sale by
Tender. The Chamber is presently
installed at the CAA Environment
Laboratory, 14 Wales Street Bel-
connen, ACT.

Tenders are being called for the
purchase and the removal of the
Chamber from the above premises.

Prior inspection is welcome.
Tenders close: 15th May 1992
Manufacturer: G & H Montage
Modular Construction
inside Free Size: 3.8 X 3.4X 3.4
(2.4m above grid fioor)

Cut off frequency: 1000Hz
Wedge Material: ACI Fibreglass
Spare (new) wedges included
Trampoline Floor
Original Installation: 1988
Further details or inspection contact
Alan North
CAA Environmental Laboratory
14 Wales St. Belconnen, ACT, 2617

Tel: (06) 251-4877
Fax: (06) 253-1719

mercial Diector of Con-
rol, Roy Mammone, emphasised e et
the Enco Containerised Power unit needs mini-
mum maintenance, and comes with a five year
unlimited wartanty.

General Manager of the Australian Design
Award program, Keith Jordan, said that the
Enco Containerised Power module is a major
improvement to the curent technology for pro-
viding containerised_power generators  for
shipping and other industil situations. A
product is only granted an Australian Design
Award atter a rigorous assessment by an in-
dependent panel of experts, who take account
of market demands, the use of appropriate ma-
terials and technology, the capailties and
qualty systems of the producton faciltes, er-
‘gonomic design, and safety," Mr Jordan said

* * *

QUIET TILES

Anechoic tls were first developed by German
scientists during World War 110 reduce the re-

lections of underwater sound_flom  sub-
marines. Whie there have been improvements
in these types of ties, they need to be taiored
forthe temperature of the sea water in which
they will be deployed. The Laboratory of the
Defence Science and Technology Organ-
isation has been conducting a program of re-
search and development on anecholc fes. Dr.
David Oldfield has been awarded the 1991
Minister’s Achievement Award for his work on
develoging anechoic ties for the Colins class
submarine.

FIBRE HEALTH HAZARD
A half day seminar was held at the National
Acoustic Laboratories on “The Use of Synthetic
Mineral Fibres in the Constructon & Other In-
dustres. s There a Potential Healh Hazard?”.
Speakers were Dr. Eva Francis, Co-ordinator
gite! Inhalame Pamcmanes Unit, Work Cover;
Mr. son, Marketing Manager -
et rtord mosion Group, and t short
nofice (due to the non-appearance of Mr. Jon
Parkin, o the Metal & Engineering Workers Un-
ion) Dr. James Leigh, Head of the Epi-
dermiology & Serveilance Unit of Worksale
Australia.

Dr. Francis dealt withthe size of synthetic min-
eral fibres in relaton 1o their potential for
halation and Dr. Leigh discussed the resuts of
overseas investigations carried out over a 20
year period showing that no relation can be
shown between lung disease and time of em-
ployment, time of exposure and fibre dose.
Mir. Thompson stated thatthe studies are being
continuously monitored and, to date, animal in-
halation studies have given no evidence of fi-
brosis, lung cancer or mesathelioma in as-
sociation with insulation wools. He also
commented that Worksafe Australia's Natonal
Standard and Code of Practice is now the most
stingent in the world.The serinar conciuded
with a shor talk by Peter Knowiand on his ex-
perience with altemative mterals for sound
absorption purposes.
Further to the meeting,

the fireglass issue
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has been raised in the media and in Federal
Pariament resuling in a letter being sent rom
the Austraian Council of Trade Unions to the
et of et Uniors st Dt Lo
any risks are eliminated by
lalluwmg e Worede Sandas an Gode
oples ofbakground ocumerts crulleda
the meeting are available.
Contact Valerie Bray (02) 498 8168
Valerie Bray

NEW MEMBERS

* Interim Admissions

We have pleasure in velcoming the folowing

who imited to the grade of Sub-

sorberwhi awaiing gading by th Couc
»g Committee on Membership.

uth Wales
Mr RJ S\wnan

* Graded
We welcome the folowing new members
‘whose gradings have now been approved.

Student

New South Wales

MrPJ Knott

Victoria_~+

Mr DK Cahill, Mr P McMullen, Mr Y L E Tan
Subscriber

New South Wales

DrJ D Quirt (Canada)

Member

New South Wales
MrB J Clarke, M T Merkiewicz, Mr G P Veale,
Mr .» r
el ‘Rozario, Mr § J King, Dr K Legge,
Or E A Lindvist
Westom Austraia
MrLJ Storer

* * *
@ Congratuiatons o the following firms who
gained ACEA Engineering Awards for 1991
Renzo Tonin & Associates Pty Ltd, Highly
Commended for thei noise impact study i re-
ton o expansonofh Tomago Aumiu

S Knight & Partnrs, Fighy Con-
mended fo their noise and traffic

NEW FELLOWS

Councillors are deeply aware of the debt that the profession of Acoustics and the Society
owe to earlier Councils, Office-bearers and the body of membership. In recognition of
their contributions, Counci t s meeting on 25th November 1991 invited the following to
become Fellows of the Society.

David A. Bies - Anita B, Lawrence - Raymond A. Piesse ~ Jack A. Rose
Each has accepted the invitation and accordingly the grade of Fellow s conferred.
The citations presented to Council are as follows . . .

David Allan Bies

The grade of Fellow is conferred on David Allan Bies in recognition
of his notable contribution to education and research in the field of

Acoustics and of his sustained support of the South Australian Divi-
sion of the Society.

Anita Barbara Lawrence

The grade of Fellow is conferred on Anita Barbara Lawrence for
her meritorius contributions to teaching and research in Archi-
tectural and Building Acoustcs; for her outstanding service to the
Society since its formation; and in recognition of her important con-
tributions to Standards Australia and other public bodies

Raymond Alfred Piesse

‘The grade of Fellow is conferred on Raymond Alfred Piesse for his
outstanding contribution to Acoustics especially i the development
of the National Acoustic Laboratories; his substantial work with
Standards Australia and the National Association of Testing Author-
iies; and his faithul service to the Society as foundation member, |
President, Registrar and General Secretary. |

Jack Anthony Rose

The grade of Fellow is conferred on Jack Anthony Rose for hs sig-
nificant contrbutions to promotion and practice of hearing con-
servation and control of noise, partcularly aircraft noise, and the
builing of new laboratores for the National Acoustic Laboratories;
in recognition of his service to the Intemational Commission on
Acoustics and his enthusiastic support of the society since its in-
ception.

4 Genera Caiman f mmase 1, Ank
elected a member of
ﬂ\eBoa:daHlNCE!ovapeﬂodMsuxyws

cussion, led by Dave Watkins, on a drtt of the
revised Environmental Noise Standard.

Tation to expansion of the Scrumio Feediot.
Chalis & Associates Pty Ltd, Award of Merit
for their work on engine and run up faciiies,
Tindal RAAF Base.

*  ox x
@ Congrtuiations to Doug Cato of DSTO,
Sydney on his recent elevation to Fellow of the
Acoustical Society of America *fr research in
ambient noise mechanisms in the sea’.

FergFrcke isa FOR SALE

@ Ron Barden provided an entertaning after
dinner tak to the end-of-year dinner for the
Victoria Division. His topic "Oscilltory Humans
- Incidents and Interactions" was based on
reminiscences from his long acoustical career.

@ A talk by Glen Harries on *Fan Noise' com-
menced the Victoria Divsion programme for
1992, This was followed by a workshop dis-

B & K 2221 TYPE 1 SLM
SURPLUS TO REQUIREMENTS

ANY OFFER CONSIDERED
Ph/Fax Bob Russell
0064 7 5443038
New Zealand
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@ Preceding the WA Division AGM, Rob
Woodcock explained and demonstrated his
system for reading music from a score into a
computer then playing i back through an elec-
ronic keyooard with MIDI (musical instrument
digital interface). Rod is an electronics student
at University of WA and he also showed how
the system could be used for composition/
editing with a demonstration of one ot own
s.

@ The end-of-year dinner for the WA Divmm
featured a

Boaks...

PSYCHOACOUSTICS -
FACTS AND MODELS
E. Zwicker and H. Fastl.

Springer Verlag, 1990, pp 350, Hard cover,

Ik an
gerdoo and elvar aspects of abcugma\ o
ture by Robert Walker.

@ The WA Division arranged a breakfast 1o
meet with Harry Lester wno is a specialist
noise inspector vith the UK Health and Safety
Executive. Harry outined the huge workload
balg uxitiken by 180 and CEN Stndars
Comittees in their runup o the

deadine for e EEC Gounties 25 they o
10 a single market. It was clear that this work
WA bave & snfcant inpact cn Aitalen
markets noisedeclaration and
e labeling of gots i e e

@ Fiakt-Richardson has closed down its

d insulation” materials factory at Mor-
dialloc, Vi, as part of a general rationalisation
of its operations. Though the demand for
acoustical materials for use in industry has
been maintained, the slump in the building in-
dustry has meant signiicanty reduced de-
mand for them in new buikings.

© Company Name Change - Amatek Ltd and
GRC Composites have been trading under var-
ious names for a number of years. Since late
1991, while the offce locations and telephone.
numbers remain the same, all the businesses
are united under the name ROCLA. Thus the
noise attenuation barrier systems, made fiom
glass fibre reinforced concrete, are now avai-
able from Rocla Composite Products.

© Styroloan Disrbuton - Brdid

Jation has been appointed distributor for
Dow Chemical Sycloam. The insuaing -
terial is made of extruded polystyrene foam
with a completely closed celular structure.
‘The combination of Dow technology with the
existing Bradford range will be a benefit to the
buiding industy.

® Public Company - Cirrus Research Lid
ceased to exist on 14 Feb when formalties
were completed in order for it 10 become a
public company. The name is now Cirus Re-

[ |

ISBN 3 i DA
‘Books, PO Box 163, Mitcham, Vic 3132. Price.
AS81.75

“This book s a summary of research in psycho-
acoustcs caried out in the research_de-

of the lInsitute of Tele-
communications in Stuttgar from 1952 10 1967,
and the Instute of Elecironics in Munich since
1967.

“This book contains a wealth of material on psy-
choacoustcs from two front rank laboratories,
and s highly recommended to al acousticians.
Wil the authors did not set out to wite  text-
book of psychoacoustics, the book is organised
somewhat fke one. The first chapter (Stmuli
and Procedures) has some iteresting material
on signal analysis, presenting stimuli with ear-
phones and loudspeakers, and averaging re-
sults. lts treatment of psychophysical methods

is rather perfunctory, however, and for students.
could be rather misleading, since no mention is
made of signal detection theory, which some
have considered makes the noton of treshold
itself questionable. The second chapter, "Hear-
ing Area, is aiso disappointing. The empircal

basis for hreshold curves (hearing levels of ot
ologically normal young_people)- is ot de-
scribed, and the presumption tha, because ex-
posure to loud music on one day exceeds the.
levels and rade offs for daily occupational
noise exposure then pure tone tresholds must
also be permanently affected, is asserted un-
ciically. The absence of references from the
text is noticeable here, e.g. the source of the
curves given for the pure tone thresholds of
young people who listen “frequently’ to loud
music is not given, and is not obvious from the
teferences  the back of the book. Presbycu-
sisis descried briefly butno curves are given.

I the third chapter the book begins to getinto
it stride. Preprocessing of stmul in the outer,
middie and inner ear is discussed, with inter.
esting sections on the roles of the outer and in-
ner hair cels, and on oloacoustic emissions
and their relation to pure tone threshods. Pre-
processing in the inner ear is modelled in a
block dagram.

The fourth chapter, on masking, is also far
more comprehensive than the eary chapters.
This chapter establishes the pattern followed
throughout the remainder of the  book, char-
acterised by numerous (out never superfiuous)
and well labelled diagrams, *connectons®
made between data (e.g.tuning curves are re-
Iated 1o the masking patter), and theoretcal
models which summerise the relations between
the data. The chapter on pitch also makes re-

warding reading, covering a variety of
nomena including virtual pitch (are these ilu-
sions?) and pitch "srength'. The material on
ciical bands is also very valuzble, as befits
Zuickers seminal controutions to the terature
0 i ol One ierestng secon of ths
chapter shows that critical hand number (for
some_unknown reason called ‘crtcal band
rate’ i this book), number o Non o pich,
the ratio pitch scale in mels, the number of hair
cels, and distance along the basiar membrane
are al lnearly reated to each ofher, but not to
sound frequency.
Chapter 7, on just noticeable changes, s again
good value, but the omission of data on JNDs
for doration lustrates the point that this book s
ot to be taken as a handbook of the fied.
Chapter 8, on loudness, covers the basic phe-
nomena, including the loudness functon, spec-
tral effects, and the "recruting' effect of partial
maskng on the lounes uncton, atfough the
simiar_ effect ise-nduced_temporary
eshol shit (NHTS) P o
tion is ignored. A model ofloudness, the Zwick-
er method of calculating loudness, and loud-
ness meers are treated in detail, but again it is
nolicezble that these methods are ot related
1o other loudness computation methods (e.g.
‘Stevens' methods). There is also no discussion
of the loudness of impuise noise, or of the pos-
sty of impuise noise loudness meters.
‘Some of the most interesting reacing is found
in the results of research aimed at giving the
tem timbre’ more specific meaning. The au-
ot e 10 bese 35 e “sensaons” of
shapness o Dty and “Sesay
which ' ersely roated snam
ross i “alko dapands on aber snssions
as roughness, tonainess and loudness’,
perceptual qualties which are investigated in
separate chapters. Whie it is clear tha these
variables are important in the characterisation
of hearing, the question of defiiton s lossed
over and there is no discussion of whether or
not these "sensations’ are thought to be the
only ones of importance. Detais of the basic
experiments, including the instructions given to
sujects, would have been helpful here. The
short chapter on hythm, and it relation to the
temporal envelope of the sound and it loud-
ness is well worth reading, as are the following
on the ears noninear distorton, and bi-
naural hearing. The books limitation o the re-
search of these two laboratories is again ev-
en i Cratr 15, whre e ony Gzusson
book on auditory localisation does not
erton monaualocaiaton.

The final chapter is devoted to Applications.
This also makes very interesting reading, but
again the auihors discussion of some issues is
limited, by restricting attention to their own
work. Thus loudness is regarded as the only
“unbiased’ estimate of the acoustical de-
terminants of annoyance due to environmental
naise, neglecting the experimental foundations
of Kiyler's ‘equal noisiness contours', which
were the bases for the scale of effective per-
celved noise decibels (EPNDB) and, ufimately,
the Noise Exposure Forecast (NEF) method of
assessing the impact of airraft naise on the
community.
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Psychoacoustic variables such as loudness,
plch and th auhors “Tougness” el ae 33
real as any other scientiic measu
weren'm\erewmbempormmamcmol
ing, positions.
m ‘which the terms used in the conclusion must
appear in the premises. One feature of this
book that the reviewer personally appreciated,
therefore, was that the word 'subjective, with
its connotatons in Engish of variabilty and un-
veriiabiity, was used sparingly (abeft once in
a chapter heading). In fact, it need not have
been used at al
In summary, this is an excellent book which
should occupy a unique place in the lterature
on psychozcoustcs. Its occasional imitations
of scope can be made up by wider reading.
Norm Carter
Norm Carter is head of the Human Effects
Group at the National Acoustic Laborat
Syney. Hs past resaach cudes stucdes of

the string and the nonlinear elasticty of the
hammer fet, whie in the fourth, Gabriel Wein-
reich discusses the way in which multiple
stings with sightly spread indvidual tuning
lead to a sharp iniial decay but long sustain in
pianotone. Finally Klaus Wogram examines in
detai the vibration modes of the soundooard
and the influence ofthe ribs.
Al the authors are experts in their fields, and
the lectures convey a great deal of information
in readily readable form with virually no math-
ematics, but a good number of quanative fig-
ures. They make interesting reading for mu-
sealy incneg sonists ot stderts, o
0 be mos valiale b lchcaly
ined panits an o o tecvicn
The CD that accompanies the book Dmvldes
sound pamples to dstrto e 1t o
tures, and then goes on recor
excerptsfrom a concert, i flowed e
tures, in which music of appropriate period is

TTS due to impuise noise in
in the field, scaiing the loudness of impulse
noise and assessing the effectiveness of ear-
plugs as protection against impuise noise. He
has aiso studied the permanent effects of am-
piied music on young people’s heaing thresh-
olds and the effects of noise on the car-
diovascular system during task performance
and sleep.

* * *

FIVE LECTURES ON
THE ACOUSTICS OF
THE PIANO
Anders Askenfelt (Edimn
Royal Swedish Academy of Music, Stockhol

1990, pp. 105, Soft Cover, pms o' oon o
85428-62.0. Available directly from publisher at
Busiroirsio .5 11148 chkholm Swe-
den. Price US523.00 plus p
‘The Royal Instiute of Tachm\ugy in Stockholm
is one of the worlds best known centes for the
study of the acoustics of speech and music,
and has a regular stream of distinguished vis-
ors fom other parts of the worid, as well as ts
own resident researchers. lume con-
tains the text, figures, and musical examples
for five lectures on the piano given at the In-
stiute in May 1988, and follows several other
publications of similar type.

ey
between 1813 and 1980. The
playmg o Sl and e ne recording of
these instruments al in the same hall makes
comparison easy. My only regret is that the
concert excerpt runs for less than 15 minutes
and that some tracks are faded ou, rather than
concluding musically. This certainy faciitates
comparison, but rather makes one wish for the
complete version.
“The production of this short book is excellent,
and the price very reasonable, considering the
inciuded CD. | recommend it o anyone with an
interest in the piano.
Nevills Fltcher
il Fletcher is a Chief Research scientst
with CSIRO. He has wiiten widely on musical
‘acoustics, among other topics, and has re-
cently published (wit T Rossing) a book on the
“Physics of Musical Instruments" reviewed in
the lastissue of Acoustics Australia

* * *

UNDERWATER
ACOUSTIC MODELLING :
PRINCIPLES,
TECHNIQUES

AND APPLICATIONS
Paul C Etter

pp 305, Hard

, outines the
design principles o the piano, makes compal
sons between and modem instruments,
and presents some stiking recorded ilusira-
tions of the effects of hammer hardness and
the unexpected infiuence of longtudinal string
modes on piano tone. Next Anders Askenfelt
and Erk Jansson present a detaed de-
scription and careful experimental analysis of
the operation of the piano action between the
players finger touch and the impact of the ham-
mer on the string, giving some new insights
into the extent to which a player can influence
tone qualty. The third lecture, by Donald Hall
‘examines i detail he impact of the hammer on

Eise 05,
Covn 1601 8765085 S vtoion D
ributor: DA Books, PO Box 163, Mitcham, Vic
3132, Price A$144.25
In the authors words, “the scientic discipine of
underwater acoustics is transiioning from a
stage of observation to a stage of under-
standing and prediction.* The tool ofpreciction
is the mathematical model. Whereas the basic
concepts of underwater acousiics are covered
in several existing textbooks, accounts of re-
cent advances in modeling ofen remain scat-
tered through soenific jounals, conference
proceedings and the so-called ‘grey* erature
of unpubished report. With this new book, Et-

ter succeeds in providing a concise, up-to-date:
e o hose madls vich a0 appiable m
v feld sarar and, limaloy. o
o soar periomarece’ pobams. 15 scops
doesn' extend to analogue modeling (scaled
acoustics experiments n controled tank en-
vitonments) or to_developments in low fre-
quency seismology (unless appiicable 1o sonar
modeling. Fotrese aspects o h ek, he
referred 10 reviews elsewhere in
fraur. ‘Nor doss o uthor clam (o ofr
detailed mathematical derivations of the theo-
retical expressions employed in the models.
Rather, he mzps out the physical and math-
ematical orgins of representative models and
indicales their domains of applicabilty. An ex-
tensive st of 443 references (ncluding relevant
“grey” Iterature) enables the reader o il in
the details".

The order of presentation of the material fol
lows the structure suggested by a hierarchical
method of sonar model construction described
in the introductory chapter. _Speciicaly, all
models are divided into the thee broad cat-
egories of ENVIRONMENTAL MODELS
(Acoustical Oceanography’), BASIC ACOUS-
TIC MODELS (vith subcategories of "Propaga-
tion", "Noise" and *Reverberation’) and SONAR
PERFORMANCE MODELS, Reverberation is
sound scattered back to the hydrophone and
diffrs from noise in that it is produced by the
sonar itsel. As one progresses from the first
category to the third, the models necessarily
become less universal in application and more
system-speciic. The author rightly claims

Ihis ok s urique i tat 8 Leas e ente

of underwater acoustic models ..

Novothloss, 7 ot of . 1 chapers (s
senting 60% of the body of the book) are de-
voted 10 the second category which is, in fact,
the books primary focus. The approach is 1o
deal firstly with the physical models of a par-
ticular category (or subcategony) and then with
the mathematical models of that category.
Physical models offer conceptual repre-
sentations of the physical processes involved

whereas mathematical models offer formuia-
tions suitable for computaton. A further dis-
tinction is made between numerical mathemat-
ical models which are based on the knowledge
of the governing physics and empirical maih-
ematical models which involve the matching of
mathematical expressions to experimental ob-

The chapters dealing with acoustical ocean-
ography and physical propagation models offer
a useful summary of what is teated more di-
dactcallyin existing texts such as those of Clay
& Medwin or Urick. In fact the reader wil rec-
ognise mary of tho e wlich fave bosn

borrowed from Urick's earier texts. From a
physicats pont fvew, hro s Some peesing
modemisation of the terminology such as the
use of sound “speed (versus “velocity) and
the adherence 10 Selated units. The chap-
ters dealing with the mathematical models of
propagation, noise, reverberation andsonar
performance are well witen and each finishes
with a tabultion of current models and thei ap-
plcabilty. A separate chapter treats mathemat-
ical models for special propagation paths such

Vol 20 No. 1 - 32
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as surtace ducts, shallow water and Arcic hlf-
channels tomography and chaos, references to
extensive sources of information are pro-
vided. The book concludes with a chapter on
model evaluation.
Itis evident from the referencing in the nro-
ductory chapter that the author was a key par-
ticipant n the inaugural U.S. Navy review of the
availabity of numerical models (including sup-
tting data beses) and has published four
subsequent terature review updates, the most
recent being in 1990, In addition 1o its ex-
tensive reference ls,the book includes an au-
index (449 entris), a glossary of 290
terms and an appendix of 193 abbreviations
and acronyms (you will be reassured 10 learn
that "RAP" is an acronym for *Reliable Acoustic
Path). Although the book arose out o the au-
mrs lecture notes for a series of intensive
short courses, i is likely to be useful as a stu-
dent_textbook only for advanced, highiy spe-
cialised courses. However, it constitutes an au-
thorative overview and re for
those already active in the field and an ex-
cellent guide to the Iterature and terminology
for those who have a soiid
physical concepts of undenwater acoustics but
wish to_gain further insight into their practical
application.
Glen Stewart
G St o Sar Locturr i he Scho
of Physics at the Austal
Academy and is mspanslw o the couses
Merine Acoustcs and Optics

ok x
NOISE BARRIERS AND
CATALOGUE OF SELEC-
TION POSSIBILITIES

Graphic Servicss, Roads and Traffc Authoriy,
PO Box K198, Haymarket, NSW 2000, Tel (02)
2186833. Price: AS 60

This 170 Page document has been prepared
by Wikinson, Muray, Grifths in conjunction
with Bruce Mackenzie and Assoc. for the NSW
Roads and Trafic Authority (RTA). It is in-
tended, not as a comprehensive handaook, but
as & quide for planners, designers and con-
struction personnel.

The guidelines for road trffc noise in NSW
were published in 1987 and included a bref
secton on bariers as a form of control.  This
document provides a more comprehensive ex-
planation of the principles for the reduction of
sound by arirsand ives dtals o e var

it is acknowedged that the typical barrer at-
tenuation achieved by difracion is about 10
45 50an ST of aleas 20 shouid o stabl
Only 9 of the 25 types listed have values less
than20. Two gaps e ghenfor e pcenl
barrer carrecton as a function of path lengih
iffrence - ong sourced 1 e UK., h et
tothe USA. As the values obtained from each
graph are sightly difierent, this could cause

The sections on design aspects are supple-
mented with diagrams and photographs show-
ing the particuiar features. The importance of
the view of the barier from both sides is dis-
cussed. The flow diagram identitying the im-
portant faciors in the Section process shows
public involvement as an important feature at

Part 2 comprises a_catalogue of 18 barier
types. A summary table gives the cost per in-
ear metre at 1990. For each barrier type there
is a descripion, examples of applications and
other comments plus cost and contact detas.
A smal sketch or photograph would be of ad-
vantage in this section. The Appendix has 36
photographs of various barrers from around
the world butt s difcul to compare those with
the types lsted inthe catalogue.
Planners, designers and construction  per-
sﬂnne\ would fnd the document useful. The
photographs and diagrams make it a par-
Sculy wortwhi aadion o he ofice any
Marion Burgess

Marion Burgess is currently a research offcer
at the mnmm and Vibration Centre of the

trol ofroad traffic noise for many years.
x ok %

CONFERENCE

PROCEEDINGS

NOISE-CON 91: Twenty Years of

Progress and Future Trends

Noise Control Foundation, PO Box 2469 Ar-

lington Branch, Poughkeepsie, NY 12603,

USA Price: US$75 (plus US$25 for air mail)
NOISE-CON 91, the 11th National Conference
on Noise Control Engineering, was held at Tar-
rytown New York on 14-16 July 1991. The
proceedings comprise the five dls(mgulsbed

res and 82 contrbuted pay
“The distinguished papers were by.
- Leo Beranek 'Fify years of noise control; A

Part 1 comprises 10 Sections on the theory

tion, design considerations, cost effectiver
2 hoseectonproces. n th ecvicl 50
tions there are very clear simplediagrams

showing the principles of reflectio, difraction,
effective height lc. This simplfied_approach
is contrasted by detais in other sections. For
example; the sound transmission loss (STL) of
25types of wall materalsis given even though

- Per Bruel *Practical use of acoustical tech-
pobgy o he mossursmentof negy fo,
ndograpy and va
an Koyir Potcapon of nisiess®
- Fichard Lyon “Designg producs (0 scund
good

- Istvan Ver *Proposal for a long-range noise
control polcy: Cooperation between g
ment, industry and the research community”
‘The subjects for the conlributed papers incude
product design, fan noise, active noise control,

electical utty noise modeling, binaural meas-
urement systems, loudness of noise, boundary
element methods and noise contro reguiations.

The proceedings wil be of interest to those
wishing to keep informed on the progress and
future trends in noise control.

CIRRUS

Integrating Sound Level Meter

CRL 254 _has been designed o salisy the

EEC directives for noise in the workplace and

tomeet the mqullemmi: ofthe HKAm\eﬂ Sel

vices. Itis based o cessful C

and has a single aﬂalogun display range gomg

from 80 to 120 dB. Measurements can be

made in dB(A) or dB(C) to allow for the selec-

c‘ o ofthe best ear defenders. ts available as
a complete measurement kit including cak

iorator, windshield etc.

Screening Audiometer
CRL 602 s a binaural screening audiometer
complying with [EC 645 specifcations for Class
units. It provides a simple means of es-
tablishing hearing levels at an employee's in-
itial medical check and for routine screening. It
is "user friendly: with coloured LED'S 0 show
battery power, test signal and extemal power.
Further information: Davidson, 17 Robema S,
Moorain, Ve 5169, Te: 03) 555 7277 Fax
(03) 555

BRUEL & KJAER
Mapping and Sound Power Analysis
The software BZ7021 is uniquely designed to
diectly load into Real Time Analysers, type
2123 and 2133 The analysers' post-
processing abiltes are combined with a com-
prehensive range of mapping faciies which
cover both spatial and sequential multispectra.
/e map types can be displayed on screen;
landscape, outine, shaded, number and vec-
tor, The Software also contains user-defined
functions for sound power ranking. It is also
possivle o use the Software to map data from
Analysers type 2143 and 2144 by transferring
the datato a type 2123/2133.

VXI Test System

Afamily of audio range analogue modules and
Digital Signal Processing (DSP)-based vitual
instruments have been released and all use
VX bus technology. The measurement soft
ware includes, in addition to standard measure-
ment functions, a comprehensive package of
spectrum analysis hardware and software, The
virual instruments are Software packages run-
ning on an embedded VXI computer. In con-
junction with only three hardware modules -
and AD converter, a DIA converter and a DSP

Acoustics Australia
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- these software packages cover the majoriy

Analogus ouputs ae also avlatle—dalacan
n a level re-

functions,

FFT Option

The 7637 is a smg\e channel FFT opuon mr
use with Real-
comes on 3.5in dr!k and is Ioaﬂed usr\g the
buitin disk drive. The FFT Option greatly in-
creases the range of applications for the anal-
yser.

Statistical Data Logger
Long term environmental noise measurements
ante man with the Sound Level Meter type
yrammed with the Statistical Analysis
ot memory is arge enough
to store more than one month's worth of 15
minute records. Afer measurements, the re-
sults can be displayed, printed or ransferredto
‘2 compuer for further processing. The results
can be printed or sent to 2 computer and the
meter tsef can be controled by a computer,

Impedance Tube

The Two Microphone Impedance Tube, type
4206, offers quick and easy calculation of the
acoustic absorption coefficent, acoustc re-
flection coeffcient and normalised impedance
of smalltest samples over a frequency range
from 50 Hz to 6.4K Hz. Results can be dis-

S

Bruel & Kjaer's New Impedance Measurement
Tube Leaves Standing Waves Standing

played as magnitude, phase, real and imag-
inary part, Nyauist o Nichals plots. The meas-
wrement selup comprises the Impedance
Tube, Applcations Software BZ 5051, Muli-
channel Analysis Syster type 3550 and Power
Ampifier type 2706, The 4206 s also suppiied
with Applcation Software BZ 5050 for use with
2 PC 5o that the measurements can be con-
wolled with Analysers types 3550, 2032 or
2034,

Human Vibration Unit

Human-vibration Unit Type 2522 and Human-
vibation Module BZ7116 combine with Sound
Level Meter Type 2231 to form a dedicated
and_portable human-vibration analysis set
which can measure simutaneously in up 10
three channels. It is ideally suited for the mon
itoring of human-vibration o the assessment
for health risk such as Raynaud's phenomenon
(vibration-induced white inger).

A digital data store allows storage of measure-
ment data in up to 9 records, either auto-
matically at user-defined intervals, or manualy.

Vol 20 No. 1 -34

ot Frequency weighlmgs comply with
standards for hand-arm measurements, whole-

dy measurements and whole-body com-
bined measurements (designed for meastre-
‘ments of vibrations in buidings). The set also
has a faoilty for linearly weighting the signal

over the specified frequency ranges for future
analysi.

Human-vibvaton Unit Type 2522 d Humall
vibration Module BZ711
Precision Sound Level Mmr Type 22:1

Further information: B&K, PO Box 177, Terrey
Hils NSW 2084 Tel: (02) 450 2066 Fax: (02)
4502379

VIBRO-ACOUSTIC
Auto-SEA Software
Auto SEA is a new software tool designed to
enable accurate predictions of the noise and
vibation behaviour while products ae stil on
rawing board. Itis a fully graphical, object
frtd iplemntzion f e acousic desig
S Energy Analysis
SEA. {3 Yaricary. when Dera aroa num.
ber of noise paths through structures,

SEA Aicrat Geometry

Futter itmatr; Pai Bronver, Vi
Acoustc Sciences Ltd, 5/15 Orion Rd,

Gove, NSW 2005, Tet (02 418 8573, e
(02) 4188038

ACOUSTIC RESEARCH
LABORATORIES

These items are repeated from the last issue
due to publiation errors

Environmental Noise/Vibration
Loggers

Designed and manufactured in Ausiraia, the
Enviro-Log range has been specifcally de-

veloped to meet the needs of medium 1o long
term, outdoor monitoring appiications where
rugged, inconspicuous esign and low cost are
paramount

The EL-015, a type  Lin/A weighted statistical
noise logger which caplures 16 samples/
second with a 90 dB dynamic range capabily.

salsicl ress may be sored o he
besic siumer. skoin fr 8 i bog-

priod of 84 days i n oxemal Ticke
Sorch i provid or e hn  wooks using
the internal battery.

The EL-035, 2 triaxial staistical vibraton log-
gerwhichsres stalsial nr ms, A 2670
human sensitvity weighted and peak hold lev-
els. It is intended for logging structural vibra-
tion in occupied buidings and the frequency
range is 1Hz to 1 kHz and can operate for up
o 14 days.

Spatial Sound Field Monitor

The SFM-16 s a 16 channel 1/3 octave sound
level meter for measurement of sound pressur

level and spectrum (from 50 to 10kHz) at dis-
crete locations. The parallel sound level meter
circuits and fiters are esigned to comply with
the requirements of AS 1259 and AS 241

Control i via a front panel ‘qwerty’ -
board and results may be displayed in either
text or graphics on a iquid crystal msphy The
system

commurication with MS DOS wmwlers |u
long term data storage and analysis. An nter-
nal, rechargable battery permits operation for
up to 24 hours when mains power is not avaik

Further informaton: Acoustic Research La-

boratories, 169A Pacifc Highway, Homsby,

NSW 2077, Tel: (02) 4622866
Fax: (02) 476 4198

Hew
p ﬂd. Zc

REPORTS
NPL Report RSA (EXT) 14

“Noise levels of military alrclaﬁ at low al-
titude: Exercise ‘Luce Belle™

BF Bery, R C Payne and A L Hariis

NPL Report RSA (EXT) 16
“Noise levels of USAF aircraft in Exercise
“Luce Belle™

Copies avaiable from Berard Berry, Na-
tional  Physical  Laboratory, ~ Acoustics
Branch, Teddington, Middlesex, TW11
oW, Ui
Fax 081-943-6161

* * *
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Institute of Sound and Vibration Research,
University of Southampton, SO95NH, UK.
ISVR Technical Reports

No. 194, “Risk to hearing from overfiight
noise of military aircraft”.

B W Lawton and D W Robinson

No. 196, "A frequency domain least
squares method for modeling acoustic
felds”.

M Anciant, P A Nelson and J K Hammond

No. 204, *Realistic models for predicting
sound propagation in flow duct systems’.
POAL Davies

* * *

Department of Speech Communication &
Music Acoustics, Royal Institute of Tech-

nology,
P 0 Box 70014, 5-10044 Stockholm
Annual report 1990
Quarterly Progress & Status Report 15
Oct 1991

ok
JOURNALS

Applied Acoustics, Vol 34 No 3 1991
Contents include : ‘An empirical study of

comfort afforded by various hearing pro-
tection devices: laboratory versus field re-
sults’ by Min-Yong PARK & Johin G CASA-
Li; O the study of the active attenuation
of noise in an L-formed duct by Jiuo
ZHOU, Tielsin SHI & Shugi LU; "Trans-
mission of structure-borne sound in buid-
ings above raiiways’ by S LIUNGGREN;
“Prediction of sound fields in rooms using
statstical energy analysis’ by Ren WEN-
TANG & Keith ATTENBOROUGH.

Applied Acoustics, Vol 34 No 4 1991

Contents include: *Statistical analysis of
noise levels in urban areas’ by A GARCIA
& LJ FAUS; ‘A theoretical study of sound
ransmission through aerogel glazing sys-
tems’ by P P NARANG.

Australian J of Audiology, Vol 13 No 2,
Nov 1891

Canadian Acoustics, Vol 19 No 5 1991

Contents include: ‘Noise in rural rec-
reational environments' by Herbert G KA-
RIEL; 'Bottom loss in areas with ice-rafted
sediments’ by Francine DESHARNAIS;
“Attenuations from hearing protectors and

the ABC classification system’ by Alberto
BEHAR.

Ca(gul Aeustia Society, Vol 1 No 8 (Se-
ties ) 199

Contents indude
and anisotrop)
dented rings” hy Anionio PACE. The dy
namics of musical strings’ by Maurice
HANCOCK.

Anmomlcal thuves

Chinese J of Acoustics, Vol 10
No 41991

Contents include: ‘Acoustics of Chinese
bowed string instruments Jinghu and Erhu’
by CHEN Tong, ZHENG Minhua & CAI
Xiulan; ‘Rotational character of sound in-
tensity and surface sound intensiy’ by Ji-
ANG Zhe & GUO Hua; ‘Active anti-noise
transmitters and receivers' by TIAN Jing,
SHA Jiazheng & LI Ningrong; ‘Complex
eigenvalues and group velocites of normal
modes in shallow water with a lossy bot-
tom' by ZHANG Renhe & WANG Qin.

IINCE Newsletter Nos 63, 64 1991

Shock and Vibration Digest Vol 24
Nos 1,2,3 1992

INDEX
VOLUME 19 1991

A - ARTICLES

CHAN Helen, DREW P & CHIVERS RC,
No2,31-36

Standards for Medical Uttrasound and
Transducer Calibration at the National
Measurement Laboratory

CLARK G and BISHOP B C, No. 1,
1721

Appiications of Ultrasonic C-Scanning
1o Aerospace Composites
COLLINGS A F, No. 2, 37-41
Ultrasonics — A Useful Tool in Bio-
physical and Biomedical Research
DON C G, No. 3, 63-67

Impulse Acoustics

HANSEN C H, No. 3, 83-86

Active Control of Sound Radiation from
Vibrating Surfaces

HARRISON R P, No. 1, 11-16

High Frequency Ultrasonic Evaluation
of Advanced Ceramics and other
Materials

HOOKER R J, No. 2, 49-50

Acoustic Impedance Calculation from
Impedance Tube Data

LA FONTAINE R F and SHEPHERD
No. 3, 79-81

Active Control of Plane Wave Noise in

Ducts

LAIJ CS, No. 2, 4348

Some Applications of the sound

Intensity Technique

PRICE D C, No. 1,3-4

AView of Ultrasonic Research in

Australia

ROSSING T D, and TSAIJ, No. 3,

7374

Acoustics of the Chinese Qing
SYNDER'S D and HANSEN C H,
No. 3, 69-72

Global Control of Sound Transmission
into Enclosed Spaces

WILSON L §, No. 1, 5-10

Recent Developments in Medical
Diagnostic Ultrasound

WOOD B R A, FLYNN T G, HARRIS
RW, and NOYES L M, No. 3, 87-89
‘The Use of Waveguides in Acoustic
Emission Monitoring Projects

B - REPORTS

DUNLOP J |, No. 3,90

Acoustical Activities Around Sydney
ZELNIK A, No 2, 48

Excellence in Acoustics Awards 1990
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C - AUTHOR INDEX
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Hansen TH 69,83
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D - LETTERS
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CONFERENCES and
SEMINARS

* Indicates an Australian Actvity

1992

« April 30 - May 3, BAROSSA V
o NATIONAL CONFERENCE
Audiological of Australz

Details: 1992 Conference, sammsr Ade-
laide, SA 5000, Australia

May 5-8, RIO DE JANEIRO
IV INTERNATIONAL SEMINAR ON NOISE
CONTROL

Details: Meta marketing e Eventos Ltda, PO
Box347, 20010, Rio de Janeiro, Brazil.

May 11-15, SALT LAKE CITY
MEEﬂNG OF ACOUSTICAL SOCIETY OF

Do Ammulsooefy of America, 500
Sumnyside Bid, Woodbury, NY 11797, USA.
May 18, BIRMINGHAM

ACOUSTICS ARCHITECTURE & AUDITORIA
Detais: R. Orlowski, Arup Acoustics, St. Giles
Hal, Pound Hil, Cambmpe B3 0AE, UKA

May 2529, GDANSK

5th SPRING SCHOOL ON ACOUSTO-

OPTICS AND ITS APPLICATIONS

Dsfar'ls ASiwinski Insttute of Experimental
Stwosza

September 1-3, SENLIS

FAN NOISE

Details: J Tourrel, CETIM BP 67 - 60304, Sen-
lis, France

September 3-10, BEWING
14th ICA

Detalls: 14 th ICA Secretariat, Instiute of
Acoustics, P.0. Box 2712, Bejing 100080, Chi-
na

Seplember 1244, NAKIN

EAATIONAL SYMPOSUM ON ACOUS-
DAL NAGHE
Detais: 14 th ICA Secretaria, Insttute of
Acoustics, P.0. Box 2712, Beiing 100080, Chi-
na

September 14-18, LONDON
EURONOISE 92

Detais; Instiute of Acoustics, PO Box 320, St
Albans, Herts, AL1 1PL, England

October 12:16, ALBERTA

1992 INTERNATIONAL CONFERENCE ON
SPOKEN LANGUAGE PROCESSING
Detail: ICSLP- ing and

University of Alberta, 103 Lister Hall,
Edmonton, Alberta, Canada T6G 2H6.

October 27-28, SENLIS
RECENT ADVANCES N SURVEILLANCE
Usng Acoustcl o Vrlr Wethods

F Chapatn, Rove Pratue de
Gont ) Saere Ampers, 25 rue
Dagomo, 75012 Pars, France.

+ November 26-27, BALLARA'

PRACTICAL ACOUSTICAL soL\mONS
AAS Annual Conference

Details: AAS Annual Con, PO Box

( Wita
57 Yo0952 Gdansk, Poland.

June 1619, EGER

7th HUNGARIAN SEMINAR & EXHIBITION
ON NOISE CONTROL

Details: OPAKF| Secretariat, H-1027, Budapest
Fou6s, Huﬁg-i’l

June 17, LONDO?
HEALTH EFFECrs OF NO\SE & VIBRATION

Detais: B Bery, Acousi
e NS WO T oL,
UK

June
AMS FORNOISE CONTAOL IN EUROPE
OF THE FUTURE
17t mematonlCorgess OB
: 17 AICB, Czech Technical University,
anl{yCMlEngmmrmg Thakurova 7, CS 166
Prague, Czechosiovakia

July 2022, TORONTO

INTERNOISE 2

Detais: Congress Secretariat, PO Box 2469,
NY

Aug 28 - Sept 1, TOKY(
INTERNATIONAL OIPOSUM ONMUSCAL

Demls /SMA 92 Tokyo Secretariat, ¢/ Acous-
tics Laboratory, Ono Sokki Co, 1-16-1 Hakusan
Midoiku, Yokohama 226 Japan

X Vic 3039 Australia

. chlmbll 14-18, HOL

e USTRALASHAN FLUID NECHANICS
CONFERENCE
Detais: 11 AFMC Secretariat, Dept Givl &
Mech Eng, University of Tasmania, GPO Box
2520, Hobart 7001

1993

April 4-7, SYDNEY

« INTERNATIONAL CONFERENCE
&EXHIBITION

Australan Intiute Refrigeration,

Air Condiioning and Heating

Details: AIRAH 1993 Cont, 191 Royal Parade,
Parkvile, Vic 3052 Tel (03) 347-4941/347-3786
Fax (03) 347-8571

May 31 - June 3, ST PETERSBURG

NOI:

International Noise and Vibation Control Con-
ference

Dot /Moo Crockr, Mach g, 210
Ross Hal Aubum Usbersty. s, AL
36649-3501,

June 26 - Jnry 2, BERGEN

13th INTERNATIONAL SYMPOSIUM ON
NONLINEAR ACOUSTICS

Detais: Prof Halvor Hobaek, Dept Physics, Uni-
versity Bergen, Allgt 55, Bergen, Norway 5007

July 69, NICE

NOISE & MAN

6ih International Congress on Noise as a Public
Health Problem

Details: Noise & Man 93, INRETS LEN, Case
24, F 69675, Bron Cedex, France

August 24-26, LEUVEN
INTER-NOISE 93

Detais: INTER-NOISE 93, TK VIV, Desguinlei
214, B-2018 Antwerpen, Belgium

1994

July 18-21, SOUTHAMPTON

$TH nemaioral Confrnce ON RECENT
ADVANCES IN STRUCTURAL DYNAMICS
Dal VR Canfrengs Sectat, o Un-
versity, Southampton, SO9 5NH, England.

COURSES

In accordance with the ncreased recognition of

rtance of continuing education, details
on courses held in Austraia wil be included in
this section for no charge. Addiional details
can be included in an adverisement at the nor-
mal rates,

1992

July 13-17, LAUNCESTON

UNDERWATER ACOUSTICS

Details: Heather Strutt, AMC Search, PO

9487, Launceston, TAS, 7250. Tel (lm)zw
703, Fax (003) 263 790

0ct 26-29, CANBERRA
BASlcs OF NOISE AND VIBRATION CON-
Dewls Amusbcs and Vibration Centre, Aust

Defen Academy, Canberra, ACT 260.
Tt 2os s ooy o
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e (Y] For almost 30 years, Flakt
e c ﬂe [m {t [| f[l c Richardson’s Sound Control
Division has used Rescarch and
B Development to create new
S @ Hu{tﬂ @ [m {t@ solutions in noise abatement.
J Today we are recognised as a
leader in noise control
S @ U] Eﬂ] d C @ n{tlr@ H technology. Utilising its internal
omn development team and valuable
- links with Sound Attenuators
U.K. and Kinetics Noisc Control
U.S.A., Flakt Richardson Sound
ntrol have manufactured and
installed numerous noise control
solutions, both in Australia and

Overseas.

The Worldwide ABB Flakt
Group ensures stability and
confidence for future projects
and long term support for
completed installations. Design
and manufacture of Flakt
Richardson equipment are now
accredited to AS3902 and
1509002 for quality assurance,
with equipment type tested in
N.A.T.A. certified laboratories.
For further information about:-

the
LEADER

in noise
control
technology

/7 Flakt

Flakt Richardson Pty.Ltd.
Sales offices:

Victoria New South Wales

Phi 035627266 Phi 0246386699
Fuc 0305627661 Fac 0206386967
Queenstand South Australia

Ph (7e351133  Ph 0803523944
R (7+351234 B 0803540286
West Austraia Tasmania

Pho 094551814 Ph 0020234855
B 09+4551841  Fax 0020231965
Singapore New Zealand

Pho 0011 6502667055 Ph:  649+4789036
Fav 0116502663389 Fax 6490479 1969

Atn 10110




The N ew Wave for Tomorrow’s
Audio Measurements

The ’50s brought us automated swept sine measurements ...
The *70s brought us FFT analysis -..

Now Briiel & Kjaer brings you SEPA
(Serial Excrcatlon Parallel Analys1s)

Designed to help you

The 2012 s designed to help you in your work. You can create autosequenced measurement routines, which
run your measurements automatically, saving you time and effort during repetitive measurement tasks. And
the 20125 multi-tasking design means that you can be performing new measurements while processing previous
data, and printing results, all at the same time.

A complete measurement lab

The 2012 is packed with facilities to make your measurements easier than ever before:

* You can display time and frequency responses in Magnitude, Phase, Real and Imaginary Part, Group Delay,
Frequency, Decay » You can mani data using block arithmetic, poles, zeroes,

windowing, editing, smoothing 3% MS/PC-DOS compatible disk-drive for storing data, setups and

autosequences » IEEE-488 and RS232C interfaces, with IEEE bus controller function » Full on-screen help

facility » 12" high resolution colour monitor » Hard-copy of screens (o printers or plotters

Briiel & Klar —@‘ NEW SOUTH WALES WEST AUSTRALIA  VICTORIA  QUEENSLAND
Brilel & Kjaer Australia Pty. Ltd. (02) 450 2066 (09) 481 0189 (03) 370 7666 (07) 252 5700



