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A View Of Ultrasonics Research in Australia

An Introduction to the Special Issue on Ultrasonics
DC Price
CSIRO Division of Applied Physics
Lindfield, NSW 2070, Australia

This issue of Acoustics Australia is somewhat unusual in
that it deals specifically with ultrasonics, the branch of
acoustics that is concerned with frequencies above the aud
ible limit (i.e. greater than about 20 kHz). The original ob
jective was to present an overview of some of the more re
cent and novel applications of ultrasonics, with particular
reference to the situation in Australia. However, it quickly
became apparent that only a significantly less ambitious aim
could possibly be satisfied in the limited space (and time)
available, and a selection of topics, which is not claimed to
be representative of either ultrasonic applications or re
search in this country, was made. The five articles received
describe research being carried out in four different in
stitutions in Australia on applications of ultrasonics in the bi
omedical and non-destructive inspection/materials evalua
tion areas. Unfortunately, because of space limitations, it
~:~t~::~enecessary to carry two of these articles over to the

Uses of ultrasound can be generally divided into two broad
categories: those in which the acoustic wave is used as a
measurement probe (diagnostic or low power applications)
and those in which the ultrasonic energy is used to modify
the material in which it is propagating or upon which it is in
cident (high power applications). All of the applications in
this issue and, in fact, almost all of the ultrasonics research
in this country, are related to measurement or diagnostic
uses of ultrasound. These applications usually (but not al
ways, seeforexample[1j employ sound waves of sufficient
Iysmall amplitude that only the linear elastic response of the
propagation medium needs to be considered. Furtherelab
oration on the quantities measured and typical applications
will be given below.

While there is very little research in Australia in the area of
high power ultrasonics, there are nevertheless many in
dustrialandmedicalapplications. Most processes by which
ultrasound modifies material properties either require the
use of sound waves of sufficiently large amplitude that the
material response is non-linear, or depend on absorption of
acoustic energy by the medium. Ultrasoniccleaning,cutting
and welding or bonding have been well known in industry for
manyyears,ashastheuseofultrasoundforphysiotherapy.
More recently ultrasound has been used for other ther
apeutic purposes (e.g. for hyperthermia treatment of some
cancers), in some surgical procedures, such as the de
structionofkidneystones by lithotripsy, and in various
chemical processes [2]. Perhaps this large and growing
range of applications indicates a fertile area that is being
overlooked by our research establishments.

Measurement applications of ultrasound seek to determine
properties of the propagation medium, which may be gas,
liquid or solid and maybe homogeneous or inhomogeneous,
single- or multi-phase, by making measurements of ultra
sonic velocity (or time of flight), attenuation coefficient or
scattering amplitude. In a small number of important cases.

Acoustics Australia

such as in surface acoustic wave (SAW) signal processing
devices, this measurement process is inverted:thepropaga
tion characteristics in a well-defined medium are used to de
terminethe properties of the incident ultrasound beam.

Examples of ultrasonic measurement applications include
the use of propagation velocity or Doppler shift to measure
flow rates in liquids and gases. Determination of the time of
flightofa pulse ina medium of known velocity of sound en
abies dimensional measurements to be made. The prop
agation velocity and/or attenuation, measured by trans
mission of an ultrasound pulse through a medium, are used
to measure material properties or to detect defects. The
great majority of applications, however, both in the medical
andindustrialareas,involvethedetectionandevaluationof
ultrasound scattered from inhomogeneities in a material.

If the inhomogeneities are much smaller than the ultrasound
wavelength, such as occurs in biological and industrial sus
pensions [3] in biological tissue [4] and in solids containing
grain structure, porosity ora distributed second phase, sta
tistical properties of the inhomogeneous distribution can be
determined,atleastinprinciple.

For inhomogeneities that are large compared with the ultra
soundwavelength,the boundaries can often be mapped and
an image produced. This situation occurs in medical im
aging and in non-destructive inspection, and three of the pa
pers[4] [5] [6] in this issue are at least partly concerned with
imaging techniques. In many cases the simple pulse-echo
principle is used. A short, broad-band pulse of ultrasound is
projected from a transducer (which is usually a piezoelectric
resonator) into the liquid or solid medium. The same, or
sometimes another, transducer detects any scattered pulses
(echoes), and both the amplitude and time of arrival of an
echo can be recorded. The propagation time
of the pulse, coupled with a knowledge of the sound velocity
in the medium and, importantly, the incident beam geometry,
ailowsthe region from which the echo originated to be locat
ed.

Ultrasound image data is usually presented in at least one of
three common formats, known as A-, B- and C-scans ac
cording to the number of spatial dimensions in which the in
cidentbeam is scanned over the material being examined.
An A-scan is obtained with no scanning. It is simply the
time-dependent signal received following the transmission of
a pulse of ultrasound from a transducer in a single fixed po
sition. For the very common single transducer pulse-echo
geometry, anA-scan represents the reflectivity as a function
of depth into the sample. All multi-dimensional images are
constructed from a number of A-scans obtained with the
transducer(s) in different positions.

A B-scan is obtained by scanning the transducer in one di
mension, usually either along a straight line (a linear scan)
or in an arc (a sector scan). A B-scan image is two
dimensional, with one axis representing the depth into the
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material (obtained by converting propagation time to dis
tance using the known acoustic velocity) and the other axis
representing a line along the object surface. This latter axis
would be the scan line for a linear scan, ora line in the plane
of the scan arc for a sector scan. TheB-scan image usually
shows the reflectivity or received signal strength, plotted as
acolourorgreylevel,usingeitherlinearornon-linear(per
haps logarithmic) conversion, as a function of position in the
image plane. B-scan images are used extensively in rned
icaldiagnosticapplications[4]andlessfrequenllyfornon
destructive inspection [5].

A C-scan image is obtained when the transducer(s) is
scanned over the object surface in two dimensions. Likethe
B-scan image, the C-scan image is two-dimensional, but in
this case the axes are orthogonal axes on the scanning sur
face. The image may be a plot of one ofa numberofquan
tities derived from the ultrasonic signals (the A-scans),
mapped to a colour or grey level. Forexample,thepropaga
tion time to the first detected echo may be plotted,andthis
will indicate the apparent thickness of the material. This
technique is commonly used to detect corrosion in pipes or
pressure vessels. Alternatively, the amplitude of the first
echo, or of an echo occurring at a particular depth, maybe
plotted to provide information about the presence and extent
of defects. C-scansofthe attenuation or time otflight ofa
pulse transmitted through a sample are used routinely for
quality control in the manufacture of panels from composite
materials for aerospace applications. Comparisons of C
scan images of different quantities derived from the same
set of ultrasonic signals olten yield more detailed information
than the individual images. C-scanning is used extensively
in non-destructive inspection, and examples may be found in
[5] and [6]. Clark and Bishop [5] give further explanation of
these three common imaging formats.

The papers by Graham Clark and Bruce Bishop [5] from the
Aeronautical Research Laboratories, DSTO and by Bob Har
rison [6] from ANSTO are both concerned with the non
destructive inspection of advanced engineering materials: fi
bre/epoxy composites and engineering ceramics re
spectively. For the purposes of this review, the major differ
ences between these applications is in the frequencies
required and in the material anisotropies. In both cases the
initial aim is to detect and characterise defects that mayoc
cur in manufacture orin service. A longer term objective of
nondestructive evaluation is to relate measured quantities to
the properties of materials and structures that can only be di
rectly determined by destructive testing, such as yield
strength,tracturetoughness, fatigue lifetime, etc.

There are two papers concerned with biornedicalapplica
tionsot ultrasound. Laurie Wilson [4] from the Ultrasonics
Laboratory, CSIRO Division ot Radiophysics, has reviewed
the field of medical diagnostic imaging, with which many
readers would have had some contact, and the less familiar
but increasingly important technique otdopplershilt meas
urementot blood tlow rates. Current work at the Laboratory,
formerly the Ultrasonics Institute of the Commonwealth De
partmentofHealth,in both ottheseareas is discussed. The
use of high frequency ultrasonic techniques for evaluation of
the cellular flexibility of red blood cells, which isofgreatim
portancefortheevaluationofstoredblood,inthediagnosis
ot certain diseases and in sports medicine, is described by
Tony Collings [3] of the CSIRO Division of Applied Physics.
The extension of this work to the evaluation ot industrial sus
pensions is also described. Unfortunately it has not been
possible to include this paper in the present issue. Itwillap-

pear in the near future.

It should be superfluous to point out that in almost all ap
plications of ultrasound it is importantthatthecharacteristics
of the sound beam, and in particular the spatial distribution
of power, intensity or pressure, should be known. The over
whelming majority of medical and industrial NDE applica
tions of ultrasound employ piezoelectric "crystals" (usually
poled ceramic discs, but sometimes crystals such as quartz
orlithiumniobate, and more recenlly polymers) that are tab
ricated into complex multi-component electro-mechanical
resonators that produce frequency components in the range,
0.5 to 20 MHz, and are subject to both manufacturing de
fectsand inservicedamage, such as delamination, Ingener
ai, however, relatively lillieallention is paid to measurement
of transducer characteristics, despite the obvious importance
of this to quantitative diagnostic measurements. Recently,
primary standards for ultrasound power, and a transducer
calibration tacllity have been set up at the National Measure
ment Laboratory (CSIRO Division of Applied Physics). This
facility and the techniques employed are described in the
paper by Helen Chan, Paul Drew and Bob Chivers [1]. It is
curious that the only real push to establish such a facility
arosefromconsiderationofthesafetyaspectsofmedicalul
trasound, and not at all, apparently, from concern for the
quantitativecapabilitiesofuitrasonictechniques.

Finally,lwouldliketoemphasisethatthetopicsandauthors
included in this issue do not, and were not intended to ,give
a representative picture of ultrasonics works in Australia.
First, although it was quite unintentional, all of the authors
are from Commonwealth Government research institutions.
There is some, but relatively little, ultrasonics-related re
search in Australian Universities and there is certainly some
in industrial laboratories, such as those of BHP. There are
manufacturers of ultrasound instruments in Australia, par
ticularly in the medical area, and most of these support (or
are supported by!) research and development activities at
various levels.

Secondly, there are a large number of applications of ultra
sound, and even of research areas, that are not mentioned
here. Some have already been mentioned above, and there
are other examples even in the group with which lamaffili
ated, on ultrasonic flow measurement, on the development
of surface acoustic wave devices for use as selective bto
chemicalsensorsandonaspectsofnon-destructlveevalua
tion using surface and plate waves. I feel no need to apol
ogise for the selections made, however. All the authors are
leaders in their respective fields, and their articles are with
out exception well-wrillen and ata level that I hope will prove
to be both interesting and informative to readers of Acoustics
Australia.
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Recent Developments in Medical
Diagnostic Ultrasound

L.S. Wilson
Ultrasonics Laboratory
CSIRO Division of Radiophysics
126 Greville Street
Chatswood NSW 2067

ABSTRACT: Diagnostic ultrssound has achieved wide ecceptenc« in its 3G-YBBf history, lerg8ly bacsuse of its
cost-effectiveness and ssfBty combined with a stllBdy improvement in imsge quality. Austrslian scientists have
pleyfXi a major role in its development. The two most importllnt modes of opf1fationare imsging and Doppler, which
may be combined. Current research includes tissue cheracterisstion and automatic recognition and measurement,
end adaptive focusing of trensduc8fS to reduce abBffBtion.

1. INTRODUCTION AND BRIEF HISTORY
Medicsl diagnostic ultrasound has achieved very wide
acceptance since ita introduction to clinicsI practice in the
1960s. In 1989, the number of ultrasound examinations
performed world-wide exceeded the number of X-rays. Despite
the growth of new imaging modalities lauch as magnetic
resonance imaging and CT scsnningl the use of ultrasound
continues to grow rapidly, largely becsuse it is reletivelysafe
and cost-effective. It remains an area of rapid technologicsl
advance, and Australian scientists have played a significsnt
role in ita development.

The first ultrasound examinations were made by United
Statesexperimanters in the early 1950s by adapting World
War II sonar and radar equipment. Like all scans produced until
the late 1970s, these early pictures were static scans, i.e. the
result was a still picture which took at least several seconds to
produce. Additionally, these early scans could detect only the
large specular echoes produced by reflections at major intar
faces between organs. The internal echoes produced by
scsttering from within organs (which are several tens of
decibels smaller in magnitude) were not seen. Nevertheless,
these scans displayed internal enatomyina form not previously
seen,andthenon~onising nature of the radiation prompted the
early application of the technique to obstetrics.

Australia'a involvement with medicsl ultrasound began in
1959 with the appointment of George Kosaolf to the newly
created Ultrasonic Research Section of the Commonwealth
Acoustic Laboratories to investigate medicsl uses of ultrasound,
notably imaging. (This group is still flourishing es the Ultre
sonics Laboratory of the CSIRO Division of Radiophysics.)
Work on a scsnner began and the first images were published
in 1962. The Laboratory soon gainadan international reputation
for the excellence of ita images, and was responsible for e
number of importsnt developmenta. For example, an early
innovation developed by the group was the quarter-wave
matching layer, which reduces energy losses when sound
pesses from the high acoustic impedance transducer to the
relatively lowlmpedence of body tissues.

Acoustlcs Austratla

The group was largely responsible for one of tha most
significsntdevelopmentaofthe early 1970s,the introduction
of greyscsle images 11l. Early echograms were displayed on
storageoscilloscopas, and were insensitivetosmall,scattered
echoes. To enable the display of these echoes, the lerge
dynamic range of the echoes must be adjusted for the restricted
dynamic range of the display, so thet different levels of
scattered echo size are displayed as different levels of grey.
This requires a highly nonlinear amplifier, with an approximately
logarithmic characteristic, and a display capable of reproducing
the grey scale.

The introduction of grey scale Images permitted easy
differentietion of liquid-filled structures (containing no internal
echoes) from solid structures (containing scattered echoes).
Additionally, subtle changes in texture or echo magnitude
could now be seen. It also hastened the and of static scanning.
Becsusa specular refiectionswere only seenet normal incidence,
each part of the anetomy needed to be scanned from several
different directions (or compounded I to form complete
boundaries. But scattering is, on average, isotropic, and soa
single view of the anatomy could elicit all of the anatomicsl
information; hence the time required for a complate picture
was reduced.

Until about 1980, most machines produced static scans
which took several seconds to form an image. Real time
systems, which display moving images at approximately
television frame rates (more than about 10 frames per secondl
appeared during the late 1970s,and were initially used mainly
in cardiac applicstionswhere the value of displaying movement
was more importsnt than the limited resolution available.
However, resolution as good as static scans soon becsme
available and all machines today produce images in reel time.

During the past decade, the two main technicsl develop
ments have been improved image quality, becsuseofbetter
transducers and their associated electronics, and major
~':~~~Sm:~~iagnostic cspabilities provided by Doppler
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1hIrnejority'~thIolnfonnltionlnm.irnIOIlldltNedtrom m.ditplev 1IbIeb~...... 'iIriI6onI In ...
~e-~wilIinOf9llll.. ..... ofblcue- ftomwi1hln Ofgll"& Further~

~-:..~:::.:~~-=..: ::-•.._ ..... or .....1hedyf-.nit rqe o(\tlIdi...,..,
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Rg<nJ:'I.Jr.-.....,_Dl.__QO_~

~tto."....-- Iongitut*v/-*'" ".."""'....
~-.inIwtlt_ _ _........-.,_
""«hoM ...d~m-l...cl woitt ... 110. __~
~of. digitllrl"OlmOr/'''''''''''512by Ii12 ~
"""'d'I cor-tI from thI u~-m _ pmllTl 1IO.-.dItd
........._. /Il11On.pgiIlII_Inf(llCllwhic:ft~

,*-... oflight. TMIC8Ilr.-lI lrMl1dbythllPwd al
-...ct• ..t clIpendI (IfI .... rnuinun dI¢I of plNUDan
.,., .. ,.,..., d ... allight ..... .." wIdll fypiclly
1010 40 _ fIII .-xn:I. DIIlt Iir-sllUl of .... --. oon
_.thlnormIlTV~_

~imIging .""""' '' '' IOftI:illulDrVl''l
AlItoblandb\<bonIOIOII;priclAIr.ppIeItIonI ft:aIdI
...... of ~brlin.Ihyroid."-t.-..clAIreyltlm.

~ pIrO-. gIIbIIdder.kidrwyt. ..... n'-nlll
~OI'9I"'II6Io;ledITlUlClMa'ld~lIueh.

IhouIclIr rod ~ hipot) If'd. of OCUWI. II MPICW of_.
3. DOPPLER ULTRASOUND
ThI~OoppIIfeflecthal beln~Iy""""' 1n

IlUdiIlI of moving blood 13~ Eehoel ICan.ed by c.IlI In
rnoYlngblood ....fllld in~KClOI'dinlI ID ItlI Doppl.

MlUlt ion

'0- "'_" olic
whIN 10 I. thI DoppIarll'itl. v 111M blood VIlocIly.loilthl
incidlnlu/IJlIO\II'ld frlQUWlCY.cil thi lpelld oflOUndarld '"
thllIlll",*-thlhdlightn th.velocityv.c1Ql' . ln
u/tr-.dlpplica(lonl.thlllg......proceIIinglyllllTl~..
bIood_from ... ~phIsoIlhft .. thlretwMd
«tooM..,.,.~II~.......; ld'lOII from
bIood_20_40d8Igo,wr .. ~thlnld'lOlllromlOf!

tiIaII-.cfl.-...,..tblood II normIllyimag«l .. ...
~1YlIdh6n.SlrQlhIllFIQUl'IdlngllChollr-.n1rorn

~-....lhept..-.olal.DoopIerlhiftltlllf•
~~ blood IIld -.round,ng v-u.. _ wIwI
thlltI1iorwyld'Oll .... nolhlimlglo dthl .....
owinellO__ItionOlIWtl~~

ThI~cNOn lor . typQl puIse(l ()opoler mlChinl

• __ .. Fiu.....· 8y '~· onIy llCholl from .
ll:aMiMd umpll~_IIiKtId. 000piII~

II -...v OOl"brold wr1h rr.ging IO ..... In ~ thI

..",..~.A'* lIiIaion ofthllllTlPll~.thI

~ .. ~putlldliol'liJthlllmlinialligt'a.

RlceMdId'lOll_~bynninoQwith~

.... ...cI~.....N "*'~tNq.8lcy_thI

..",..~ TNI ~."DoppIIrsignlr~

~C(lI'lIClQIWU~tobloodwlocitill.,.,.

_-.gIdjllOClllllinlll il.F<:ulIrnr.fonTltithlDoppl.
"' lO obcIin~~cumponIIIta.Thl Dityto

~ .. VIkIcitiII lnthllllTlPll"""linUlanIcluIIy·
po;IVOWtutOlW,...,~~tIII-.geOlrrexi'no.a'n

veIoc:ity.OI~~IIominII...cI!WtlliIrlI:fb,o,•
.....~.~,..D1V1lnciti1f.

,.",....~,..,.......~o--IIIlr-....lE.#l~.-*'_.,.""",...,...,,,.,0IIIw/IIted. ...0illIlI*' ...- ......---.poiItG.. ........- - -.-.:
.~~~ .._0illIlI*'___

..""........,.*- . ..~ .............-~............~~.__.,-.dr__
...bIootI.."..~f/IIOtI(fIt... CJ'CIII.

T~OoppIIr~feCICI"lI __In Figln 6. ,.,.

~ofbloodClk~.f)llticullrwlccity~

....~oIth1..... V..-rion inwlccitydlnlgthl
l*dilc:cycII.dIIrly~s-..... bIoodVllogfyIl
.....ay in OI0100cm ' .thlDopol-IignII~

lr~""' IUdillI n,...,t.plIytdttwouQh.
loudIpM k. 1O1Iow_" viIuI l dilcliminltion
.mongwriDla~ofbloodlll;rw.AlXHT'II'I'IOIlUllofDopplll

"Ilruound "tI'>I dcftk'lion of 11.-. OIll1rt ill blDcq,g... In
.."..•. Thetlloc:b9l IhowI "p .. . IDc:II incteIM In blood
I4locltybtclullofrWuetionlnth.veIIIl...

Anothel commonCoOPlar mea...- eme nt I.~Iof Ihi
,...ltIncclloflow.whlchil " .... IIVIT>Bll... ,edin _ i..
~uplllllm" from lhev--' OID1ganof Inlen"". ThoIv. ICUI. ·
Ill. 11M• ChellCl.1Itk: Impedl nc• • ....:l the blclod-po-_ .
WIVe PfOPIlI_ IIWough II, wiIh ' II lec1ion1 l1 .......
bilU'CIlio:IN • •IId,-'-. tIII __ eN_I.-~
TM "" ecnv. ,Miltlncl of thl VIICUIII.....~by
comPlringthlpMlttyflOlicflowlccinci6ng-MthN ot
... pr....,. ....... wtIh the minimum di.-.k lbw. wIwI ....
bIoodwlccity""~lol!lnWWnunl~~
...oae 'ltioIoI.,..twowioc:flill~lIO high

,~ llow. wtile_ loritoIm lbw~1I0 1Dw-- Vol. 19 No. 1 - 1



...... '-T'fPCII~I{l«:ftJ~ n.. ......(;I#____(;I#...~_.__n..~_ """"--..- .....-.. ..........
-- _~.--. II _ ".-- • • ".",.
~_ .._ i-.I,..,.....

'nm.lly.~ u/lraounll_ '~IIO-"a1
!he '-t MIl~ .ymm.~.!he nn.. of the
bloodflow llOlI_,...,organll",if'diQIOI'aI"'hNIlhOl'
functianlngofIhltOl'IilI". For.,..",..ctlIngeI"'lhI~
~lnlhlumbilicala't8IYd'"'vthlllDU'Mof.

P'1Q"IRC'/' ....... doc:umented,8'ldClflbl-ellO_.............
CorlvW ioNI pulMd Doppler . _ ~ from only

.-V ...... PM1of lhediaplayed~8'ld~IIySUlpllldl

~ ImIQlrogwhie in Dopp. modi. AIICInIty, it hal
b-... poMibi. 110 combine imaging . nd Doppler Informflion
in. dllp ley modi known .. colour~ imlging , 'n thil
mod.of OPl'allon,~I.YOIum1l1 ... p.;.dltvouuhoutllO
.... of thI Irntge • ..-.:l 1111 'fWlof lig ht lmerwcting 1h1• •lll';Iion
... pulMd_e1-. n._lgllwlocltyofbloodllowin
Ndl....,p.. \IOIurnll '-clllculaled..-.:l~by colouring

1he ' 1QIon8ClClOl'dingllOthibloodlllMd"' dirIc:Iion.Cob..
OoppIIr mtglng.pII1icuIIrtywetul in~IIowec::ru..

-.... OI'dMKtingthl~ aI ."..--.

... WORK OF THE ULTRASONICS
LABORATORY

Sameofthl~ofthe~~tlllhl

-'Y~ oI''''''''' ~-.nd~ htvI
...."~ f'lIflIilIned. n. lIbomory~ 110 INk .
~ ODntribuioNtlllhltlllbjllct.. c..r.nt __ gf

.-d>_~ Ir",*",-,delignIwith Pl"Orllr

emphIsiIon rerTlOVllof~.~.D.uer:twrKW·
iIa'tiOf'I.nd__ af ..- QI'Ility Ior lt. Auslr8IiI'l bMI_.
n.poaWiiTy ofNrmtul~ofultr.-..cl~

\IOmotMte~~..-..r""'_oorwldIrI
lhI""'O' of~ __ tMing~lI ..........
NlgMof~.A~prognrn.Ul illhl heMln8

eIfKIof~..-..rIn"' hrluI- TOdiml,fIlI t.mJI.tl
ettKUol ~~""~b.nd'llll4wlk ll
1.-::I .~~ ..... rrtliI llOint.~
~by Chen•• ro_ _ """',

VI'iltionl ... -...d"PI'MI lluc:h • ....,~~
~rTII.«leencl fatlClfl_~ lnirN(lft,duI

Ir;I refrlCtiw 11'fIctI .~,~ twta_ ••
diIP1fytod 8lig"lly out of ",", 00I'TICI~ 0I' ••ing"
1Ial" .. cenbilhownlnlWOdiff ...... poIitionIon.,.,echogrem
It _ Il-knownmenif ....tIon of thII.bIn'lI1Ion II the IftiIIlCtu/ll
fIP'"Omatiarlof.ling.. p'~ ... twl nPtlllnlllCYl
A.more IOJb!lI. 1l11Ctof 11_ InhomoglrWty II doItocusing01
the " ltrIIOUnd bel m, Thi• •• perticlllti)' d11I1t.nou. on lmagl
q\lllllltyllncethed~oc:co.rIinfatle,.....1ooIt1d

imrnIdi8t""~ Il'IIIl<lrl. m..fIflllCt il..-..logoultllthe

_·.di~In........,;ng_Ol"IOITlk:8lobjllCtlttwoug/'l

1hI.1mOIPhIrI.ITheSTARS~T_Aberrft1otI

1I.mov« Sd>em.l.....-etl prog,"" ...... 10~modfy
thl dNys lClClliedlOditI ..... -..-of ....,.~1O
-a thl 6Nyt ca-.:l by dm.ring ernourQof fattrlCla!hl
.... I.~ Thl IntIntion1110 irnIge IIfld 8Utr:IfTlI'tio;1IymIIP IhI
intIrt lQM producing ... IbM'ttion. . nd C8lculIIt. !hi
~ lIquirld . To dMe. 1I:hM bNfllhown UWl IhI
in::rII.. ln blafowldtll~by pollling .....-...nd1hrough
. fat...,...C*'l bl ~ by~ !lIlIIyI in ...
IrIr'lldul:ef~cireuiUV·
OfJIJIJI«~hM~_lUb;IICtaf~-mioeI --.0.. ..-.:l _ c:inlcel~ in _ ....

..... --._A1 Ul, ... \.e ofOoppilr uIlr.-.dto-.n
h lOCll-.bIoodlowto""O"ll'I""'bNflol~
......... .. opanonrnodl" bIood...o:itY iI
~_ IhI"""'" gI -... ...",....by .,.;ng.
""'IlIe\lOUnl~indudII n.1OCII1IDw
iI~. IhI .-.gI bIood \lfllodty mulliplied by ...
_of ........... The lOtll llDw to" orwen iiaf otMoul
phyIiologicel~rif\c:eru,.nd ... McI'niq .... iI~y

Ipplielblol in obIItllrics. whet. thIo umbIl iclll win IIDw II
~..-.:l~ beuMdto._I«eI~.

OM 0I1hI obeuc:lII wcoo.rtt.. 1d In dinicII K<>IpUn(:e 01
IhlYOI_ic: DoI:Io* fIow ~""", "' bNfl !hl

diffic:ult'f' ofplec:irlg the ...,pe voltmI on hlmlgeof!hl
V8IMllwhidl~withfllPil'mon.leul-.OI'

(3"dilc:puIMtlool,~IIy,theOJ*I\IOf""""-"'"
dilmllt..-enclOl'lIr'Ytetlonoltheveael. n..--d1or1UlOmllting
It-. Jl'"OClIdur.. hHllldllO _ chlntoautornlllclllly
recognili rog ...... welil from .." lmagfl,~ 1hI

poeltion .nd oMntltion 01 the __• ..-.:l !MI...lrog i'
di.lmetBr· .Automallc ' lCOliInIl:iOl'l of . ln.re1",.. lnutlr.1OUnd
irMgM .. fIOI: .. ...ightlorw.,d II In many olhtr l'f\)11 of
imegeI.mlinlyblcel.- th.lU.nglhof .. lChodlpeodlon
lhe~cllneldalce.8ul:lnlheCllllofv...eltwiltlloelllly

PIf . .... wel imeglproaoIIing\llchrliq... CIflvlICk!hl 1oelll
poUrionol Itftlugh.~UlnClaf---...irneglnG

frImM. "....;roglhlorilntMiorl..-.:l-.-lromMdl
II-. Thilr-etlhM~in..oIf""dernor.....-



I"ir1ln 1l"Auttw.--.g",. """"""' ..... 1of
~""",",~",.ptJIirian-.d_~Of.DoppIoJT

.............~wlfhtM__"'",. .....1nYgII

_ll:>""~',~"

elavell.el tracking8ll dln$llaurl ng .lgorlthm Cl'lgure6)which
il.currenttybeil\i impl-.nentedin'811l tlma [6L lt o. like/v thltt
eutorntt icpattern ,ecognition wilpley anlnc::l-.ingpanin
uhr.1OIInd imeging , " rr-....-ll aI di~ 1JIrUChI'...
~llIllIl d~lpleV5 . l8rg.perlin clinic:e1

.ppl lca1ioN,but.equi.. ilkilledoperetors.
Di8g.-tielo1trlllOUnd'-b«:omingmor. quentitative••nd lt

ha. be. n , goal al._ rene.. to que ntitytheaometimeaaubtl .
dIang ... in appea.anceorothllrachogrephlcpropertlaawhich
.. . uaociated with dlMla... I.•. perform uItr-.ie~
~tMIutKJn.For.~.lfo.oerem.o.;. ean-"-the

echorf\llllrOtud • • atIanuatlotlandtextur.al thewtr8S(Uld,_.
Two proparti .. which llllve oome und.. c:loA sautlny .re

thaltt8llUationaodapoadal.aund in ti_.G .... ehe"ll .. in
Iocllltl ..... _ nuabon"....ily aeen in adl og•.".... lIomthe
preaenea of post", io.-"adowlnll oranh .nearnant. a.-e_'v
percaplibl. chang.. t.ModItad. tor """",pl. , with mild
clntloM .ffecting the whole aI. flvwl may be InM8UIlIble
IIYoogh praeiM IT>$8surerl'\11'UaI theM QlllIntIties . Attenuation
lwabeand81l1t1llnedby. p.acI.. ..-........ntal ..... wayin
wh lc:hae:at'l ..adechoaiz. V8'~withdepthinth.tlaeue. By

doing lhi.ln ..... trequeney~ln.thellequenc:y depend.roce

over the trarwduce. bandwidth 01the tieeue ettanUlltion can be
determined

Sound ,peed ia .... a.v to...-aure in prineipla ; .. in
«lIIIII". uauallv only d..aetion aI arrM l aod round~ tr.veI
time"'known.and ~"'ClIlcullltad lfom nv.ltlme.

IIM1n tha apead ol .aund. Howevar. if two apati8l'v ..pe.atad
trlnldueera . .. Uladforlimultlonaoutimagil\iolthel8ll1e
.m>eb.a • • dlaer.panciesln thelWOdlapleyedpoaitioo.maybe
uHd lor ealcuMtlng the lllrot In the assumed 800nd apead
IFillura 71[6L

BothattllllUltion end apead 01 IOOOdhave baan fouod.in
clil\icaltrit la.tobloo."oIBtedwlthtt-ngllinO.M:oldbydiHll..
in l_aod ~However• • ~rolefor tiPulo ct.8CI"'·

'-lionlwanol-Vedin elinlc:al.ppIimione.SotlMoIth88e
tec:hniqlJe& " .beil\iuaadin .,_rdlPfOllllamonmwt
qU8/itlt, aimed at -m;ng the Auat.alilln meat IndUIItry by
quant ilylng ftc tor, we h aatlllld .. neMor fat martlling.

5. FUTURE DEVELOP MEN TS
Undoubtodly.tr8OIduclll1land1hair.~drlvlng

eJectronlc:s will become more c:omple.o:. Pouible rnolUlIon

Aoouslicl Ausl l8f1.

1igon1:~oftM lP-''''_In._bySCMlfling ''''

_rl>1IC1'In~""~lfromlWO~ldifecdMr.witlt.

~_-wew~T"- dil"""' lUIa ot",. 1WO
m.gu _uurr»J _'lJHt/ of lJQlJl!d. W1Iao'J~_~QMd.

tnrmi~con-NPlJItd'Ill"'WIOf itltM-..d~"'II>Uf>d"

irnprovament by~fortisaue llb8nation haa "'aedy

bean diacustd .AmtjorCl6rent limi18tianiatht rKtrictionon
pulH rep8litionrMllmpoeedbym. tpeedof.aund;8iIch
.aundpul..,mutleomplat_itttr.veIbeioreenothercan ba
tre".",itted. In lOme m. chines und er d~opment, rel\adiona
,..ultinglrom e ail\i' e tran. mitlad pult881 e prOC88t8dti rnul
taoeouely by_a1 raca!ver ehannela . aeeh tngle<:l in a
..~tte direction. ThuI, the lVlII"agetme to produce .ch
line ol tight ia ,~ by . '-<;Ior ltQ"" to the~ oI

,eeeive c:hlmels. Thia Ina _ in apead _ Id . lIow irmtg..
In -" pa.- to bI bui~ up li multaneou .ty Into • ltv ...
d1mansionel image which would bI UMfut in di' lInoail\i
cond iT\onl;whera atpr_.comple.o:geometryneed.tobl
inferred from mul!ipla .ep lllate aeet iol'lll. ApplIeatlonIwhieh
I9rlng 10 mind ,re tho dlagnoai. oI!et1o l .tlnorrnaIili .. or
cong tn ital h~ dafec:ts . lSome threoHl"-ional uttresound
ilNQlinglTlllChi.... uslngOOl"MHltionaltr.,...t>Qlltaehnology.
have tl rMdy bean buit commarcla lly.1

T.InId>QII l8ChnOIogy ia benefiting 110m adlrtnC88 in
minlalU'ieetion. and tr.l'llIduc....... being Introduced Into me
bodvut ing tadl njqUl. bonowad 110m endoacopy to improve
.e.elut lon. Probn which view intamal org.ana Itt. being
introducad lnto the oaaophagua. vegj~ tnd NCtl.nl .e well

88tlIblillhed.More '8O!InlIy. trlf>ldueera ".being inlroduced
Into~~ to ¥iew -..ces 01 at.-l. tbbe kag. 1
lroITl iMid. theVllMl.uall\iveryhigh lr~with
accornpenyinghigh~.lnt"""'vi8Wtof coronary

8Illllicolhave beeo obtained . end ulVtso nlCllIlYIIUid.d remota
cont rolled inlJav8SCular .urg"'Y may lOOn become common
placel7J .

Doppllll ultrnound hat t-n . n ..... of ' ''JIidtec:hnoIogical
Improvement,end im~whitt1migltt'l>P88'" inthe

neJ<1 '- ...-w irdude anvI~_ 00ppIer ,,--,.a
rnenl:.AlprM«Jt, only tha .811iallalongthe nne of light l
<:ompooent of blood veIodr¥ " measu,ed. ' " ulting in
occuional i?' ccutate ~.urement or misdiagno. it due to
poor angulllt lOn.

Olegnoetlc:medical ultretOUlldI. now. matur. todwlolog~ .

but at lltoaMm. time It is weil plac:ed to ta kalldwnWge al
dev alopmentl in lelated r....... IIUd>as eigne! -.w:l imago
prOCMaing. pattern raoognitlon and compul .. !llChnoIogv.
Medieal a~wilt continuato incrlll..,withme

appjicatlonof thiinawtechnolO'jjY .
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Violins cause pain
A leel ure r In physloltlerapy al Cumb erland College of
Heall h SCiences has com pleted a sl udy on oc:cuplttlons l
overuse syndrome amo ng pcoleulons lvlollnlats .

ElfTeda Marsh all initially 5ludiElda group of piani$l$ ancl 96
violin and viola p1ayef$ as part 01 her MlS1IJrs dBgree in
QCCupalional health

Shelound thal 83 per cerfofthemusiciansSBldtheyhild
pain IISSOCial00 wilh play lllQ lh&Ir insl ruments al some stage .

Tho:! common Bleas 01 discomlort IeII by 'o'iQI1rti$tS __
muscle pain in !he arm . neck and Iofeam'l. and weaJcness ...

"-"
In a ftJrther Sluctyir'MoM'gsewn players ranging in age from

2:::!1056,Ms MarshaNtoundthBl alleastllalfcouldrolale lheir
heads only par1iaIly10 the left

Aeoording to Ms Marsha ll lhe rnosl(l(ll'lSl!lleflpredlCb'of
painwas lhenurnberolhoUffl lhemusiciansplayed - 1ouf1o
!Ii. hours a <layer 36 hours a week.

"Beca use much more lrne is deYoted to practice lhan
performance . we oould improve practice methods and reduce
lhe risks,M ~ said .

MsMarshall suggesl$ one soluI,on c:ould be for vi(llini$tS to
\.I5EIa standduring rehearsa ls which would taka some 01me
,.;o~~·s wuighl and minifTlisEo kJadson the neck . back and left

f tvm/.atJ<J<llby/0hrN3-F«l I900
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Primal SCreech
Imagine l he SoOI.Ind of fingema~s be ing scraped across a

blacilboard . No on.. knows why sounds sud! as 1his can
s.end dlih up 1he s.pine,bul lhe ans wer may lie with O\If pri.
mal' cousins.

PsydloIogisl s s' iIlI ed w~h a sound Ihal people un~ormly

j~ lo be awlul - th. sound produced by runni ng a mel al
garden lork across a slals surface. Next . a tape-reco rded
signal led into a oomputer. A process cal led 'digil al M ering'
ramoved selecled lrequencies from the original sound . Vol
unlee~ hslened

II was lou nd that ,emoving lh eh igh f raquencies had no ef
IlICI ontha sound·sunpleasanlness. Wh r:mju sl the lower
frequenciel wlltre removed 'he sound beca me quaint and
nolalal1unplea sant.

Psychologi slshavedisCOll9roo lha ' scraping sounds bea r
a streng resemblance 10 Ih" warn ing cries ..m~llld by mon
keys in l he wild

Our av"rsionlo lh..sesoundsmaybeavlilstigialrlil fle~in

her~lld "omou,primaleanceslo~.
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ABS TRACT: Thi. p."., ptNMIIl' rrwifIw of rwo~5 for tr. Non Ootructive Evllluatkm of mtlteritII. lJIirt{J
high~ uIrrNo<md. CfflOfh Sunning Acou .tic Mictwcopr (C$AM) i# "P...ttNJin the 30- 150 MHr ren(Jf
snd i#uHd meinlrfofwb~fhI«t.~. o.tfi:,.QiJityold.fecr.of thfloniw of 25,.mhNb-.,.,xxr.d.
ScMlning Al:Olmic MiaoKopl'(SAM)iI~;" thfI200 MHz - 8 GHzfefl(J6l1f1dl,predominsntl'/ . 8Uffrtc.
~~ It iI poaI/JM fO.cN.w . ,.6OM/onof - 0.2,m. A brief nwitIw of tBChniqw, uwd in CSAM
It>~ dtmIc! UtKtMWry iI ptNMIW .

1. INTRODUCTION
The Ul8 of ultralound lor ....-..non~ .... 1ncr-.d 1n
the IBft deQde by .....meordirwry .mooot. TlW~ hM
come lIbout by. CllITIbinetion of IIw wide< .ppliQlion of
Idvwad nvr.WI••ndthe~oflmprowdlWld.

tectniquw.
eor-JllonM~ U811on lNDEl t8CtonIQuM

usin g uItr~ gener lly ope .: MQu enc:i.. of _ Ii
hundr.ctkHI 1O.bouI 15MHzlbo!h ofU- ~rni18 ... bll6red).
l,.,.pectlon.thigh"~_'-OOI beenprectiledg"..nly
In ltM p..t dutl lO . runberoff"~ The ""in r--.._.:
llIckof 8Uitebl.lnlnKIuc:.r. ,hlgh.n""";on inthenvterial
Ibe th j• • nenuMionper"OI lIClIttlll'lngfromll,·jn~).

the l.cI< o!.uitableln.tJumotnUltionllnd fil1lllly the f""' ingthltl
o;:onwntion.I No e w• • ...",~nt.

Thed_lopmerttot.dvancedmat8ri1ll.,auch8l .ng~ng

cllf.mi cs,M.ledtothedevelopnwrtof.numboroftaclriqllll5
l ime d tit prov ing th. wuctur, l Inte grity 01 ma nufa ct ured
co mponenta. Mallflal a auch u SiC, SIJN" A1:03 ar>(lZr02 ara
ba;'''OI UHd and devaloped lor ~i"" appl iclniona, in

pan lcular In If... where tne hig h tharmal atabi lity 01 ee. amics
Iad lllifabl,.

,....naed for highrnolutlon NDEteehnlq~ea lfi_ lromthe

highdafaetaenaitMtyolceramlca.AItho~gh thaYlfa g_alfv

high mod~lua, Ihev a ra alao mo ra brittla tha n most metals.
Tha critical delaet IoI2e can be an ord ar 01 mag ni:tude lowar
In oara mlca than mlltllla, a laetthat placeaa greatdarnand on
a ny lnapectlonlaChnlq~'amployed.

High " aquencv ~Itra.anlca lIor th~ paper'a porpoee, th ia
ITlNna " aquanelaa abova - JO MHzl la only one ol a .-....nber
01 taehnlq uaa which If' now uMcl to avaluate modem
matar iU _!>oth ln thlproeeaadavalopmant andfTWlllUlaeturi llQ
at.agoaa.. Thia papll" will concentr811l apecffica lly on two
l*:hnIquaa with thll aa me narne - AcouaticM ic:J'o$copy. The
two~ .... difflf_inth8loneiauaedalmoat
,~ for ..n- dafectlalaatic proparty Vllriallon

~lIlIl'lIInland thllOChlffor llJbaui_ delaet/bomog1lflllity

e*1iCtion. The dismction befWlIIflthetwoteehniq.... iaone
ol"aquencv· The aurfaca~ 8fa ll_ally inthll"aquInC'f r. "II'I 200 MHzto 2 GHz land aoo.., up to 8 GHz
haabeenreponadlandthebulk t8ClY'liQ.- in thll "aquencv
ranga 30MHztol00MHz loec;.a$ionally~PlO l50MHzI,

Aco~.'ics A~s'ralia

QtJA,RTZOElAY lI NE

tc f '1P\.ING
lIaUID

Rgur. ': A~lIhDwintItJw ptfn(:itWo'CS4M .....,.
""''''' ;'poMrioned,*-f\:ltJw~/IIMI '''''''''''

"' __ fD~~fNnn&

The low er lrequency techn lqu ea haw many common
leatwea with low " aq uency C·ScannlllQ laN tha a-ticle by
ClIlrk an d 8i l hop inthia Itau.l b llt aradiffarent en oughto
wan ant 1~lther dilCUulon. For thi l Piper th. two tec hniqtMa
will be deacr lbecl as CSA M lC-scannlng AcoUlticMicroaco pyl
101' 30 MHz to 100 MHz w ork and SAM (Scan ning Acouatic
MicrOKOpyl for aboYe 200MHz work.

2. C-SCANNING ACOUSTIC MICROSCOPY
Tha ", inci," beh ind CSAMorau~ac, acousticmicra.copy
il shown In FIgura I. A plazoalactric m81arial lLiNbD:J,.PVd For
aimilarliaaxcito<lby. t:hort. high voIUiga pulae lg_ ally a
aub50naec pulMoI ahw hlnd fedvoltiamplituOo.lhough
~can yary conaidarllblvl andlaunchHanu"'alOnicWlMl

into thecoupllng m~luaually waterl.The ultrasound

!han peMe. Ihfough the coupl ing rned iufTlJapoci men intefflIce
lapmpoltionia faflaetedlandinlo the apeclmen. Wrtnin thll
apeclmen thllultJ.-ound la~ to' fIUmt.oI~

Vol. 19 No. 1 11



which CII"CIIUM.~ption.tcatt""'g,tefnctionOf~

depeodi"g on thll~. inYo/ved , lf none of tt

1TIIK1\lriIr'na _ . to be involvIId,thII uftrMOllnd would be
ref'lllCtedfrom the lower ...n-ofthellpeeim.,., ...cItn..
bllcktotll.tr.nldue«, wtIIct1Kt1.Iherec.r- c.corofoc.III
~I, no...-ned tig rwl ll !tM'l f.d to.b".lbend
emplifierwhictl_bleethe~ltobedilpltyedOfCllptu'Ml

ftte_ielycfalgnllproceaingprocMl...

E1a'tlc Wave Veloelti. e and Acoul tic
Impeda nce , for Varioue Mater ial'

w... ......,...,_t-- -- ......' - --- -- ,
~!-A1umnum n ...

:~ :::.....- 1.IB ".,
GIeQIcrowIlI

~
seec ="" 13_0

S_lmild) ,r:: ""'" ..."" , ase - - ".."". 100 ucoe ,;;, - ".,
~--

... ..., - 31,1

LE!- '''''' - , - 2!:!.-

The ultr8liOUfld ilI ...mje<;l to ~""Ultion while Pi'N1"ll
throogh tIM specirnen rMtnl. end el.a 10 10Mof em plltude
d", to ,.fl&ction Of refrllctionfrom regionl of ehengl"ll KOUItic
impedanca.AcouIticimpedellCtl.dellnlld .thlproduc:tol
uttrellQl"oi;:pWeeV1liDcltv..-ddllr'llity llolto ln thlmeterial ln
qII88tionl,n... Slunitftti~le<:ouItiewillbe lnf...Ml
!rom now onl • the .......: 1 kgm-~ · l lttIlI irnpedroceI
of_iou./T1lItlII'... _g'''''' inTiblel , ......d1lnelude1the
long il1.dnel , __ end Re yleogh we....velocitiMl. Thl. lmp _
tNtlreflected signel wlllbe obUlined lrtm l ny lmerllel
where theo'e is en irnpedenCII tI1ang4I; lotel<lmple,weter/bulk .
bulklwid,butk rlFlCluaion.edheINe~~_ittIon,~ .

An example of I typical CSAM emplitudl time b-. plol; it
gl"'" in F'lIU'e 2. Thi'II is termed I n A«&'lllnd ean "'Pill\'

:';SL.. \ n
~;, ~~""

/1gIn2·~of. rrpiatA·...,."ilvm.~ ..
..""....,.. TMeIecI1oIlicgereirpositionM/ln. rtogiM.......
et;:/I08ltum~...~_-'*"t/Je In"'-'

region. Ed-..'_.#..mulfiplaof rhedeJr/ 1inl1tIro.
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informlItionsuch .. pulseY<tlocitywithi"th.~
tl:hic"'-t diYidell by time-to- "d q mnu. tif1lll.(O."b '1 , defllCt
aiD UtpjlfOlQlI"OIte)...cI d istance of the dllIlICt hom the front
...-1_. .AnotN.- commonly UII&d pr~ toon.I • the
C-. Tl'iI •• pkrIe,pro;.ctionoftheampiitudelor~

hom the ...-18Clll of the reflected aigneI l!hroulIh--trI.-..r'l'liMion
.,.-.tv uMd at high~IIInd " pro6I,Icledin l ..-.rv'*

Ihown In Fog..... 3. Thillihows how .,., imeg.ia bui ll: up in I
rlst"'ecInfalhionlusulllyon .eornputlII'displeyl.

~
TH Of TRA!'6llU(ER

- TRANSDUCER

SPECIMEN

~3:Th4l/1Qwtrhe <»t.coIItJctionmtlrt>odforCs.4Mimeging.

TM rrlMduori3 maved ..... rhe r.pt>CimM.... _~p.tfIm,
rhepWriona'",.~t>ling~by

pul M rourrting Of_
The poaItIon 01 Ihlltr er1Sducef II determ lnMl byen.nooder

orby pulMc:ounti"lllwrthsteppermotorlllndthemJeeted
emp litude in . timeglote ie convertlld to I colour or grey IClIle
...cIllthendil:pleyedonemonltu.

A. ..-tioned pr~y, CSAM ia __e, perfQrmed with
rr..-.ducetl In IhlI linge JO MHz 10 100 MHI. ThllmlJ'\f8 to
hIglwfrequeneiel then normII NOE is dictatMl by two mein
'-ctora.no. fnt iatheq~lOdeteo;t I.... clefect. lIpelielly l,
theHCOFld ialObelblelOteIOIYethi 1eyen.

The HCOFld.- _ lrtm lhe l8ngth of thellltrlllOl.WlCl
puIH produced by the ulrosducer . n... best ttMcl<..- geugIng
ul l""IIducerl een prod _ pul_ cf llbout 1 10 1 Ilo cyclel ,
Wflktlat 10 MHz reprlllllllf'ls I 'lhiI;kne$$of lbout O.9rm1 in
st .... no. minimum thick~ !hat coold be gouged would
thul be .pptOJlimlt ely 0..5 nvn lMaumi"ll the beck...n
,efIeaionOCCUfl'Ml lllo eydesefttlrthefrontl. At50 MHlthi
minimum~ iseppro>limatee, 0_09mm Itt- li e bolh
under ideil condi~l.

The mor. imporUlm of the two ' ....1OIl8 ia one 01 resoltItion ,
UItrOlllf"lk:lII governed In mucn theM"" _y I ' opti<::Iwhere
re.alution II concerned, The 'esolution of IlYS!em of two
CIQMly lpllC8d reltectofl II given by the Rl ylelgh aiterion Ill ..
1.22 ).F where). il lhll WlYel. ngth and F Ihll F.....mtJ." of the
l_lF " ,ldlueofcurvat... ldie..-..m.rI. Thi, ,8IOlutionia thue
Il1fI diltlnc:tl between the minimum 8flCh lideol the b$tlm
mu.i mum. Thil II of the ordll" of the trl nllducel dlemater lor
IIuger llo rplenlrU"" Id UCElle

IncreMing fl-eq uency il lttu' not llOOUghby itlelf lO lrw;rM"
th. rftOIutio"of thl lY'!e m, Th. '1I801ution Impro-n"'" I,
brought lIbout by th. use of focused treniductR. Thil CIIn be
performed In I number of WI Yl'. Th_ lnc::I ude Ofthe use of
curved h1d iatlng .~_; liil t he lIM 01 focUling len_ end
lUll thI uH of pl\ll Hd lIIIIYI' . The use 01 c....ecl redil1lng
elemllltlathig~ffequllFlcin(> JO MHzlisinprectice limited

to piezoelectric poIymltI mat lri lll due tolhllhlg~.1\ItI,I'1 of
piezo-cerlmicl,PhIIHdllTeYteehnologyis ldevelopingll".
at NOE~.nlhll mediCIIlfieldl bul il beyond the
l<;1OpOofthilertic:le,
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Figure 4: A rey trecing depiction of the principle of focusing
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The most common method of providing focused beams
with ultrasound is to use lenses. The principle is shown in
Figure 4. The ultrasound is generated by the tranducer element
on the left. Focusing is achieved by using a convex lens
surface between the delay line (usually quartz or, at very high
frequencies sapphire) and the coupling fluid. The ultrasound is
refracted at the quartz/water interface to form a diffraction
limited spot at the focus. Spherical aberration causad by the
extreme rays is generally a lesser problem than the diffraction
limitations. This is due to the relatively large refractive indices
(4 for quartz/water and 7.4 for sapphire/water lenses), which
provide well-defined focal regions.

The dimensions of the focal spot and region are a function
of frequency, transducer diameter and material impedance (for
length of region only). The dimensions of the focal zone can be
obtained from the following equations (theseare useful approxi
mations; for a more rigorous description refer to references [1 J,
[2J, or [3J.

Beamwidth ( - 6 dB) .. 1.22(Vfll(Fd) ULTPuSQNIC SCIEt~CES LTO TEL0252 81201121 LLTRASONC IMAGING SYSTEMS ORCCMPONENTS

Length of focal zone ( - 6 dB) .. a(VIFllf/d)2

where V = sound velocity in coupling medium
F = frequency of transducer
f = focal length of transducer
d = diameter of lens element.

Note that f is the actual focal length of the transducer and
not that calculated by optical theory, R/I1 - c2/c,), where R is
the radius of curvature of the lens and c2 and c, are the pulse
velocities in water and lens respectively. The equations above
use the actual focal length.

It can thus be seen that the dimensions of the focal zone (in
water) for a 50 MHz focused transducer (12.7 mm focal length
and 6.35 mm diameter lens) is (- 6 dB points);

beam width - 72J,tm
focal zone length - 0.95 mm

It is important to note that the above beam width corresponds
approximately to the resolution of a high frequency system,
but is much larger than the detectability. It is possible, under
conditions of high signal-to-noise ratio and low attenuation, to
detect reflectors of at least 111 Oth of a wavelength and maybe
smaller. Indeed, reports have been made of the detection of
sub 50 ",m (down to 25 ",m) seeded defects in Si3N4 (wave
length 240",m). [4)

The width of the focused beam dictates the way in which
C-scan images are built up. If the - 6 dB width is 72 ",m, then
a distance between sample points of less than this is required
in order to ensure that no information between data points is
lost. Indeed a sample spacing considerably smaller than this

Figure 5: CSAM imege (using e 50 MHz trensduce" of:
(e) solder peds on e surfece mounted device (imeged through

the ceremic printed circuit boerd) end
(b) defects in e nickel besed superelloy.

The actual imege sizes ere:
(e) 12 x 12mm end

(b) 6 x 6 mm - the minimum seen erBBis ebout 2 x 2 mm
indieeting thet higher resolution imeges ere echieveble

(imeges by permission of Ultresonic Sciences Ltd).

may be necessary if small changes in signal level are being
monitored. It is clear then that high resolution mechanical
scanners are needed. A number of such scanners have been
reported in the literature and some are available commercially.
Generally a step size (drive is usually by stepper motor) of
25 ",m or below is specified. It now becomes apparent that
high resolution scanning of large specimens will take up
considerable storage space (for the ultrasonic signal data) and
also considerable time if full coverage is specified. It thus
becomes necessaryto scan as fast as possible, but high speed
scanning is not always feasible as the transducer can be quite
large.

An alternative to moving the transducer is to move the
specimen. This is quite often used in inspecting the chip-to
substrate bond in electronic components. (This is to assess the
degree of bonding between the chip and the heat sink and is
specified for some aerospaceapplications. A typical procedure
is shown in reference [5J.) Inspection times of less than about
4 seconds per component can be achieved in this manner.
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Figure 5 shows two C-tlClInswhich are typical of the results
which can be obtained with CSAM techniques. Figure 5a
shows an image of the solder pads in a surface mount device.
Thie device was mounted ona ceramic printed circuit board,
on which solder pads were present. Inspection from the top
surface is not possible becausethe solder tabs ere beneath the
component. The imageisa recording of the amplitude reflected
from the pcb-solder-pad/surface-mount-device solder pad
interface and gives an indication of the quality of the solder
joint. High amplitude reflections lthe light shaded areas within
the reetangularsolder padslarean indication of a suspect jeint.

Figure 5b is a C-scen image of a nickel based superalloy
test piece produced by the powder route. The defects are less
than 50!'m in diameter and are readily detectable. The image
is 6 mm square which shows that the smallest clearly defined
defects are about 25!'m in diameter. Examples of ceramics
evaluationcan be found in references[6-111.

The generation of C-scan images is the simplest and most
direct method of obtaining information about "defects" or
"features" within materials. C-tlClIns provide very useful
information but are only indicators of reflected amplitude
changes within the specimen, and give little or no information
about the nature of the features revealed. In some cases,such
as the chip/substrete bond inspection mentioned above,
thisisalltheinformationthatisrequired,inthisinstancethe
proportion of good bond at the interface between the chip and
its associated heatsink. However, there is a move towards the
analysis of ultrasonic data to provide much more information
about the revealed features. The key points of a number of
techniques will now be discussed.

Figure 6: SchefTllltic showing the waveforms reflected from the
verious bond types in zirceloy/urenium diffusion bonds.

Phase techniques
Thesetachniques allow information regarding the impedance
ofa defect indication to be obtained. Thus voids and tungsten
inclusions in, for example,Si3N4will give rise to reflections 0 f
different phase, having lower and higher impedances
respectively than the surrounding material. An example of this
in practice isillustreted in reference 1121which describes a
technique for evaluating the diffusion bond between zirconium
and depleted uranium. The diffuse interface gives rise to a
range of reflections depending on the condition of the bond.
Figure 6 illustrates the three conditions. FigureBaisthe
reflected signal obtained when a good high-diffusion bond is
obtained. Figure 6c shows a-non-bond where the phase of the
reflected signal is reversed. Figure 6b shows the intermediate
condition where some diffusion has occurred but the bond line
is relatively thin. Unthis case, the bond quality was assessed
by evaluating the phase of the reflected signal and also
measuringtheamplitudesofthevariousphasecomponents.l

VoI.19No.1-14

Frequency techniques
The use of frequency-dependent techniques to improve
resolution is rapidly increasing. The range of techniques is
large; from simple narrow and filtering to split-spectrum
processing to the recentdevelopmenta in frequency modulated
chirp techniques. Filteringtechniques can be useful in increasing
the signal to noise ratio in some instances. The use of broad
band transducers inevitably increasessystem noiseover narrow
band systems and some materials show frequency dependent
attenuation, displaying windows of relatively lowattanuation.
Split spectrum processing is a more sophisticated technique
whereby the band pass region of the transducer is split into
many bands with defect signal processing being performed in
each bend and then reconstructed. This technique has proven
successful in noisy materials such as Austenitic steels 113].

The FM chirp technique is a recent development which
takes its parentagefrom radar techniques. In this, a short pulse
is sent to the transducer with a modulation in frequency
(usually linear). The detecting equipment then correlates any
signal components in the returned signal with this known input
and provides an output. Very good S/N ratio enhancementare
obtainable with this technique 11,141.

Inversion techniques
These use the pattern of the scattered/reflected ultrasound and
the known ultrasound beam geometry to determine the form
of the defect. Considerablecomputing power is required and is
not, at present, a practical real time technique. However,
inversion techniques, along with expert systems and adaptive
networks promise to contribute significantly in many areas of
NDE in the near future.

The above techniques are not restricted to high frequency
work and are indeed used more frequently at low frequencies
« 20 MHz) due to the computing requirements of most of the
techniques. A technique, not mentioned above, which is used
in high frequency work on occasions is signal averaging. This
is used to enhance the S/N ratio, which isa particular problem
at frequencies much above 50MHz where attenuation is
significant.

Deconvolution techniques
It is inevitable that the C-scan image ofa small defect (smaller
than the focal spotsizelwill be somewhat enlarged due to the
extended nature of the beam of interrogating ultrasound. If the
beam profile is known, then, given certain assumptions
regarding the defect form, the size of the defect can be
accurataly detarmined (this is a simplified version of the
inversion techniques mentioned abovel. High accuracy can be
obtained where, for example, planar defects are expected,
such as in the bonding between two materials or where a
meterial has been heavily deformed by rolling or forging thus
"flattening" any defects present. There is very little in the
literature on this technique, though the author has used it to
good effect in a closely related field.

3. SCANNING ACOUSTIC MICROSCOPY
(SAM)

While CSAM techniques are generally applied to sub-surface
imaging and detection of defects, SAM techniques are
predominantly surface or near surface techniques. This is,
in the main, determined by the ultrasound attenuation which
is proportional to frequency squared. This limits the upper
frequency for CSAM work to about 150 MHz. SAM studies,
however, are not constrained by the bulk properties to
the same extent and higher frequencies are used to generate
as short a wavelength as possible.

Whereasthe information gainedfrom CSAM studiesconcerns
changes in impedance within the specimen, SAM images are
built from the information gained from changes in elastic



It can be seen that, compared with operetion at focus, the
normal ray undergoesa change in path length ofz before being
reflected and an additional amount zon the return journey. The
ray incident at the Rayleigh angle has a path reduction of
z.sec8R and then excites a Rayleigh wave on the surface.
This is then leaked back into the coupling liquid at the Rayleigh
angle and returns back through the lens to the transducer:
note that it is only those rays at or near the Rayleighangle that
contribute significantly to the received signal. Thus,inthefluid
the change in path length is2.z.secOR' Add to this the path
travelled through the solid of 2.z.tanOR - equivalent to
an acoustic path in the liquid of 2.z.tanORsin OR(becausethe

~h~~9~ O~e~~:Ci~~~~~it;th~ne~~:ia~~~r:n~ r~=~d~atro~a~~
the Aayleighwave. Thus the phase difference between the two
waves is [161:

Ii,!> = 12.z -2.Z.seCOR + 2z.tanOR.sinORlk +,..

= 2.k.zll-cos8RI + ...

where k is the wave vector in the liquid.

This will givee periodicity of oscillation as the lens is moved
towards the specimenof

liz = 2...1l2k(1-coSORl]

There ise dependencehereon ORthe Aayleigh angle, which
is determined by the acoustic pulse velocity within the material.
Thus, for example, two grains side by side ina material will
give different contrast if they are oriented differently (for
example {100} and (lll}l because the acoustic velocity
depends on crystal orientation. The effect of contrast on
defocus is shown in Figure 8. This is a Viz) curve of aluminium
ata frequency of 237.5 MHz lfrom [lOll. It was genereted by
moving the transducer in the Z direction, that is normal to the
specimen surface,and recording the transducer output. It is
important to nota that the periodicity in the near defocus
region lthat is from z= 0 to z= -lOOl'ml iscausedby the effects

L-------L--------:-----7.!' discussed above and not by any near field effects of the
100 transducer. The reason for operating the lens in the defocus

region is clear when it is considered that regions of different
elastic propertiea within the specimen give rise to very similar
amplituderesponseatfocuslthisisapurelyreflectivelrefractive
response with no Aayleigh wave contributionl. It is only as the
transducer is moved closer to the specimen (-zl that the
Aayleighwave contrast mechanismcomes into play.

It is also clear from the rapidly varying periodicity of Viz) that
specimens must be very flat and that the transducer must be
normal to the specimen interface so that fringes do not occur
(this practical information is described in detail in reference[16ll .

The resolution that can be obtained with SAM instruments
issignificantly better than CSAM techniques.Thebest resolution
for room tempereture water-coupled devlces ls ebout e.z sm
lat 4.2GHzl. This can be bettered, but only significantly by
moving to liquid helium coupled devicea. In these, attenuation
in the coupling fluid UiquidHe)becomes negligible belowO.2K
and a resolution of 20 nm has been reported 116J.

The range of application of SAM is very wide. The field has
expanded rapidly in the last ten years and examples are
widespread. These include:

-electronicpackagesanddevices[181
- adhesionofthinfilms[18,191
-surfacacracksI20,2l,221
-elasticpropertyvarietion[2,16].
An example of elastic property monitoring is shown in

Figure 9. Figure 9a shows the SAM image of unetched poly
crystalline nickel recordedwith z = -41'm (that is 4 I'm defocus
towards the specimen).Figure9b was recordedwith z = ~ 7i'm.
The variation in contrast from the various grains is very
marked.

Figufe8:V(z)CUfVeforeluminiumst23Z6MHz.Focusisstz=O.
Negstive values ofzindicsre movement of the trBnsduCBf

towsrdsthespscimen.

properties. This section will detail the contrast mechanisms
used in "SAM and will briefly describe a range of possible
applications. Further information can be obtained from
references116]end [17].

It was noted in the introduction thet SAM is essentially a
surface.technique. It might be imagined thet to gain the
highest resolution the lens should beoperatedetthefocal
length with the ultrasound focused at its diffraction limited
spot. It is possible to do this and obtain images of surface
features, however, the image contrast will be very poor. SAM
images are usually generated with the lens closer to the
specimen surface than focus. What then happens is that
contrast is obtained by the interference between the directly
reflected paraxial rays and the Aayleigh waves generated on
the specimen surface. This is described with reference to
Figure7.

This figure shows how contrast is generated. This is a
simplified ray model but it clearly illustrates the contrast
mechanism. It is important that the lens used should have a
sufficiently large numerical aperture to include the Rayleigh
angle (this is the critical angle where the refraction causes
surfacewaves to be generatedl which is given by

Acoustics Australia



FirJun9: SMf irNqnot{KJlyt;rysralliMnk#; ~~}_ rMXNtIMI .

.~o' 4"",..><J(bJ"7)1nl (from,.""""' f'6Jl

4. CONCLUSION
TN. ~pef lias dnalbed two rechnlqo..", tor evaluating
modem .... . iala far IN prnene. of . ubeurf_ and .u rf_
deIectIlmlcroetl"ueture _ IMione. CSAM tlChniqulS cen be
ueedlO da led de flCtl . nd debondein avari.ty ol ma"'iell .
eignilicent depth e, the depltl depending on tnl ' lIOlution
...:; ...I.-d.,",- r' ''QlIoi lig nel proceMing l r.d lmag ing techniq...",
hov. been dngibe(l YfIfYbriefly I nd Ihow the widl rang. 01
procedur.. lhat can be uMd . It i. also ap parent that lull
~olcomponanl:ll:lk. consid"'l bla lima (jue to lhl

1IinI00 IN focI l zonIandtt>e llCt thfltorlly . lhlnslic .oI th1
componentan th.dlpth ........l can belnlp.~ tt .ny or-.

time d.... l0 1he Ilmlrfld locel zonl !ther. arallChniqUllbelng
davelopedtoowrcon'll lhi. prob","ln ~rl,auc:h .. nicon
. nd dynrImic 100000ng lIna . yatam.). In addit ion. c..-ved
...tac:••••~ which requir. conto...r Ioliowing
nnad...eera and a11ow1nc:. lor d\lngSI In IN foCIIllDntl .
SAM tlC~ " .u rf_ or YfIfY...........rIace technique•.
A limiting IIpIC1 01 the techniQue however II tlllll.-d lor
YfIfY flat lCICimanl .., d . 110 praciea control of lhI
tranad_I...-I_dlltance. Thll f6Illyl imitl SAM to proceu
dw~and fajklf.typI .tudlll; aiml"lr rlSl1lc:tiorw .ppIV

IO CSAM.thoughthl tlChniquall.IIO UIOdon a produetion
billa In. number 01lndlJttl'iea.
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Application Of Ultrasonic C-Scanning To
Aerospace Composites.

G. Clark and B.C. Bishop
Ai rcraft Materials Division
OSTO Aeronaut ical Research Laboratory
Flshermans Bend VIC 3207

ABSTRACT: Organic -ma/rix flbre-reinforC9d compos ,tes are used wide ly in civil and military aircraft, They
8r8 how8vfIr pamcuJ8rtyS8f1sllive to impact damage. and there is a need for a non-destructiv e inspec llon
capabjhty which will permit rapicl cha reClelisa lion of !fl lema l delaminatIon damage . Ttlis paper descr ibes the
use 01 ultrason ic scan ning for inspect ion of compos ite materisls, and the way in which thIS approach flas
beenimplem8llted ,

1. INTRODUCTION
The numbe r of aerospeca eppncatons of composit e malen·
eie has roeas&d Ilflormoosly in recent years. Carbon·hllfe
{epoxy lamina tes are used McSeIy in weight-crrtical parts .
and are prodoced by laying upa Iamirlate sheet ffom plies
01wovenOf un,d"ectionalcarbon hOre whichhasb&enp<e·
impregna ted .....itnepoxy resin; the dirlldions of the carbon~ ·

b-e can be tailofed to ma!ch tne high ·stress dired lons in the
component. and the laminate Carl be moukl ed to shape as
required. The high slre r.gth-lo-weight and sunness-to
.....e;ght .atiosachievable with correctl y des igned compos ite
materi als ha ve provided a major incentive for introducing
eese materia ls. and cao-oon fIbre I t1 po~y laminates are now
usee wide ly in both civil and mihtary aircraft fo. parts of the
secondary structure (e.g , doe rs and lai rings l , and,par·
tiru larly in milrtaryappl icalions .for high load ·baanngprimary
svucturesucn as wing skins In the F/A·16 oper ated by the
AAAF , for examp le. carton fIbre laminates make up to ap .
pro~imately 9% of the aircra ft Weight. in lwO pnl'\ClPllllorms .
the wingskins coos ist of monol ~hic carbon htlre laminat e up

to approxima tely 14 mm in lhickne n . whIle other swt aces
are coestncted from a sandWich made up from a pal' of rel ·
atively lt1io1 carbon l ibre lamIna tes, separated by a ligt1t·
weightlloneyoombcore

Non-oestncnve .nspadion is an aspect of maintenance
whic h is fund amenlal to the safe oper alio n ot a ueet of high·
cencreeoce encren and ~ is ess ential that current NDI pro
cedures be mod ified to lak e accoun t of the introd uction 01
ne..... materials which are being used in satety-crrucer ap·
plica tions , An area 01 particular conce rn is the' detection
and sizing of impact (and other) damage in composi tes.
Lam,naledcompos'te materiels such u eerbon ·lIbre /epoxy
havee~cellenlmechanical properties .....hentensile load s are
carried by lhelibres, bu t the ir lh TOllgh·thickness mechanil;.al
properties are gene rally PQOr. Inparticular .delamonal ion
damage ~ easoly produced by fairly minor Impacts; impa ct
from rulWay stOOIl S, hail, bird·str ike or dropped too ls can
produce large areas of sub·surface damage whoichmay be
inv>sible at lt1e surface (' barely·visible impact damage ' or
BVID), and the presence of this damage can lead to sig·

Aeousties AuSlIatia

l1itieant reductions if1 the in -plane comprnsive str@'JlQlhoi
mewhOIelam,na le [1·3j

2. ULTRASONI C C-SCANNING
The de tection and sIzing of de lam inations in laminated con
poSllesispet1ormedU slngconventlona lunraso nicscannlng:
essen tially this swerves using a piezoelect ricullraso nic
transdu cer , usually with a resonant lf equency betwe en 1
MHz and 20 MHz, to project a signai, at normal incidence,
Inlo lhe laminatl,l, The sIgna l is usuaily a pulse, produl;l,Id by
e~clt i nll the piezo·el ectric crystal wlth a shOll burst of

F'9,I.ScII"",,,It{;(JJ<Iar(llT1$howing ",e "ansduCflr ~nninglJnd

(/,spfaylotmdrss,socia r6d wirfl A. 8 andC ·scans
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'~&rnating voltage CQlTesp(mdinll to ve characte ristiC tre
quency of the try$taI; the voltage appIoed Is usuelly between
l o- 100 voll$ . While the voltage pulW ha•• I5hort rise l ime
8OCl. n BQUally shortdecay tJme. lheletUt'"lj lAtr8SOt'l1C
P\he oflen disple Y15 CharlKtllflSlics wtlich .re q~e different,
loncethBcrystal leodS lo"nng",dampong(jthe CfY$ta1 is
tIle<efOO'e an imporUlnl factor in dftI8I'minl'lll the ulIJesonic
cuJ)tA. For most composite appa 1l0n• . 1hB putse It r.
peIIled B1lltlo1.A, kHz (the,:use repeI~1()Il frequency). ai
lhol.9"othertrequenc:iesbolflbBlowandatlOv'llltVsare
uMd lor 0IfIer rnalerie6$. S-. trW*b:ef~""'"

_possobIe:lhe_transduoermay~used ... ,.
~, or anottl8I' transducer may ~ us.ed n a 1I'orough
tr~l$$iOnmooe , Convert>oneIIClIMing_basedon
mellSl.W11'l1l1t>e amou:"It of efW'IlY r""ecMod IrorTlsome tea
t_inlheMmple:in practice. lhBempII1Udeot lhB~w8'

relIBcbon,ll;IentJfoedbylhebme-of~otl/'1e$iQnaI• • usu
.,~ DeWImonations end other deleas suctl .. po
rout"cracks arlll beIgn indusoonI causean......-on 01tl1e
Jorwllfd endrefleded signal in lhe laminaIe ,and may be 10
calBd by obHrvinll!tie reduoed sig>ll l .."p itude

Figure" ndiceleS SChemalica lly dlll _ l ....aysol presernong
scan dala · A. B end e- scans . TheA·scanls l5implya repre·
S80latl()ll oftt>e retum signal a", plilude on a t,meb8sB. a·
scann"'lllflYOl'ves scanning toe ullruonic beam ~ nearty, 10
intel1'Q9tl18 I sedlQl'1 of lhe malBl1eJ. and the B-scan display
115 effect'\((Ily a 5EK:lion throogh ltlB CQmporlent, showing the
posilion 01 point. lfom wtlictl re/IBctoons are obIa,ned. C
scanninllinvolves movinll the transdUC6fl)VlIf tl1e'urface lo
produClIe plan·view repres amano n 01 the sample. showinll
lhe signal varlaliol1. Bysetting eppropfiatellVeshoid ~els

torthe dosplay, II>edefective llfe a. 0\1 81' whic/1 the bade ·....all
eenois~OO' absent. "'.conIrastwiththebacl<lIroond

This bm d CAc8nnng is wid ely lINd lor QI.IlIliry cont rol
~lnl8minatemartutacture l"J ·

3. TIME-DF-FUGHT C-SCANNING
The ~approadl IO C·scanning~l!ItlcMl

doM nee prcMdIo any inforTnabcn abOUIthe dBpttl-wiM dlS
trO.CIon 01hi damage lSI. n. deplh nfon'naIl()Il . howir·
_,CWI~oIJ&ainBdby recorongtneposito(W1aldelecl

echoes onlflBlirrof:Ibaseolulirasonic A·scanand~lto,

b.....of·ftight nIormalion. ratt- than toe bacI<,w" echo."..
pWude.toeorosfrllCl an appropria l.e-scan. Thisdeplh-....
in!ormel ion isquo le importan(.lor rworeasons;ftrstly,the
~ al Mving. clefect: IDealised~ two
pIie$ may tlt Q\'ite drfferenl "om havong a uniform dis
lrbb:lnofOBte<:tstIY~the le'lW\ile.AM, wtlen

damage oco.n as a rll'SUll.(j irnpaCl, the dBlarTWlatiorls
"'""'dl rBSU~ occu r ., a oer-ally conieaI form Ie , the de
laminall()lls wrth the smallest area occur dose to !he lrT'IplIC\
point, .nd delarnillat,onsiocreaselnareawtth incr.esing
d'stance "om lhtl impacted surface, This lorm oj damage
can be clellfly seen in Figure 2 ....hich shows a Sect, Ofl
lI'1rougtl • typical impact-damag&d carbon ·l,bre compl)$'le
peneI . Th. eeccoe major application of lhe depth ln.
formation c:oocems possible repair: the ,epeir 01" demaged
Illm inalel U8ually inYO/Ves scarflng outa la'lIearlMlof lam·
inale l5urroundill ll lhe damage, and since SCBrfangles 01 1 in
20 may be required 10 ensure sal ,slaclory load Iranster into
It>e repa;r, !he depth IocBlion of !he damage can have a
large nfIuence on ee antOUI'1t of materiaJ 'NI'llC:hneeds to be.........

F'9- 2.S<ocIoI If'Irllc.9"5(I.p#y~~~-.
~N~rdplyO'8CbIotmtKJ~,.,.. ·

~1r¥I«l nw ft¥Md'~. ort_ ...-- --., rd /lte
"--1t'O(I0'8Cb-.~~.-."..,.__""'~~3

informatiort . to relXll"d lhe ti~-<lf-"'\1C to lhe irsl relU'Tl

echo in tl1e A·scanwhiclt excee<h;a 581eCfed gale """' . as
a ltn::tion of poslllon on tne sample. ThlS flrstletum echo
wjlInormaIty replt'5entthebedl ....afIin lhe casedasampie
n goodc:ondlll()ll .OO'lheflrstdel_nabon rilhep.aoel has
eeee damaged . Two systems we ., oper allOl1:

Laborat o ry sysle m
Since the couphng between the u~resonic transducer and
the sample ,. blIs I Oblained using e water imme~ion tank,
the ARL laboratory syslem is based on a largl (1.2 m
square) tank (allhoull h Iarlle r ltln ks are used for SQm. larll er
componeml5). A. conventional ultrasonic lhickne 5l5 11alJlile
gel'lllrales lheullrasooic Slgnal, via atransducer in lhe tank,
and processes lhe rel urned slgOal. A focussed prtlOe pro
vides higher beam imens~ies and by minim,""II beam
spread, permits a much high., r8$Olution mageto ~ 0b
tained . Sca l'll'ling oI lhe transduce r is contr ollEH:l by a PC-

F'fJ 3,e-..:- oI., F.....I'-wn~~..." ......ltgtJd ..~~ (J#~__.........

I'omN""-':'. 11'lefWlll!l_at:wtnfldll$lflgfWAAt.-.oI
,.",....-siort_~,-.dfW~.-......-..

OOtJed""'-N~aoiOw~06JllflS.~'13

type comPlller wtlich 8150 handles ca-.struetoon 01" lhfl e
scan image, d1sptay and llor8llle. Figur e3 shows an ex
ample 0'1the outpuI "om thi, ' ytItem: the ~...... ICa/'l ned " •
wing panellfom an F/A.18 aircralt 'N!lich $Ul'fe<Bd impact
dem' lI e • lime damage was visible on the $\Irface, bUllhe
c-eceo revealed the (lep!h and extent 01 lerge d.
lamPnauons , This inlo rmalionissuilabie lOf planll ing a re·
pa,r ol lhe panel.

Po Jte b re sysle m
The success 01 the lrlbor. tory system ....as IUCtl U'Iaf there
....as oonsidlral;l! einlern l inadaptingthe IiYl51emlor U6Bon
mechanical testing mach ,l'IeI II5&d l or faligUB t8Stl on corn
posit. specimen s, andal5Oasaun~whichcouid be USoBdto
inspect a,l'Cfatlsk..... Aa. ,esult 01this , a small C-scanner
....asd9lleloped'/llf-etlhU~ Oesognedtorelaw1 lhB m-



aging capa bility oj the lebarat ory system whi le cHering all
the ~flElllts of pot'Ulbilily . The system is based en a small
X-v scann ing Ita"... whiCh is alllllChed to the surface oj ,nter
est usng vaeuurn ClJ ps . lhUs al loWlngrt to~ used ~ertlClll lly

or invertud , lIS well as on horirontllll slM'tac&s. Themove
men! of the tranlduce< 0Wt the Mtnple IS c0ntr0lied by.
PC -type comp.It er which alIO perlormt the 8I'\lIlysil , pro.
vidingoutpu(iIl realtme. ArnajOrptoblem lnadaptiOgtrle
laboratory systemlorpotUltlleusewastofioCla~.... oI
coupIiogthe tfansduoerlOlhe spetlfnerlwothoutUMofa wa
tar lank : app roaches ll~am,1'led irw;ludud the use 01waler ·
jets (Ill . colutms 01 wal8\', 5quottud 11 the &aml*t) ancl
wheel (lyt e) trant<lUcef1 The 1a1l8\'was 100 limited .. !he
range of frequer,cu,., avaolable, and the former hils otMoul
disadva'ltages 'or I.IlI on aircraft in seMee The a;lPOach
a<:Ioptedwas I PMUdO-dry coupl ing svs,em.. whiChthl wa·
ler COUnn in Ironl of the~ "cgrquned by a semi·
petlTl$lble mem~, througl'l which a smaI..-nounl 01wa
terblaed:sontoU.spec:imln I~_ _ Thismetl'aOdnas

b&en extremely 1k.ClCe$SflJ; !he speemen wrrae:e r_ ns
Pnosl ~. lXJt4lling . exc.oent. and the rne~ wi!h
standS~ _ _ antairlyIlbf-.COF'fIPOS'Ill

surtaces. Thls ly$lem C*l be usedlO ptOVide effoQerlt
COl.4*'ll reg¥dnsol thl QnllfUDQn ol hSCWltlef-n
vened. veo1ieaI honzonuIl . or ""'t~ 01 theH.
Coup!<ngbylnisrnethOd alaoalowsuse olavanecyol tr__
ducercontoguraflOnland~

F'fI,. C·KafIlIof':jA·18caroon·~br''"'''''PfIIlfIiIho'''''''f1Qf>
~_,.,,.,..I'ooift:"'-notfFIIj/~ll1d)

hDIN.,.onlflf1rogtrf

Fig\lfe 4 sh~ l scan ol part ol a Wlng panei conlaining da

lam inations arouncl faslener holes resvl!lng Irom man
ufacturing anator asse mbly ptoctl S$llI . Oel.minalionl only
I lew millimetre s lI CfOSS can be loca led, despole 'he pto~im

ily of the laSle ner ho le. Figure 5 SIW)wSIttl po<table C ·
scanner In posrtion ulldemeath lhe hOOzonlalslabiliser o( an
RAAFaircraft

4. FACTORS INFLUENCING ULTRASON IC
SCANNING

SeYeral laetOB have been l oorld 10 InftU8I'lC1 the per.
Iormance01an vl!rasonic e- scannlng sysl 8l'l'l.atld required
allenoon d"'inglhede!lignoltheARL .ys tems

AoDusticsAu.lfw

F'fI. !i . ARl.pcnablife-bMlV »abId tlfl ... ."... ......
Q/ .. F.A- !'~~.

• Pro/:le frequency IS partlCulllfly omPQttal1l:; thero..mertlUS,.....
Ill'l1acesand llOids ptesenl ln organoc.f't\llln~ l l br. COffiPOS'I"

provi<lesigndicanllClllt&nrlg. Signatalte<lO.OilliorllorallivllF'l
Ihic!lIl ess oItorT1flOSilematerial can vary eoMidIflllbly de-
pend ,,'lQon thlorienlalion of the vanous ply layers used,
and on wI1ett>er the ploesar. macII 01 unoclirectlC)nalor wgy .
eo fibres , or some comIlinIIIbon 01 these. Gotnerally. 10
achievesatislaclOryretumec:hoe$. Iow~~esol

1-2.5 MHz are prellfTId,allhoughoeplhresolubanlhenaul·
I~, For higher resolutlor1s.whlcI't may ee reqa."ed lor Bin-
Il Ie-pIy reso lUbon. or dlllCtion ol elTllll vood$ $UCfl as en
trapped air bu bbles ,~ frlqUenQes are I)(8IfIrred (I .g , 5
10 MHz). lIIIhough these are usable only on lamina les up to
about 6 mmthick due to increasell atlenuabOnlosaes

• Glass· l ibre reinforced laml M81les presen t particular crce
lems. since they arll olte rl thick arld provi de very effect ive
.scattering · in crectce. success 'rl dellctinll delaminllion in
GFRP is depe ndent on lactors such as lhickness, Iibre type,
(woven. or ch apped alrandj and voIume lraetion (f'b ra/res,n
ral io). These paramBlerS are uaually lessclosely eontrolled
durir'lg lhe manu1acture 01GFRP,han is lha C8sa lor cerbcn
or boron -Ittl re composil , s. ThiS typI 01ma terial iI not 1I(lI.

mally used lor CfotlClllload·blar""O parts in h"Olh.perlormarl CI
aircralt

• Coupi ingbetweltl'l the probl atldlhesurlaci is CIlbCllI: as
<:lescribed eeeve. the use 01a water ta nk or acoota 'ned wa·
tar column works wall. Ge l ~em5 hav e also beer1 tried,
but do not provide COIlsistent atld reliable couplng when lhe
transduce r rs being scanned over a larQll ar6ll aulomalieally
Fogure 6 shoWstwo C·seans 01the same comoone nt la 56-
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ply careon-to re laminata skin trom a llOx beam whiCh was
impact-damaged in four >!Iaces >lfio' to being lali gue-tested
to tailure). o ne 01mese scans was carried out in an immer
s,ontank. tha cee r using the dry-oou>!led technique. The
1wOscans dispiay good eqreemer u regll rding the extentol
delamination damage, although the rough surface immedi
ately adjacent to the th rough -lh ic~ ness failure has caused
sig n ~lca nt loss ol COUpling in the dry-coupled scan

F;g. ~ .~otltl6 tai1ur,,~ otllClitbon-fibr" bo>: -bl!'amsl<in

wtIid1_s~etlJlltnllg«J(.pIiJ09S)lII'd",tiglM "'Slf>dlO fa'/uf8.

T"I>tlIlPC"'SClIf'l_~USIIlllrhe ARLJmmfIfSlOfIunc rirrnHJf-

Iligf1r'J'Slem.w/!iI9ltl6","-QtlfIusSt1ltl6AI'lLpotIabII!'C
#lI......... ~i:spood, exceot lbrrl!'giot1swhetemo

rionotl1¥"",,~~of/hl!'potIllbltJund _5 tJbslrlJCtlJ(J by

gross,urllJCllaam.tg6

' Since tha leading 9dge ol the refled ed s'gnal is use(l lQ lo
cate the reflectOf,any rel lectors close to the sul'face may be
masked by lha ringing m the signal which is reftectedffOfTl
lhe tront face 01the Si>llcimen. This ringing, coupled Wllh
lhe pulse width sent out Oflginally by the transducer, ef
fectively sets a 'dead time" dUfing which ,el lecl1oos cannot
be Identilied without more scpmstlcatedprocessing,and the
use 01 transducers whiCh have shone, il'lltiat pl./Ise lengths
and reduced ringing through tetter damping is ad
vantageous. A funher complicalion can anse as a resutt ot
the faclthat the system effeetively looks for the tlrst sig
nil lcanl leftection; if a real ceemoencn is located in the
dead zone, it is not recognised, and a multiple reflection
ITom the same delamination may appear as a false in
dicationat lwice lt1e deplh

- A delamination or other strong reftectOf near the t-cnttece
of the specimen necessarily prevents the signal reaChinll de
feels located deeper in the specimen. Deeper defects are
affeetively masked,atthoug h in crecnce. if both sidell ere ec
cessJble. this problem can be minimised by scanning from
both sides. Furtt1ermore, delamination damage due to im
cec teoce tc be conical In form, as was described earlier.
and the deeper damage is usually larger and more sig
nrficanl. FOf me same reason. masking 01defects near the
frool surface lhrough re(!ucednear-sul'1aceresolul ion,as
d&seribed above . is not USl>311ya fTllljor protllern

• The systems developed at ARL have been designed to
have lhe capab<lity torecord Mher the time~I-lhght of the

amplitude of the reflected signal. Usually only one pa
rameter is recorded, to ensure maximum scan rates, al 
though hardware improvements WOlJld make combined
scansleasitlle The benelit o/sueto combined time-ill -lhght
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Fig,7.~~ol""impacI-<JlImage<120-ply carbon·

fjbfl!~. /IJJ sho'Iringb«lt~Ke ... fI«tionampidudll' (C<lIMI~

JionaJC-SC8fl). (b) sflowifIg '''/kOcfI''''Y o,rhgmarerW, e~cIudi"'J ffIf<
baCl<surlIIc9 tvrd (c) rne limll'-d-fl>ghtC·1C8fI.w hich providesrhe

Nsl~~l/l<fimpactDam~

and amplilUde scanning Is lhat Ihe 8mplitude data can be
usedlQ i(lentily delectll5Uch allclouds olvoids, which, while
being efficl&nt attenuators, >lfoduce re/lectlOf1S which are
much weakllf than those ITomdelamInatIOn•. In terma ct cia
feet slZlng, it hall been lound that time.o/. ftight scanning is
tt1e preferred eeee . ThiS Is the case because it is easier to
identity the edge of an area which slmply "presents at 
tenuatiCMl o/ a back lace signal whic;:hill itself varying, FiglJre
7 shows three c-seeoe 0/ an impacl-damaged 2O-ply lam
inate which il ustrate this point. Figure 7a - an amplItude
scan _ shows the signrficant variation in the back-wall echo
amputuce. agaInst which the addltoonal redlJclion in am
plitude caused by the defecl mlJst be identified Figure 7b
ShOws lhe (much lower) variation in the ,eftectivity 01 the
sample (eXCluding the baCk-wail), and Figure 7c shows the
lime·of-fllght C-scan; the latter de arly provides the best
means01 identitying and charaC1arising tne damaged area

5. CONCLUSION
The approaches and systems cesc nbed above have been
developed into rehable and effeetive instrumentatioo for In
spectcn ot comooete s, and provide signrficant advantages:
the ponableun il, l or exemple, has been demonstrated to er
lOWscanning ot a wing Skirl area about ten times lasler than
by convel'llional scanning (i ,e, by hand), as wella s providing
a real-time Ima!Jll 01 the damage, and a permanent record
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The use of time-of-flight scanning is now being adopted
world-wide, and a number of systems based on the prin
ciples outlined above, but with various configurations, are
being introduced.

Overall, the probiem of detecting and characterising defects
in composite laminates appears to have been satisfactorily
addressed through timely research and development. It is
worth noting, however, that there is a related problem this is
still providing concern; the use of composites in aircraft has
been matched by an increased use of adhesive bonding
(metal/metal and metal/composite) • in the F/A-18, for ex
ample, the wings are attached to the centre section by ad
hesivebonding. The problem of identifying bonds which are
weak, or which will degrade during service, has not yet been
solved, and is receiving considerable attention both in Aus
traliaandoverseas
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AC Power Input
220-250V 50/60 Hz, 7VA, (Other voltages to order.)
Trigger Range
60 dB-129dB, (40 dB-109 dB with optional high gain
microphone.)
Input Weighting
Linear. A Law, external.
Trigger Level
± 0.25 dB.

Response
±0.5dB30Hz-15Khz.
Timing Accuracy
Nominal ± 0,05%, SUbject to mains supply accuracy.
AC Monitor Output
OdBm at trigger level.
Switched Output
Isolated microswitch relay. Max. load 240V 2A, AC,
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government, industry, commercial
sites and in entertainment venues.

• Easily installed by any licensed
electrical contractor, Full installa
tion manual supplied,

• Simply dial up required threshold
level when installed.

• Tamper proof -locking steel
enclosure prevents unauthorised
adjustment.

• Calibration is achieved using a
Bruel &Kjaer sound level calibrator
type 4230 with 12.5 mm (V2 inch)
adaptor.

GREAT AUSTRALIAN SOUND COMPANY
(02) 417 4588, FAX (02) 417 6660
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menlSlormajorta ospct conox proects'. Mr
Schubert was involved in pioneering cevecc
ments inVietoria in the suppression 01 traffic
noise, pMleulMy on the COI1lroversial so ul~

eastemfrooway ThislreewaypassesltYough
denselypoputared residenlial areasandhadthe
requiremenlSoiaohlel'inganLA10of53dB(A)

MrSchuberte"!llainedhowlhe Fload Research
Auttll>rily I1ad developed special panels,ooe01
which isclesignedto d issi~le sound andlhe

otherdesignectoabsorbsound, Thetalkwas
wel illustrated...'ith examplesol howthesebar·
nershad provedto be otfElctiv9 in achieving Ihe
requiredsoundlevels

FolltlWing lheTechnical Mee\lng,meerc-ctjear
dinnerwasheldatanea rbyresla\lrant Al lhe
dinner,lhe Presidenl of lhe Society, Stephen
Samuels, maoe a presemsaon 'ofive members
wtlonave beenadmottedas Fellows oree sc
dely

GI¥iHames

STANDARDS
The yearof 1990 wasextremelylrui tfl.1in the
areaof standardisaticrlin ue fiekl ct acoustcs
andvjlJration,Stan oardsAustraliaprodu03dZl
standards,oIwhict19we,e ,evisionsol lheex·
istingoocumenlSand14 we<e newpublications
Topies ,aogedfrom1tespecificalionsbm eas·
uringequipment, nose emmec by various ma
chineryandappliancesai1d rose labelling ttl vi·
bration on snips a1d human exposure lO
vibration. SeminarsdevotedlOhea ringcon
servat on wereheldinSymey. Melbourne and
Penh, andwerea,1endedbyqve<300par·
licipmts

A recen1y released starcard is "AS 2991
AooustiC$ · Method for theoetermnanon 01air
borneoo'seemihedbyhooseholda nds imitar
a:Jpliaroces, Part 2· Particularraquirementsf Ol
d is~ashers"

Theyear 1991shapesup to beasexcitingalll
produetiveaslhep,eviousone. StandardsAus·
traiaandttle SlandardsAssocialJOn01NewZea
landwil oehoolingrntemabonaimeebogs of lSO
andsl EC lOeoo<dinate with lnle'ncOse91 in De
cember

Marl<Potodfi

CONFERENCES
westpraclV
Westprac IV e re official Conterence 01the
Wes\em Pacific Regional Acoustics COIllrr;s
son. In 1991. n is being sponsored by the
OveenslandDi\lisionofthe A.Jstral;anAcoustical
Society and Ille o;vision of ErrvirOllmenl, D&
partnlent 01EnvironmentandHeritage,Old

Rwill00 tlekl inBrisbanefTom26· 28Novell'oor
1 991 (the_" prior lo lnterno;se 91 )and wi~

provide an excellentOppMunity lor Australian
acousticians 10 eslablish contaets wilh pro·
le55iooals in the,api<lydeveloping Pacif>c rim
Intending authors are advised Itlat abstraclS

Acou stic:s Au stral~

ShOLld besubmrttedassoonaspossible

This is thelif$t !inlethaI Australiahasrostedee
Westpiac aod1l1e organisSfSare ser*1ng Slfong
SlJpportfromfeliowAustratians, This isa uniqlJEl
occasion wtleolhere a'e twomajorconf8'ences
beingheld consecutive ly in A.ustrallaardmem
be~are u'gactosLWOfl bo1l1of thllSe impertanl

events. F\rther informabon from: Conference
COrrVenCM",P .O,Box155, North ()Jay,Oooens
land 4002

Inlernoise91
Internoise91. spOl1sorlld by lhe lnterllational In
s!,Me 01Noise ContrOl Engr.ee,irlg,is lOl>ehald
fromD$«lr'nber2nd · 4:h1991atthelklivers ity
of NewSouthWales in 5ya1eyandueeeme is
TheCosts of Noise Distinguishedacoo5tldans
have beer lIlviteo to contnoolapenarvpapes
these will be p,e5ef1led by Tor Kihlman, GeoH
Leventhall,OavidB;es,ardBobFlanl1all, Al·
ready the organising oorrmitlea has received
manyresponses to the Call forPapers labslracts
we-ecuebyMarch1S1)

A fealura will bathe Spacial TachnicalSessions
planned o-riopcs of current inlerest: these in
cludeSignaI P'OCesslng fo' ActiveNoise and V~

brationControl: Prediding Sound Transmission
lh,oogh Walls; Measurement of SoondPower;
NcHse in lha Aluminium Industry; Regulalionand
Insuranceior InCustriai Noise Control:Aircraft
noseanda SpecialSessionOllObjeclive ncse
Measurements Basadon HumanPerceptiOll,in
honourof thelateProtesscr Zwicke,

A TradaDis~ay!Techni ::aIExhib<lionrsbaongo,·

ganislld,a ndintandiogparticipantsshOlJklcon·
taettheSetretarialassoo naspossible.T,adi.
tiorlalsocialevents arealsoplannedarldmere
wil be technical andgeneral lOurs arr(¥1gedSO
that Mstral:an acousncensandtheir compan.
ionswil beabletomeet Ihei, manycistinguis/led
countepensfromovesees

lntemoise91 is theInterralionalAcousticsEver.t
of IheDecade in Australia. AUAASmem bef$
and thai'co lleaguesshouldplan to participate in
this unique e"ent, lor further rnformationccuact
Christine Bcu<lle, lnlernose 91ccetereecesec
relanat, IPACEInstitute. P.O Box1. fiensingtoo,
N,S,W,2033Fax: (02) 6G~ 6983

Internoise90 Proceedings
'SCIence fo' silence" was the neme to, Inter
nOISe90heklInGothenburgduriogAl.>gusI 1990
Thaproceedings cnnscooference contain three
hundred and thirtyone papersone widevarlely
of lopOcs re~an1to lhe lheme, Thesepro·
ceedlngs are nowauaita:lle for $US120 (t WS
4Slorove'saasarshlptr.enlllromNoiseConlrol
Foundation, PO Box 2469 Arlington Branch,
Poughkeaosie.NY 12603, USA, Payment must
bem U~ fundson aUS ba-k, oraban~ lhat has
a corresponding relationship in theUS

Noise-Con
Noise·Con 91 wdIbe held in Tarrytown, New
York. ~om 14 lO 16 July 1991. The theme to,
this, theeleventh in lhe series01natiorlalconfer·
ertces,is'NoiseControl: 20Yea,sofProgress".
AmaJOlequipment, materialsandinstrumertl ex·
hitilion winbe held in cO,njunetionwllh :heCon.

terence anda noisecontrolseneer wi~ be held
kom12 to13July

'Reducing the Annoyanceof Noise' was tha
theme for Noise·Con90heldin Texasd<.l"lngDc·
lober l 990, Theprocetlllngsof thrsCOllference
ccntameightyone papers on a widevariely ~t

Iopicsrele.antlo thellleme tr ese pcceeerce
arenowavailabletor SUS60(t SUS 2Ztorover
seasair sllipmenl~ fromNoiseCon1rol Founda
tion. PO Bo.< 2469 Arington Branch. POlJg~

keeps>e,NY 12603, USA Peyrnem must be in
USfuodsona USbank,orabankthathasace .
respoodiogrelaliOnshlpintheUS

WorkCoverNSW
The Occupabonal Health and Safely. ee
halJ< i tabonandWOl1<ers CompensatiQl1 !1.l1etions
oIlhe NSW Department 01Industrial Flelations
haVe nowbeen to<med me a new bocty; the
WOl1<CoverAuthor~y 01 NSW. The roleoIl1le
NoOse Section of the Dil'is;on of Dcc\4laticrlal
Hea/lhhas been upgraded,commerciaised and
,enamed Wo'k(;over Acccstcs. W1th Ken Mikl
asthemanagef, Wor\<Cover Arousticsisable10
providea cornplete ra' !}801healingconserva
tion services, includiog norse hal:ard assess
men!, aUdiomelry and noiseoontrol dasign and
coostrue1inn for working enl'ironmef1\S, Work·
CoverAcoustics can be contacted on 008 02
4205or (047)774261.

SPCCMove
The N&N State Pollution Control Commission
hasmovedkomLive,poolsno itsnew officesin
Bankstown as part 01ns plannedinoorpo,ation
into the new Stale E?A sched"'ed to, 1 July
1991,Thenewadd, essis:CivicTower,Jeoobs
StandFlickard goao, (POBox 367). BankstO'Ml
NSW2200andtel (02l79300000' tax(02j793
0002

NewCompany
Enui,onmentaINQiseCont,oI Pty Ltdwases ·
:ablistled in Januaryanditsoll,ceandfaetoryare
loca:eda: Chipp;ngNortoninl~westernsub ·

urosot Sydney. The company plans 10 men
ulaC!ureaw iderangeofcornmerc;alaooustical
enclosures, canopies and quiet rooms. sound
prooldoorsandacousticlouVf8s. ThedireckJrs
oI t~ com pany are Ram Kristw1aswamy an d Roy

Mammone RamwiBbeassistecin 1t1e fiekl of
ndustrialnoiseby80bBlackall.. Environmemal
NoiseControl aimsto o1ler its experiencearc
sklllloacQUshcalconsuttants andnoisaCOn\rOl
engineers 10 ensurethat ll eir design intentions
a'e fully (¥1daceu'atelyimpI8fTlented,Rlr further
inforrr ahon: 1e1(02) 7551 077 or 'ax (02) 726
7142

UltrasoundTerminology
The American Institute ofUltrasoundin Medicine
(AIUMl hasannouncedlhe pub'ical,ooof a new
document entitledReeommended Ultu sour'Kl
Terminology ThiSputlicationprovides a tisting
01ultrasourldlemlSarlddefinrtions tor morapre·
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aseCOl'l'll'lU1icalionbetweenali lhosewor!l,ng in
tt.earea ThepublLcatiOl'llSavailallle lor$US40
(SUS 20lor AlUMmemoolS) fromAlUM, Pub
~cahOI'IS Dept,11200Rockville Pike,Suite205.
P«kvill&,MaryIand21)852.J139, USA

Raymond Stephens 1902·1990
Former sllldenlsand assooales of Ray st&
pnens wibe saddeoedbV llisdea1tl Ol'l27!1l~
gust 1tm at:era Iongl~ ofl aa.'iW1glW1d di
recting resea'Ch in a::oosliC$ boIh at lm~

Co/leoe. LondOl'l andat Chel:seaColege.1ie
was \llea\llhQrol arunberdboolls. j\llW
president ollhe Inst1lJe~ Aw.isliC5 a'!Clfe
ciPentolnumerous medalsandllonolnil
CUlinglheGoklMedaloi lheAcoUSllCal Society
olAmero;a

NEW MEMBERS

NEWFELLOWS
Al the 45lh meeling Of lr.aCouncl of the AllS·
lrlIlienAwJstical$ocielyInNovernberl 990, six
membel'5were e~ed to lh8gradsof FelIow

w~h lhelollo'M"II ertabonS:

Ronald GeorgeBarden
ThegrilOe 01FeIIolrI 01thl AustralianAc:ousIical
Soc>et')'iSconfen'edonRonakl GeorgeBarden
b' s,Ubs'.a ~alCClfl'roJlionslOthe teaclJng and
ar;hlirll51laliJn III aco.aslics.,promOlion of in·
duI1rialll(llseQ:lflll'Olanr:lIltoYilgCQflSerV3liQn,
developnen\ol~SWIOards ancl lhe

practlceofllCOlAl:a, lWldS9'l,f!cantS6lVice1o
\Ill Sooe!y paniculal'f l1Jmg me tormalion.....
KennethReubenCook
Thegaoeol felow olfll Austr&l¥l Acoo.:sbeal
SociI:yil to"lIerfedon Kennelh Re.t.lenCook
lof sigrlt.canl conllibulklns to lhe unclerS',anding
ollhetesl1ngolll1lacouslic properties ol mateti·
all and rel.: ed91anr:\afds, reswch anclleaching
n acoosttai andSeMCetotheSOOe",

WilliamArthur Davem
The grade ofFelloW of theAI.lstTalian Acovslcal
SoOetyisCO"llerred onWil amArttuOMm lor
notabIe~and WOfk Ol'l SQl,lnd absorptlon, 8'g '

nf.Jcant conllibutonstobUldingacoustet.~

C?:nrolanr:lde'>~ of ~r:Ial l;l$ lWl<l ser
'f'lCe lotlleScxlety.

Graeme Edwin Harding
The!1"ade olFeb or the AusIrll~ Acol.«JcaI

SoOe:y iScor.lSfftll on GraemeEa..in Herding
b'h:s notabl8work n lheh jdso1desiPlgand
milllufa~",,~ control~.lXlflbib~

baltoaceustlealstal'darl;l$Mdo.nsWidingw·
w:eto the SOOety lMr morelhan twenty·twa

"m
GeraldAddisonBrookRiley
The gradsof Fellow01lhe AustTaJianAcoustlcal
SocielyiscceterredonGeraklA(ldisonBrookRi.
leylorhissigmftcantconlJibUliOrll 10 the ~Iact ice

o1ard1'teet\J'a1acollSlicsandnoisecontrol, slan'
o:IardsandsefVicelothe Socie!V

• InterimAdmissions
We bavepleasure in weloomng the 1olloViing
whOhave been admitted to lhe graooof Sub·
sc"ber W'hile awa.tng gracling by tlle Counal
S\aO(\lngCorm1i1tee 01'1 Membership

NewSou/llWaies
Mf T Cain , Mr J L Tai lMa~)'$ia)

Oueensil!flfJ
MrCBBr¢Wn,MrJ VFaney

SOlJth A~lIal;a

Mr WA Re~lnski

VidOfIB
MrsKTtrts {Tasman,al

• Graded
W. " elco'ne the fI::Iowing new r.l6lT'IbeISwtmI
graongsllavenow beenappfQ\'6(l

"'"""""Iol· COBrown
WestemAuslTaiia
Iolr MJ Srw mM

Student

SoothAuslraiia
IolrAC ZanOerv_
Iols OC!\@mellS

Member
NewSoorhWales
MsSunChao. OrR ChM!rs{England),
Mr L WMar,MrICRyan

OuHnsiend
MrBG rootholt,Mr MA$lmpson

Vrcttlf"
M0>6TMcEBer'/, Mrl CSllepherO

WeslemAUSl1llIi11
fk PG Oolffl, MrSL H Lilobarski

Vol.19 NQ, 1 24

NavllteHornerFletcher
Tnegrade of Fe!owof lIle AustTailan AcouslicaJ
Soc,e", is coolerred on N9llilie Homer Fleteher
for""'!$landing research wo'k ,n mllSlI;eI,biO·
logICal and ~hy$ icel aCOl.lstics. "gnl~cant con
Il1bul,ons to the leachrngand administration of
aoouSlics anclapplisd sQIiIf1«I. anr;lenthusiaslic:
servicalo lhe Soc~ lncl ~s joumai

Correction
for lho&ewhowonclIred IboI.I \Ile '"Iltemational r;:omect;on'lorthe NM!ny Commi:tee in Vol 18,::N:?ci:weapob,jSl lofltle"'nlf/lS~headngloflilisrtemsholAa have relerredto f«TAand

Aoo IlS~CS Australia



BOOK
REVIEWS

HARMONY: APSYCHO
ACOUSTICALAPPROACH
RichardParncutt
5,:nlger·Vtnag.I989.ppm,/IalrJ cover.
1S8N3540512799.A:JI~Agtrn5, OA

8roks.P08o.l' 163,UJteIl.1m ViC3132,A$84.75

Tne t rst ll'l,ee c:haple., ptQ\'ideavWul " 1'1>
ducLOl1tolhema'ncon~tsuM<l~y th,au

llloc Chajner 1 eontlIl'1m~ snortsummarits01
exisling pllySical llt1d psythologocalthaorin ol
harmony, Chap'.8I 2 introducing psycho·
acoustical temlSand coneepls. while Chapler J
paves thewayfortheCOle Oflhe bool< (lhetr.eo·
retical mooll and exper,menls 01O1.pt,r, 4
and5f. Moist of the lntrodllClory ma" "lll isYflfy
readabie despile lh& larg, number cl~ces

qUOled. Tne,eare ocusoonswl1en lllOleclelails
could havebeen~oIOlhef lmPQrtarl1 in·

vestigalions , For iNtance. 1i1.Ir~ reler·
&nces toTema,en OI'OI'k Ol\ Wtual putl llnd
ha<rnotI)'"I¥OlJdhMbwleaierto lobff
summariesol lUl'TlCW9'«*tWlllkllldbeetl ifl..
cloded. AlnoughT&'lI&r<l'spapersWOl*lbela·
m;liar lo an ~i'l 1hil ~ .mor.~

pr&her4.... CttiqA r:A/liIpiWl.lQori\l1m _
I1lbedesi'ablll oeforelllCUngd\apltr4
1lYtJ4'Ioullllebooklhefe isl ttndtncy lOW"ile
ncn-specmcsemilf1C8$Ylfl(:h talk' lXiOA llI'lidN
oriwestiga\il;rlwilhc:U: QUOIIrog lpecific;deta,is
lft1ebookilconoarveQasc:neexpertlal<inglo
ano!tlllflhen!tl/lre iS rIOpriXJlem;lorthe~eral

readeffrequenl refer80celO lheuselulglo$$aty
maybel'lealssary

In Chapler4 Ihe autl1GrSlatesulhe aim01his
model: '/I fotmahses expenmenl8l data , rid
p$ycOOacoostical Nory on /hi pelCeplion 01
IDnesimu!!ilfl~i~es in $udl al\'ey thal. rhfldatB
andrheoryar e lcgafly, COI'I(i!ely . m1 cro
vB'1letltlyexpressoo; methflolym'yNquNI
hlalivelyresrel1: andme lt\eOl)'may Ol apr;I;,r,
romusiclheory, ana!ysiSandccmpo$iltOll." "
number ~ mathelTlalic8! rtlabonsl'll" are u ·

~::e~~~~~c:=rm~
masilingM,audbly, ""aII'9$$,~,

taIllsalience,d"fOOliulienc:e,p/lI:hlXJm'(ln"
ityardpildld'.stance ,These IqUab(wlt.. . 1hen
aw'edlOp'ediellhe (ll'.C(llTlll ol l lU1\be' (j,
psychoacoustil;aleljleOOlenl$C8SO"rt:!ed n tle
tai ino,.e< 5.

Strangely 9rClll\tlil . ncillnll ltotau1lOf reach
esChapl8f6 l1la1 hl1givese dear $la1amertol
the capab1h6esd hjslTlOdGl 'n. ItIOdeI P"'"
dicrsli'le"Ul'llberofalJlJilJJ,harrlllYllCS IlCQln·
plex!tYle'S,w~alldtonMne"(am1

h~~}ol/l'llJsieaJ rones~

nwI1aMitJes(tol1es,dyMS/IflrJdIords},Nv,n.
oospl)SSlb~ pilc.hesol smwlleneil~ 'nrJ/Ilefr

AcouslicsAu slralia

perceplu8l~ances lsalienees) IIItdN roots

oIcJ!orrJs.Ita/s{)ptedic1$~srrenglllol hlr·

monicanrJme/odicre/a~ba/Io'HIIsa

quenlialmusicalSOl¥'C (pildt~1IItd

pitdI proximd)1. ~ (JIIaIIIilIes UtISQI)' IIJd aJ.fur. aspects ot lhe lma"ty of ct'ctrJ f'O
~'repe!i1lO'ls.~ n..rmon;c ..
1Jtrons/lip$~lharool!l of lrol<en chordJ

~ ¥ld~(ofNls.U#s

anck¥}. Jlena.bIts ~· ~

~",,~of/lalm:lf»clYlJl1es&O'1S.nl

mayOlappliedil~".

Theaulhor~lWoinl>ress""e>a.~ndtlll

apjXa!Oorl oflis system10existngcomposllions
bySltIjectrlgparts01Beethoven'SUoonIig"'tSo
na-.a and TheGi~ FromIpat'emato his model
Considel ingmecomplexitil3'Sinvo/lied ln~jling

muillc,in pe!1orrnanceandlhenlisleninglOmu
sic,ilis ,emarkable that ll1e """oleprocessisbt
OOOling susceplibielO ted11icalanalysls, Aicn.
ardFamculfs OOOk is an illllOrtantstep ll>/'W" d
In an e.ceedngty comple. lielo ot~, ll is

notan easy book 10,ead,1hetermrologyand
OO<lOepts r€quiredate l"\lrneroosandra"98O\'I(
sev!lfai trad~ionalfie1d5dstuo::ty.The Il'O~ is
IIOIl:\8deeaa>erbytheCOllYTlOllt'8f'ld Il Sl>
ent:licilerB:1.n! toOeo<lS&illngle-WOfdlenns, ol·
tencp:teblzarre.forcomplexideas,Tht aJ\hof
has m8fc~Ull~ inlroouced a 1ll,Imbel"ol rnJIiple.
wor<l lerms""'.i(1laremucheas.-to gras;!.-4
IOrernemtlel. ThetlOOkisesse<1lialy . llTI;Jre
sear<:h'eponand is ~.ore nol~ /oI'
'91Ir8ading- !'l~ess, iWlj'Ofl8worklf'9n

lIlisfiei;Iwi aw~ecate!he movalNelhnki'lg01
ltotaulhorandshcUdfindlhe OOOk sl>mulati'lg

HoI/IIiIl(jfJoj/atrJ

HQQr(/Po/iMrJ"' 8$~~" ""'ysic::s .....
IiI I>'J_ His ~lnleltflJ ," "~ ""' «Wl'

~:.:.~,::=.,acous6c.l , ~ "aJso ClHfEd-

NOISE MANAGEMENT AT
WORK
WorksafeAustralia
Vanouspacicages. seedetallsoeJoll', Dtea pt.l·
o'!asefrom/'loisePro;ed.WorlrsafeAustrall.l.
GPOBcx58, Syrjney NSW 2001 (1"'02 265

"""ln Seplentler l ge7. IlOiseJlduc:edhea<lngloss
vrasiderr1ibedasClleollNlsix pr;c.tyareas/ol'
prMll'tOOlly theNa'.il:mlOccupalic:nal HeaI:h
. 1Id Sa/ely ConYnl$$iotl. l1".aS!I'eteg'Jde
veIop&dkrOOaJing'M\tltlisarea placedc;ons.\i
eraole emphasi5on1hel'lOOdsfor 1hepromollon
d ~e;W:g conservation programs ir'lirldus:ryall(l
lne~o1mateMais!ofuseonSl.d1 pro

grams, ThlINoisll l.lanagemeotatWlrlpaclo:·
agerepresenlsa rnap-e'!ortllyotlice<sofWOf'I,·
sa!eAustralias lnforma1ion ilI1d Prevtntion
Frogla-ns BrMCh andFublic~ andFromol ions

um. with additionalte<:hnical helplrom WQ(\{·
sa1e's Aesearch ill1d ScientJIicD;" islOl'landlhe
Department of Hear.t1, Sale1y and We~are 01
Westem AuSI The program objecwM WIl,e to
eee ese ee leVel01commun ity ar'ldwcrI<place
support!or aetions to reoocenOiSe--nauoedhear.

irlgk:lss!r>dtoirlcreaseandirrp'cw aaUl lO't
dla noise, The Manao;amen:at Work rt
sources _ e prOl1Jced in 1990ard haw been
piD!leStedin lhe '108S1emsutu'bSd SJ'Chrr'.
Therflare'!Bnlieof ilemsWltlCh are availatH
indivil1laltt Cf ll$ partd paClCages. Discussirlg
eadl ileminturn

"Noise Managemen1 at WCft, CootroI ~e'

(CO$t$120) otIersa compre!'ensrve approacl1 to
1ht~enl ol noise. The 43 page COle

corrtains a slep by stepprocedl,Ke ror thll ap.
prcadi by management, TheseSlep$ include;
tslaDIistllnga~s !or action, assess,itlg the

presentpos ilion. setringgoals arod poiCleS ,es ·
Ia~ishi"ll • noisemanagement st"ateg~ arod
mOl'l~o rlng ande'l'aluatirg1lIell'O(jfaor1, .. glcs·
s~and olt1er te<:lY1ica l delilJ ls complB1e lhe

ctn , Thetollow,rog 12moC1ules.eadlol theo<·
derol 10pages. rarogelromcasesM oes and on·
housecontroi.Ih 'ooghno<sepofi::yand€'o'aIu
alirlgopliOIlIto traininginfonrationa'ld pe<$Ol\ill
protecltOn. TherlomlatOorlirltt'ecor1fOlguide
lsele.rIyprllUl'rted.suppleneoled ........ di
'g ,ams,phoIog,aphs andd'Ia1sanrJ~ ISeilS~ to
ind ll\l~e seetio:'l (O< sec:t'onsI. The

spirall:li'lding/ll'1dgraphic5lyletjve N:ilTcYes
siond , rraruar¥lhictl ca~ be relerred lO (Jlicl<'"

., rr.ee1JnQS aro discussXll1S "~ version

oI'll'eGOOe.eo<eplus ort;4rrodu!es, isavail
atIleinlht pacilagelor5"lal boJsiness

ThtT'ainirlgAeswc&s incluOe
• 6FIClSheets(S20for10Setsof6),Eachdeals
..." limted numoerdpoinlsOl'l noiseand
helri'lg and is aillog letolded pa(/e with at
traetrvegraphicsOl1 1heoolside1'heya reeasy
toreao::l \<l1lll dolpoW1lSar"ld" nlt1ecaseol 'Frtting
Fersooal Heatinq Frotaclion',clear line oi·
~,~

• QU. 6oolde1 ($5 10r 10 copes). Ths small
booklethas8co mrTl(l1ly asl< edqueslions.sucI1
iU ·Howcooldhearingloss a'leclme?".W1II1
bria1 butclearanswen andsomesupplenleotary
lec~ nlC. ll'1lormalion ontheIas1lewpages.
• MuMIrlgualAudocasse:ts 1$5 peroopy)This
c:ootainsthll oont8nto111'80&AbOOk~ inlu.

'b ic. Cantonesa. OoatiiWI, Greel<. ~.alian, Ual·
teee. SertJ;an. Sjla"lis/1,TUfI<isI'Iand Vie'J'lan'leSe
• Sticlltif (110 b 10). To be .JSedinthe WOf1\·
placear'ldh messageistl'lalnoiselXJrtrOls ...
118f1g oeveklpedforthisIoca1ion.
• Fos:e-l$2Ofor5). Thelargelogo~ighfg/'3 1'1e

r:sl\olroH
·Vod8o($l.5 Il81' COll)'j . Ths16 rnil'lJleviceo is
ane.ceIIr1 lrllinirog a'd.Rll'esents thee1lecls
ol hearing loss onwor\lingardsocialacwit.es
lI'iIhemphu sonltle)"Olllg. TheexplanatiOl'ld
thoe variousapproaches10 noisecontrolShould
~1h8 workl!f lOl.Kl&ntS/'1d why noise control

¥ld rTl8nall ement proceWres h sve been ~

mented (and~pt.apsirldicate where lhey could

beirnplemenlllll)

Thepricesatlove relate e e e porcrase 01aCdi
liOl'lal componllfl1solthe trair ing,esoorres. The
lfainillg resources are svailable withltle fuUcon
trolguidetor$170or with1heredcced gu;defor
emellbuslr\esstor$55

The diversepar1$oI'lhe 'Noise Ma~8t

WCft,'certaf1ty811~arIo5a1<S1vtheprog'a'l\OO

jecWes . The~e not on/y proo.icles usellJl'l-
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\om'Ialior\!Qrll1e OH&S ollicer, ~ also is a va~

uablerefetlmCl!fOl'managemert1 in !tleilal>
proar;~ 10reckIOrIS ltl8 ro se exposureoI lheir
~. The pac:kaq8,anclin~ ll1e

corcrol9Jde , 'II'OOId also be 01 assis\3nCe to
COl'lSUbII5tU"ng~d'saMl()nSwilhcloents--M,nn~if ~(lfli(:eralIheAc:ou$.

k$IIfId Vb-a'lcn~oIlhe~o.

~~Ac::«lerny.ThtC6d1eisinwJtloeo1

Mll'I ~«taI!IllfI«liWIes"~a'NS

oIrIOi$e".,'f'tnto'l

NEW
PRODUCTS

PETERS
Diagnostic Audiometer
TheAltred Pelers Diagnoolic AudiometerAP32
is a compaCl nghlweight iIlsuumenl for LISIl
whe'e po1abiUy is essential. 11has been spe
r;;ally ~igned tor use b'f pOOpa1ebc teactlers

hearingaid dealers, school rned'cal otl lcer1 0'
heaIlh,iW1d lllheraudi0k9~ on lhelllO'o'll, lo al

lowrreil$lKemenls10 be macle "onsi:e'.How ·
_r>e AP32is eqJaI)' at horneinCOll$Uling
JOOn\$fIi'Ie.. ",,*eits easeot use ar dholl ac·
Q,lacylNke.ideallorllllnlalllll1iOl'11l111Y

The ~PlilS91ilsl1!eqJenQe$~

'om 25OHl:10 8i.ttz atld an~1'llt'qlI 0I

.1 oae lO. 1I 0d;l Iiea"r ~ T"J'eShoId leYel (HTU

nScll ~aIow1'lgexcetentd is
~oIS11'lil1t1eaMgdi'letence:s _ Inad6

to'I, 5PQfdI~c:an be awred(ll~

l!le (lesktl(l~~Of a tape ..
CCfI3e'~ Ile allAr't illll $OC<.el

FlI'N/f~:llMl5on. llIlot:terniSt
&/oorItltIII.Vr;3 189,TeI:(C3/5551271

PULSAR
Soundl.evel Meters
ThePulsarI.lOO!ll 83 S8fiesol SQO.n;l leYellllll·
Il!I1IconsSlSoI lIYMUI'lilswtlidl, betweenlhem,
meel\tlevariouseduealiol\alandcommercial..
quilemtl1lS oI survey ~raoes Al~e ot \tle

83 r.ave a lllllMumg range fTOIl1 30lo 135 dB
(Al w~h both 'Slow'and"Fast' meter responses
aocl"MaximumHold".

Thedrtlerentmeasuremenlgradesinl he8Jse ·
nesare set soIel." by lIle type otmiaophone
used. Theedueational gr.IDe,Model83P,hasa
l'Pedheff·incheleclret The83PE llase simiar
micropI'loneon .slidingboomwhic:hellleOdste
50 mmIrornlhtcase The 83P2lEall.l'eSa
,r;rl!W-Oflmaoptlone ~le w!idlisinler·

~lI!lllIWllhOll'rflr IT.anJacfl"a(S~_The

83i1W,lQcoo:air'lslhemelet,eaIill<8ter,winl:l
sI'ieldetcll'laWj'lfwe'gceanyilgcase

Vol. 111 No. 1- 26

Noise andExposureMeters
Tnt PUsar ModelS5stifles 01i'OJs1fJaj 1llU/1~

~el mt1ers shoW. directlyon scaie ,bolhlhe

roSf level a'ld the corr~ aIowable er.

posureti'ne.Oi'lefern scaJesa·eavailabiefor
"'e ShcwJrlin'lilol90Of 85 dB~. :hencrmal
,.,.....,nglJ"ll1l isromllOtol20<Il\AlII'da
'3Ocflllur.orlispv.il;lediJ'fT"lllMllll'Ol!'GA
~OOwn»50cfliAl·

FlIfW ntwmaliln Nsar hslnmenIJ, b
I1$IifI Estate, /VYI'Iaf1lr. Non1rYOfU, YOI.

OPH.'"

CIRRUS
Industrl.1 Noise MeasuremenlKn
ThlCl'l.222KiI .CllITpletekt ll;rh ......
..... 01irIO.AIillnouatld idJdes1teCR.
222'*"'taIitlrlr:Of.~.(\~lIlad'le

Sl','eeast. TheCRL222~.as,.~1O

mNSU'tL(eq) 8I'idSculd Ex:xlslnLM(SEL)
u .... as~SCU'dleYelrld abig
~langelfllli<eslperied!c:rllMi'I

~pIOIIOIOnP"<9"&TII'I'eS.

Self C.libf.ting Soundl.evel Meier
Thl CR. 221CiI .knly sellr:orcai'ledtoo.nl
MmelerMflabul·in calbr.JtionglnfelOf
""'dlobWlles :he need 101a seplIIiIlecalibla
tioneource.TheIlllC'Opholle S(\ sertedinlOit'1
acouSlicU'It'f beforer;aliblatiollca~ be .....~"d
Thtanalogue meier plQl'ideseasymeilS\X9l'l'ltfll
oI~CIUaIl"'llle'lels ar,~1he CRL 221C has a
wldamaasuri"'llc&pabl itylrom 35 te 1 35~B(A)

w~~ FaelandSlowresponses.

Oal. Logging SoundLevelMeier
TheCRL702 i1a da!aloggingsoo.n:ll....al met81
WllI'I oYet'60 I1J'Ic1iOfls eccessec vaee 1 6 ~8'j1

m1te rne'MI'Skeypad. Thedata canbe logged
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DIARY

CONFERENCES and
SEMINARS

1991

AprlI29 · May 3, BALTIMORE
MEETlNG OFACOUSTICALSOCIETYOF
A~ERICA

DeIaiIs:A<XlUSlicaI$ocietyotAmerica, 500 Sun
nysid681K1, WoodbuIy,NYI1797,US4

May3-5,ANNAPOUS
INTERNATIONAl SYMPOSIUM ()'j MUSICAl
ACOUSl1CS
Details:CBlglAACOIJsticaSociely, f/2Esse x
Ave, Monrclair, N.J.Ol 042,USA.

May 7·9, BALANTONFURED
9thFASESYMPQSIUM
DelaiIs:qtical,Aooustica1&RmI9chnicalSoc.,
H·1371.Budapes~PPBoxm .Hungarf.

July l -4,LETOUQUET
ULTRASONlCSNTERNATIONAL91
DeIai/s:Ulrasonicskitemalional91,8lAt8iWlXfh
Scienti6cLtd,P,O.Box63,West!uyH00s6.
8I.NySt,GlJi/dIord,$utl@yGl!25BH,U.K.

• July&-12,SYDNEY
INTERNATIOOAL MECHANICAl EN
GI~ERING CONGRESS
Delails:Coof9renoeMa1!agef,/nsliIutionotEn
g;n-s, fll'JationaiCirtuit,8at1on,ACT2600

July14·16,NEWYORK
NOISE.coN91
DeIaiJs: NOISE CONCOOferMC8 Secietaty,PO
Box2469Ai6n9rMBranc:n,Poughkeepsje, NY
12603,US4.

July15-19, SOUTHAMPTON
4THCONFEAENCEONRECENT ADVANCES
INSTAUCTLtRALDYNAl.1lCS
D9/ails:CotJferINJC8S«r91af}',ISVR,SwIh·
amplon$095NH,U.K.

AugusI19-24, A1X·EK-PROVENCE
12TH INTERNATIONALCONFERENCE ON
PHONETIC SCIENCES
DeI;ti1$:S9ct~'iat.UniversitedeProvence.29

A_RobeffSchuman1362t, Aix-.en
Pro~CAl»xt,FFallctI

Oetober8-1 0,THEHAGUE
3rdINTEANATlONAl SYMPOOlt.I ONSHIp·
BOARD ACOUSTICS
CNtaiIs:!'s MflinNdi, TNOCcrporaI,ecm.
mllrllCallO/l$ Dspf,P.O. Box297,250180 TIll
HagUl. TIlI N.,lands.

November 4-8,HOUSTON
MEETIJIK> OFACOUSTlCAL S<X:IETYOF
AMERICA
DeWls:AlX>IJ5tica1Soci6tyoiAmerica.500SlIn
nysid981vd, Wooo1llNy.NY1'797,~

•November 25-29, MELBOURNE
ASIA- PACIFICVIBRAlIONCONFERENC£ 91
D«aiIs:CoIi1llrBncttCooVllOOt,C8nIre IorIola
~Cood6:.vl/.lonaOfing . MlWlaSJ'IlhWrsMy.

Cla)1oo.VidDria3168

• November ~28, BRISBANE
WESTERNPACIFIC REGIONAL ACOOSTICS
CONFERENCEW
Ditails:CcnIwsIll:*CooWt'lQ(,P.O. BoxJ55,
NtxthOllay,OuoorIsIatld4002.

• December2..(, SYDNEY
INTEA-NOlSE91
DetaiIs:IPACE,P.QBoxI, KflllSington, NSW
21133

December 9-13, HONGKONG
POlMET91
DstaiIs:Conferfl1lO8Sect6taiy,HongKongltJ.
sIifulionaiEngiooers,Rooml00I IOlFl ,1sJand
CBntrB,fGrear~Sl ,CaIlS9I¥3)'8ay ,

HoogK..,

• December 10-12,GOLDCOAST
9thBIENNIAL CONFERENCE ONMOOELlNG
ANDSIMlJ..ATION
Ds/ai!S:DavidMaysr,~slTyBtanchDerxIn.
duslTlI$,P080x46,~ ,a 4001

1992

May11-15, SALT l AKEQ'TY
MEETINGOFACOUSTICALSOCIETY Of
AMERICA
DefaiJs:A~SociefyolAmerica,500Sun
nysideBtvd,W()(l(fuy, NYII797,US4..

5eptember 3-10, BElJING
14thlCA
CMa#S:t4ft1ICASecrIIIariat,blitvwofACIllIS
lies.P.O.8ox2712,&jirlg 100000,C/liIla

COURSES
Thed9mandfor'5peCiallisli-lgollhaoolXWS l'I
lhe area of lICOU!iIicshasarisanlromlhe iIl
crwod recn;"lition ot the importlR:eot coo
linuing educalion. DelaisotanAuslralia'l
COl.Jl'$EI,inlhastalldardlormel,wilbeJ\dud'd al
noCOSI. Add~ionaJ detailsca'l be irdJdedin..
adwrtisemetrt allhe nonnaladvertlsillClrales.

1991

May15-16,CANBERRA
Ba$c$ot~Aeousti:$

DMai/$.' /./. 8U1t}8ii$,AcousIi::salldVlnIioll
CentrI,Aus~afanDef~FOJOIAcadlim y,

Campb9rACT2600 T9I(06)2688241 Fax(06)
2688276

JUly22-26,launceslOn
UrderwaterAccuslics
DetaiIs.'J. FOS1If, AMC&archLtd,POBox1188,
LalRlC9SloII,TiJS725C TfI(003)26C76fFax
(003)266493

OClOb&r 28-31, CANBERRA
Basics 01Noise Md VibralionCOfIIroi
D6W1s.' /./.iluIp8ss,AcoosIicsandVlnliM
CenIre,Ausl1aiafl~~Foic.A<:ad<1my,

CBnIpbeIAC12600 191(06)2688241 FIIX((J6)
2688276

December5-6, MElBOURNE
So\IIldlrllf/l1$ilyColn,
Dflai/$;DrL.LKoss.~Enginwr;.g

Chlpt, Monashl/n;"II'Sify,C1aykttI,VlC, 3168
Te/(G3)565355fFax(03)56S3558

December 9-12,ADELAIDE
ActiwConlrolol NoiseandVhaloo
D9taiJs: MHesiqJ,D9ptI./echEng,1JnN8lSity
AdB/aide,GP080x498,Ad8Iaide, SA5001
1"(08)2285459

ADVERTISERINDEX
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COUNCIL OFTHE AUSTRALIAN ACOUSTICAL SOCIETY
President
Vice-President
Treasurer
General Secretary/Federal Registrar
Archivist
Chairmanof Council
StandingCommitteeonMembership

Dr StephenSamuels
A/Prof BobHooker
Mr Geoff Barnes
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MrKen Cook

Councillors

Western Australia
Mr JohnMacphersOil
MrTIllorVass

Victoria
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Real-time Frequency Analyzer
-co -LlType 2143

Whatever problem you are working on (quality contro l, noise and vibration analysis or environmental
noise. for example), this Briiel & Kj er "go-anywhere" analyser gives you the perfect solution.

Design ed / or USt in the fi eld, i, offers you:
• Tru e portabilit y (it weiRhs tess than lOkg) • Ad vanced trfggere d multispectrum facility • Hattery

operation 111 ,,1 /3· , 1/1l · and 1/24·oclnc d i~ ilal nIter s . A back-l it display . PCiMS-()()X compatible
disk format • A water-resista nt front pan el . A lar l:c non-volatile memor y for over 512 113-octav e
spectra . Direct, preampl ifier and char ge inputs . Optio n for F.F.T. oper at ion . ..:asy opera tion with
on-screen help function . Output to a var iety of printer s • Option for two channel upgr ade.

BrLiel& Kjrer NEW SOUTH WALES. WEST AUSTRALIA VICTORIA QUEENSLAND
(02)4502066 (09)4810189 (03) 370 7666 (07) 252 5700




