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Standards for Medical Ultrasound and Transducer Calibration
At the National Measurement Laboratory

H.LW. Chan and P. Drew
CSIRO Division of Applled Physics

R.C. Chivers
Dspanmam of Physics

National y

of Surrey

Lindfield, Australia 2070
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ABSTRACT: Ultrasound is used widely in medicine for diagnostic, therapeutic and surgical purposes. Mechanisms
by which ultrasound can affect biological tissue are briefly reviewed.
some of the acoustical parametars that should form the basis of exposure measurements. The principle methods
of measuring these parameters are described with particular reference to the facilties presently available at the

National Measurement Laboratory, CSIRO.

From these mechanisms it is possible to identify

1. INTRODUCTION
Ultrasound s used in various medical diagnostic, therapeut
and surgical applications. When used diagnostically, especi
in'obstatics, the received exposure o ultasound must ok
havo adverse ioogial efacs. Howavr, in physctherapy, the
exposure must be large enough for the ultrasonic vi
ettt the tissucs, In surgical spplications, igh powor ulto-
sonic waves are focused onto regions of tissue for destructive
purposes, For_ example i Iihotipsy. Kidney stones aro
shattered by highly focused ultrasonic shock wi

Sincs. ulrasound  ineracts wit_ bioogical Sssuo, it Is
essential to know the ultrasound exposure level in order that
an assessment may be made lﬂ any posslhle hamrd to @ patient
during an applaion, have drawn

in any given location, and to mi the establishment of
ing waves that inhibit the cooling effect of blood flow.
Since heat production is a resuit of absorption mechanisms
which depend on the ultrasound intensity, intensity is an
important parameter for charact the heating effect of
ultrasound. The production of heat by ultrasound absorption
in tissue forms the basis of hyperthermia treatment of some
cancers.

a

2.2 Nonthermal mechanisms
A number of non-thermal mechanisms have been discussed in
bmoﬂ-n literature (6.9]. In many situations where ultra-

p safety standards lur both diagnostic and therapeutic
-qulpm-m [1-5). These standards require that the ultrasound
oulpul power, the intensity and the beam parameters must be

pecified. Furthermore, some of these performance standards
l|.2| can be used as guidelines of quality assurance for
manufacturers.

In this paper, a brief review of the biological effects of
exposure to ultrasound is given. Other papers that consider
'some of the issues discussed here are available in the literature
(6-8). This discussion will identify the important parameters
related to issues of safety and potential risks. Methods of
measuring these parameters are discussed, and the facilities at
the National Measurement Laboratory (NML) designed to fulfil
these measurement standards are described.

2. MECHANISMS FOR BIOEFFECTS
OF ULTRASOUND

2.1 Thermal mechanism

In an absorbing biological tissue, sonic heat production s a
significant mechanism for bioeffects of ultrasound. The heating
can easily bring about temperature elevations sufficient to alter
biological structures andor processes. As a rough guide, it can
be shown (7] that for an ultrasound beam of effective average
Intensty otal powersffecive radiating are) 1 Worn -2 (typical
of a physiotherapy system) incident on soft tissue, the tem-
perature rise is approximately 0.014°Cs-". It is common (and
recommended) practice to move the transducer during therapy
treatment so that the temperature does not become excessive

oot involved, the cause of change is considered to be
related to the mechanical aspects of the sound field,
pressure, shearing stress etc. In medical pulse-echo diagnostic
ultrasound, the ultrasonic waves generated are often of
sufficiently large amplitude that the elastic response of the
biological medium is non-dinear. The linear analysis which
assumes that the waves are of infinitesimal ampiitude and that
the change in density of the medium is directly proportional
10 the chango in pressure, is not adequate to describe the non-
linear acow The ulssonic weve i then sed o be of
finito (as distinct from infinitesimal) ampiitud mber of
istinct phenomena, not obseved i lowampitude acoustic
ks, bocome apparent s the wave ampituc s kreased.
The amplitude at which nondinear effec vable
depends on the elastic properties of the pmpagunm ‘medium
and on the sensitivity of the observation m

221 Finite amplitude distortion
and generation of harmonics

As an ultrasonic disturbance of finite ampiitude propagates

thiough a medium, energy is transferred from an  initially

monochromatic wave to its harmonics. This phenomenon

and has important ramifications for sound absorption. As the
beam propagates through tissue, the original monochromatic
form of the wave takes on a spectral character, until eventually
the waveform becomes stabilised (saturated) at a distance from
the source where the time rate of energy input to the harmonics
equals the time rate of energy dissipated through absorption.

Acoustics Australia

Vol. 19 No. 2 - 31



In typical medical beams, the Nghlﬂ amplitudes are usually
found e, s0 sswration ffects ro st in this

Thus, a8 the source ampitude i increased, tho pook
ampitide of the fundamental Component e reoches &
maximum value and all of the additional energy is transferred
to higher frequency harmonics, while o"-axi; the fundamental
continues o nctes in smpitude. ttern, therefore,
bocomes dependent on acurce ompltuds and axi postion.
Finite amplitude distortion will generate high frequency com-
ponents more rapidly in the relatively low loss fluid volumes
wittin the human body. In particur,

On the other hand, near surfaces where acoustic boundary
layers are set up, it can be of very small scale (of the order of
rons) and is called “micro-strea icro-streaming is
an important topic in connection with the bioeffects of ultra-
sound. When micro-streaming is present, the high velocity
gradients and associated shearing stresses which exist in
boundary layers can cause damage to biological cells and
macromolecules. While the potential relevance of
mecharisms is clar, the detsrmination of thoi signifcance s
largely fimited by our relatively poor undorstanding of the
tissuo [14],

urine and amniotic fiuid may ol i iscontinuity
formation under some circumstances [nl The hlgvﬁvequemy
content in a shock pulse will lead to a high deposition of

anorgy in the intal layers of lossy tissues behind such fud
paths.

222 Caviation
Of the range of non-thermal biosffect mechanisms the one
which is of greatest interest is that of cavitation. Cavitation
phenomena are produced in a liquid m jected to an
acoustic disturbance when the acous pressure during
rarefaction reduces the hydrostatic pressure below som
“threshold” value. At higher pressure amplitudes, microbubbles
can act as nucleation sites for the generation of cavities which
may collapse abruptly following the rarefaction half cycle. Such
collapse cavitation can have associated large local temperature
fises. For this reason the threshold pressures for collapse
cavitation in vivo and in aqueous materials (e.g. blood) are of
paricular intrest. The threshold varies with local condiions
and increases with frequency (12]. As a rough guide,
tsshod vaie n he ow MHz range is about 1 MPa [12] ne
tion of sodium fodide.

o obsarvaion of both caviation and frtsampitudo
effocts, the acoustic parameter primarily controlling _their
occurrence is not intensity but pressure. It is thus important to
measure the pulse pressure waveform, and in particular the
maximum rarefaction (or peak negative pressure) amplitude.
The cavitation threshold also depends on the pulse repetition
frequency (PRF). This can be explained if one postulates
the bubble fragments from a previously collapsed cavity may
act as nucleation sites for subsequent cavitation action (9].
Other properties of the wave such s its frequency and pulse
character, are also important.

223 Radiation force and radiation torque
If structs i ti ries di those
of an embedding medium are subjected to acoustic radiation,
steady or unidirectional radiation forces are exerted on them.
The radiation force on an object, which arises from a non-zero
time-averaged pressure <p> associated with the acoustic
field, is a non-inear effoct of the field but thers is still some
controversy concerning its origin. (Thers is some variation in
the usage of the term “radi

for further discussion.) The use of a radiation force balance to
determine the total acoustic power in a transducer beam is
discussed in the next section.

Analogous to the radiation force, which may cause trans-
latiorial motion, is another quantity “radiation torque"’, which
tends to produce rotary motion. uced twisting
and spinning of cells occurs when the local sound field is
highly non-uniform on a microscopic scale. Micro-scale non-
uniformity of the ultrasound field exists in tissues because of
the inhomogeneities presented to the ultrasound by vessel
walls, cell walls, and especially by any gas-illed spaces that

may be present. Radiation torquo acts on the medium and, in
o fldd, con givo rise o sto0dy Cheuatory flow, Lo acous
streaming. The streaming can be of a ly large scal
such as associated with an ultrasonic beam in a water tank.

2.3 Assessment of bioeffects in humans
In general, assessment of the effect of ultrasound in humans
is more complicated then in many other animals. Assessment
of safety for a qlvm oxposure from a particular device would
jestigations over many years, particularly
long-term effects: latent periods could
be as long as 2. yun in the case of cancer development, or
the effect may not be seen for another generation. Thus,
looking at axpunns o only a first prudent step in investigating
human effects. At the moment, no well documented direct risks
of the use of ultrasound at recommended levels have been
established (6] and the benefits of ultrasound in medicine
far outwaigh the presently perceived potential risks. However,
itis still recommended that the intensity and power used should
be as low as reasonably achievable in clinical applications.

3. MEASUREMENT OF ULTRASONIC
FIELD PARAMETERS
There is a largo variety of ultrasound transducer types in
medical use [15), but with fow they employ the
‘thickness vibration of a piezoelectric ceramic plate, constructed
of poled lead zirconate titanate (PZT) or lead titanate (PT), to
generate andlor detect the ultrasonic fields. The transducers
used are usually resonant devices, but for diagnostic imaging
applications the thickness resonance is normally heavily
y a well acoustically matched absorbing backing
i order that shrt, broad-band: pulses cen bo sy cltskac,
Very short ultrasound pulses are desirable in  diag
spolcaons in oder et refectons from cossy Speced
objects can be more easily differentiated to maximise longitu-
dinal resolution). Either electronically controlled transducer
amays, or single transducers that are mechanically rotated or
wl o, rg une to scan 8 volume of thaus for imeging
urpos: ducers for Doppler applications (see the paper
o e, ot asoe may be designed for use only in Doppler
mode, or may be used also as an imaging transducer in a
socalied “duplex” scanner. In physiotherapy and surgery,
transducers are designed to deliver relatively large amounts of
energy to the tissue for therapeutic or destructive purposes.
‘The ultrasound frequencies used in most medical applications
are in the range 0.5 to 16 MHz, corresponding to approximate
‘wavelengths in soft tissue of 30 0.1 mm.

The wide range of techniques for the measurement of
ultrasonic fields described in the lterature is summarised in a
number of review articles [8,16,17. The properties that can be
measured ircty with elativ ease ar scoustc ressurs and
acoustic_power. Pressure is measured using a
‘while acoustic power can be measured using a aciion oren
balanca Another parameter, the particle lacement, can be
measured by a more complex interferometric method (18], and
can provi standards for hydrophone calibration [19).
The principles of the techniques and their implementation at
NML are described in the following sections.

3.1 Measurement of acoustic pressure

using hydrophones

A hydmphoﬂe is a device which produces an electrical signal
in response to an applied acoustic field. The sensitive element

Vol. 19 No. 2-32
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Figure 1: Needle (sft) and membrane hydrophones. The .
dmmo/wmmyno/mapm-cmpmma
r:maum-dlllhomdalm
n.m- pupmmmm needle axis, and is approximately

is a poled spot approximately 0.5 mm in diameter at the centre of
the membrane.

2 'Mlholmplalll»y’ldfﬂvllNM_ mwmvmkwnum

ray consisting of six individual tran:
focused wmmanpomr A bnnchvmhmmh-

s0en in the centre of tho tank, mounted on the Xy scanning stage.

resolution for beam profile measurements. However, the tibre
u a line sensor whose output is Dropoﬂmﬂul 10 the line integral

of the hydrophone is usually a small pi ic element and

determine the spatial distribution of the field amplitude, i.. the

beam patter or beam profile, if the size of its active element
is comparable to, or smaller than, the acoustic wavelength.
The tamporal varition o the field, i.e. the puise waveform,
can also be detemined providing the devie hes @ known
(refrably ot frequency response. only_used

wdrophone types are shown in Figure 1. T Onthe a2 ool
nyuropnun- 201 with a PVDF (polyvinylidene fluoride, a piezo-
electric polymer (21)) element mounted at the probe tip, while
that on the right consists of a sheet of PVDF stretched across
a support ring, and only a small central region of the sheet is
poled (a membrane hydrophone (22,23)). As hydrophones are
ot absolute devices, they must be calibrated, and three of the
techniques which may be used are planar scanning (24],
reciprocity [25) and optical interferometry [19].

“The choice of size of hydrophono depends upon considera-
d of directional response. Presently,
ercially available PVDF hydrophones have
&n element diameter of 0.5 mm, which is larger than the
ultrasonic wavelength in water for frequencies above 3 MHz.
Thus many hydrophone measurements actually give a result
which is an average of the acoustic pressure over the active

ent. This can cause an underestimate of the spatial-peak
acoustic pressure level [26].

PVDF hydrophones, however, have some disadvantages,
particulerly for the measurement of high intensity fields.
Firty, they are suscopte 1o damage in high power ulra
sound beams, such as those generated by lithotripter ar
hyperthermia transducers. Secondly, it is difficult to electrically
shield PVDF hydrophones sufficiently to prevent significant
interference between electrical pickup and the acoustically
generated signal in continuous wave applications. A fibre-optic
hydoptaons devdoped ot NML (27,28] is an attempt to

e some of the problems associated with the use of
PVDF hydlophnnn The optical fibre is expected to be more
rugged than PVDF films in its abilty to wihsiand high power
ultrasound and its output is immune to eloctromagnetic
inteforonce. Furthrmra, as It s tho clacing diameter of the
fibre (approx. 80um) that determines the ulimate spatial
Tosolution, e fbra hvdmphon- can provide very good spatial

schnuzuo has 10 be used to reconstruct the spatal prossure
profil
Tn use a hydrophone to characterise a transducer fiod, o

are required. The beam plotting facility at NML is Shown
Figure 2 The tark s bned with sbacrbng materiela o fminets
iactin, s deloreed, degessed
inted on a manually oonuollsﬂ five-axis mi
anioultor and the hycrophone is ‘mounted on a comnulw
rolled X-Y:
system is 8.75 um. In characterising a transducer, the location
of the peak acoustic pressure is found by scanning the hydro-
phone  throughout the acoustic field until the largest peak
positive or negative signal s observed. If this maximum is
located in the far-ield of the transducer where a plane wave
approximation is valid [29], th peak acoustic pressure pit) can
be converted to instantaneous intensity | using:

I = piltliec m

where g and ¢ are the density and velocity of sound in the
medium. This intensity comesponds to t -peal
tomporabpaak ) ntenity. Afr ho poak prassuro posiion
located, it is usual to scan across the plane P, the focal plane

for a focused. wansducer, passing trough his por
normal o the scoustc beamaxs, 0 obtain a diametic beam
plot. If the beam is not cylindrically symmetric, a two
dimensional scan in the plane Py is required. Figure 3a shows a
plot of a two-dimensional scan of a transducer with hexagonal
symmetry and Figure 3b is a contour plot of the same two-
dimensional scan which displays the pressure distribution of
the ultrasonic beam. With reference to appropriate standards
134), other acoustic parameters can then be derived from the
scanning results.

3.2 Measurement of total acoustic power
using radiation force balances

A radiation force balance aims to measure the force produced

on a target intercepting the whole ultrasound beam [13,30].

The radiation force was introduced in Section 2, and is

related to the rate of change of momentum in the ultrasound

beam. It acts in the direction of propagation of the uitrasound.

Acoustics Australia
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Voltoga welte)

¥ axa m

Figu

o the hexagona axis

a contour plt of the data shown in al. The contour interval is
10% of the maximurn vohtege.
The measured force F on a highly reflecting target in water
may be related to the incident acoustic power W by

W = Fc @2

where c is the velocity of sound in water. If the force is vertical
itis equivalent to a mass m, where

m = Wige @

and g is the acceleration due to gravity. Therefore, an ultrasonic
beam of 1 W total power will produce a force at temperature
of ZU“C of approximately 68 mg

At NML, a float densitometer, ori jinally designed to measure

the density of water [31], has been modified for use

e 2 vadiaton force belance (32] (Figure 4). A highly reflecting
target is mounted on a float which contains a magnet. The
vertical position of the float is optically sensed and a servo loop
holds it submerged in a fixed position by controlling the
current in a coil, whose resultant magnetic field interacts with
the magnet in the float. The system is computer controlled.

float (centre) is a combination of buoyancy,
Mwmwmm«dwmwm-rmmm

be calivatd can be seen orotucing o the
Mby

the base. absorbed.
lining (ot shown in photograph. Tmbufbnm-mpafmm

The current in the coil is a measure of the radiation force,
the apparatus can be calibrated using known weights. This
balance can be used to measure power output of diagnostic
transducers, which have typical output powers from 1 mW to
100 m)

Three other radiation force balances aro also avaiable at
NML 1« total power measurement:

A tethered float radiometer designed and built at the
Nnion-l thlmal Laboratory lNPL) i the UK [33], which can be
used for the 150 mW to SW. It is used
malnlv for meuw transducers.

with reflecting and absorbing targets,
measure output lovls grostor than, 15 mW.  The
dventage of s belncs s thet It s cesie to oparate than
the two balances mentioned above

3. Fi povwer meter which can be used in
i work (e in hospita or clicl, which hes a range of
1 mWto

33 Hydrophono calibration
At NML, hone calibration can be carried out using
several

331 Planar scanning method

Planar scanning provides a technique for the calibration of a
Pyrophor taing a canadice of know tota power ouput
W. The transducer used can be  source such
2 hoss suppled ane cabraes 1o NIST fomary NBS)
in USA, or a transducer calibrated using the radiation forco
balance at NML. The output voltage of the hydrophone is

Vol. 19 No. 2 - 34
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Figure 5 The optical phase-ocked Michelson interferometer used for
ydophone caitvaten at NIL On the et ffh'pmmu'ln
adjustable mounting for the acoustically ransparent membrane. The

maks optial comparents of e lmumammr are on the right, and
optiar & companents o anatl the to be shifted and foc

measured as the hydrophone is scanned over a plane in the
far field of the calibrated transducer. The output voltage Vo at
(ha hydrophone is measured as a function of position, and the

voltage is then integrated over the area of the
Uitrasorit beam. The and.f<able loaded sensitivity M, of the
hydrophone can be determined by ing the integral of the
square of the hydrophone output voltage hy the total power of
the beam [24]:

= { [ §Vordyda) | 2eew} % @

332 Calibration of hydrophones using

optical interferometry
! interferometry is used to directly measure the ultrasonic
dllpla:nmmu in a transducer beam, by focusing one beam of
a Michelson interferometer onto a thin, optically reflecting but
acoustically transparent membrane immersed in water in an
ultrasonic beam. In vrinciulu this membrane could be a
membrane hydrophone, but in practice a thinner (3 um) film
than the thinnest available PVDF film s used. As long as the
membrane is in the focal region or the far field of the ultrasonic
transducer, the pressure is proportional to the displacement,
and a hydrophone can be calibrated by substituting it for the
mambvunn ‘and measuring the output signal.

An optical interferometer similar to the primary stand
used at NPL (191 i the UK has been Installed st NML (ﬁgura

5.
UK 361 The mejo dificuty of messuring i
placements in the MHz frequency range is
amal = 10 0 10-10m), an n geneal much saller dan
low frequency background vibrations.
The Harwell Iartorometor (34] ‘compensates for the effect of
fow frequency vibrations by shifting the phase of the reference
beam with ¢ Pockls ool conralled by 8 signl fd back from
the interferometer output. constitutes an oonul pw
locked loop, and it ensures M the interferometer
to displacements at frequencies less than about 100 ¥tz and
has maximum sensitivity at frequencies in the MHz rang
This interferometer is capable of resolving dynamic_di
101 mi 300 kHz

in the low MHz range. This is an extraordinary capability.

333 Direct comparison
Calibration factors of hydrophones can be found by direct

can be a PVDF hydrophone calibrated using the optical inter-
ferometer at NML. PVDF hydrophones with calibration

provided by NPL nthe UK are aiso avalble and can bo used
in the comparisa

4. CONCLUDING COMMENTS

International standards governing the use of ultrasound in
medicine are still evolving as a result of the intensive research
activity of recent years. The ability to make accurate quanti-
tative measurements of the ultrasonic output of transducers s
an essential prerequisite not only to evaluating the medical
effects of uitrasound exposure, but also for effective and
reliable use of ultrasound for diagnostic or other purposes.
In the past three years, the medical ultrasound standards and
calibration project at NML has gone through the develop-
mental mga and most of the equipment is now rea

used in ing ultrasound power measurements ma hydro-

at the request of companies, hospitals and other organi
‘wishing to evaluate their medical ultrasonic equipment. It is
expected that the laboratory will participate in i
intercomparisons of ultrasonic standards with institutions in
other countries in the near future.
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Ultrasonics—A Useful Tool in Biophysical
And Biomedical Research

A'F. Collings
CSIRO Division of Applied Physics
Lindfield NSW 2070

plant cells, and preliminary work on protein coagulation.

ABSTRACT: Ultrasonic absorption and velocity measurements in biological fluids can shed light on the underlying
biophysics. We discuss here research on the deformability of human red blood cells and the compressibility of

1. INTRODUCTION

‘Therapeutic and diagnostic applications of ultrasound are now
‘of major importance in medicine. Ultrasonic imaging techniques
are part of the modem medical arsenal for non-nvasive
diagnosis, and Doppler measurements of blood fiow, ultra-
sonic physiotherapy and tissue characterisation are common-
place. Here | will discuss several a iophysical and
medical research where ultrasonics provides unique and useful
information about the underlying physics.

Most of the above applications involve the propagation of
sound in inhomogeneous media and it should be recognised
at the outset that our understanding of the underlying physics
is far from complete. The physics is difficult because one is
confronted wit multnl scattodng from parices o oeclusions
which are randomly distributed and which vary in size and
shape. I suspensions, the attenuation of sound from viscous
effects or relaxation processes are frequently more significant
than the scattering contribution.

We are collaborating with colleagues at the University of
Surrey in mocelling the attenuation of sound in mineral and
biological suspensions. Biological suspensions have been
treated as spheres of viscoelastic fluid (cells) surrounded by a
viscoelastic shell (the membrane in a viscous fluid medium [1].
The inter- and intracellular fluids will support the propagation
of longitudinel waves only, whereas both Ionqnmdm.l nnd
shear waves can propagate in the membrane. The di
thermodynamic properties i the three media can also nnmrale
thermal waves at the boundaries of the media and introduce a
thermal contribution to the attenuation of sound. The
disadvantage of the model lies in the large number of variables
required to describe the various processes in the three media.

20
Yo 15 SHELL MODEL
e
to HEATED BLOOD
H
s
3
| | |
o 50 100 150

FREQUENCY MHz

Figure 1: Multiple scattering calculations for 2.75 um radius cell —

Fortunately, there are experimental data for many of these,
mal conductivity, velocity of sound etc,

al test of the model in dilute biological suspensions
of ol hybridoma and BHK cells, in which only single, rather
than multiple, scattering processes were important, proved
satisfactory (2] although the experimental uncertainty precluded
placing too much confidence in the model.

2. HUMAN RED BLOOD CELLS

The concentration of red blood cells (RBC) in human blood is
of the order of 40 to 50 volume percent, so that multiple
scattering can be expected to be significant. In Figure 1,

data for fresh and heated human blood containing 43 vol. %
RBC. The agreement between the prediction of the model and

perimental results for hemd blund is quite good, whereas
the fresh blood data show si ntly greater absorption.
Fresh RBC at rest are not sphsncal but biconcave discoid
as seen in Figure 2. The radius is approximately 4 um and the

I
Figure 2: An electron micrograph of normal and echinocytic RBC.
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lhlcknsu varies from 1
Ihlckasl

at the centre to over 2 um at the
. The radus of an equivalnt volume sphers is

76 pm.
Ko 2 oriy poars o sy o8 spnarocytes A ol
adopt this shape when subjected to heating to 50°C, prolonged
storage, ionic imbalance, depletion of adenosing triphosphate
an important energy providing component of the cell), or as a
‘consequence of some diseases and infections.

The question arises as to whether the difference in sound
absorption between fresh and heated human blood is due to
the change in shape or to some other mechanism. We know,
from many comparative measurements on normal blood and
ihat of sffrrs ofgenatio ciseases whichimpai RBC deforn-
ability, but may or may not atter the cell shape, that the s
ftctia vl ko Howere. de ol etormatitey
adds significantly to tion of sound, at least at some
oqsangen. The romaable sl of REC 1o doform 1o
demonstrated in Figure 3, an electron micrograph of a human
RBC fiowing through a capillary with a diameter of 2 to 3 um,
that is, considerably smaller than that of the cell. This ability
is vital to cell function, especially to the primary purpose of the
RBC, which is to convey oxygen from the lungs to tissue.
Oxygen exchangs occus largaly inthecapilaies and flowrste
inth cailare s primarly detarmined by REC defomably
Doformabiity slso. determings |he sunvivalrate

following transfusion, and in haemolytic anaemias whsrs tha
RBC are more fragile, less otormablo than normal. I such
anaemia!, the production of new RBC in the bone marrow,

G005 on troughout I, cannot Koop pace with he
destrucion duing rculton, rosuing n RBC valume factons
and haemoglobin concentrations in the blood that are reduced
to perhaps half of normal, The passage of an RBC through a
capilary smalrthn s of trough gaps i the spleen of the
half a micron requires a reversible structural change in
tho phospholpd netwark of he coll membran and n the
underlying protein cytoskeleton. We  postulated that these
were relaxation processes that might be characterised by
sound absorption (3] Physicists and chemists have used this
ins of studying liquid relaxation phenomena such as ionic
equilibria, structural isomerism and critical points. (4]. Such
relaxation processes provide an energy sink, provided that the
appropriate insonation frequency is used, and therefore increase
the absorption of sound. Where there is a single or dominant
thermal relaxation process, the sound absorption takes the form
shown in Figure 4a, which conforms to

alft = A+ Bl + ({7 m

where a is the sound absorption coefficient, f is the frequency,
s the characteristic frequency for the relaxation process and
/A and B are constants.

Sound absorpton is measured directy 3s the energy lost in
ler

preciely, 1o match the energy loss for some ten sieps on a

recision attenuator. Care must be taken to optimise the
Impedanics metching of te Input and ouput sides, especilly
at higher freq Stirting is essential if blood or other
cadimonting id_ mixtres aro. studiod. The. actual pulse
chamber is shown in Figure 5a and a block diagram of the
measurement system in Figure 5b.

—————a+B

723

L0G f
Figure da: a/f" versus log f for a single relaxation process.

20 40
FREQUENCY MHz
Figure 4b: alf* versus f. Experimental data for O haemoglobin
C1 fresh blood 4 heated blood — Equation (1).

We see in Figure 4b that the sound absorption of human
haemoglobin in native plasma at a concentration of 139 g/¢
conforms to Equation (1) with a characteristic frequency of
25 MHz. Presumably, this is related to structural relaxation of
mu haamoglnhm molecule. However, normal fresh blood of the

pasing ngth of fluid. Th
expre rereed a5 energy loss (in Nupeﬂ or dB) per
Cm of fid. The Gitance betwéon & matched par of axially

content can not be fitted by Equation (1)
ond there 1s an additional contribution to the absorption of
sound. This we have attributed to membrane deformability (3].

-

Figure 3: An REC flowing through a nutritive capillry.
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Figure 5a: The pulse chamber.

pacision
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NETWORK

Figure 6b: Block diagram of the sound absorption
messurement system.

If the same fresh blood is heated to 50°C for several minutes
1o stiffen the RBC, the sound absorption is reduced but s still
Higher then the sculalent siuion whiere the haermagloin i
not “packaged” in cells. Since RBC are known to lose
deformability with storage, even under blood bank conditions,
we measured the 37°C sound absorption coefficient of normal
whole blood s a function of the period of storage at 4°C. The
results are shown in Figure 6 in the form a/f versus f, which is
essentally linear over the frequency range 10 t0 100 MHz.

“The data show a consistent fall in sound absorption, both in
the value of a/f and the slope, at frequencies in excess of
approximately 20 MHz. If this change in sound absorption can
be attributed to the decrease in RBC deformabili
have a means of monitoring the quality of stored blood and
the likelihood of the RBC surviving transfusion.

The development of sound absorption

Although ccirradiation is known to cause chemical damage to
the RBC membrane [5], ts effect on RBC physical properties
had not been investigated. Blood is x- or iadiated prior to
transfusion to leukemia_patients undergoing chemotherapy.
The patient's blood-making function is disrupted and, in

conjunction with bone marrow transplants, chemotherapy can

impair the immunological system that it can be attacked by
the wanstused blood i what is Known as graftersus host
disease. Imadiation destroys the activity of the lymphocytes
and prevents maturation of the stem cells. We were therefore
able to show that irradiated blood cells, subjected to the normal
dose of iradiation, 25 Gy of cobalt 60, whether fresh or stored
for two weeks, were sill capable of surviving the rigours of
circulation (6).

Ancther spinof from the above work has proved of valve
in sports medicine. eady discussed,
and owygen wanster ar relatod to RBC deformabilty, and, 0.8
lesser extent, plasma viscosity. This led us to propose [7] that
successful endurance athletes, whose performance level is a
function of their ability to use oxygen, would have higher cell
deformabity and lower plasma viscosity then untrained
individuals. Sound absorption measurements on the biood of
a group of long distance runners confirmed this hypothesis
and prompted conjecture on haemorheological adaptation with
asobi taiing (7 Simiar mossurementshave boen made on
the blood of sheep exerci n a treadmill at elevated
{omporature. They form part of & melor experiment headed By
Dr Bob Hales of CSIRO Animal Production which seeks to
elucidate the cardiovascular mechanism in heat stress. Intemal
body temperatures may reach 42°C in heat stress, particularly
with exercisednduced heat exhaustion, sufficient to cause
“sphering” of the RBC and to facilitate microthrombus
formation.

quality control monitor in blood banking remains our prime

concem,
in collaboration with haematologists at St Vincent’s, Royal
North Shore and Prince of Wales Hospitals in Sydney. An
immediate and significant application was to confirm the
potantil surival rate of inodiated blood sfter manstusion.

score 16
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Figure 6: af versus fin whole blood s a function of storage time.
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3. PLANT CELLS
1y different to blood cells. They are nucleated,
id cases, not move through a circulatory
need to deform. Useful biophysical information
shout thess cala can bo cbxaned v the velocky ofsound ss
opposed to the absorption of soun
The velocity of sound in a fuid i s given by

3
E

¢ = (Bso)* 2
whura a, is me udnubsnc compressibility and g is the density

of t of sound can be muasured |n the
same pulse uhamber used in sound absorption m

lrequencles
of the transmitting crystal. In this method, a block diagram of
which is given in Figure 7, the wavelength is measured directly
by coumting up. 1o 200 mexima and inma in the ampitor
output as the distance between the crystals is varied by
micrometer.

‘With Kim Ritman and John Milburm of the University of New
England Botany Department, ied to relate the
compressibilty of plant cels o the cell turgor, the hydrostatic
pressure developed within the cells as a result of the asmetic
interaction between the contents. und the. envlmnmem (8]. While
this we found
the oomwasmbnmv of .somod npu-qus strengeri cells and the

onset reasing_osmotic. potential in
e <hionde and glywol swaperions. This
Fgure 8. When laslyss ooees, he mare fexble ovtopasm

shrinks away frc id outer cell wall (comparable to the
Dldder of 8 footbal mvlnklnn away from the leather casing
with deflation). Hence, the suspension of plant cells becomes
more compressible. The combination of precise velocity of
sound and densiy messusoment orth cal susponsion yilds

susparsion comprsesbiity via Equaton 2. The com-
uewumv of the cells was determined fr

e

ceL

DIRECTIONAL

PuLsED
OSCILLATOR

swourEn

o |

Figure 7: Block diagram of the velocity of
sound. t system.

/
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-
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where x is the volume fraction of cells in the suspension and
the subscripts refer to the suspension, solvent and cell

Buso =

respectively.
Equation (3) has been shown to provide a good fit of the
velodity of sound in fesh blood o6 3 function of the RBC
content. Extrapolation to 100% RBC provided an estimate of
the adiabatic compressibility of the human RBC which agreed
closely with a reported value for equine RBC [9]. These data
2nd those for the temporaure dopendenco of the velosty of
sound in human bl Blood camponents ae shovn n
Figures 9 and 10. The velocnv and ption of sound in a
wide range of human haemoglobin soions n et plasma
P to a concentration of 320 g/t, compared with the physio-
logical cell value of 340 g/¢, have also been measured (101,
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Figure 9: The velocity of sound as a function of temperature in
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Equations (2) and (3.
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4. PROTEIN COAGULATION
The velacty and absorption of sound fave aso boen susied

in homogenised milk and reconstituted powdered milk in 20%
suspensions at frequencies ranging from 15 to 185 MHz.
While the data are of scientific interest, in as much as they are
aqueous emulsions with a significant protein content, we
should remember that reconstituted milk is an important
export particulary to South East Asia. The reconstituted milk
but care must be taken to avoid
protein coagulation. The scientific problem lies in defining and
understanding the coagulation point and the industrial problem
isin qualty control. The onset of coaguiation and the quaative
nature of the coagulum vary consider

techniques are well suited to resolve some of the physics. The
RBC dermabilty which bas boen oir princpel rscerch
imilar protein reorganisation, the major
protei spacies of he cytoskeleton bet eing spectrin and actin.
A Tecent discusson (1) of colls that @i, 8 group.tha
includes some white blood cells, amoeba and slime moulds,
explains the membrane deformability in terms of altemating
gelation and disassembly of Actin protein chains. The bio-
chemisry undoring  theso processes s atite complex
involving calcium d other proteins which promote the
gelation, stabilisation and solution of the actin filaments.
Actin, together with myosin, is involved in muscle contractibiity,
a process which has much in common with what we have
discussed. Another important area of blood rheology research
i the cloing procas, n wich th pssma protsi, xincgen,
iated by cal and a protein enzyme called thrombin
Torma'a tras dimandonal iy network. We v just com-

other constituents. Prior to homogenisation, the globules
o b pryld

9 m to

but homogenisation produces a relatively uniform globular
distribution averaging 1 um diameter. In Figure 11, we see that
homogenised milk and 20% reconstituted milk have different
absorption spectra, especially in the low frequency (iess than
25 MHz) range. We are currently modifying our apparatus to
investigate these lower frequencies, which seem to highlight
the differences in proteins and may provide the key to under-
standing the coagulation process in milk.

Jelly, the familiar edible gelatin, is typical of protein
coagulation, which sets up a three-dimensional, reticulated
network or polymer lattice. In addition to the above research
on milk, we have done similar work on jelly (which is preferable
to work with for many reasons) and we believe that ultrasonic

4
)

| )

6 0 100 120 1o 160 w0 200
FaeauencY wn

Figure 11: a/f versus f in homogenised milk and 20% reconstituted
‘powdered milk. A Ref, (121

onics
in biophysical and biomedical research have been stressed
here, much remains to be done in characterising and metering
inerel susperwiors. Sk engineering and hycyeulc yonsport
are vitally important to the Australian mineral industry. Ultra-
Sonics wil pley a varety of oles in muphase flow measure.
ment and in the control of sedimentation and flotation
processes. These are applications which must be underpinned
by fundamental studies of scattering, the topic with which we
‘commenced this discussion.
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DR WILSON REPRINTS

In the last issue (April 1991) of Acoustics Australia, Fig 2(a) of the article "Recent Developments in
Medical Diagnostic Ultrasound" by Dr L S Wilson did not reproduce with sufficent detail. This has been
corrected in the reprints which are available on request from Dr Wilson at the Ultrasonics Laboratory,
CSIRO Division of Radiophysics, 126 Greville St, CHATSWOOD 2067.
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Some Applications of the
Sound Intensity Technique

J.CS. Lai
Acoustics and Vibration Centre
Department of Mechanical Engineering

University College, University of New South Wales

Australian Defence Force Academy

ABSTRACT: Almost a decade he

The sound intensity technique has found increasing applications. In this paper, examples are given in which sound
intensity measurements are used for determination of sound power, noise source location and field sound trans-

‘mission loss.

1. INTRODUCTION
Although the first device for sound intensi

was patented by Olson [1] in 1932, it was not until 1977, when
Fahy 121 and Chung 3] independanty spplied cighal signal
processing techniques to the sound intensity theory, that
commercial systems became available. The increased interest
in the sound intensity technique is reflected in Figure 1 which
shows the distribution of papers published on the subject in
English language journals since 1973. A breakdown of a total
number of 139 papers into two general areas, theory and
application, reveals the general trend expected in any research
the numhsv of "npp]u:aﬂonl papers increases as a
the theory is obtained. va
issuo of Acoustis Australia was devoted to a cchrlqe of the
using it for
@ Almnwh at present, there are no International Sndands
on using the sound intensity technique, they are being drafted
and it is expected that an Intemnational Standard on measure-
ments of the sound power using the sound intensity technique
will be finished some time in 1991 [5]. The sound intensity
technique enables sound power measurements to be made
directly instead of by traditional methods conducted in
controlled acoustic environments (such as anechoic, semi-
anechoic or reverberant rooms) via sound pressure level
measurements. It also offers other advantages such as extenal
noise suppression capability, noise source identification and
naiseranking-
this paper, some applications of the sound intensity
tochnique underiaken at the Acoustics & Vibration Contt in
the Australian Defence Force Academy will be described to
illustrate the range of problems that can be tackled with the
new technique.

2. THEORY

As the theory of the sound intensity technique has been
described in detail in the literature (see for example, Fahy (6),
it will only be briefly outined here to highlight some of its
capability and limitations.

Unlike sound pressure which is a scalar quantity, sound
intensity o sound energy flux density (i.e., the rate of energy
flow per unit area is a vector quantity. The time-averaged
intensity vector | is defined as

g
<
H
E
£
H
T 1576 TI78 980 SI82 B 658 G 8990
Years
Figure 1: Distribution of sound intensity pepers published in English
lenguage journals since 1973.
T
T=amf pia )
o

where ol i the sound pressure
i the particle velocity vector.

The component I of the intensity vector T along a direction
1 can, therefore, be determined if the particle velocity u; can be
measured. In the absence of a mean flow and turbulence in the
medium, the particle velocity component u, in the r direction
is related to the pressure gradient by the Euler’s equation (2):

@ (du/at)

~(dplar) @

Wwhere ¢ is the density of the medium.
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pressure_gradient may be approximated by finite
differencing so that in practice, this can be determined from
the pressure difference (pa —pp) detected by two microphones
closely spaced at a distance Ar along the direction r. The
pressure p in equation (1) can be obtained from the average of
the two microphone signals. Integration of equation (2) yields
the particle velocity uy:

u,

~ (et | (pg - pal @

By substuting equetion (3 nto squaton (1) and taking the
Fourier Transform, 6] that the active
intensity spectrum Iu) in the dvecion s related 1o the
imaginary part of the cross-power spectrum Gag between the
microphone signals:

b= = (Hwedr) Im(Gag) @
where w = circular frequency (rad/sec).

Since Im(Gag) is related to the phase change of the sound
ing the two microphones, a

yatom compriss a sound
ip of a_pair of phase-matched micro-
phonos and o dusl channel signal analyser which could bo
either based on fast Fourier Transform (FFT) or on digital
eringtociques, Unualy, e mounted

= 10logyolt + 1001K-LK0)) ®)

It can be seen from equation (5) that for an accuracy to
within 18, L has to be 7 dB less than Lxo. The dynamic
capability Lp of a sound intensity measuring system can,
therefore, be defined as (Lxo~7) dB. Hence, it

monitor Ly during measurements to ensure that it does not
exceed Lo,

3. APPLICATIONS

In all the measurements described here, the sound i
measuring system comprises a Bruel & Kjaer (hereinafter
referred to as BEK) 2032 dual channel FFT analyser and a
sound intensity probe made up of a pair of B&K 4181 phase-
matched 0 inch microphones mounted in a face-to-face
configuration. Most of the measurements were made with the
microphones separated at a distance of 12 mm, covering a
frequency range from 125 to 5000 Hz. There has been con-
sidorable debate in the literature regarding discrepancies
between measurements obtained at discrete points and those
obtained by the scanning technique. Our experience indicates
that as long as scanning is performed properly, the difference
between the two techniques s insignificant. All measurements
here have been obtained by scanning the sound
intensity probe over a number of small segments. The narrow
band sound intensity data were processed and synthesised
into 1/3 or 11 octave bands with a Hewlett-Packard series 300

face-toface” configuration separated by a distance Ar.
The vupnm- of a sound intensity probe follows approximately
a “cosine” law (that is, maximum along the axis of the probe
and minimum normal to the axis of the probe). Hence a sound
intensity probe basically indicates the magnitude and direction
of the net intensity along the axis of the probe. For sound
incident to the probe axis at angles less than 90 degrees, a net

greater than 90 degrees, a net negative intensity would be
indicated. This directional property is often used as a quick
check of the operation of a sound intensity measuring system
‘when doing field measurements.

21 Error considerations
Possible sources of error in applying the sound intensity
technique have been described by Gade [7l. Basically they are
mainly related to the phase mismatching between the two
microphone channels, which determines the low frequency
limit and the finite difference approximation in measuring the
pattcle velocty u, whichdaterminestheHigh requency it
148,

e change of the sound field over the mlcrcphonn
jon dm‘ncs Ar has to be greater than 5 times the
tch and the wavelength of the highest frequency
al merest s 1 bo greater than BAr.

2.2 Pressure-intensity index and
ynamic capability

The pressure-intensity index Ly is defined as the difference
between the sound pressure level Lp and the sound intensity
level Ly and is related to the phase change & over the spacer
distance Ar for a given wavelength. L gives an indication of
the type of sound field in which the measurements are made.
For example, the more diffuse the sound field or the larger the
angle between the probe axis and the intensity vector, the
larger the value of Ly.

Owing o the phase-mismatch between the two channels,
the intensity measured is not zero even if the two channels
receive an identical signal and the pressure-intensity index
measured under this condition is known as the residual
pressureintensity index Lgo. The error L, due to phase
mismatch between the two channels can be expressed (see (7))
in terms of L and Lxo as:

3.1 Sound power

The sound power W of a sound source is related to the
‘component I, of the intensity vector normal to a hypothetical
surface S enclosing the source:

= as ©

Traditionally, the sound power of a noise source is determined
by measuring the sound pressure level in peniouis acoustc
environments (such s anechoic o reverberant roor
under such conditions, the sound Intansiy el can be infered
from the measured sound pressure level. The intemational
standards ISO 37413746 (8] cover methods in this category.
According to Gauss’ theorem, if there is no source or sink
within a measurement volume, then the sound power W as
givon in oquation (e) s zero. This property offers a significant
advantage in the sound ity techriue for ound
power determination a5 exteral noisa wil nat conrbuto o the
Sound powerof the ncse souros under ot rovided tht the
exteral noise is stationary and no absorption within
tho measuromont valumo. Thus “in it sound power measure:
ments with high accuracy can theoretically be achieved. In
practice, the accuracy is limited by the dynamic capability
of the system ss discussed in section 2.2 above.

sound paver sourcs by using two methods, namulv, measure-
ments nan sound

Tho BEK 4203 sound power ource was set to produce a sound
power level of 80 dB in octave band noise (centred from 125 Hz
1o 8kHz) and wide band noise (covering 100 Hz to 10 kHa).
Sound pressure level measurements in an anechoic room (wm-
a lower cut-off frequency of 150 Hz) were made over a
htical hemisphers of radius 1 m using a BEX 2031 modulr
sound level meter (with filter set 1625) with the sound power
laced on a reflecting plane made of 3.5 mm thick
luminium sheet. The procedure used was according o Inter-
netiona Standard IS0 3745 ). The sound intensity messure-
ments in room with a volume of 85 m?, a reverbera-
{ion tme of 0.8 at 500 Ha and a background nase levl of
about 55 dB(A). The hypothetical measurement volume was
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AL, (dB)

125250 50 k% 4k 8 widebund

Octave Band Frequency (Hz)

rectangular (0.2 x 0.25 x 0.2 m). Only 5 faces are measurement
faces as the bottom surface coincides with the reflecting plane
on wich tho noise source s laosd, The arafty proce wes
sweptover

10 obtain  spatalaveraged intensty o ot T, Figure 2
shows the deviation ALy of the measured sound power level
from the set level of 80 dB for the octave band noises and
wide band noise. The accuracy limits of the re
BEK 4205, as specified by the manufacturer, are also plotted
in Figure 2 for comparisons. The results indicate that the sound
intensity measurements agree with the anechnoic room
measurements to within 1 dB and both sets of measurements
fall within the accuracy limits of the reference source, thus
supporting the use of the sound intensity technique for “in-
situ” sound power measurements.

source pmducmg 250 Hz, 600 Hz, 1kHz and 2kHz octave
band noise, and wide band noise, each of which was set at
three a.ﬂmm sound power levels, namely, 65, 75 and 85 dB.

Figure 2: Deviation ALw of measured sound power level from the
set 3

Figure 3: Variation of AL with the pressure-intensity index LK.
o2 94 92 9l

%4 94

o3 o5
Figure 4: /nmwly map (in dB) for two loudspeakers (numbers

noises under test, the loudspeaker was
made to produce pure tones of 250 Hz, 500 Hz, 1 kHz and
2kHz, and white noise respectively, each of which was set at
thvee different power levels, namely, approximately 70, 80 and
90 dB. Figure 3 shows the variation of the deviation AL, of the
sound power level from the set level for the BEK
4205 source with the pressure-ntensity index Ly. Although
there is a considerable scatter in the data especialy for forge
Lk, a curve of best fit subject to the constraint that ALy, =
for L = 0 has been obtained:

Ay = 10l0g1g (0.948 + 10016K-A) )
where A = 12.86 dB.
Here A can be interpreted as the external noise sound power
suppression level. Considering an accuracy of + 1 B in setting
sound power level with the BEK 4205, the data in Figure 3
indicates that for measurements with an unknown source using
this system, the sound power measured would be accurate to
within +1dB for Ly less than 8 dB. It must be pointed out that
an atempt to uss equalon (7) 2 uriversal correction curve
could be erroneous; it merely indicates the range of Ly for
Wwhich ono can sstablish the confdence fnks for
system and is, in fact, mamic capal
measuring system, thus |nd|oalmg the importance of knowing
the dynamic capability of one’s sound intensity measuring
system.

3.2 Location of a noise source

Owing to m auucmna\ response of a sound intensity probe
as described in section 2.0, the sound intensity technique has
ofan ben ussd 1 locats & nlsa source by the “null-search”
method; that is, the intensity probe is swept in a direction
parallel 1o its axis past a suspected noise source, the location
of the noise source being indicated by the reversal of the sign
of the intensity spectrum as the probe passes the source. The
sound intensity technique can be quite useful in identifying
airborme noise transmission paths, particularly in_building
acoustics as demonstrated by Lai [9]. In such applications, the

and if the sound intensity spectrum is positive, then it can be
inferred that the dominant noise is propagating through this
partition. However, great care must be taken in monitoring the
pressure-intensity index Ly in such applications because if the
sound field is diffuse, then measuremer approach or
even exceed the dynamic capability of the system, thus
alcatingth useof the tecriqus under such condiions,
Another method of locating a source is to
intensity mapping. Figure 4 shows one such wphlcaton In
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STL(con) - STL(s.i) (dB)

ed intensity, pressure (dB)
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1/3 Octave Band Frequency (Hz)

Figure 5 Comparisons botween STL obiained by conventonal and
‘sound intensity met

which contours of overall sound intensity (in the frequency
range 100 Hz to 6.4 kHz) have been obtained for two loud-
speakers, one on top of the other with the bottom one standing
on a reflective plane. The measurement grid, located at about
150 mm from the loudspeakers, is also shown and
that a total of 80 measurements have been made. The location
of each loudspeaker is indicated by a large circle and each
loudspeaker has a small circular port. The intensity contours

clearly reveal the locations of the loudspeakers and the greater
influence of the reflecting plane on the bottom loudspeaker
than the top loudspeaker can be discerned. However, since
only overall intensity contours have been plotted and the
resolution of the measurement grid is not sufficiently fine, the
effect of the circular ports has not been revealed in Figure 4.

3.3 Sound tnnsmlsslon loss measurements
In terms of the sou d ower , incident on the partition and
the sound power W, through and radiated by the
partition, the Sound Trnnlmlwon Loss (STL) is defined as:

1010g30fWo/W,) ®

STL =

Traditionally, a test partition is installed in between two
reverberant rooms and the STL is determined from the
averaged sound pressure levels measured in the source and
receiving rooms.

Expressed in terms of the space-averaged sound pressure
e 9 pressu
level, Ly, using the relationship for a diffuse sound field and the
normal values for the density of air and the speed of sound,
equation () becomes

STL = (Lpi-6) - Ly ©

Hencs, the sound transmission loss of a test partition can be
obtained by measuring the averaged sound pressure level in
the source foom and the intensity tr ed through the
parion o the recaving room. There has boen wnudemb!
in establishing the accuracy of sound
oss measuements using the sound intensity
technique in conventional laboratory fa which consist of
a source room and a rscelvvnn oo, Absorption is normally
introduced into the receiving room to reduce its diffusivity
50 that sound intensity measurements can be made within the
dynamic capability of the measuring system. Lai et al (10] has
surveyed and analysed over 40 tests reported in the literature.
The diference in measured STL between the conventional

s
s 20 sk %

1/3 Octave Band Frequency (Hz)

Figure 6: Comparisons between sound transmission.

through door and window.
sound pressure method and the sound intensity method is
shown in Figure 5 in 1/3 octave frequency bands. It can be seen
that with the exception of 160 Hz,the agreement between the

two methods is within 1.5dB. The STL values determined
using the sound intensity technique are lower at the low
frequencies and higher at the high frequencies than those
determined using the conventional technique. It has been
suggested that the discrepancies at low frequencies relate to
the increase in energy density at the aurfaces and juncrlons in
om becat etween the incident and

method and to the source room for the sound intensity method:

10 logyol +SN/BV) 10
where \ is the wavelength of sound at the centre frequency of
the filter band
Sis the total surface area of the room
and Visthe volume of the room.

Wit the sppicaton of the “Watatause comecton, the
agreement at low frequencies between the conventional and
sound intensity methods is ganﬁrallv improved. The standard
deviation of the agreement between the two methods for the
test results surveyed by Lai et al [10]is also shown in Figure &
and is about 2 dB. The variation of the agreement from tests
to tests depends, to a certain extent, on how the sound
intensity technique is used and on whether “Waterhouse
correction” is applied. The general trend seems to indicate
that with |n::vennd inderiandng of the sound nsraty

e a1 B nchl-vlhh betwaen the conventional and

sound intensity meth
e real advamnuu ‘o the sound inensity ochriquo los in
loss

ol oments sue a8 doorsand windows i compostts poritions

n be da rmined, thraby rovaling tho weskest ik in

. Conventional sound pressure methods -

con oy determing. the sound. reducton. af a compodte
partition as a whole. As an example, Figure 6 shows. th
sound intensity transmitted through a 36 mm thick plywood
door (2100 x 820 mm) and through a 6 mm thick glass (810
x 600 mm) built into the door. While sound pressure measure-
‘ments do indicate in this particular case that the wooden door
is the weaker link, the difference between the sound insulation
of the wooden door and the glass is highlighted by the intensity
measurements.

Vol. 19 No. 2 - 46

Acoustics Australia



= )
g 2
N =
=
& &
Y 2
N
o
“ 10
4
o
an
30y o
s 20 50 k% 4k s 2520 S0 Kk % 4 s

13 Octave Band Frequency (Hz)

Figure 7: Comparisons between STL measurements for a 200 mm
thick heavy block work.

The application of the sound intensity technique to field
transmission loss measurements of elements of composite
partiions is quite promising, as reported by Lai & Burgess [12];
however, in such applications, the success of the technique
st vary much deponds on e expertiso of the pecple using

ln

made sovalior
The sound |nmnsvt‘{ technique is particularly useful for the
bulding industy 26 Wansrmission loss measuramants o heavy
block work can be determined fairly quickly on the building
site. An example is to build a source room on the site where
the four walls can be made up of four different types of block
work to be tested and the suroundings of the room are "opan
air”. The averaged sound pressure level in the source roor
and tho. intensty. tanemied. through cach wall can o
measured. The STL of each walcan thr be detormined from
n (9). The results obtained by this technique for a
200 mim block wrk agree very well with standard laboratory
tests made for the same block work, as shown in Figure 7.
It should be noted that for this particular test, no data are
pmvlded forthe STL a raquencies below 160 Hz because the
dex L during approached
or even oxcaoded e dynamic capabity of the measuring
system. Sound intensity measurements in “open air" are
subjected to two major sources of error, namely, background
noise and wind conditions. As sound intensity measurements
are made within 200 mm of a wall, the influence of background
noise in “open ai" is often not significant. As pointed out in
S open ° gnifica
assume no mean flow and turbulence in the medium; thus,
substantial emors can result from making outdoor sound
intensity measurements under windy conditions. To a certain
extent, this error can be reduced by using movable sound
absorbing panels to shield the sound intensity probe from wind
during measurements.

A novel technique for measuring acoustical properties (ie.,
sound transmission loss and absorption coefficients) of light-
weight panels using the sound intensity technique inside an
anechoic room has been developed and studied by Lai et al
13]. Basically, the procedure involves () measuring the incident
sound intensty | gencrated from a sound source at a plane
the tested panel is to be mounted, (i) measuring the net
wum intensity (li—1,) in front of the panel, where |, is the
intensity reflected from the panel, and (ii) measuring the sound
intensity |, transmitted through the panel. Since the tests are
conducted in an anechoic room, it can be assumed that there

1/3 Octave Band Frequency (Hz)
Figure & Canpacsone betwean STL massirmants
‘hardboard panel

&0 o ralactons fom the wal o the room. From these
three measur und absorption coefficient and
soond namemiston ot of e ton panel can be deduced.
Figure 8 shows the sound transmission loss resuit of a 5 mm
thick hardboard panel, which compares favourably with
standard laboratory two-room test. This is a normal incidence
testing method, which can also be extended to oblique
incidence. The limitations of this technique are basically
determined by the diffraction effects around the edges of the
panel and will be discussed in more detal by Lai et al (13].

3 4 Other Appllcaﬂons

Dpllullnm memmﬂad above, the sound
vntumltv tochn ique can be used to determine the impedance
of matarials and radition e!ﬁc\ency of structures. One area
currently under active research is the application of the sound
intensity technique to measurements in flow ducts and active
noise control (6].

4. CONCLUSIONS
Commercial sound uting systems have been
avalabl for almost a decade. A araure survey has revoaled
the sound intensity technique has found increasing
spplcatons and vs utining sccaptarce while. Inwnstonel
Standards are to_incorporate this technique.
Examples given e show et provided the limitations of the
Sour taralty techiquo e undrsio, the techi
be used with good success for the determination of sound
power in it he location of roisa souces and entfcation
of aitbome noise propagation path and field measurements of
transmission loss of elements of composite partitions. With
the improvement in hardware and software, accompanied
perhaps by reduction in price, sound intensity measurements
will_certainly be more extensively used and the limits of
applications will lie mainly on the ingenuity of the users.
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REPORT

EXCELLENCE IN ACOUSTICS
AWARDS 1990 NSW DIVISION

In November 1990 the NSW Division of the Acoustical Society held its
second Excellence in Acouslics Awards presentation night i the elegant
sumoundings of Bison's Restauramt nested in the harbourside  al-
mosphere of Cicular Quay West in Sydney.

‘The first Awards night was held in December 1988 the year in which it

been conceived as a Bicentennial Project with the aim of rec-
ognising, promoling and stimulating the pursuit of excellence by in-
diiduals and organizations in the variety of fields under the acoustcs
{and vibraton) umbrell.

Norm Carter, Chairman of the NSW Divisional Comittee, made a brief
offcial welcome thus setting the tone for an evening short on speeches
and long on aughter and ively conversation.

There were many familiar faces amongst the guests and their partners,

representing the broad gamu of members of the Society. Some new

faces (on the NSW scene) included Gary Woods, recently arived from

Perth to head up the NSW Public Works Department Acouslics Group,

and Society President, Stephen Samuels, having made the move from
H McCott

Representalives were aiso present from the three sponsors without
whose generous financial support the 1990 Awards would not have been
possible. These included CSR Hebel's John Kiune, Davld Linaker ann
Peter Cummins; Bradford Insulation's, Clyde Parsons and Keith D:

and, from Newcastle, Michael Johnson and John Russel el Hiodeon P
cific, a construction firm specialising in noise control

Especially noteworthy were guests representing the lay judge on each
adjudicating panel for the two Awards categories. There was Jet Do-
bell executive offcer of the Sydney Division of the Instituion of En-
gineers, Australia, standing in for national chief executive, Bill Rourke
and Peter Walsh, Director of the Standards Association of Australia,
standing i for Chief Executive, Stewart Horwood.  Also at hand to ob-
serve and report o this occasion was Robert Jackson, a joumalist with
the Insttuion of Engmeefs naonal publcation Engners Ausiraa.
Awards in Engin 2
tional 1990 Awards of Engmsenng Excellence.

Not forgeting the entrants and the Awards themselves, when it came
tme o anource e iners Tony Hewet, Chaiman o e Exslance

wards Committee, made a concise and information
packed speeal In Category One, Architecture, Manufacturing or Re-
search and ment, the winner was Sydney based acoustcal con-
suling fim Pee Knaiang & Assoeos s 5 vt design of
the Main Audtorium ofthe Aotea Centre in Auckiand, New Zealand.

“This 2300-seat hal s designed as a mulipurpose auditorium catering for
events ranging from opera and ballet to chamber music, from symphony
orchestral performances to popular concerts. A clearly elated Peter
Knowland was present to receive an eleganty framed ceriicate on be-
half of his irm. The judges noted that "Peter’s entry involved the resolu-

iq the at-

tainment of a high qualty outcome".
o ighy commendedn g catgry wee e erkes of Rerl
Acoustics for the Architectural Acoustc Design of Brisbane Aipor

Bomesis Torin involving innovative design soluions for external and
internal naise control and sound re ion, and Renzo Tonin & As-
sociates (the 1983 Awards winner n this category) or ts work on Noise
and Vibration Design associated with the construction and operation of
the Perisher Ski Tube rack-ai transit system. The adjudicating panel in
this category consisted of Richard Heggie and Dick Godson, principals
with Richard Heggie Associates, Barry Murray. prncipal of Wikinson Mur-
ray Grifiths, Bil Rourke, chief executive of The Insitution of Engineers
Australia and Tony Hewetl, Chairman of the Excellnce in Acoustics
Awards 1990.

The winner of Category Two, Engineering Reports, Procedures and Sys-
tems was Dr. Qunli Wu a project engineer vith Vipac, for his teatise, on
th Deaminaton of o S o Locatn of Ot n ¢ Recegur
ity by Eigen Frequency Shit, arising from doctoral research carried
o e St Department of Sydney Universy. An obvi-
ously proud Dr. Wu was at hand to accept his framed award cerlfcate.
In s case th ucges ol .. esearch s nove and aharces
acoustic knowledge ... he ideas presented clearly work..".
mended in this category was Robert Fitzell Acoustics for thei report on
for Noise and Vibra-
tion Level Monitoring and Data Collection. In this Awards category the
adjudicating panel consisted of Dr. John Dunlop, Senior Lecturer with the
Depatnen of Ape Physics o he Uriversty o NSW (and ssoan -
sising Editor for Acousiics Austraii), Dr. Renzo Tonin & Associates,
Stewart Horwood, chief executive of the Standards Association of Aus-
trala, and Tony Hewett, Chairman of e Awards Committee.

With the formal part of the evening over the conversation retured to its
previous cockai party level, it was certanly clear the 1990 Awards had
b ful ing a brght spot n th

ic downturn,

Once again the Excellence in Acoustics Awards Comittee would like to
extend its congratulatons to the winners and ts thanks to al who par-
ticipated in the success of the 1990 Awards. Hopeuly the 1991 Ex-
cellence Awards will continue and improve upon the success of its pre-
decessors. In time it is hoped, n the spirt of excellence, the Awards wil
evolve to include a broader range of judging categories and will atiract a
wider range of entrants possibly including indviduals and organisations
fiom the community at arge.

Andrew Zelnik
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Acoustic Impedance Calculation
From Impedance Tube Data

R J. Hooker
of
Unlvsrsm' of Queensland, St Lucia 4072

ABSTRACT: The expressions for R, and X, the real and imaginary components of the specific normal acoustic
impedance Z, of the surface of a material, as given in Australian Standard AS1935 are incorrect. Correct expressions
are developed in this paper. The chart Figure 3 of AS1935, which purports to represent the expressions given, is
in fact correct. However, since experimental results are now normally based on computation rather than charts, it is
important that the correct expressions be used. The errors are significant.

1. INTRODUCTION

The acoustic impedance tube (or standing wave apparatus) has
a long history of use for determina ustic absorption
properties of materials. It was referred to at least as early as

1902 and a commercial version has been available since 1955
2.

The impedance tube in its usual form enables the exper-
imental determination of absorption coefficient and acoustic

order to simulate wave behaviour in
is is done by reverberation chamber tests;
vefer, for example, to AS1045 [3l. However, the impedance
tube’ method is much faster and cheaper and is often used,
especially for comparing many materials quickly,
research and in pre-selection of arangements
extensive study.

The impedance tube apparatus, its limitations, the exper-
imental technique and data reduction are described thoroughly
in ASTM €384 (4] and AS1935 (1].

In AS1935, expressions are given (p. 9) for the components
of impedance, Ry and Xs. These expressions are wrong. The
correct expressions are developed and given in this work.

2. STATEMENT OF EXPRESSIONS
For notation see Appendix 1.
The expressions given in AS1935-1976 (p. 9) are:

1042901 + tan2xlds/A — 0.25)) )
1 + 10%20tan2w(dy/\ - 0.25)
Xs _ (10420 —1]tan 2x(dy/A - 0.25) @
ec 1+ 10%M0tan2x(diA~0.25)
The correct expressions are:
R _ 109201 + tan?2ridi\ - 0.26)] @
o 1+ 10%10 tan22r(dyA - 0.25)
X, _ [10W10-1)tan 2x(diA~0.25) @

oc 1 + 1010 tan2x(di\-0.25)

Figure 3 in AS1935 is a chart which is stated to be a compu-
tational chart for enabling Ry/oc and Xsfgc as given by
Equations (1) and (2) to be read directly. In fact, the chart
represents Equations (3) and (4) and thus will give the correct
values for Rylgc and Xs/gc, whereas Equations (1) and (2)
will not.

3. DEVELOPMENT OF

CORRECT EXPRESSIONS
jent and reflected waves represented as follows
1 for notation).

Incidentwave  p; = Atk
b = Belt-kx+®)

Acoustic pressure at surface = p = pi+Ppr

Particle velocity at surface = u = u;+uy = (1/gc)(~pi+pJ)

Normal surface impedance Z, = — plu (since surface velocity
is taken as positive in the negative x direction)

_ (pitp) _ Adkx+ Borikctd
o (pi-p)  Aek—Belkxrd
_ A + Beit
A - Be?
A + Blcos § + isin6)

A - Blcos 6 + isin6)

Rationalising, and substituting Zs = Ry + iXs,

R, A - 1 - @A2
ec T AT+ B - 2ABcosf | 1+ (BIAN - 2(B/A)cost
X, 2Bsin § 2B/A)sin 0

Tec T AT+ B*-2ABcosd 1+ (BIAR - 2(B/A) cos f
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Reflcton cosficint o = (BAY = (51115417 where  ACKNOWLEDGEMENT
standing wave ratio S = (A + B)/(A - B). The contributions to this work by S. Dias-Jayasinha and
J. de Jongh are gratefully acknowledged.
Substituting and simplifying, and noting that
(1~ cosd)i(1 +cosd) = taniiai2), SUPPLEMENTARY NOTE
mitting this article a private_communication has
By _ S0+ wnii2) (5 indicated
« 1+ Swenen that corrections to the Standard are in progress.
T — Appendix 1 — NOTATION
« 1% Stanwn) ® 2, specific normal acoustic impedance
R, ic normal acoustic resistance
Standing wave ratio s the ratio of maximum and minimum X,  specific normal acoustic reactance
pressures in tube. If the level difference between maximum ¢  characteristicimpedance of air
and minimumis L (decibels), then L, tue value of difference in decibels between maximum
1 o poecae el i s o eve
Lo = 20logS,
i {fstancs rom face of specimen to nearest minimum in
s = 10020 standing wave pattem
X wavelength of sound at test f
M d s distance from specimen face to frt minimum pressure,  pypy soun peseurs of ncdont and rflected waves
then from the expansion of p; + Pl A8 ampiitudes of p;and p,
6 phase angle by whi
= N1 -6/m) at face of specimen
o 2xf, wheref = test frequency
02 = 25(din-025) ® k 20
t time
Substituting (7) and (8)in (8 and (6) gives (3) and (). x  distance
x = 0at face of specimen
Standing wave pattern exists in the region x > 0.
1 — VALUES OF Ry/oc Table 2 — VALUES OF X,/oc
11N I ‘ 0.0625 I 0125 [01875 | 025 an | o |ooees | 0125 [oes [ oz
deg | 180 | 135 | %0 | 4 3 o deg | 180 | 13 | %0 | @ 0
L-ode [10 |10 |10 |10 |10 L-o0d8| 0 ) 0
5 [ose2 | 0625 | 08ss | 1351 | 1778 5| 0 | -0z 0
10 [o3te | oses | o7 | 1386 | are 0 | o 0
15 [078 | 0207 | o2 1025 | 5628 w [ o |- o
20 oo | o117 | 0198 | 0845 | 100 20 | o |-oss o

For 0.25 < di/\ < 05, use (0.5—dy/\) and attach ~ sign to §

4. ERRORS AND CHECK VALUES

The errors which arise from use of the i mmn-c( uquslmnl can

be large. For example, if L, = 20 di the result

given by Equation (1) is 10 times me l:rmm:t value, am the

result from Equation (2)is less than 0.1 times the oovrn::l value.
For checking programs or for ommmﬂ a rapid

from Lo and dy values, a abuletion of Ry and X, is mven in

Tables 1 and 2. Comparison of these tables with Figure 3 of

AAS1935 will show that Figure 3 s correct.

5. CONCLUSION

based on other sources it is considered that the equations for
i i resi ind specifi acoustic

reactance as given in AS1935-1976 are incorrect. Amendment
is necessary.

5, use (0.5~ dy /N and attach — sign to §
and + sign to Xslec

REFERENCES
1 Australian Standard 1935-1976. Method for the Measurement of
Normal  Incidence Absorption Coefficient and Speci
Nomal Acoustc Impedance of Acousic Matwrile by the Tube
Method. Standards Association of Australia, Sydney, 1976.

2 P, BruelThe Sanding Weve Apparsts. il & Ker Techrical

, No. 1, 1955, pp. 2:20.

3 Austalion Standard 10451988, Method of Measuremant of
Absorton Conftdens In o Reveberaion Room. Standards
Association of Australia, Sydney,

4 ASTM, C38488. Standard Tost Nathod for Impedance_and

by the Impedance Tube

e Matoriats, 1588, vol 0406,
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NEWS NEWS

NSW

April Technical Meetings

On 3 Aprl a Symposium was held on “The
Need for a Code of Ethcs" wih Dr Peter Mill-
er, Chaiman of the Insttuion of Engineers
Standing Comimitee on Liabilty, as guest
speaker. John Goldberg, Anita Lawrence

NEWS

ACT WEST AUSTRALIA

April Technical Meeting March Technical Meeting

Since the late 19805 the jes for A visitto WA by Ray Piesse
gling o ratan e uiue enicnren i vas e catals for el on 21 W,
the ACT has changed. imof a meeting  tended

aim
on “Neise Control and Planning in the ACT,
n,-,n on 17 Apri, was to provide a forum for

the other speakers.
D Miller stressed the importance of ethical be-
haviour for all the professions, especially be-
cause ofthe necessiy for judgement and inter-
pretation of data, a feature of professional work
‘which is sometimes not fully 2ppreciated by the
layman. He also discussed the importance of a
code of ethics in forming the foundation and
hokding together a professional Society. The
other speakers spoke in favour of a formal
code of ethics allhough there was some doubt
that ths, i itsef, would achieve anything. The
‘meeting favoured the formuiation of a Code of
Ethics which all new members would be re-
quired to sign agreement

On 17 April John Whitlock (CSIRO Division of
Building Construction and Engineering) spoke
on “Noise Contrl versus Fire Protection in
Buildings". John pointed out that buikling regu-
lations sometimes require quite diflerent and
‘sometimes conflcting solutons to requirements
for sound transmission loss and sound absorp-
tion. In these. circumstances,
stldbealemon»eﬁvupmpennsnﬂmema
terials they use and also consider the acous-
tical problems which may arise from specia ire
walls efc.

May Technical Meeting
Graduate studenls from the Dept of Archi-
tectural and Design Science at the University of
Sydney discussed their projects on 29 May.
John Wilson explained his study of the cor-
relation between laboratory and field tests for
the sound transmission loss of brick walls and
the possiility that field tests may be pref-
erable. Jin Leon described his experiments on
the relation between pitch and intensity to the
of the duration of sounds. John
Wendoloski reported on the effect of the ter-
the sound radiation from pipes.
His measurements of the velocity distribuion
aanssmemmmmmenavemmmw
Raleigh's assumptions and using computr
modeling he has oblained a variational sol
tion to the "aiton

fon Lawre, fom the Endonrenal P
ning and Assessment Section of the ACT Pian-
ning Amhomy explained the approach 10 the
csbishment of Guidenes in e ACT and
identfied the major noise issues which are be-
ing considered. Representatives from other
agencies with some responsibiltes fo noise i
sues provide brief comments before the gener-
al discussion. These were'Tim Kahn, from
the Air, Noise and Nuclear Section, Environ-
mental Protection Division of DASETT, Anne
Lyons-Wright, from the Environmental Pian-
ring Branch of the NCPA, Jake Kasinathan,
rom the the Environmental Profection Section
of the ACT Government and Bill Knight, from
the NSW SPCC offce in Queanbeyan.

Marion Burgess
R
SOUTH AUSTRALIA

April Technical Meeting
Astevis o the Adelde et Cr-
tre was held on 3 April. The representatives

both blems of containment
and rejection of unwanted noise and the acous-
tic problems Gue to the wide variety of uses for
the Centre.Following the vnsn a ‘Thai Night"

by about 35 people, on
G o vl e 5 WA N
Ray’s long experience in NSW was comple-

xperince,
scripton of the quirks of the Statute of Limita-
tions goes some way to explaining why there
have not yet been any cases in WA.

May Technical Meeting
World-leading by

ransducer’ on 16 May. Dr Graeme Yates ex-
plained the remarkable transduction ‘tech-
of the inner ear to about 15 members.
‘One aspect was the frequency discrimination of
the inner hair cells, which is enhanced by the
it cels *bouncing" on the tympanic
mtvone ealing a pootvo eochack 00p.
The loop gain is carefully set at just below 1.
The loss ofjust a few of the outer hair
cels reduces this loop gain siighly, causing a
large drop in overal system gain, ie hearing
acuity.

John Macpherson
A4 A4 < A4

OBITUARY

Reg McLeod
i Vil o rge i tho Vica iion
ustalan sl Sty menbes

dinner

May Technical Meetlng
Peter Maddern and Peter Messer taked
about noise control for a popular disco at Gle-
nelg. ~Solutions 10 the low frequency noise
prtle voked doul gazing of icons

concrete roof and extensive
et o e e v, Al ot
fectve treatment of the source alows pro-
grammable suppression of the particular por-
Sonsofth spectum annaying e nighurs.
sppression of the annoying pomons

byunw muanasbeenaanma
ection by thase inthe ven
David Bies Prize

rom pipes. Chan Hoon Haan explained his
studies of the acoustical properties of auditoria
and how the data would be used to guide the
Gevelopment of design ries for auditora
Steve Cooper compared various citeia for
helcopter noise designed to minimise adverse
‘community response.

Norm Carter

to thescience, practice and_education in
acoustics, the South Australan Branch has es-
tablished a prize to recognise outstanding con-
tributions in this area. The prize will be avai-
2l each year o may be awated o an
acoustcal practioner based in SA or to per-
sons who have made meritorious contibution
othe discplne nSA

David Bies

treasurer of bt
Reg worked with the State Electicty Commis-
sion of Victoria as an Engineer practcalyal his
warking e, unti his retirement in 1987. I his
early days vith the SECV, Reg was concerned
vith balancing work for rotating mechines. In
the 1980's he was a key man with the Commis-
sion on technical information and research on
the "Environmental Effects Statement” for the
Newgart Poner Saton. Towatcs the end o
his career, Reg was m: with
acovsticl Gosgn of conrl aams for SEQV
persome, rinin e ofcrs 3 seting p
Various training courses in acouss

o his fiends, Reg was known as an avid hob-
byist and keen golfer (he buit his own golf bug-
). His mild manner, modesty, eye for detail

We wish to convey to his widow and family, on
behalf of the Austraian Acoust

deepest sympathies
‘contribution to the Victoria Division.

GBenke
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STANDARDS

Standards Australia has revised is registe of
those standzrds which are referred 10 in Com-

nwealth, State and Terrtory legisation. The
new Handbook, HB4, recognises the need to
provide a comprehensive up-to-date reference
for allthose who need to determine compliance
requirements under legisiation in Austala.
‘The handbook deals predominantly with formal
references to Standards in Acts, Reguiations,
By laws and Ordinances.

A draft Australian Standard, DR 91095, on
*Ground transmitted vibration from airblast ex-
plosions, part 1* is available for comment. The

jard proposes maximum levels per-
‘missible to avoid human discomfort and struc-
tural damage to residential and industrial build-
ings.

Those Standards which are available through
the Standards Secretariat of the Acoustical So-
ciety of America, are lsted in a new catalogue
10-1991. An American Standard on *Audible
emergency evacualion signals® has recently
been released. The Standard specifies the
procedures for determination of the spectrum
e patomn " nd o e, Firtr

information flom ASA Standards Secretarat,
et St, New York 10017, USA

T

CONFERENCES
+ WESTPRAC IV
Westprac IV is the offiial Conference of the
Western Paciic Regional Acoustics Comimis-
sion.Itwillbe held in Bisbane from 26 - 28 No-
vernber 1991 (the week prior to INTERNOISE
91) and the aims are
+ 1o provide @ mesting ground for personal
contact with fellow acoustcians from
Western Pacifc region
+ 1o promote greater interchange between
member countries, associations and in-
dividuals
+ to consult, discuss and exchange tech-
nical information within the theme -
Progress in Acoustcs
The keynote speakers wil be Prof Toshino
Sone (Japan), Prof Wann Yu (Korea), Prof Ji
Qing Wang (Cin) mv Yusn Ling Ma

(China). A total o will be pre-

seted durg tho oo e
ton o Cortece Comera, Wet

prac N Quay,

Queensland 4002 m(mmsaaz oz

6422 Fax (07) 227 7677

NOISE WORKSHOP

‘The aim of this workshop is o achieve a prac-

pracices. I is
sponsored by the Workd Health Organisation
Noise Reference Centre for the Wester Paci-
ic Region and the Department of Environment
and Heritage, Queensiand. The five day work-
shop, from 18 to 22 November 1991, is de-
signed o personnel involved in environmental

noise monitoring and control. The course wil

held in Brisbene and the cost wil be $650.
Further information: Greg Lee Manwar Tel (07)
2276436 Fax (07) 227 7677

*INTERNOISE 91

1 am pleased to report that there has been an
outstanding response to the Cal for Papers for
INTERNOISE 91, to be held in Sydney from
Dec 210 4 1991. The 2nd Circular - Invitation
o paricipale - has been distriouted and lists
the litles of some 460 abstracts (about 80 from
Australian authors).

The Giouar ks et of e varos -
sociated Technical tours include vis-
P o Coliery and Sed Works 1 Por
Ko, Naton Acousics La.belalnry and Na-
1 Laboratory in' Sydney,
B i e i at ool Al noiss mon:
itorng system a1 Sydney Airport and the Syc-
ney Opera House.  Most of these fours have
been generously subsidised and as places are
limited, eary registration s recommended.

Registered accompanying persons (fee SA3S)
may take part in 2 number of special tours in-
dluding a_complementary 2-hour harbour
crise. One full-day tour is o the Blue Moun-
tains and Australian Wildife Park and the oth-

Halfday tours include cty
sighiseeing, vists 1o the At Gallery and
tralian Museum or a walking tour i the historic
Rocks area of Sydney.

The social programme includes the Opening
Ceremony which willbe addressed by a prom-
inent Australian and include musical entertain-
ment, a Happy Hour, 2 conference banquet
and a farowel pary, A Trade Exfbition is also
being organised. Block bookings have been
made at special conference rates at a range of
fotels, motels and Universiy Colleges.

I am sure that those of you who were fortunate
1o pariicpate in the 10th ICA in 1980 wil re-
member the many opportunities they had, not
only to discover the latest research and de-
velopment work being carried out in acoustcs
i manypats o he word bt o 1 fom

iendships wih acousticians from many
et counrs, INTERNOISE 91 promisod
o be an equaly interesting and exciting event -
albeit concentrating more on the area of noise
contrl engineering. | encourage everyone
who possily canto oin in - remember t s like-
Iy 1o be the last major intemational acoustics
eventin Australa n the 20th Cemuryl

Further information: Bourke, Confer-
ence Secretariat, IPACE Institute, Umvsisi!y
Nsw PO Box 1, Kensington, NSW 2033,

Anita Lawrence

Internoise Brochure Correction
P11 “.(1 nightbed).." should read *.(1 night/
room)..*

and "Savoy apartments consist of a double
bedroom with a convertble double bed in the
living room. Extra chid beds, kitchen and laun-
dry faciiies are availzble. Suitabl for familes.
$t10ight

Air- and Structure-Borne Sound and
Vibration
The Australian Acoustical Society has been in-
vited to be a cooperating society for the Second
Intemational Congress o Recent Develop-
ments in Air and Structure-Borne Sound and Vi-
bration to be held March 4.6, 1992. The Con-
gress is being sponsored by Aubum Universiy
in cooperation with the Acoustical Society of
America and the Instiute of Noise Control En-
gineering. The announcement and cal for pa-
pers has ecanl boen diitutod

Further information: Congress Secretariat, Dept
Mech Eng, 210 Ross Hal, Aubum universty,
AL 368493541, USA.

L

Overseas Exchanges
‘The Austraian Academy of Science supports a
number of scientiic exchange programs which
offer financial assistance for Australian re-
searchers 1o spend some time in other coun-
fries on appropriate projects. Some countries
‘which are partof the exchange program are Ja-
pan, United Kingdom and China. ~ Further in-
formation: International Exchanges, Australan
Academy of Science, GPO Box 783, Canberra
ACT 2601 Tel (06) 247 3966

Various other international fellowships and
scholarships are available and information on
these schemes can be oblained from: De-
‘partment of Employment, Education and Train-
ing, PO Box 9880, Canberra ACT 2601 Tel
(06) 2767708

¢ e e o

Bradford Insulation has introduced a technical
service via a 008 number (not available in WA
or N for et rfomaton on al design
and specifcation queres - Tel 008 011

e e e

Singaporean manufacturer Acoustical Ser-

vices (1989) is seeking distrbutors for ts range

of ulrasonic flaw detectors and thickness gaug-
s range from basic units

for universal applications to units with varied

tange ofrctons o spec awlutmns e

ther information:

vies (1969 Py Lw 20053 naton Con

tre, Nanyang Cresoent, Singapore 2263, Te
2660242, Fax (65) 2660665
Ad <+ A4 <

Reinforced Earth Pty Ltd have a new adcress
PO Box 742, Goslord 2250 - Tel 043 72 1566
Fax 043 72 1590. Markeling Manager - Mr
Gary Power

E

REQUEST FOR INFORMATION

Would any former_students, research as-

Socle o tens o e ke Dr 1 W B st
ns plese snd « bie ey rgerdng

msu foint activity with Dr Step!

Dr R C Chivers, University ov Surmy‘ Guildford

Surtey GU2 5XH UK

‘who is making a collecion of papers relating to

Dr Stephen's activies.
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PEOPLE

Peter Grifths left Wilkinson, Muray, Grifiths
in Moy, o take p 2 pemanentposiion v
Arup Acoustcs in ‘Apart from

many years of otk e sl con
suling Scene, Peter has been a consistent and
aciive member of the NSW Divisional Com-
miftee over recent years.

L

In late November 1990, Donald Woolford left
the Australian Broadcasting Corporation, for
whom he had been an engineer and consulant
in acoustics for many years, first in SA and lat-
erin NSW. Parting from the ABC has enabled
a career change but his interests will still in-
clude_psychoacoustics, music and hearing
problems among symphony musicians. Don is
an active supporter of the Society, having been
a Federal Councilor, member of the SA Divi-
sional Commitee and is currently a member of
the NSW Commitee.

< < < <
It is with pleasure that we welcome Environ-
‘mental Noise Control Pty Ltd as a sustaining
‘member of the Saciety

< A4 < <

New Members

* Interim Admissions

We have pleasure in welcoming the following
who have been adrited to the grade of Sub-
scriber while awaiting grading by the Counci
Standing Commitiee on Membership.

New South Wales

Mr T Markiewicz

Victoria

Mr A Eaglesome

Wester Austalia

Mr P R Baster, Ms P Gabriels, Mr T § Saw

+ Graded

Wo wsune e iawing now menbrs
whose gradings have now been appr

Student

New South Wales

Mr T Cain

toria
Mr D E P Lawrence, Mr A J Rogers, Mrs K
Terts (TAS)

Subscriber

New South

Mr G J Kasinathan (ACT), Dr H M Wiliamson
(ACT)

Member

New South
M: 4 Kavamoms‘ LT (Malaysia)

M: iy Borqeaua, Mr RH Palmer
Wester Austral
MrsRJ Msanan Mr R Sutheriand

BOOK
REVIEWS

SOUND ANALYSIS AND
NOISE CONTROL

John E K Foreman

Van Nostrand Reinhold, 1990, pp 461, Hard
Cover ISBN 0442319495
Austrarum Distributor: Thomas Ne

02 Dodds St, South Melbourne \/»c 3205 Price
$1:!9 9%

“The preface of this book states that it provide

the ik between the understancing of the fur.

amentls of son a

those topics oov-

ered eenamry Stempt 0 prove he igs e
aspects.

As for any book with sound and noise n the t-
e, the first chapters cover the basics of sound
and of hearing.  The following chapter on in-
strumentation starts with the construction of the
microphone and ends with sound intensiy in
Strumentation. The inclusion of photographs,

opposed o bck and line diagrams, makes
this chapter particularly mmss:mg for the per-
son jos emparkng on the sty of sound
measurement.

‘The next chapters on sound fields, absorption
and transmission loss and vmvstwn control
bring together materal from a wide rz
ofher books. In any compiation some things
must be left out, for example the STC system is
‘explained but the tabie of typical sound trans-
ission loss values only gives octave data and
does ot It he STC for ach consucton
chapter o ose citeria and regulations
IB‘ZIE to American criteria but some
Teencs & mads 0150 Sndarde
‘The Iast two chapters, on general review of
noise contol, practical exemples and noise
source_diagnosis comprise almost haf of the.
oK. There are many diagrams and examples.
which would of great beneft to studerts and
those new 1o the fied. A large portion of one of
he chapters is a reproducton of the Bruel &
Kjaer publication *Noise Control Princiles and
Practce’ 1 have found to be a good

pler on case studies
vides more technical detail. The final pages
of the book give useful information including
other general reference books, fsts of Amer.
ican and International Standards and guides
for products and instrumentation supples in
America.

The book certainly does attempt to provide the
bridge as indicaled in the preface, and wo
be a useul reference book for lbvaries and for
those leaming about the various approaches to
noise and vibration contrl,

Marion Burgess

Marion Burgess is research offcer at the
Acoustcs and Vibration Centre of the Aus-
alian Defence Force Academy. She has
been, and sl i, involved with teaching acous-
tics to_both undergraduate and postgracate
students.

MUSIC, SOUND AND

TECHNOLOGY

John M Eargle

Van Nostrand Reinhold, 1990, pp 290,

Hard Cover, ISBN 0442 31851 0

Austgn Dstiuor ThomasNoton s,
920000 . S Halume i 205

With this new book, dealing with musical acous-
tics at a semiechnical but non-mathematical
level, the interested reader now has a selectio
of at least five volumes of this type published
within the past ten years, together with several
earler lassics, from which to choose. Each of
ks has merits, and their continuing
appearance i evidence for growing inferest in
the field.  With this variety flom which to
choose, it is appropriate to look for dis-
ngushing features by ay ofcotnt o -

Ealme 50 the publishers notes inform us, holds
degrees in music and electrical
1 wored 2 a recorang engineer, and

ow head of an auio consutng I e US,
This backgrownd i reeted 1 s choice f
 the book, about haf of which is
devoted to_concerthall acoustcs, orchestral
seating arrangements, microphone and loud-
peser piacemen, and relted o, The

insiruments occupies an-
other 30 pan:em unhn contents, with emphasis
anspeca, powe rangeand g teciue
rather than on mechanistic detais, and
are smn but adequate sections on pmsml
and psychological acoustis. This balance of
material does ot duplicate that in any other
book of which | am aware.
The book is clerly and pleasanty wiiten, and
i sy readfor someore wih  background
m physncs engmeermg or acoustics.
sl . soni g sl e fr
sxuﬂunls "eing an pton n s subctares
n o s e e il 4wt
me useful i

recording - a field in whi
tenan engnesring hardhodk her e onlya
few equaions, and those mosty for things lie
reverberation time, and the text is well illustrat-
ed with lne drawings and a few photographs.
Afew musical examples are quoted but, as with
m hem s thes neednctut f e un-
Each chapter has a short bio-
Imraw% nwsny Ising arer books a2 siiar
free from
1ypos, ext n»e lahle in wmn the pit di-
mensions and rack spacings in a CD are all
given as millmetres, when micromelres are re-
quired!
1 can recommend tis book for school and com-
muniy librares, and for the general reader at
universiy or professional level. My only res
envation is the price, which seems rather high
for a non-specialist book of only moderate
length.

Neville Fletcher
Neville Fltcher i a Chief Research Scientist with
CSIRO. He has writen widely on musical acous-
tcs, among other things, and has recently pub-
lished a (rather mathematical) book ‘The Physics
of Musical Instruments® with T.D. Rossing) which
willbe reviewed in the near future,
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HANDBOOK OF HUMAN

VIBRATION
Michael J Griffin

Academic Press Ltd, 1990, Hard Cover,
ISBN 012303040 4

Australian Distributor: Harcourt Brace
Jovanovich, Australia, Locked Bag 16,
Marrickvile NSW 2204 Price: $346.50

Tris 1000 page work i a miestone in it field
Nowhere else have | seen such a com-
prehensive and authorative coverage of this
important topi. The fild of human viration
s ben ded s e sy o e fectof
mechanical vibration on the human body. The
book attempts to explain the way in which the

sponse. In many areas, our knowledge of hu-
man vioratons is quite fimited and Grifin
presents a well referenced summary of what is
known plus a discussion of the fimitations of ex-
isting studies. A a leading researcher in hu-
man vibratons at the Insttute of Sound and Vi-
bration Research, of Southampton,
Michael Grfin must be one of the foremost ex.
pertsin his field. His years of work and stand-

in human viorations is obvious from the
quality and extent o this handbook.

From the outset it s clear that this is not a feld
forthe narrow disciplnary specialist. The study
of human veratons is mufiiscipinary n the
mreme involving physics, physiology, psychol-

mathematics, engineering, medicine and
Shhitos. Snos o 8w betnarie can cm
suffcient knowledge in all of these areas, the
handbook provides an extensive glossary with
defintions of terms such as cross-spectral den-
sity, cutaneous sensory system, damped nat-
ural frequency, monosynapic and double-biind
testing. It would be a rare person who could
claim familary with the ull range of human vi-
bration terminology.

As with most discussions of human vbration,
the topic is divided up into the areas of whole-
body vibration and hand-transritted vibration.
Chapters on whole-body vibration cover the
topics of vibration discomlor, activty inter-
ference caused by vibraton, health efects, vi-
bration perception, building vibrations, motion

niques. The chapters on hand transritted vi-
brlons cover vesclr and oer diorters,
doseefect relationships, prev

wrts, vivaton sandarls and mezsurment
techiques.

The discussions of vibration standards are
most useful since they include explanations of
some of the rationale behind the standards as
well as reference 1o relevant research. Also,
Grifin does ot hesiate 1o cricie the stan-
dards or point out inadequacies in their cover-
age. This cificism is most helptul to the prac-
ticioner who may have to utise standards and
needs to know more about their limitations.

With a recommended retail price of $346.50
the Handbook of Human Vioration is very ex-
pensive, however in my opinon it is good value
for money. It makes an excellen startng paint
for the begimer, t s an authoriative reference
book for the researcher and it serves s an in-
valuable guide to the practicioner. The book
‘would be a most useful additon to the personal
liorary of medical doctors, engineers, lawyers,
scientsts, trade union offcials and ac-
ministrators who work in human vibrations. It s
als0 a book that should be found in any well
stocked universiy or technical ibrary.

Hugh Willamson

Hugh Willamson is a Senior Lecturer inthe De-
partment of Mechanical Engineering at the
Ausraln Delnce ore Acadeny. 45 wels
lecturing in design, materials, logistics and
ralons, e 5 an ctve member o he Acos:
tics and Vibration Centre carrying out research
and consuling in machinery vibrations and
noise.

L

OCCUPATIONAL NOISE
INDUCED HEARING
Prevenll;m and Rehabilitation

WORKSAFE AUST and UNIVERSITY
OF NEW ENGLAND

Nat. Occupational Health and Safety
Commission, Sydney; University of New
England, Amnﬂale, 1991, pp 110, Soft Cover
ISBN 085634 9256

Distributor: Worksafe Aust, GPO Box 58,
Syaney 2001. Price $A35

During November 1990, a series of one day
seminars was presened in various centres
throughout Austraia_on *Occupational Noise"
Induced Hearing Loss: Prevention and Re-
habiltation®. Speakers in the seminars were
Professors Raymond Hetu and Lotise Getty
from the Universit of Montreal, Prof Willam
Noble flom University of New Engiand and
Richard Waugh from Worksafe Australia.

The seminars featured the public health orent-
ed approach to rehabiltaion and prevention
developed at the University of Montreal, and
the implications of that approach for researc
et e Wiy end potcs of e
duced hearing loss; an ovenview of the Aus-
ﬁa“an scene regarding noise exposure, hear-

impairment,  compensation  and
Tobiaton: and e Workalo AL naionl
strategy for the prevention of occupational
noise induced hearing loss. The Proceedings
of the Seminars include the texls of the pres-
entations and a paper discussing the issues
raised in the seminar discussions

NEW
PRODUCTS

NORSONIC
Sound Analyser
The Norsonic Integrating Sound Analyser, type
110, combines the features of an integrating
sound level meter, environmental noise anal-

yser, frequency analyser, graphic evel recorder
a»d reverberation fime- 2l\a}ysev ina single port-
able instrument. The 110 conforms to re-
kemerts o type 0 poromans ad can s

ously measure Lp, Lmax and Lmin wnn

Fam Slow and Impuise time constans, Le

. SEL an wave forn +Peak and-Pek o
lonks by amplitude distributon statsts. Ser-
al 111, 1/3, 1/6 and 1/12 oclave frequency anal-
ysis can be underaken and the curent and
Stored data can be seen numericaly or graph-
ically on a builtin LCD screen. The RS 232 in
terfaces allow simultaneous printing and down
loading of data

DAT Front End

DAT recorders do not normaly support micro-
phone inputs. The Norsonic front end,
112, is designed to be mounted on a Sony Pro
Dat recorder so that the two act as one unit
with a common shoulder strap. It has two i
crophoneand two ine inputs andinput ampifers.

Further mlmmabon RTA Technology Pty Ltd,
Ist I, 160 Castireagh St Sydney, NSW
2000 Tel: (02) 267 5939, Fax: (02) 261 8294

CIRRUS

Data Logging Sound Level Meter
The CRL 236 Data Logging Sound Level Meter
takes a series of integrated measurements truly
tepresenting the actual energy during the in-
tegration period of eiher 1/8, 1 or 10 sec. The
CAL 236 has its own data store, for eventual
copying to an MS-DOS compatible computer
and then any of the statistcal indices over any
period can be separately determined. It can be
supplied In a waterproof outdoor measurement
case and can be leftin situ to log the noise cli-
mate. For continuous monitoring situations, re-
mote control operation can be used over tele-
phone lines.
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Integrating Sound Level Meter

The CRL 254, based on the successful CRL
222, has been developed to meet the exaciing
requirements of the United Kingdom Amed
Services for checking compliance with the Eu-
topean Community Directives for noise in the
Leg ponse sound level plus both
dB(A) and dB(C), o allow selection of the best
ear defenders shouid the levels be too high.

Scrssmng Audiometer

L 802 is an easyto-use, Binaural
Sc-eemng Audiometer fully complying with the
IEC 845 Specification for Class 4 units. It pro-
vides a simple means of establishing hearing
levels at an employee's initial medical check
and thereater easy routine screening {o ensure
early detection of any hearing loss.
Further information: Davidson, 17 Roberna S,
Moorabbin, Vic 3189, Tel: (03) 555 7277 Fax:
(09) 555 7956

BRUEL & KJAER

Noise Dose Meter

The noise dose meter, type 4436, protects the
microphone within the casing. A rubber tube
attached dlose to the user’s ear acts as a
"wave-guide’ and ensures accurate measure-
ments.” The meter conforms with interational
standards, can be used as a type 2 integrating
meter and has large data storage capacity.

Hydrophone Calibrator

The Hydrophone Calibrator, type 4229, is a
compact, battery operated, high precision
sound source and comes complete with three
couplers and an adaptor, for calibration in air.
The level at (nominaly) 250 Hz is high enough
o allow calibrations 1o take place even in noisy

roundings.

Don't be
a noisy
neighbour!

CHADWICK TECHNOLOGY
specialises in the design and
construction of lightweight
high sound transmission
loss roofs and high

acoustic absorption

ceiling systems.

For more information contact

Portable Sound Intensity Analyser
The type 4437, portable sound intensiy anal
yser measures sound intensity, sound pres-
‘sure and partcle velociy levels simultaneously
and calculates the pressure-intensity index.
The memory saves Up to 4200 measur rements
in 140 positions. The probe, type 354

been specially developed for use with me 4437
and indludes a remote control hande.

Reverberation Processor Module

the
sound level meter, type 2231, to calculate re-
verberation times using the impuise-response
method. Either an ordinary Starting pistol or
the sound source, type 4224, can be used with
the modue.

Machine Monitoring System

COMPASS - Conpuered Prodcon Aoy
sis and Safety Sys new ma:
chine monitoring sys(em ‘which explots he lat-
est advances in industry driven progressive
technologies. COMPASS s an indwvidually

configured system using standard, ofthe-shelf

(hesrresee

buiding blocks. These are_connected to
cenial Uni woksialon va Eiernt 1 siave

{ermicls and mordoring_ racks dstibuted
atcund the pant. Digta Sgnal Processn i
used in monitoring and analysis modules.

Adaptive Monitoring Strategy is used 1o auto-
matically select an optimum monitering tech-
nique for actual machine operating condiion.

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

SENSIMETRICS

eech Synlheslser Package
YNSS s a speech synthesiser devel
L. and s now avadape (o ressarchos i
e speech com
principle software package for V
adapted to allow it to run on IBM and Macintosh
personal computers and on a SUN workstation.

Further  information: Ssnsrmmcs, 1 Kendall

quare, _Buiding Cambridge, Mas-
s
CSR GYPROCK
Acousllc Design Manual

CSR Gyprock have recently launched_their
Roousic Dosign Manual hich ghes iest re.
sults, or predictons of likely perlormance, for

oter 160 difernt pastsrboadvalland eing
tems, Each system is accompanied by an
{ibtaton and i descrlon of he vaRous
omponent,ang it 1 st ot cetals
The data shows that high values of _sound

achieved with a stagered stud
wall system incorporating a caviy il

Further informaton: CSR Gyprock on (02) 609
9633, (03) 688 7422, (07) 277 3422, (06) 348

1400 or (09) 3514444

THE CHADWICK GROUP
| 292 Burns Bay Road, Lane Cove NSW 2066

Tel: (02) 428 8388 Fax:

02) 428 5625
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TELEX

Ear Protection for Musicians
1tis wel esteblished that some musicians, both
in the pop and orchestral fieds, do suffer loss
of hearing sensitvity. It is essential that ear
protection wom by musicians does not affect
their abiy to hear the musical qualties of the
sund prodcad byt own laying and it
of their collcagues. Two new earplug m
fiom Etymolic Research, have been des\gneﬂ
o provide musicians with balanced ear pro-
fecton. The ER15 s  daptvagn sindir o
passive speaker cone fited 10 @ soft, in-
iviucly mauied carpg sealng doeply In
the second bend of the ear canal. The
HIFi uses a tuned resonalor and acoustic re-
sistor.

Further information: Telex (Austalasia) Pty
Ltd, GPO Box 1099 Blacktown, NSW 2148, Tel
(02) 831 2666, Fax (02) 831 3029

DIARY

* Indicates an Australian Activity

CONFERENCES and
SEMINARS

1991

September 22:25, MIAMI

13TH ASMA CONFERENCE ON MECHAN-
G VBRATION AND NOISE
Detais: Prof T.C. Huang, Dept Engineering
Mevchanics, University of Wisconsin, 1415
Johnson Drive, Madison, Wi 53706, USA.

October 8-10, THE HAGUE

3rd INTERNATIONAL SYMPOSIUM ON SHIP-
BOARD ACOUSTICS

Details: Ms Meinardi, TNO Corporate Com-
‘munications Dept, P.0. Box 297, 2501 BD The
"Hague, The Netherlands.

November 4-8, HOUSTON
MEETING OF ACOUSTICAL SOCIETY OF
AMERICA

Details: Acoustical Society of America, 500
‘Sunnyside Bivd, Woodbury, NY 11797, USA.

* November 25-29, MELBOURNE
ASIA PACIFIC VIBRATION CONFERENCE

Detis: Confrece Convror, Canrefor M
Condiion Mornitoring, Monash University,
Clayton, Victoria 3163

* November 26-28, BRISBANE

WESTERN PACIFIC REGIONAL ACOUSTICS

CCONFERENCE IV

Detar!s Conference Convenor, P.0. Box 155,
North Quay, Queensiand 4002,

* December 2-4, SYDNEY

INTER-NOISE 91

Details: IPACE, P.0. Box 1, Kensington, NSW
2033

December 9-13, HONG KONG
POLMET 91

Detais: Conference Secretary, Hong Kong In-
stittion of Engineers, Room 1001 10FF1, Is-
land Centre, 1 Great George St, Causeway
Bay, Hong Kong

* December 10-12, GOLD COAST

oh BIENNIAL CONFERENGE ON MOD-
ELLING AND SIMULATION

Detais: David Mayer, Biometry Branch Dept n-
dusties, PO Box 46, Brsbane, Q 4001

1992

March 4-6, Al

2nd lNTERNATIONAL CCONFERENCE ON RE-
CENT DEVELOPMENTS IN AIR- & STRUC-
‘TURE-BORNE SOUND AND VIBRATION
Details: Congress Secretariat, Dept Mech Eng,
201 Ross Hall, Aubum University, Alabama
368493541, USA,

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

Derans Acous1 al Society of America, 500
‘Sunnyside Bivd, Woodbury, NY 11797, USA.

May 25-29, GANSK

5th_SPRING SCHOOL ON ACOUSTO-
OPTICS AND TS APPICATIONS

Details: A.Siiwinski, Institute of Experiment!
Physics, University of Gansk, Wita Stwosza
57, 80-952 Goansk, Poland.

September 3-10, BEWING
14th ICA

Detais: 14 th ICA Secretariat,_Instute of
Acoustcs, P.0. Box 2712, Bejing 100080,
October 12-16, ALBERTA

1992 INTERNATIONAL CONFERENCE ON
SPOKEN LANGUAGE PROCESSING

Details: ICSLP-92, Catering and Conference
Services, University of Alberta, 103 Lister Hl,
Edmonton, Alberta, Canada T6G 2H6

* December 14-18, HOBART

11th AUSTRALIASIAN FLUID MECHANICS
CONFERENCE

Details: 11 AFMC Secretariat, Dept Civil &
Mech Eng, University of Tasmania, GPO Box
252C, Hobart 7001

COURSES

The demand for a special lsting of the courses

in the area of acoustics has arisen fiom the in-

recogniton of the importance of con-

tining education. _Details of an Austraian

in the standard format, will be incuded

at no cost. Addiional details can be included

in an advertsement at the normal advertsing
rates.

1991

October 26-31, CANBERRA

Basics of Noise and Vibration Control

Detais: M. Burgess, Acoustics and Vibration
Centre, Australian Defence Force Academy,
Campbell ACT 2600 Tel (06) 268 8241 Fax
(06) 268 8276

November 18-22, BRISBANE

Noise W
Daais: G Lo Manwar, Dt Envionment &
Hertage, PO North Quay, 4002 Tel

(07227 6436, Fax /07) 2277677

December 56, MELBOURNE
Sound Intensity Course
Demr!s Or L Koss Mechancel Egheeg

versty, Clayton, Vi 3168
b (oa) i (03) 565 3558

December 9-12, ADELAIDE
Actve o of Naise s Vraton

Detais: M Heslop, Dept Mech Eng, University
RGP0 o 495, Adsice 54 500

Tel 08) 228 5459

s e e %

JOURNALS RECEIVED
Aoped Acousts Y 32No 991

33Nos 121991
Canadian Mws(m V19No2 1991
Chinese J Acoustcs V/ 10 No 2 1991
J Catgut Acous Soc V 1 (1) No 7 1991
New Zealand Acoustics V 4 Nos 1.2 1991
‘Shock & Vibration Digest V 23 Nos 4-7 1991
STL-QPSR (Stockholm) 4/1990
Dept Speech Communication & Music Acous-
tics, KTH (Stockholm), Annual Report 1990

ADVERTISER INDEX

Bruel & Kjaer Back Cover
Chadwick .

Davidson .36
dB Metals Inside front cover
Env Noise Control - 42
Great Aust Sound Co v 30
Peace Engineering ... )
Quantum. Inside front Cover
RenzoTonin - 42
‘Thomas Nelson Insert
Warburton Franki...... 30
Westprac........... Insert
Readers are asked to mention this
‘publication when replying to advertise-
ments.
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COUNCIL OF THE AUSTRALIAN ACOUSTICAL SOCIETY

President Dr Stephen Samuels
Vice-President AProf Bob Hooker
Treasurer Mr Geoff Barnes
General Secretary/Federal Registrar Mr Ray Piesse
Avrchivist Mr Paul Dubout
Chairman of Council Mr Ken Cook
Standing Committee on Membership
Councillors
(Effective from 23 November 1990)
New South Wales Queensland South Australia Victoria Western Australia
Prof Anita Lawrence AProf Bob Hooker Mr Bob Boyce Mr Geoff Bames Mr John Macpherson
Mr Ray Piesse Mr Warren Middleton Mr Peter Heinze Dr Stephen Samuels Mr Tibor Vass
AQVIBE DIVISION CSR BRADFORD INSULATION JOYCE AUSTRALIA
AQUA-COOL TOWERS PTY LTD POBOX 1754 59 BRIDGES ROAD
67 PRINCES ROAD NORTH SYDNEY 2059 MOOREBANK 2170
RIVERSTON 2765
NAP SILENTFLO PTY LTD
ASSOCIATION OF AUSTRALIAN A NOISE CONTROL PL 080K 610
ACOUSTICAL CONSULTANTS CHIPPING NORTON 2170 CLAYTON 3168
SCIENCE CENTRE FOUNDATION
FVATE B FLAKT RCHARDSON * Smonset
DAUNGHURST 2010 SOUND CONTROL REVESBY
BHP STE PRIVATE BAG
COATED PEODUC]’S DIVISION WEST FOOTSCRAY 3012 5‘5&7\'0:550 EARTH PTY LTD
SHEET. & COIL PRODL
80X FOAMLITE AUSTRALIA PTY LTD SOMERSBY 2250
FoRTKeveuA 205 X 351 SOUNDGUARD
SUNNYBANK 4109
BILSOM AUSTRALIA PTY LTD “ A e Py L
19 TEPKO ROAD
TERRY HILLS 2084 EDPBEJ;%LTON &COPTYLTD GIRRAWEEN 2145
BORAL AUSTRALIAN GYFSUM COBURG 3058 STRAMIT INDUSTRIES LTD
676 LORIMER STREET LOCKED BAG33
PORT MELBOURNE 3207 INC cokponmou PTYLTD SMTHRELD 2164
22 CLEELAND RO/
BRUEL & KJAER AUSTRALIA PTY LTD ShEin south 2167 THE CHADMICK Shoup
POBOX 177
TERREY HILLS 2084 LANE COVE 2086
SOCIETY ENQUIRIES
General Secrel pa—
A5 S Go SOCIETY SUBSCRIPTION RATES
*Payment of annual subscription B s 512010 From 1 APRIL 1991 membership
- i fol
the appropriate State Division Secretary Fellow and Member 85
AES- NSW Do AASW Aision Alfiiate and Subscriber 68
Science Cenire Fou $50
anz!e Bag1, DARUNGHURSY 2010 AAS - Queensland Blvilmn WESV FEHYH 6872
3 oo e 1 e ANNUAL CONFERENCE
AAS - SA Divison EAST BAISBANE 4169 Copies of past conference proceedings
snert me- Eng Sec: Mr C Brown AAS - Victoria Divisi may be ordered from:
Univesiy of el: (07) 391 8311 POBox417Colins StPO | pypications Offcer
570 1 2, 1% 6. ACELCADE 501 ferratvee Austrafan Acoustical Society
B os Tet (03) 628 5753 15 Taylors Road, DURAL 2158




The New_ 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 Excitation — Parallel Analysis).

Y T

Designed to help you

The 2012 is 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 2012’s 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,
Instantaneous Frequency, Reverberation Decay  You can manipulate data using block arithmetic, poles, zeroes,
windowing, editing, smoothing ® 3%2” 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 to printers or plotters

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



