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SCATTERING IN THE OCEAN
L.J. Hamilton (editor), S. Anstee, P.B. Chapple, M.V. Hall and P.J. Mulhearn
Maritime Operations Division,
Defence Science & Technology Organisation (DSTO),
P.O. Box 44, Pyrmont, NSW 2009, Australia

smaller than acoustical wavelengths (a I-MHz sound wave
hasawavelengthofI.5mm). The optical cross section ofa
typical particle is similar to its geometrical cross-section, but
its acoustic cross section is much smaller than its geometrical
cross-scction[6].

Optical devices experience high attenuation, but sound
and acoustic backscatter can be used to probe oceanic
processes over a very wide frequency range (Hz to MHz).
Many interesting physical problems arise in marine acoustical
scattering, involving as it docs interactions with physical,
chemical, biological, geometrical, and geological properties
of the environment.

2. SCATTERING THEORY AND HIGH
FREQUENCY SONARS (S. S. Anstee)

High-frequency sonars are the acoustic equivalent of vision
systems, and work in much the same way. If something
radiates sound, a sonar can use the phase and amplitude
information in the radiated waves to estimate the location and
nature of the source. However, most of the underwater
environment does not spontaneously radiate sound, so
manyost sonars rely on scattered sound, that is, sound bounced
froming objects and interfaccsfrom irregularities in the
environment. Optical vision systems can often rely on intense
external sources of radiation-the sun, room lighting and so
on-to provide a radiation source. Natural sources of acoustic
radiation arc much weaker, although the technology for
passive sonarsrclying on scattering of environmental noise, so
called "acoustic daylight", is in development [26]. Most

~~~~~e~~~i~n~W~~n~~~:::~usS~~n~d~:~i:~~~~~c:~~~:; ot::~
adjacent to the receiver. The sound they emit is usually pulsed
and coherent, more like a laser beam than a torch, with the
energy centred on a relatively narrow band of frequencies'.

When there is no change in sound speed, a sound wave
propagates away from the source indefinitely, never returning.

1. INTRODUCTION
Scattering processes in the from the ocean environment ocean
causes reverberation, a major part of the unwanted background
noise level that hinders military active operations of active
sonars seeking to detect sound scattered by ships, submarines,
and mines. Military sonar designs have previously sought to
suppress environmental scattering to enhance their target­
seekingability.However,cnvironmentallybackscattered'sound
Withoutbackscattering in particular, which is that portion of
the scattering that propagates directly back to the position of
the transmitter, there would be no reverberation and sonar
detection ranges would be vastly increased. So then, what good
IS marine acoustic scattering? Why should itbe of interest? The
answer is that from traditionally being a major handicap in
marine sonic applications, backscatter now finds a surprisingly
large number of applications in underwater acoustics. It is
essentially used as a means of remote sensing, and as such can
be used to quickly examine large oceanie volumes, or large
areas of the airlsea or sealbottominterfaces. Optical devices
experience high attenuation, but direct sound transmission and
acoustic backscatter can be used to probe oceanic processes
over a very wide frequency range (Hz to MHz). Many
interesting physical problems arise in marine acoustic
scattering, since it involves interactions with physical,
chemical, biological, geometrical, and geological properties of
the environment. One of the more interesting applications can
be found in sidescan sonars, which provide high
resolutionhigh-rcsolution pictures of the seabed similar to
video imagery. Other backscatter devices can infer
concentrations of suspended solids at high levels where the
usual optical measures are defeated.

Scattering is a function of frequency, being stronger for
higherfrequencycomponentsofasignal,andalsoofthesize,
compressibility, shape, and density of the scatterers,which can
be discrete bodies (suspended particles), or roughness clements
on a continuous surface. Scattering is a reradiation of incident
acoustic energy. At low frequencies (wavelength A much
greater than thc scattcrer size) scattering is omnidirectional,
while at high frequenciesthc scattering becomes directional z

(and the partiele will cast a shadow).
Ocean water is turbid for light, but transparent for sound,

becausesuspendedpartieles are generally I to 10 microns in
size, which makes them larger than optical wavelengths, but

Acoustles Australia

Backscattcred soundis thatpart of the totalscatteredsoundthat
goesbacktowardsthesource.
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Here, r is the radial distance; k = 2n / /..is the wavenumber; and
is a, complex constant. This is simply a travelling wave
radiating outward from the scatterer,whichfunctions like an
elementary source. The wave contains no information about the
source of the incident radiation, except for amplitude. A very

The simplest scattering object is a sphere of gas imrnersed in a
liquid,c.g.,anairbubbleinwater. When a mono-frequency
plane wave with frequency t» radians per second travelsing
through the liquid and strikesingthe sphere continues on, but
the total field thereafter now includes asecond,scatteredfield,
p.. For Rayleigh scattering the scattered pressure takes the form

However, when a travelling wave encounters an abrupt change
or interface between two media with different physical
properties, only part of the wave is transmitted across the
interface, with the rest returning to the original medium. The
phases and amplitudes of the transmitted andrcturned waves
now contain additional information about the interface they
encountered,encoded as phase and amplitude changes.

The field after the wave hits an intcrfacecanbc expressed as

small liquid or solid sphere also has this form of scattered
pressure,butwithanadditionaldipoletermthatprefercntially
forward- and back-scatters sound along the direction of
propagation. An arbitrarily shaped small object also generates
the same forrn of scattered field as a small sphere. Hence,
whenasonarpingsatwatercontainingsuspendedscdiments
and plankton, each particle acts as a spherical scattererand
some of the energy is backscattered to the sonar as volume
reverberation. Although the incoming sound is coherent, the
particles are randomly distributed and the backscattered sound
is an incoherent sum of waves with random phases and
amplitudes.

Larger objects and surfaces

Scattering by larger objects and surfaces is more complicated,
with a combination of reflection and random scattering
contributing to the total pressure field. The field scattered by
an arbitrary closed surface can be entirely described by the
pressures andprcssure gradients at the surface. The surface
can be considered as a collection of elemental sources and
dipoles, each radiating in all directions. When the surface is
perfectly flat, the individual contributions all add in phase
(coherently),andthe form of the scattered pressure is similar
to the forrnof becomes the same as thethe incident pressure
times a constant, but appearing to come from a different
source-"spccular"scattering.

Both the seabed and sea surface can be approximated as
flat surfaces perturbed by roughness, andthcscatteredfield
can then be predicted. However, the resulting equation is
generally difficult to solve.

lfwe assume that each surface element acts like an infinite
plane and ignore any interactions between elements, then
p(r')~ (I +R)p",,(r') and, 'V 'p(r')=(l-R)'V 'pi"Jr'), where R
is the plane-wave retlection coefficient the surface would have
if it were uniform and flat. Then the solution for the scattered
pressure equation collapses to a function of the incident
pressure and is easy to evaluate. This is the Kirchhoff or
physical acoustics approximation. Experimentallyitisagood
fit for backscatter when the sonar looks steeply down at the
seabed or up at the sea surface, and for forward scatter, as long
as the surface is not too rough. It is a poor approximation
when the sound approaches the surface from a shallow angle,
but in such cases, another approximation, the small roughness
approximation, maybe used. In this approximation,seabed
roughness is treated as a vertical perturbation away from a flat
surface and the surface pressure is perturbed by an amount
PI(r') ~ -h(OPijOZ+OP.'ol/oz), where z is vertical direction, h
the vertical roughness scale and the pressure field that would
be scattered from a perfectly flat surface. Ittums out that the
first-order coherent field is zero - the roughness makes no
difference to the energy reflected from the underlying flat

(2) surface, but the first orderdifJuse or incoherent field is non­
zero. The diffuse field is sensitive to the proportion of points
on the surface that happen to be correctly separated to scatter
sound at the observing direction, as though the surface were a
random ensemble of Bragg diffraction gratings. In between
steep and shallow incident angles, it is possible to interpolate
between the small roughness and Kirchhoff regimes, or use

(1)p(r,t) =p"",(r,t) +p,(r,t)

thcsum of the original, incident ficldand a new scattered field.
Scattering is a reradiation of incident acoustic energy.
Reflection is a special case of scattering where the scattered
field retains most of the information in the incidentficld. If the
interface is completely flat, the reflected field is (to within a
scale factor) just the incident field that would have originated
from a source placed at the reflected position of the true source.
multiplied by a phase factor. Scattering is usually taken to
mean the more general case where most of the original phase
information is lost and the bulk of the information carried by
the scattered field describes the interface it scattered from.

Scattcringis a function of frequency, being strongcrfor
higher frequency components ofa signal, and also ofthc size,
compressibility,shape, and density of the scatterer, which can
be one or more discrete objects, or roughness elements ona
continuous surface. At low frequencies (wavelength), much
greater than scatterersizc, the Rayleigh criterion) scattering is
omnidirectional, while at high frequencies the scattering
becomes directional (and the objcctwill cast a shadow). In
general ocean water is turbid for light, but transparent for
sound, even at several hundreds of kHz, because suspended
particles (grains of clay) are typically I to 10 microns in size,
which makes them larger than optical wavelengths, but smaller
than acoustical wavelengths (a I-MHz sound wave has a
wavelength of 1.5 mm). The optical cross section of a typical
particle(butnotabubblc) is similar to its geometrical cross­
section, but its acoustic cross section is much smaller than its
geometrical cross-section [6]. Acoustic backscattering can
therefore carry more energy over longer distances than optical
wavelengths.

Discretescatterers
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other, more genera l approx imation s. In situations of extreme
roughn ess. all of these appm xjrnatjons break down and an
emp irica l approac h is taken.

3. ACOUSTICAL SEABED IMAGI NG
(P.B. Chapple)

Acoustic backscaller from the seebed cen be used to image Ihe
seabc:d, enabling active sonar systems fo provide valuable
inforrnane n abour scabed propcr1ies. Acoustics is particularly
impon ant in this role, because ocean waters are usually too
oJeep and turbid for opti eal imagingt o hc c lTlICtive. lnfOlmation
obtain nhle includes bathym etry (depth ), seabe d hardne ss,
clutter, slope and the presence of objccts on the seafloor. At
frequencies less than about 50 kHz. significa nt energy can
pcnelrdte the seabed,pa:nicularly for w ft sediments"anoJ wm e
sub-bottom ie formauo n can be ohtaine d using suitably
designed systems . At higher frequen cies, there is very lillie
seabed penetration. and information OOI.a ined from seabed
b3l:kscattcr essentiailyindieat es the Pl'Of'Cnics ofthe seabcd
surface. Using frequenci es ashigh a.sSOO kH1., it is possible to
image the seabed with 10 to 20 em horiznmal resolut ion.
althuughrange is often limiredtoahout 100 m

The most popular method of acoustically imaging the
seabed is w;ing sidescan sonar (I;igure I) . Acousticeoergy is
emitted from either side of a moving vesse l, or from a towfish
pu lled by the vessel. from hori zo ntal linear arrays of
transducers on the pon and starboard sides which poiot slightly
downwa rds. The bcamwidth is narrow in the along-track
dir«tion. but broad in elevation or across-trac k direction ,
enablin g a thin strip or narrow swathe to be ensonifi ed
perpendicu lar to the array with each sonar ping (Figure I ).
Baeksca neredenergy from lhe seabed is used to bui ld an image
of the sea bed, strip by strip, as the vessel moves along. The
timi ng of the rctum~ignal fromeachacousfie pulse is usedfor

estimating the range of the patch of seabed comri buting to lhe
signal. A "w aterfall" display of the seabed is formed as the
vessel moves along {Figure 2(a) ).

Figure I; (a)TowW $ideoeaQ$OlW

Figure I: {bJF..ndviewoftowfisll

Acoustics Auslralla

4 - Ranse-
fi ~uR: 2 : (aJ Wa'erfall imilge. tbat scrolls down.......dsdurinit
dato lll'qlli.it ion (frnmtheKlein5SOO.idncan oullllf). Smooth
..,abcdon .he l"""' rle ft is disruplod by the rough ....'f ace ofthe
Sydney llllrhl>ur tunnel

t'igure 2: (b) Mosaic image of the seabed of Sydney C~.
i""hldinllCirc ularQuay wharv Cll and the rough 5L1rface ab<n~

thcHIlbourTunncl

'Thcdepth ofa slop ing seabed canno t be reliably estima ted
from sidescan sonar. A flat-bottom anumption is made in
order to estima te the locat ion of each part of the imaged
seabed, which is calculated from a combination of range,
estimated position of the towfish relative to the towing vessel
and the differentia l GPS posilion acquired at the boat.
Utilising this information, a mosaic image of the seabed can
he forrned(Figure2(b)) from numerou s boat tracks

The texture of sidescan sonar imulles can be used to
characterise the seabed. by i'lCgmcnlation inlo regions with
different textutal i tatisties, indicaling thc prese nce of mud or

sand , sca ltcred roc k and olher bottom types. Several
diffieuilies arisein thii appllJ<'Ch: (i )Theappearancc ofthe
seabcd m a sidescan image dependson lhedistanee from the
nadir. There is genera lly poorhorizonta l reosolution in the nadir
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region , (ii) The appea rance of fealU,..,.. such a.~ '1.l[)d waves

depend. stronglyon the directionof e",. ", iflCatinn (iii) Seabed
~lopc sib'lli ficanlly .tree!>;tile aprcarancc of .i dco;canimagery,
romptical ingattempl~ lll l!eleTminc!lCabedlype

Mu ltiheam « h<lSOUflIkr sr.lell\!; allow seabed imaging
with ba thymetric informalio n , Wh ile the fea lure de lcelion
capa hililic:llareOOlulllallytiiood .... fnr.idescan!i<lllllr.!IlIrTle
mndcrn . ystem. suc ha. 1he Res<... H 12~ have very high spal ial
resollllion, Oathymel ric relief imageo can be segmen ted to
dehM'ale difTemltbroad.ale lc.luJ'Cregi< .... , wilh l~e seabcd

eharacleriwion i~l of the d l~ion nf msonifieal1on .

Funber seabed informatl on ...an be oblallled by measu nnll lhe
backsCllntrmagn,!Udc'u I fun<:tionllf lhe angle of incidence
ofthelCOll!iticwa\TOIllhewahed

4. SEABED PROP ERT IF.s .\IOD.EI.L1:'\1lG A.'\ D
1:"I\"[ RSIOl'"T[C II :\ IQUES (PJ . .\Iu lh~.m)

'ThesIupesand~ of cehon received by echosoundeB
depend00. boaum _ tie 1'w'dneMand TUUitmes.s. 'TheflBI
part of the echo shape is a pe..k dom inalldy from specular
rerum.andthe~pat'l isad«ayina:U1ilprincipallyfrom

iDCOherent bac'; 'l(alter eoo tn bulions. Rougher sed iment
wrfaees JlfO\ide _ backscanemt mcrJY lhan smoocher

wrfaees (llIhk h sintM' rell«l tbe mcrJY .......y from !he
dim:tion of the lJ'ans4ucer ). 10 their echoes an eepeced ~
haveiolllet'peaksand longet'wIsIl'lanNTlOOdlerwrfaccs ofthe
_ composi tion , Edlo~ is aho alTe..-tcd by sub-bonom
vo lume ~erller.llion including eoo ln butions from gas

bubbles,ando:d\lKounderchataderi<tics 5UCh ll5~,

pinll kn¥tft, ping shape . and beam widl h.
A numbo:f o(~ic seabedd u sificanon~ are

tornmtm.llll y available whidl can be uwd to ntimale seabed

rmpenies from ecee c~cnstin [ I " ) using one of two
empiriClll rnetbo<b: Ii ) echo JQ li. lin are obgined at a DUmber
of.it" with known~ t)'JIC. to cahbnre !he .yst em. The
w!tole lIN is !hen llUVeyed, and the snbed d.tl5iflCd as
belon ging to oneof lhesc typet.: Of (ii) I n ami ilI.urveyM and
the echoe1 are grouped by some mti~rical teebn ique infO a

number of cl-. wh ich an:m~lly ground-mnhed. At
times dle flnt approach may reveal seabed rypn for whieh
calibnlriort.wc:rc:l\OInlltained, !IlI lhal!lOlt1C~Ic:alibnltioo is

required.
The oklesl tornmc:n:ial l )'lllem is RollAnn. wbieb uses Ibc:

fil"'lland'lCCOndec"""from the~hed [4.ltil- T1te lif!lllecho

.;mply lravel~ from lbc: tran5duc:c:r to tltc: sc:abc:d and bad lo tltc:

transdocer. Thesec:ondgoc:sfrom lltc:lrdn~r lolhc:sc:abed

bac k to Ihe sea surface (inc lud ina pan of tbe sh ip'. buU), back
to tbc seabed and finally bac k ro thc teensdu cer.Roxana cses
Ihe enc:Tl:Y in illelailof ibe firsl ecbo es a measure c t sea floor
roughnessand lbCIOUllenelJY inthe :le'Colld cebo asameasure
of sea Ooor "hardnes s", These 1\''-0 parameters are really
indic:c:s of seabe,J ~ie bal: k.Ka"er alld lll:ouslic: impedance,

respecnvety,
The second mos l used rommrn:ial system is QTC-View,

from Quester Tangen l Corporalion (QTe) (2~,15J. QTC uses
onl ytheflfStecllo,cakulaling 166 SWistic:.a1paramefenfrom
it. Princ: ipal~Analysis is usc:d to deri\·e lhrl:e ""Q-
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faetol"'l~, whieh aro:hnear eombinali olll oflhe l fl6 panme:tc:fll

These three Q- fulon arc: the three major Pn neipal
Com pone nts spec:ifyi!lll tho:' shape: of the waveforms. !lie
sys tem then clu.let'S scahcdty('Cll In e-,tht"\"a SUpc:rvI!led or
unsupervi sedda......ifica lion mode , much like method s (i) and
(ii) ahnve, respcc livc:ly.

II is impn na nllo hencr Undcn<tllnd wha l thc:sc:emp iriClll
seahed da....ificalioo SYSIert"d are really lhC'a~urin", and 10

dctc:nninc: bow well they can be expec ted 10 wad. To mese
end. c. islingmodc:l sofSICabedllCOUSliI:bec:bc:.aneran bc:ing
uti lised toeuminc:lhechatac:lc:fislic.ofllCQU5lK-rrturm frnm
lhe!lGlbedal Jletp gru;nll anglcs (e. , . M O 10 90°) (01
frequencies belween 10 and 100 Lib (22). A llIidc:ly used
modc:l is thaI ofJack5on (2). in wh ich KIIbc:dbKkscana- is
modc:ll~-d .lSlbc: !IWTIofbolha surfaa and a vulumelc:mt . The
modc:l PfOvidc-sbal;b ca llCfa. a (ww;lion of,,'fUingan¥lc.but
no infurmalion on bad. JiiClIlIer ven.us lime, so tlud il pro vides
00 infunnatiun aboo l !he:Wpc <If a return pul!oC. bamillollion
of tbe mode l indicale'l thai (Of lhc ahoVl: Ian¥e of J ru ing
angJn..andailbullhcVl:r)'rougltestof~f.lll:Cl,tbeKi~hboff

approllOimalinll providn a good model of the I.Urface
!IClIflc:ringoontlibu!>oo- !l can allO be eoccteoed,forrnli.tic:
ranges of inpu l parametefl . lhal the domin ant (actofl
ianuem.:ing b-o:bc:at ll,:r are: roughnc:s:ll Jir.c; lhe ralin of
Kdim...m to .. att"\" &Cownie impedancc; and a vo lume
b.cksca tlering parameler. 0 .. the dill\CTlSionle-»
t-cbc:.lIueringer0t6I«tiOllp<:ruDll lOhdaDgleperllllitarea
due to volume scaneritlgbelow the sedimml swfac:1:.

II . hou ld be pouible. from real daUl o( acous lic
bacbcaner venus grutng "" lIle, to C'J.!;mate lhne Ihnoe
pacame:ters.,b«- auseoflbeitdiff<:rcntinnu rnccs Olltheshape
of the bacbc:ana- \ '<:n.l& gra>"ing angle cu,""e. From these
thnoeparamc:lersilwoold Ihen bc:poss,b1eto inftrsediment
~-pc_ CUrves for I)"pical sed iments are shown in Figure 3
However ecltosoundc:B obtain bacbcanct versus timc over a
rangeofgrazmgangles,n.olbac:ksc:aner\'enu.grazing8llgJe.

To c:umine the time cvolu lion of the return pu'se from a
seabed'lUtf.tC(a mode l, ealled BOR IS-3D (Oonom RC$IJOII!IC
from Inhomogeoeiticsllf\d Surface) WIS m;;mlly de veloped .II

NATO 's SAC LA:-rr UndcTsc:a Research Cenlre in La Spezia.
Ital y (24,3 ). Thil modc:lll-<ei the K i~hhoff IlpprollOi mation for
Ibe surface scatteri ng and Sma ll Perturbation thco.-y for
volu me: sca ttering . For a give n tra nsm itled impulse shape ,
surface and volume backscar tered trme -senes arc:com puted
and summed. Figure 4 ShOW1 the geometry of the iC1'up,
Surface and volume responses will gener ally ove llilp in lime.
Modelling of respon scs from variou. reilli§lic sca noors is
curtenttym progress.

5. VOLUM E 8ACKSCAnER (.\I.V. Hall)
Volume backscanerin g from w ilhin Ihe waler co lumn gives
rise loreverberalion alanyfrCQuency, bulthe resu lls
discussed here an: con fined to l'taJu enc ies betwc:c:n 2 and 20
kHl' (l fronl 75 10 7.5 em ). AI IItc:sc: frequencies lhe major
scalteri ng objects are fish swi m Madden. which ClIIIl&in air.
Man y spc:c:ic::s of fish have a . wim hladdc:r, WIth gc:nc:ral
funct ion lo keep the fish neulrall y buoyan l.l..ar@:eshallow
"'''I et'fi sh ha...c mllSCleslltac:hedto theirhladdcr.and~i1 as



where 6is the acoustic damping term . An e~pression for 6 for
a freebubblc wasdiscu.<;.sed byI8], and an adaplatio n to a
swimbladde r was given in (11]. In general its order of
magniludeis O.I .
At resonance the scatlcn nll cross section is

(6)

(7)

(4)

O::V;l - 4 1l a' /5 .

/.= / (3 yP./p)I2 Il Q

wavelengths greater than the fish dimensions becau.. c ;1
contains air. In addition there is also a low resonance
frequency, which is determine d by lhc c lasticity c fth c air and
lhcmass of the ~urroundi ng lissue and scawalcr.

Slm plt bu bblf rnonllnet lh w ry

Fora free spbe rical bubble of radius Q in walerofden.~iry p,
rbe resonance frfqu ency j, is given by [21]

where y is th~ ratio of speci fic heats, ami p. is the local
hydrostatic pressure : p. - P I! (z + 10), in which z is dcpth in
metres. For a radius o f 2 mm for exemple , the resonance
frequenc y at the surface (z - 0) is 1.6 kl-lz (A " 94 em),
wherea s at a depth of500 m il would he 12 kHz (A" 13 em).
These wavelengths are much greater than the bubble size, so
the scattctmg is omnidirectional. The resonance wavelen gth
heing orders of magnitude larger than lhe size of the objec t is
an unusua l phenomenon. For a conventional Helmholtz
resonato r such a.i the milk bonle.ube elaSliciry and mass are
both thl;« of the interna i llu id. and the resonance wavckn~:lh

is comparable 10 its length. For a bubble however, the
propcrt ie, come from difTerent media: the elill<licity is that of
the gas, while the rna." is Ihat of the water. For a hu!>!>lc
encased in solid tissue, the shear modulus also hill<an effe<.:t on
the resonance frequency [I]. Fly mode lling the blad d"r a' a
shell, the following apprn xima re expressio n bas been dc:ri"ed
[ III:

j, - /{3 m YP. 1 4 J1'" a' p /f - 4{m- I jJJ l (5)

when: m is the ratio of the externalto imema l volumes of the
shell (m .. 2l ,4>is the shape correction factor to allow for the
bladder being non-spherical (, .. I. I) , andd is the consta nt of
proportional ity in the n:lation between tissue shear modu lus
and frequency ·squared (d_o.oOI kg/m).

Su llnlnKuoss-sec tion

The scattermg cross sect ion (u ) of an objec t is 41l times its
scatlering or larget strength, since tTgive:<the power scauered
in all dir«: lions, while the scatlering strength grves the power
scattered per unit solid angle . At high frequendCli(A < Q) the
scanerin g cross secuon appro~imately equals the cross­
section al area of rbe objec t (0" JIll' for a sphere). At low
frequrncie s th" general behaviour is that 0 »r: (Rayleigh
scaucring),and any re50nllIlccwil1appearnapcnurbation
The scallL-ring cross sectio n at frequency f of an object
reSllnant al fre'!uencyJ. is given by [5]:

FillUn: 4. Co nw uc tion o f ••imulated time «, .i e. for
f«onstruction of bon"",ech0c5. The echo.tarlson lhe firsf
V<:l'ti~wnlaC10flhepinllwi lh lhe&oeabcd..ndfor.ub<cquenl

samp ling inlCrvaI. is the ......, of /I "wi_ contribution from
annuli ,,-hose radii in<.tta<e wilh time, coupled wilh volume
conlribulioos.

.. ..
Gral ing Ang le

Figure 3. Modelled back>.l;al\er\"C1'S"' Gr.azingAngle Curva for
diff=tbollOm tyres, using typicll Kd'menI paramelm for
each \)'J>c'.BS -BackscatlerStrcnglh

their vocal chord Small deep -sea (mesopelagic) fish do not

make sound. with it, but can purnp dissolved air in, and back

out, to maintain the bladder at a constan t volume as they make

diumal dqJ th migrations. Althou gh only around S% by volume

ur Ine fish body, the bladde r dominates the scanering at all
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As/If. -0, 0(I)-411' a'1/1f.)' , Equation (7) is not valid for
high frequenc in, s i nce its dcri valion assumes theprnsu~to

be uniform over the surface o f the bubble, which is equ ivalent
lo assumill g A» a. As/If, - ee.Eq. (6) yie lds .(I)-4M' for
small 0, wb~ the COIle<:!uymrtote is 1r a'.

Bi... mll5, n tim at es

Volume bac t.scane ring has~nuscdbyseveralillstitutions

world-w ide to est imate biomass. In Australasia the most active
have been the New Zealand Ministry of Agrieullur e &
Fisher ies [9,7], and the CS IRO l>ivis;on of Marine Research
[10,18]. These surveys used narrow-hand ultrason ie proje ctors
as the sound source, and made use of the beam pattern of the
emitted signal. A study involving one of the authors (12] used
small explosive chllrges as the sound source. These are
om nidireclional butcoruam uw ful energy Ovt'l" rrequercesup
to 20 kHz. Mid'...ater trawls were conducted conc urrently wilh
an a-sc cere- rrerre net. The Ihh caught were weighed and
sorted into classes base d on mass . For each class thc
swimbladder size was estimated alld the corresponding
resonance frequenc y, for thc known traw l depth , was
detmnined usillg F.q.(6). Fmm thepopulation density ofe ach
class, the rcvcrberat iun in each third-octave band from 2.5 to
20 kHz was computed using Eq. (7), and the results we re
compared with the measured rever bera tion . There was
genera lly good agreement al frequencies above 8 kHz. The
main dilference was thaI altho ugh the trawls did not catch any
fish heavier !han 3 g, the acow;t ic n.-sults indicated that many
heevier r eh were m recr prcsem. This differencewas ann buted
totheabi lityof th~llIl:erfi~htoC$Cll~eaplUre.

r. rrfdonsona r

It i, impurta ntfor aclivcsonars to have a l\IfTOWbeam pattem.
for both localising a targetc and alsc m reduce the level of
revc rbe rancn. Beca use of the large volumes of water
ensonificd by a sonar beam at long ranges, volume
reverberation is generally the environmental parameter that
limitsthe performance of long range active so nar. By having a
data base or model of the dependence of backscattering on
frequcney, gro graphiclocalion, tirnc of day, and dcpth,a sonar
operator cllll adj~t thecarrier fn:quell(:yof.ioOnar toobtain

the optimum performa nce for a given locat ion and time of day.

6. TURBIDITY (L.J. Ham ilton)
Measurements of suspended S«i imenl concentration (SSC)
prolilCllin aquatic environme nts are used for diverse purposes
e.g,cxamioationofturbidityorwaterdarity,poltutlonsrudies,
underwate r visibility, sediment Ir".msportrarcs.end knowledge
of the dynamics affecting turbidity e.g. wave processes. It is
possible to ClItimate SSC at high temporal (0_1_1 s)andspatial
(1_ 10 cm) resolutions with Acoustic HaekScaller (ABS)
instruments. and to remotely andtlon- inlrusively monitor and
image suspension processes in real-time, AHS instruments infer
SSC profiles by emil1ing bursts of MHt frequeneypuls..-s, and
time gating the return. Narrow beemwiddu an: used e .g. 1.5",
Ranges of 10-20 m may be obtai ned at 0.5 Mll z, and about I m
for 3 MHz. Alter allowance for trnnsmissioll losses. and by
making some Simple ~'<UITIJ'Iions abou t suspmded sediment
properties , the bact.scatlerean be dire<:tly relatcd toSSc.
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The backsc atter processes may be:described by single
suttering theory (30). Negli gib le grain shiel ding and
ncgligible multiple SC3t1ering are assUmN, with allowance for
nearand far_fiekl lrallsdueer beam patterns, beam spreading,
and ebsoeprion due to water and tbe suspended sediment itself.
Ahsorpt ion by suspended sed imen t is ass umed to be
proportional 10 SSC, a simple a~sumption yield ing good
results [30). Attenuation constant for a particular sediment
part icle size may be calcu lated from formulae [27,28 ], and
al''''' rption duc 10 water is calc ulated from tempera lureand
salinity measurements . Thcbacksellttcredpressureorvohage
signa ls received by the transducer from seatlerers in a
panie ular range bin are trea ted as incoheren t (29] (al so see
Sect ion 2). allowing them 1Obe squa red and summed without
phase considera tions.

If backsca ner we re sen,i tive to particle volume, !hell for
constant panicle density, changes in Si1.e distribution during
measUJernent!; would not affec t infer ences of sse [20],
However, in the Ray leigh region the siT-e, shape, and density
of irregu la rly shaped part icl es chie fly determine the
hackscattc r\28,27]. To overcom e this it is commonly assumed
partiele sizedistribution andpart ic lebackJCalter fulIctinnata
site are invariant during measure ments , and that only tola l
concen tration varies at any dcpth in the column, a necessary
but wea k link in the cali brat ion (20]. To reduce variability in
the Rayleigh distributed baelte 3tter from a partiC\llar rallge
bin. backsca tter values an: averages for pulse tra ins. Wilhthe
st.ateda....wm plions, baet.scatler is linearly propo<1ionalonly to
concentration. and SSC can be obtained to within 20-30%.

Calibralion is usually perfo rmed afte r laboratory
determinations of sse have been obtained from water
samp les, but u.eful field cal ibra tions can be made in
conjunct ion with optical dev ices [13). In the latest
devcloprnl.'nts in this field, multi frequencydl.'vices are used to
infer both SSC and particle diam eter [19,3 1], althuu gh
inversions are subject to noise , and only short ranges of about
1 metre are obtained , A SS instruments provide a highly
versatile me ans of routin ely obtai ning information on
dynamieturbidity event$andsu.~pension profiles

7. CO NC LUSIO :\"
Acous tical backscancrtng is an elltremely useful mcans of
probin lltheoccanicenvironmentwh iehfindsarorlicationov er
a wide range of technology and phys ica l processes. In
usefu lness and scope il may be compared to S:ltellite based

rernotescns ing techniques, although having a more limited
scale. with both technologic~ being able to probe large areas
in short limes in a repealahle fashion. Olher appliealions of
acoustic backscatter employing very different principles than
those discusse d hef(: also exist e.g. usc of Dopplcr shift from
seatterers to in fer current profi les; characte risat ion of
vegetat ion by classifying the jagg ed pattern obtained when
transiun g lhe vegetat ion; and est imates offi sh populations by
edlO COUTIIing. From beillg merely a hindrance to sonar
applications , backscatter is now a fully realized tool (or

diverse oceanicinvestigations .

AcouS\ics Australia
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AUSTRALIAN RESEARCH IN AMBIENT
SEA NOISE
Oouwas II. Cato' and Robert D. McCauley'
' I)efl'nl'l' & il'nee a nd Tl'l'hnu l" lO' 0 rJ:anlulion.
PO BOI 44, Pyr monl, ssw 2009

'Centre for :\1arinr Scil'nceand Technn loc'.
Cur lin t:nh-en ily O r TKhnol~v. Rently.",A 6102

AB STRACT: "mbient noi~ in the ocean re<ulu from m" contribut ions oflltllllY dilfcmrt S<I\IfttI a"" ~"";C$ O\~r. widt range of k>d s,
~lh3n20 dBvarialioobeingcornm"n_hf;,Ousc• • wideV3riahonin ..,.,arpcrf~andpredicrionln(:(hod<.~roquired for thI.>
eff"<:live design. a<;~ ui.i li "n and oJlC1'ltion of!i<>Tlitn. Ambient no is1e;0 Austra lian walm; i• •uh'lantially diff em11 '0 thl ' in the ,",'ale..
• 'oUlld North Am erica .rwJ Europe whe re ", ,,,,t ca rliI" olca.u ll:menu ofnu;, e we",made. Con"C'luenlly . ambient oo i.e ptcdiction meth ods
deve lopfd in the northern h..wisphere arc of Iimil<!duse in AU<lral ian Will. " and thell: h,,-~ been. con tinuing, though luw I.~I . research
effort 10ea~sc &millen!"" ;oe in Ihi. pan of ' n.. ",und. Th i' pI pei' .mew. recenl "...,.rch on ambient noise in AlL'.....hilll.walers in the
OOOIcxl of earlier ...... l. The main cornp<>""n~ of amlMnl noi se are tile noise of break ins .. ...ves althe oea ~lIrfa« and lhe noise of!he
~anima1s . Di.IllnI !llliPl'ing .....trK:andrainontho:sea !\Urf... e are also~ign;;K:anl. l""'" levet.of ll'alfK:noi$ein lhi. part of lhe

.....ldhaverevcalw ... IX"Illofnaluralnoi.eOOl cxam ined elS(\\tk.-re. T1IecxuaordinaryflJnse and ,<Uiecyofmarinc animal WIll>d'areuf
paniwlar inlerest both in lhe impacl OflllOllarand the ~ignificance in animal beha\-iour.

I, I~TROI)UCTION

Ambiem sea noise is the aeou.,tif,; hacl gruun d noise in the
oco:an from all sources. II is ofinlen' Si in ils lMn light in terms
o f what we can learn about ocean processes and
commu nication and behaviou r of maline animals. II is also a
major limitation On sonar performan ce since signals must be
detected against this ambient noise. We and the mar ine animals
uso;: sound e~ lensivcly in lhe ocean because under mu, t
cond itions, it is the most effectiv e means of transmitting
informa tion over any distance through WIIter. Shallow, clear
waters, such a, those of the Great Barrie r Reef are e~cqrtions

where light and vi,illn play a major role. Even so, sound is used
eJltensivdy by anima ls in such environments. Under most
eondilions, electrom agnct ic radiation is so limited by
absorption of energy in waterthat it is effective only over very
short ranges. Sound. on the other hand, loses very little energy
in water by absorption. at least in the audio frequen cy range,
and travels to grealdistallces ,so'nO:>OUJCCs beingdcl«1able
across the full width of an oo;ean bas in. This wry low
absorpti on contrasts with the conditions in air where the high
absorpt ion rate causes sound 10 be generally a loca l
phenomenon , most sourees bcing elTectiveoverdistanec. of
metres to tens ofmetres. Sound trllvels lWO orders ofma~n itllde

farther in "'iatCT than in air for tbe same amou et of absoepnon
anenuat 'nn.

....'h ile tbe transparency of the ocean to sound alllMli
transmission over large di. tanccs, it also means that socrces at
large diste nces (up to ten. and sometimes hundred s of
kilo meuc s) contn bute IIIthe ambient noise, leading to high and
very variable ambienl noi'IClev els. It is common for ambient
bad<ground noise, ClId uding conmbunc ns from ,Ime ""urces ,
to ''aI'YO\'CTa range o faoout 20 dB as a resull of' varyin g
weether coedlrio as, distant mi pping dens iliesor biologica l
behaviour or habitat , and th is varialion may be temporal,
seasonal or geographical. The full la nge of variation of am bient

Aeoustics Austr.tlia

noise, however is more than 30 dB, and ambient noise levels
overt he frequency band 50 Hz to 10 klfz are typically in the
range 90- 120 dB rc I mPa. Tbi....... nation Ippli~.,. 10 Ihe
backg round ooise and docs not include the much wider
varlationeaused by close sources M>e h asa passing ship_ A
change of 20 dB in noise level will change lite propagalion
loss that can be tolerated It the threshold of detection ofa
sonar by an amoun t that typica lly corres ponds to a factur uf 10
in range (thoug h is quite variable). Ambient roisc is the main
componcnlofbackground ooiseinpassivesonars, dumirtaling
in most but lhe quietcst eonditions, so is cr11ical 10 its
performan ce. AmbiCIIInoise is less of a limiUltioo on active
sonar, since it is reverberation limited for shone r range
targelS,lh oughtocrebave been eJlamples whereaClive iilmar
perform ance was so degraded by ambient noise that it was
barely effective. These comme nts apply whether the sonar is
man made or the acoustic function of an animal.

Bccauseof thc major effect on sonar performanc e, it is
routine for sona r opernto rs to make ambie nt noise pred idion a
10 eSlimale thc detectio n ranges they can expect so echieve for
the prevailing conditions. The wide variations in noise and
thus SOnar performa nce can be exploited tactically in naval
operal ions, and computcr based prediction systems are now
used for this purpose. Most sonars are designed for waters
around nnnh America and Europe when: ambient noise is
significantl y differe nt to that of the ....-armer waters around
Aw;trlllia_Some sonars have needed signifi cant modificalion
to pe rform effecuvelym i\ ustrahanwalers.

The early research inlo ambient noise was concen trated
arou nd North Ame rica and Eu rope. Ambienl noi se is
substantially different in lho: Australian regioo because of
environmenta l differences so there has bct.'O a con tinuing
rese...reh program aimed at undcrstanding and predieting the
noise for Australian cundili"n s. Some aspecu of ambiCIII
no ise would be eJlpeeled to be common to all Cflvironm<:n1s,
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an example being the noise of break ing waves, so c cr reseerc h
has also eontributed 10 univers.al knowledge of ambient noise
and has beenable to build on n:sull~ from otho:r parts of tbe
wor ld. Nevertheless, even after 60 yean of research world
wide, there remains a lot that is noI understood about ambient
noise.

....'hile it is gene rally recognised that amb ient noise is a
lim itation on sonar performance, ther e are conceptua l
difficulties in dealing with this problem. The !ir; l is the failure
to undentand that the noisevarie s over such a wide ran ge that
a few ~-pot measurem ents at a l(Kation are almo ,;! useless in
lypi fying the ambienl noise at that location. The other is that
the noise has only a weak dependence on position : it varies far
more with time, The noise depe nds on the weather as it
inl1uences sea conditions and on the behaviour, distribution and
migrations of marine an imal ~. The depende nce on position and
time is so complex thai there is little point in trying " map"
ambient noise from muline data collect ion over the walen. of
interest, even if we had the enormous resources required
Consequently, our approaeh has been to understand the
phenomena, the physical processes that generate the noise and
the behaviour of the biological sources . Noise predict ion
depends on distilfmg tile resulting knowledge to relatively
~ imple relationships between the components of noise and
readi ly available wria blCl;. For example, noise from breaking
waves can be predicted from wind speed. and conseque ntly
changes in noise can be forecast from weather forecasts
Biological noise can be predicted from k1'lO'o"ll behaviour,
migration aod babitata of marine mammals. c oce their acoustK:
behavioufl are known

F.. r1y Work

The first significa nt study of ambient noise was cond ucted
during tile second world w'ar in respoese to degrada tion of
SOl\ll r performam;e cau.<ed by uniokntifi ed noise . It Wllt lXlI

known al the I;~ whet her this was jamm ing by the: enemy or
natural ooise , The !\tOOy showed Ihal in fact it was the natural
ambient noise (Ibe sounds o f shrim ps) and tile resu lling
publications (Knudsen, Alford and Emling. 1944. 1948)
provided a n;marUib ly comprche nsive summary of the major
compol'lCnlS of amb ient noise. Thenoise predictioo curves ­
the ~ Kfludscncunics" -are "ill some1i~s qooted today.

They identified the nui n compoocras o f noise in shallow water
as (a) water rnotion l'lCar the sea sueface tbreaking ....aves),(b)
marine life and (c ) ships. Noise from breaking waves wa.'
re lated 10 sea litah:. Noise from marine life included choruses
such as the wide spread nui-eofs nar ping shrimps that abound
in shallow watcr.

Wenz (1961) refinal the interpretatio n of the ambient
noise , based on a large series o f measurements, He presented
"traffi c noise" spectra which he defined as the background
noise from many ships, none of whieh was detectable as such.
This resulted from contr ibutions from a large number of ships
over distances of hundreds of kilometres and provided a
general low frequency baekllround, with a spectral slopcof .J
to_ 6dBper oetave,fallingbelow olher eom ponents ahove 100.
200Hz. Tra ff icnoise around Austra lia varies widely, generally
in acco rdance with the shipping densities and propagation

14-Vol. JOAjlril (2002) No. 1

conditions (Coto, 1978). Wcnz also presented revised sea
surface noisc spectra as rwin d depen den t noise," having a
broad peak at around 500 Hz and differing s;gnificantly from
the Knudsen curvesbelow this frequency. Rclatingbreaking
wave noise 10 wind speed rather Ihan wa"e heighl may be
eounter ;nluilive, bul further sludics {e.g. Perrone . 1969)
supported this, The noise corre lates much better with wind
speed than with any measure of'wave hetght. It is the action of
wind that causes sea surface waves. but it takes many hours for
a sea to develo p ful1y,aod tbe wave height at any time depe nds
un lhe wind speed, un Ihe wind durati<>n and on the fetch. If
the wind drops. it may take hours f<>r the wiv es to diminish but
the breakin g of waves a nd the noise genera ted drop s
eOllCUrrenlly witb tbc wind.

2. ;\OISF. GENERATED BY SEA SURFACE
MO TION

Any motion of a lluid inlerfa~'e thai is a discontinuity in
density or sound speed generates sound, and the 'IOUTCC
slrengtb depend sOII lbediffermcein thc rrod uct ofdensiry
and sound speed squared u.e. difference in the inverse of
compressibility ] either side of the interface (Cato , 1991a)
Thcre are a number of suchi nlerfaCC'S in lbe viciniry ofth e sea
surface with 13fj;c diffen:nccs in density and$Ound:<p«d. so
cach are potentiall y significa nt sources of sound, A simple
example is the oscillation ofan air bubb le in water, which has
been e:de nsively sradied in classica l acous tics (Minnaert.
1933)

Noi~ of Bl'l"lkin[l:WU K _ Wlnd -lHpt nd tnt Nol~

Although this was recognised as a major compone nt of noise
in llle earl iest studies, it wa.~ not unt il the late 1980s that tile
source mechanism was determ ined. Laboratory c;(periments
by Banne r and Cato (1988 ) "" ing .a simple breaking wave
..b.P.o.'td that the ooise rcsulted from the oscillation of bubbles
immedia tely 00 formation by air entrainment as IIIe wave
broke. Furth er ClI:pCIimcnts built on Ihis work (Medwin and
Beaky, 1989; Pumphr ey and H owcs Williams, 1990)
proI~ding further evidence o f the !IOI1rce charact~Ti,tics

Oblierl-dtion , of individual bre aking waves at sea weTC
consistent with these resu lts, though the iodividual bubble
contribution eould not be detected (UpdegralTaod Anderson,
199 1).

Air is entraincd in thc brcakin g wa"e and is compressed by
the weighl of the overlying water to pressures greater than the
surro unding water prcss urc. The excesspressure causes the air
to ell:pand to form a bubble, and as it ell;pands the momentum
carries it on beyond the size at which the internal pressure
matc hes the wate r pressure , result ing in lightly damped
osci llation . Since the bubble osc illates volumetrically it is a
monop ole source, and few natural sources of sound are so
efficient. The prOllimiry to the sea surface, however, changes
the rad iation pattern to effectively that of a dipole , since
rellection from the surface provides almost perfect reflectio n
with a phase reversal , i.e. an out of phase surface image. This
results in breaking wave noise radiating preferentially
downw ard, as Ferguson and Wylli e (1987) have shown
experimentally

AcoUSlicsAu stralia
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Figure l. Noise from brea king waves at the ~. surtace all

func1ionof wind spud (speetrum level a\'cragw uvCf lhc 113
octave band centred III I kHz), Mcasuremenl!l WCre made . , a
Ih ed pooilion;n Spencer Gulfwhcrc there is Iinlc contribUlion
from Olher"""""", . There a ", more than ~OO da13 f"'in"

An example of' the dependenc e of noise on wind speed in
Spencer Gul f, South Austra lia, is shown in f ig. I (u no et al.
1995). Such a good correlation (coelTicient 0.93) is, however,
an unusuaJres uJI. Spencer Gulf isan unusually quiel sj'c .wilh
little noise from other sources, so that wind dependl,nloo iseis
evident for wind speeds as low as 2 mls. ln Ihe open ocean ,
orher sources ot notse such as traffic noise dominate at kN,'
windsp«d.andthecontaminationof thesesources resuhs ina
J'O'.'RTl."orrelation of noise with wind speed and a regres sion
line with a lower slope Ihan in Fig. 1. since other sources o f
noi se contribute at the lower wind speeds in a w:a, that is 001

pouible 10 remove. The slope of tbe regressi on line in Fig. I
givnnoisc intensrry as proport ional to the cube of the wind
speedoonsisttntwiththt depe ndenceofW3\'ebreakingon
wind5peed

Typiealspectra oft hiscomponl'1lto f winddependentnoise
were given by wena ( 1962 ), and similar spectra have been
measumlin many subseqUl'1l1studies. It sho"'s a broad peakat
about SOO Hz and is usually dominant from about 100 117 to
IiOITlI: lm s ofk ilohenz. Thecharact eristics of the received noise
fie ld depend on the propagation o f soun d as well as on the
source characteris tics. Since breaking wave sources radiat e
prefe...ennally downwar ds, the steeper rays carry the most
energy and multiple bouomand surface reflections arereq uired
for contnbutio ns beyond a fairly local region. Thus the area of
SOUtcesconlribuling 10 the field al a rece iver varies
substanua tly wuh the reflectivity of the bottom. For a
completely absorbing bOllom, 90"Io uf the nuise energy comes
from sources in a circular area with a radius three times the
water dert h rc etc and Tavencr, 1997a). A reflec tive bottom
expands this area substantially. and modelli ng by Kuperman
and lngenirc (1980), Ch apman (1987) and Harrison (1996 )
indicate that the variation in tbe effective area of sources may
vary by at least an order of magn itude. Since bottom
reficctivity is frequcncydependent, the s~lr.Il shapes of the

Ac.oushcsAustral1a

received noise may also \"llry.
A wide varia tion in wind depende nt noise between

locations is in fact obse rved. Usually the correlation of noise
on wind speed is poorer than that of Fig. l , the slopn of the
regress ion lines vary as do the spectra l shapes (there are
significan t differ ences between Spencer Gul f and waters o ff
Perth for example: Cato, 1997; Cato and 'Iavener, 1997b).
Some of this variatio n may be due to the unknown influence
oflhe surface wave propertie s. some is due to contamination
of measurement s by other source s of noise, but much is lilely
10 be due 10 variations in propagation conditions. Better
predictio n of wind dependent noise requ ires the development
of a model of tile source field and matching of this TO a
propagalion model 10calculate the received noise field . Since
the measurements that we have to wotk with in the ocean are
of the rece ived noise f ield, we need methods ofinve nin g these
measurements 10 estimate the source field characteristi cs, thus
removin g the effect of propagation at The site of
measurement s. This is a difficult experiment because of the
precision of the measuremcnt srequiml in the received noise
field and the derailed knowledge of the bonom acoustics
needed

L<no- I'reqoencyWind-Dep('Ddent ~oise

Thi s is the dominant pl'f'\"lliling component of ambient noise al
frequenciesbelowaboul2oo Hzint heAustra iianregionand
prohably in much of the world, bu t it does 001appear in noise
pmli ction methods from the non hero hemis phere. The reason

i. thai Ihe northe rn hemisphere rtlClhods were derived from
n>easuremenb in waters of high shipping densities so that the
high bels ..ft",mc noise made this comporICOt dilTku lt 10
detect. The spe<:I"" slope of.J 10 -6 dB per ocuve is similar
10lhal of trafTic noise and there isnollling intl'>e
dnnlctcr1sticsnf the noise 10 distinguis h it fmm sea surface
generated noise. Bolh resul t from such a large number of
sourccs lhatany individualchanlcteri!llicsan: 1osl. The lower
levels oftra ffic eotse in a Austra lian waters have allowed us to
measure this component by determining the dependence of
noise OIlwind speed (Ca lO, 1978; Burgessand Kew ley, 198J;
Cato and Ta...ener, 1997b), Evidence ofthis component can be
seen in a few North American studies. panic ularly lhose of
PiggOl(l964).Wcru: (I%2) notedevidenceof this component
in some of his data, but did not include it in his prediction
meThods, presurnably throughlack of' data. Examples of the
wind depend ent noise spec tra {with both com pone nts
combi ned) measured in Australian waters are shown in Fig. 2
(CatoondTavener,1 997b)

This is a good example of differences in en...ironmental
data between Australian and nonh ero hemisphcre studies.
even where the actua l property ufthe etl\'ironnll'Jtt could be
expected 10be similar. This cumpooc nl causes ambient noise
to val')' with wind speed by more than 20 dB in Austra lian
waters, but none of this would be predicted using northern
hem isphere methods. It lurns uut thai al winds of I S-20 m ill..

this compo nent of surface noise is COtnflilrablc to the high
levels of naffic noise in Non hero American waters.

While the source ofehis low frequency noise has yct to be
determined, a likd y cause is the oscillation of bubble clOl.l<h as
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proposcdby~rdlj ( 1 98S )1IIld Ca",)'and Rrowning (1988).

large num1locnof bubble. formed by a break ing wave might
osciljete coIlOCl.i~ly. e tTccti,-c1ylike (l 1>C'lat¥c bubble. The cloud
ha§ alow.:r sound !lpCN dlie to tho: elltni~ airand thll5 loo.>a

com~ibillty, [oTlll ing an effCdive large \IOlume source

J . BIOI .OGICAL.NOIS":
Because mari ne aninlllt. make extensive use of sou nd. a

suhstanlia l parto f lheambient noi~ i5 bio l ogicaL lndivid ual

biological !IOundl vary from I few mic rosecon ds dural;un al

frl:qu'meiCllur lo hundl'ed'iof . ilohe rtz (snapping lihrimp5
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Everest e t al. 194 8; Cal o and Be ll. 1992; dolp hinJ : Au 1991j
10 15 10 20 sdur:>lion alft'equeoc ies as low as 20 ilz (b1ue
whales : Cumm ings ~nd Thompson. 1971; McC auley C'i at

• 20001I). The liOIIndS of mosI animals; however. are "'1lhm lhe
audi o freq uelll.'Y ranji:e and duralion s lie beTween 0. 1 10 5 Ii

Examples of the wave forms o f a fi ~h and I. ....hale n il.
ilIuslrating di tferellCcs in signa l lenl,'1h and meu um<of signa l
~agn itudc are shown In f ig. L Individual M)unds arc
lktcrtable as SIgna ls by sonan and mu 'll:be~r.llcd from
signals of inlcrnt , Many anImals call rerea1ed ly for hOln.
causi ng inlcnamce CJ\Ief a long pnlod. both 10 _ and

prnumabIy. to otha nwinc: an imal s. Some:animals oo;-ur in
5ldI large IlUIllbcn IMI. ClIl1ing C1lmuse. !bey producea
COlIlinoous comp>neN of !be ambienl bKkground .....ise.
refl.TTftllo as a chona.

The irnpoIUnce of biological noi~ wu recopIiled in lhe
earliest studinofambicnlnoi~ (Knud§tfll.lal. I 944 . I94SI.

but biological nolllC is. genenlly nee well reprnmled in
ambien t noUepmIi<:tioo methods doc-odopedfor !he TlOl'lhcm
hem i.pbere . In Aumalian ",a Ten. blol"'IPul noise is $0

sub>tanTial and ....ide spread Tml 00 pmJi«ion mdhod wou ld
be adequa le~ lhe biological noise coOlpoom l. The
di lference is.panJy dllClOdiIfC'l'C1lCnm!beenvironment5 ­
AllSU'I.1ian .... ICB are _'V1TIeT and incl ude I. subuan lial
amwnl o f lJ\'Iptcai" 1.lCT. and therehas beenaa~ i.. crnt
in llhall.,., water.

InUlal'- tropial_'UCB IlC3I"All'U'aIia.~ noise
is I. map rompooml~ rnosI of ee fno.lueocy band &om
aboul.50 Hz to hundn:ds oClilobcnz. and domlnaan allow
wind speed$CCalO. 19SO. 199 2).lt is oal y durina hmi)" rain
thaI lbc biolog ical contribution eea_ to be imporwtt.
B iolog ical ehonw:! fTumlarJe nwnbcn of indiv iduab ca lling
are widc r.pn:.ad in tempera le u_1Ias uopical "''aim..and
Ihcse regu larly cause variations in noise Jc,.'1C1oflllOll: lhan 20
dB (l'Io 'CI" periOO5 of a f("W hours or lI'IOre (CalU. 1978;
McClIuky and CaIU. 2000)

The mannc nwnmaIs produc e the highcsl IOUTtC level
sound.~and ...relhelNin$OU~ ortn.n.icnl.ign.aI ... ",ftjle
fish and im'ICl1ebrat cs lend 10 bICtbe main sourca ofeborulles.
thougbwhalcs alsoproducechoni"lC1.ThnlCis.bI-.."YICf.no
deardi"ldinglinc andaslran5icnl.becOlTlCrnorenu~.

lhcyconlrib lIllC.il,'1lif l("alllly lO thcbad.groundnoioe

~hrlne !\h mmal Sound'!

Marine mammal s. especially whales. are Ike main lIOOTceSof
intense transien ts. Whale numbers in Aostra lian waters have
been stcadily increasing over thc last Ihree deeadc:s. and the
glCl1eralincreasein lhe eontrihutiunlO lhe amhienl noiscovCT
this lime: has beenveryevidcnl. The rete o f in~rca<IC shows no
signs of abating . The main cOlllributors 10the amhienl t\oi>lC in
Aust ralian waters arc humpblK:.....hales . blue whales and
spcrm ....hales. arld 10 I. IlC$$Cr elllenl. oJolph ilt5.

Humphad ",luJln

Humpbac k whales migra llCan nua lly a101lg lbc east and _
coas t of Australi a. blC1'Voftnthocsumma fcedi ng ground.~ in
Antarctic ....eters andthc winlcr brcedinggrou.nds inside the
G rcat Barrie r Reef 011lhe lCasl eua.sl and on the northv.est shc lf
and Kimber lcys 011 the _iii Cml~l (Chittleboroc gh, 196 5;

AcoustiC$Australia



Dawbin, 1966 ; Jenner ~ 111. 2001). Numben have been
increasi ng at a rote of more than 10% pa for deades ( Bryden
et aL, 1996; Patenon ct al., 1994 , 2001; Rannitner and Heldcy,
2001) . The I'Of'IIlalion estimates for 1m are ),600 (i 440 j for
theeast ooa-'tlPatel1lOO et al.,200 I)andbef'A'eelI 8,200 and
13,600 for the west coul lUannister and Hedley, 200 1). These
ate still signifiuntly less than the estimated pre-whaling
p<)pvlations , len lllan ha lf for the eut ooa Jl stoc k
(Ch inleborough.1%5). At lhe end of ....tulingin 1% 2, lhe e»t
rout populition may ha\-eb«n ill lowu 100 (Palet'WMl, ct a1.
1994 ) indicating lhe IUMunli . 1recoverythat has w. cn pliICC

Humpback whales probJbIyalso migrate~ off Iohon::.
since tbefe lire brft'l bn g pounds nearlropical if,landt and ~h
of the Soulh PacifIC, bull)(l4 much is t.n00011 abcu: these
migrat ions. Off lbe coasts of AIlStrSlia. the ttmUlg o f the
migra tions an: qulle~ictable. ...ith the time of the peak o ff
Brisbane Yal)"ing by ICloS that a few weeks lPato:non ct aI.,
200 1). At this lamuck , "" If the stock pusn within tbe four
v.ed' of the peak which occurs in late June carty July goin g

norUl and m late September, urIy Oecober 80Intt !OUth
(Ch mleborougb. 1% 5; Patenon el at. 2001 ).

Male humpbKk "f\~ produce a wmrl~ soag of
repea tnl J'Iw- within a partrnl 0( themn. Typical SIOII&
dun'tioos ~ abcu: 10 mill., aItbough indn.-ld.Als may siD,:for
boon .II a lime (Payne and Mc Vay, 1971; ClIlO.,1991b). Abcu:
5% of posing whales sing going nort h ~ Iat,tudes of Brisbane
(Cato o.:t aI., 2001) and abwt 13% JIOlnil south IC, IO CIa1~
200 1;~ and Caw , 2(01). The eflecton ambienl noi5Cis
_ !tUbo.la1lIiaI. T...o decadesago. humpback whale SOUIId!;

...en: deteo.:tabk oetasiona. Uy durini the mtgr.lhon, whereas
today,le\ eralsingers'AQUld beaudlblellllll)'lmIe. l1umpbad:
...hale soonIs an: th.u a common cacse of tnNim t siiRib, and
arcappro.ehiD¥ thepoilll ...br;rl: they _ill form choruses u is
oh ..ned on the 1u..~..aiian I:«cdulg gflJUl'llb (Au et IL, 2000),
and wuubscrved off the north island of New Zeal and in the
tate 1 9~ before nwnheo~ reducedby ...h.lIini-

AI any Iliven lime a local hwnpbad. whale §OIlS ITJ3)'

oonlain arepet1oin:of ineltc~, of )Q indi~idU.;tI SOllndlypes.

s'tnJetured inlo a !IOllg. These sound lypn can range through
broad band clicks, hillh frequency whi~t le, to deepbelluws or
moans of many seconds duration . In general. lTlOst of the
o:netiYin the hompback song lin within the liTqueocyranl!e
3Q.2500H~ with that ofl he mo"t pledom inant soend types in
tbe band 10000SOOH~ though harmon ici may ranie a' high as
12 kHz. Some !IOlInd type~, such U lhe high li"equency
whistles, aretYl'ically tra.nsmittnl at low levels, whcreasQ1bers
are transmincd at much hig her inten~i1ies. McCauley et al
( 1996) in a stuuy o f hump hack MIni in the 20-30 m deep
Hervey Hay in Queensland, est imated lhal under low ambient
noise conditions the higher frequency whistles would have
fallen below audibility at r.tnges grea ter than about one
kilomet re, while the more powerful low frequency components
..ouldhave bccn au.diblelo lo:nSo f kilome trel .

Altbough all humpback whales ....ithin a stcck sing basically
the s..me song at any lime , Ihe songs - buththe soundsand the
Itructu re - change progreuively with time. Such chang e
rt:quircseontin.... leopying bet VoTCn indiyjd .....1s..SOUOOS are'"
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well ma tched durin g copy ing that diffe rences between
individuals an: lillie ITIllre lhat th",,,e wilh in the soni of an
indi-.-iduaI(Madutight,2 001 ), C1langes an: usuallyd etectahle
",,-a lime seales of a few weeks, but the rate of change is
vamble . Over IOtI1C )'CM1. there may be only minor changn
in some of the sound types. while ccer other )'ClI1"I, l ub<tanlil,l
changes in IDOSIsoundlype'Sand in the IIOIIg IlnlClllre oocur
(Payne et al . 1985; Cl IO, 199 1b; Davobin and Eyre, 199 1).
These chang es arc spreadthrou gh tbe IIOl:k. Only the broacl
niles that govem the »linK. trurnJre seem 10 be fixed. though
even eese can lOmCIimn break dl-n .. in 19114off the catn
~ICato, l99 l bj

Songsscpar.lltedbytbou!.andsof kilomc:unalonSthe
kngthoflhcCNlUl mivationpaths havcbccnobAc:rvcdlO be
the ume • IllI)' I1me (ClItO, 1991b ), indlgttJlf that. for a
~migBlionpadl,theWlllg isN.sieallythe_.Song

off C35l.AUI01raI~ Sew CaJedooia,New Zealand and Tonga
aresimilar,thediffereoccstnereasiDB witb foCplnol>unlHetwec
et.aL,I 998),indicali n K ~ thcrr U lUff-=oenl~

hef\l.'eelI mign.tions oeparated by opm oec&D 10 nwlUill
similarKlllp\"'o"C11wilhoontinual~changcsinthe

song,. ~iSration~hsscparatedby thcAuslI~haneontincnt.

1\oIl.C"'Cf , Kencrally han unre lat ed son gs (base d on
comparisons ...ithin the ume year fora aumbcr of)"C.1lB: G lIO,

1991b; o-tMand Eyre, 199 1), even thou gh there is I small
~ge bo:f'A.oeen ltoc"" (C1littleboroup.l 96S; D;n"bin,

1966). In 1997,~, the \VC!iI COUIson¥ _. heard from

a smallpen:cntageofsingers offtheeasl COlUl. By tIw: endof
1998, tbe _ coast _ g had eompletely di-rlaced the easI

cease sonll (Soad ee I I., 2OOOj. S\.IdI revolutJOlW)" change
appca B to be previ ously unknown for C\lllural ly Im\smiued
signa ls of any animal.

M _ IIas the:comp lcx and stereotyped!lOOS produc ed by
hompback whaJestbq- art! alsocapableof produd ng a broad
range of o!her sound types., ....bic h may be uKd in social
moounten. For eumple se\ "\"ftlnon-aongaound typnmay be
occasional ly heard from cow-ea l! pain or inlencting males.
The sound of I breachi ng ....fIaIe is aud ible for , igni r.canC
di~1aIJCcI (deso,;ribed as ~a rifle shol:~ by McCallley d a l,
19% ). and has been hkmed to the _ lids produc ed by air­
guns used in offshore petrol eum uploration (M.-Caulcy d I I.
2000 b). In tnels epproec hing whlllc,w,th I sinllle li r·sun in
Exmouth Gulf, MeCauleyet al. (2000 b) found thai in more
tllan half tllc trials carried out, non-lIl111ct whales consis tently
charged tlJl'llllnisthe operating air-gun, itwu tigatcd iI, then
",-am off. The y sp«: ulalnl thaI 1II\"1loe were prnbably male
animal5who consideredlheair.gun sillnaJa.,an indica lion of
ncarbybreacllingoranacouslic n'Cn lwonhinvertigati ni .

Blue ...ltala

The ll1W freq uency, inle~ tonal lisnals o f blue wtlal,=, ha~e

been exten. ively studied in the north PlCtfic. Similar 20 Hz
tones were reco rded ofT New Zealand in the 1960,
(Klbblewh ue et .II., 1967). These were believed to be rmm
blllCwhales. ltllasonlyrecently~re.li!ledthal insome

parts o f Austra lia, blue ",lIll e. can domi nate tbe law
freq uency ambienl noise for mootbs on end. Olf WCSlem
Austral~ ....N.t an: believed 10 be pygmy bloc wtlales produce

VolJOAprll(2002 ) No. l -17



a sequence of three stereotyped signals in a 'song', with
dominant energy over 18-26 Hz but harmonics and a secondary
source extending up to 100 Hz (McCauley etal. 2001). Each
component is approximately 43, 23 and 20 s long respectively,
which together run for around 120 s. Sound propagation
estimates, indicate these signals may transmit into the hundreds
of kilometres along deeper waters off the shelf edge. Up to nine
callers have been reported at any given time, and calls are twice
as frequent at night as during the day (McCauley et al. 2001).

Sperm whales

Sperm whales produce intense clicking sounds with most
energy over the frequency band of I to 10 kHz. Recent
measurements have estimated the mean square source level to
be 233 dBre I ~Paat I m (Mehl, 2001), the highest source
level of any marine animal. Sperm whales were one of the main
targets of whaling, but were so plentiful that the effect of
whaling was less devastating than it was for some of the large
baleen whales, such as the blue, right and humpback whales.
Sperm whales are often found in large schools (Paterson,
1986), many whales producing the intense clicking sounds and
making a substantial contribution to the background noise.

Fish Sounds

The significance of fish sounds to ambient noise was
recognised in early studies (Knudsenetal., 1984) where it was
found that fish commonly known as croakers (Scianidae) in the
United States produced choruses. It became apparent in the
many studies that followed, that many species offish produce a
wide variety of sounds, usually over the frequency band from
about 50 Hz to 4 kHz (Fish, 1964; Tavolga 1964 & 1967, Wino
1964; Moulton, 1964; Fish and Mowbray, 1970; Fish and
Cummings 1972).

There is a similarly wide variety of sounds from fish in
Australian tropical waters, from harmonic sounds like fog
horns to knocking and drumming sounds (Cato, 1980;
McCauley and Cato 2000; McCauley, 2001) and these produce
a substantial component of the back ground noise in tropical
waters at low winds speeds, and in the absence of heavy rain.
Almost all of the fish groups studied for sound production have
shown daily, lunar, seasonal and spatial patterns in their sound
production.

For example in northern Australia, nocturnally active fishes
have been reported to consistently raise ambient noise levels by
an average of 15 dB above normal levels over the frequency
range 300-900 Hz about coral reef systems (McCauley and
Cato, 2000; McCauley, 2001). On occasions, usually associated
with new moon periods over summer months, choruses of these
fish have been measured up to 30 dB above normal ambient
levels. These choruses are regular, persistent and cover a huge
geographical extent, indicating their importance to ambient sea
noise predictions and to the fish concerned.

Invertebrate Sounds

The best known and most ubiquitous invertebrate sound is that
of the snapping shrimp, which abounds in shallow warm
waters, (Knudsen et al., 1948; Everest et al., 1948). It has been
known since the earliest studies (Brown Goode, 1878) that the
sound is produced when the shrimp snaps an oversized claw,
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but it has only recently been shown that the source of the
sound is actually the collapse ofa cavitation bubble formed in
the wake of the snapping claw (Versluis et al., 2000). These
shrimps abound in such large numbers that the snap sounds
form a continuous crackling background noise, evident in
Australian shallow waters at all times of day (Cato, 1980;
McCauley, 1994; Readhead, 1997). An individual snap is
about 10ms duration, and the noise extends from about I kHz
to beyond 300kHz (Cato and Bell, 1992).

Biological Choruses

When large numbers of animals call en masse, they produce a
sustained component of the ambient noise known as a chorus.
Knudsen et al. (1948) and Fish (1964) described choruses
from a number of sources, including shrimps, fish and sea
urchins. Choruses from most species occur for a few hours of
the day, usually the same hours each day, in contrast to that
from snapping shrimps which show only a small diurnal
variation,

Ambient noise studies around Australia have shown that
choruses are widespread in both temperate and tropical water
(Cato, 1978; McCauley and Cato, 2000; McCauley 2001). In
shallow and shelf edge waters, an evening chorus, occurring
fora few hours between sunset and midnight is almost always
observed, and is usually so regular as to be highly predictable.
In some locations, there is an early morning chorus in the few
hours before dawn. The noise level rises to levels of20 dB or
more above the background during the chorus, and at the
height, there are so many sounds that they merge into a
nondescript roar. These choruses are from fish and
invertebrates, some apparently related to feeding and have
most energy between 500 Hz and 4 kHz. Fish also produce
choruses in more complicated diurnal and seasonal patterns,
related spawning behaviour. The season and time of day of
calling varies with species (McCauley, 2001). In a study area
where up to four chorus types may have been potentially heard
at the same time, the displacement in time of chorusesor time
of maximum calling rate, appeared to limit competition for the
'sound space' (McCauley, 2001).

While the evening chorus has been observed in deep water
at a number of locations, these have been within 6 km of
shallow water, so may have been from animals in shallow
water habitats. Fish choruses in which individual sounds were
detectable have been observed in deep water large distances
from shallow water (Cato, 1978; Kelly et al., 1985).

Sperm whales are common sources of sustained choruses
in deep water, with frequency band extending from 500 Hz to
beyond 5 kHz (Cato, 1978). While these have a similar
spectrum to the evening chorus, the characteristic clicking
sounds are always clearly detectable, and although there may
be many clicks per second, a rhythmic beat of ahaIf second
period is often evident. Sperm whale choruses are not so
regular as fish and invertebrate choruses, the locations
depending on the movements of the whales in search of prey,
though there appear to be preferred feeding areas, such as the
deep waters off Kaikoura, New Zealand, where there is a
whale watch industry. These choruses may continue for many
hours at a time.



CON CLUSIONS
A .. idevariefy or sound5frommany dlffercnt type SOr SOUfCeS
oolltn bute 10 l lIe ambielll noi~ ill ,he ocea n, T he area o r

SOUfttSoollU1bulln llislalie bonl .......:of thegoo<! prop.allalion
or SOWld in the ocea ll and no ise level, vary widely as
cood ition$ and the behaviour or lhe SOUKaI chanb'e. This
ca uses SIlbstantial varia tion in _ perfomunce and provides

I chall~~ lO tholIe ...-ho necdlOpredic1 lhe effeC'lSon tlU,.

perfOlTTlllTlOC.The pioneerinJ stud ies ofllllbient noise in warees
aroul'ld Nonh Ame rica I nd Europe provided the buie
k~ o( un bim l noiM:. but the . ignifican l environmental
diffm:nces in All'otnlian v.-akn have n:qui~ ....bstanrial

research 10 adequa lely ellanlClCrise the ambKn l noise: hcK
This rncaI"Ch lias OO'\oo:red I rang.: ordhoeipline5 from fluid
dynam ics 10 an imal beh lv iou r, . dilinsinll SOUTCCS such as

........: bruking I I dtc SiC.lI wrfM:Cand marine ammal s, """hile
mud! (J( tbc v.uR hu beendm'en b)o !heneed tc operate sonar
c:ffa:tn"dyinour .. ateB. II is appa.ml l thal tbc: noi 'iC can be
usc:d ~ laro _ aboutp/ly1.iuI pl'OOe'UC'S sudl a.s ...... c

breakin( and rain onthe _ surfxe. and bio:ologioCal~

ilUC"h a.s~aninWbeIlIviow".~andabundu1a:.

For eumpIe. lII.blle-- CIIl be heard It mud! paler distllnces
lhan thc:ycan be wn\."IilXIlnIO is turning 001 lO be . 1l5C'fu1
IOOlin SlUdic:s o r bcNv iow and abundance. The inaea.e in
....hlle: lalmben <l'U the ~ ....., decMcs has substantially

;~dtheir o;:onlTlbul i"lI lO the ambietll noisc:. Thcrc:~Rl11

many unk~ . bout unbW-nt noUc:Ind limiwioos 011our

ability 10 prNict and foree' 51 lhe noise. Some wunds .
apparmlly from mlri nc:nwnmaJs.. bI\.'C'yc:Ilo be idcntiflCd.-
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AN INTRODUCTION TO SHIP RADIATED
NOISE
Christopher Norwood
Maritime Platforms Dlvislon
AMRL,DSTO
PO Box 4331 Melbourne, Victoria

1. INTRODUCTION
Ship noise is a major part of the field ofundcrwateracoustics.
In naval operations the radiated noise is an important source
of information, ie signal, for passive listening systems.
Radiated noise is an important contributor to ocean ambient
noise, and is a factor in oceanographic research and
geophysical exploration. Ship noise reduction and control is
an important factor in the performance of underwater acoustic
systemsandinthehabitabilityofthevesselforthccrewand
passengers. Underwater radiated noise is also critical to many
naval activities.

Seismic survey and oceanographic research vessels
require low acoustic signatures, while many commercial
vessels are subject to environmental legislation. In underwater
warfare the increasing capability of the detection systems of
modern weapons such as mines and torpedoes plus the
improved performance of passive sonar systems is leading to
stringent requirements as to ship radiated noise signatures.
Specifications describing the permissible levels of underwater
radiated noise and self-noise are important requirements in the
acquisition of any major vessel.

This paper provides a brief introduction to the subject of
radiated ship noise. It describes the major sources of radiated
noise, transmission paths and noise control measures. It is
written to provide a general overview of the topic, rather than
a detailed technical discussion.

2. RADIATED NOISE
The four principal groupings of radiated noise sources arc:
machinery vibration caused by propulsion machinery and
auxiliary machinery; propellers, jets and other forms of in­
water propulsion; acoustic noise within compartments below
the water line; and hydro-acoustic noise generatedextemal to
the hull by flow interaction with appendages, cavities, and
other discontinuities.

Noise spectra are generally classified in two groupings;
broadband noise having a continuous spectrum such as that
associated with flow or cavitation; and tonal noise containing
discrete frequency or line components, usually related to
machinery. In addition to steady state noise, ship noise is also
characterized by transient and intermittent noise caused by
impact, machinery changes of state or unsteady flow that have
particular spectral properties.

Acoustics Australia
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Figure 1. Diagrammatic radiated noise spectra for different
speeds.

Generally, at speeds below the cavitation inception speed,
main and auxiliary machinery are the principal components of
radiated noise. Above this speed propeller cavitation becomes
a major source, with discrete frequency components from
machinery still being significant. Flow noise and cavitation
from hull fittings may add a significant contribution at higher
speeds. Figure I shows typical radiated noise spectra for
different speeds. The approximate frequency ranges of
different noise source groups are shown in Figure 2.
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Figure 2. Approximatel'mj""ncy .ang c.o"fnoi><:llld ialedby
"" ip'aJ1d .~bmarincs.

3. SELF NOISE
Se lf-noise is the noise or vib ration that a vesse l produces at its
own sonar, thus inte rfering with and preju dicing the
per form ance of the sonar, As detection requirements become
more demanding,the self.noisenfthe veS'>Cl mu ~t be reduccd

to maximize the vc...'OC l's own SOnar performarl<.'e
Al very low~ self-noise is almos t ent irely due to

machinery noise.The background;ulhe sonar i. a com bination
of the!\Clf-oo iseand ambient sea ooise. ...bicb will var)' IIlith

sea conditions. The relative proponion ofthe self-noise
increasesasthe,~lCpCed increaoes.becOfTlingdomina<1t al

modcl'ale 5JlCCds- The lurbulC'llCeof the \-e..-;el wake will be a
1iIrong oontributor 10 !df-noise on the aft !IOI'liIr be-.uings. Al
!<ptt'h aoo.elhecaviwionir>ceptlon~propellercavibljon

no i!\C""'Ybeacontributory..:>uJCC,especially on aft sonar
bearings and in shallow water. At the same time bydrcdynamic
turbulenl boundary noisc (fk>wno ise) due 10 flowpasl the hull
and sonar dome increases rapidly at hillher ,pe~-d~ and lends 10
become dominant. AI speeds abo ve 20 to 2Skts local cav itation,
at the sonar dome and hull adjac ent to the dome , becomes
impnrtant ll ullvi bralion at the natural frcquenciesoflhehull
canal!lObe asignif ieant sourceofscl f-nois e,panicularlyon
submarine flank array s. The vib ration """"m!ICof tbc hull 10
broadband excita tion can eau.'lCinterference on ru.td mrnmted
sonar arrays .

4. SOURCES OF I\IACHlN f:RY ~OISE

The: majl" machin ery sources of radialed noise are diesel
e n/ti nes (p.op ulsion and ge ne ral ion); main bearings;
pmpu lsion lurb ines (steam and gas ); turbo generators, forced
dra ft fans; main feed pump s; and motor dr ivt:1l forced
lubr icalion pumps. Other mac hinery which are lower iltlt:1l,ily
5OW'Cesbul are st ill sigeifl car a are main circulation pumps;
e xtractio n pumps; turbo forced lubrication pump s;
refrigeratiOl1 and air condilio ning planl; bilge pumps; scrvoair
eompres1iOl'$and high pressure com prcsso l'$.

Any fluctuatio n or impu lsive force applied 10 a machinery
Structurcbya worki ngllo id,clcClrical fluxo r by molio n uflhe
"orkingparrswili giw rise to noise and vibra tion. Thi slllay
be in the form of cither airborne noise, or vibration of the
machinery moontings and other con nec tion point s, structurt: ·

b"'llCnuise.
TI le gen.:ral source s of machinery noise are dyna mic

unbalance; fluctuatin g friction forces; jo urna l surfaces nul

circu l ar anoJ eenler ~centric; impul si"", load i ng due toimp"'-1

between componen15; pn:s""TC variations in the working fluid
either periodic or impu lsi"",; disturbances in ihe fluid flow of

22 · Vol. 30 April (20021"lo,l
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Fi1,l;\lfC 3, Schemalieofma.ehinery enmpanent$ of a d;~l-dec_

trie propulsion system and a,ooc;atcd noise iilOU"'es (afte. (I j)

'~t' ,j ~~ 'Ii<1Il&
~ ?' , ~

I.
lqj: flequtn<) ·

FigUll' 4. Q ....it.1tioobubble gene ration molo;ollapo.<: (a~ 12J~

hrbrica tmg, coo ling or working fluids; and rollin g hearing
noise d ue 10 inaccu racies in the races or rolli ng cl~1tlent~

Figure 3 is a schematic of the mach inery co mponents of a
diesel- electric propulsion system and their associa ted noise
sourc es. The propell er as a noise source is disc ussed in the
next section.

5. PROPELL ER 1\OISI<:
The re are fOOT ma in Iypt.-"Sof noise associ ated with propellers :
cavitation; blade M e; singing and hu ll vibrat ion

The onset ofpropcller cavitation causes a rise in radiated
no ise levels of about 20 dB in the 80 Hz to 100 kllz band . As

the propelle r rotates water vapour is gencratedalong the leadin S "
edgcof thee(l\.ity andcoillpscsalong lhelr.lilingedl>~of lhe

cavity. Figurc 4 illusna tes this prccess for a single c.avitarion
bubble wilh the resultan l idealized spectru m. There Ire I
number ofdilferent formsofcavitalion : lip vortex cavitation;
hub VOI"1ex cavilation and face cavita tion, either from the
SIICIion facc or tbe prcssure face. Cav italion is a funetion of lhe
blade shape ,thcopcraling speed and the wake field

Blade rate tonals and harmon ics result from oscillating
components of force or propell er thrust variation s BS Ihc
prope ller rotates, cause d by circ umfere ntial variatio ns in Ihc

Acoosbcs AuSlralia



Figu.re5, Propdl er plalle wake ,,<:Iocityc ornouflIfor a sillgle
screwsurface ship {allcr (2)l

wa ke inflow at the propeller plane. Figure 5 plotscontours of
equal vdoc ity in the propeller plane of a singIe propeller
merchant ship. The wake inflow speed varies from 10% to
90% of the free stream vo:locity o.I uring tllc propeller rotation.
These vcloc ity differcnecs cause large fluctuanon s of ang1cof
attac k and associated lin forces, which lead to significant
fluctuations in thrust and torqe e during each revolution of the
sha n and, in tum , to high level, low frcq\X'ncy hull vibration.
The most important design consideration in the uniform il)' of
the w'akc and the relationship between !.heharmon ic struct ure
of the wake and the number and fonn of the prope ller blades.

A singing propeller re!WlIUl when the vorte~ shedding
frcq uencymatchesa bladc struetuTlIl resona nc<:. The vortices
oueshed in the vicinity of the b1adc trailing edge, esciting tlK:
blade in a twisting mode. The shedd ing frequency is given by

Frequency e Srrou bal No. • now 5fl« d

Cross scct ion thickness

Tbe Slrout!sl number is the dimensionless frequency,
which rela tes the frequency of vorte.. shedding to the flow
speed and a characterist ic dimension, in thi. ca.,c lhetrailing
edge th ickness, Typica lly the Stro uhal number is
appro:<imately O.2.

on~'Il the singing can excite the hull, which causes an
intense airborne tone within thc v.......""1. Singinll is specd
dependa nt, so the tone will only appear in a o.Ic fin~'ti speed
range. However, it is possible fer there to be a numbcr c f'tone s
excitedin a numbcrofdifTerem spced ranges.

Thc rotating pressure ile M exciting the adjacent hull
r lating causes hull vibration . Th is is then re-radiated hoth
within the ship structure and into the sur munding water.

Propeller broadband noiso: is gen~Tdt~'ti by the vibratory
respoltS<: of the prope ller blades to turbulcnc<:ingesli on and
trailing edge vort ices. In extreme cases Ihis can lead to high
levels of rndiatednoise ata largc number of propellcr n.atuI<I1
frequencies simultaoeously. Unlike singing this will occur
l1Vera wide speed range, with all frequcnc ies being present at
all times . only the relative intensity changes as the ~reed

Acoustie5 Auslralia

changes, The broadband excitatio n can also be transmitt ed
along the shan and inlo the hull, eausin~ the hull 10 respond
and radiate noise at its nalural frequencies.

6. IIYDROI)YNAMIC FLOW NOISE
The flow over the complete hull of the vesse l and its
underwllter fin ingi gi>'cs rise tonoise:, .. hich can be divided
into two types; boundary layer turbulence; and large scale
irrcg ularities of flow.

For a body moving thmllgh a lluid, the region close to the
body is knov."Ilas the bounda ry layer. II is re l ati ~e ly thin and
well defi ned. It is usually a reginn of high turbulence; th.:
turbule nt eddies causing noise either din: ctly from pressur e
fluctuancns or indirectly through the vibrations excite d in the
hull plat ing. The boundary layer over the sonar dome is the
most important self-nois e source.

Other importan t noise sources associated with now around
a vessel are:cavitatiun from items such as sonar domes, shaft
brackets, stabilisers etc: and wakes anti vortices which are
shed from appendagcs, particul arly those whose shape
approximates a hydrofoil at incidcl>Ce to the flow. Thc
associat ed pressure fluctuations can be detected diTCCtly and
may also excite penelviheetions

7, XOISE IS PIPlm U RK
The flow of liquid in pipe work can be a significan t soerce of
noise. Vibration is Inmsm ined throughr ipe walls and so care
must be taken 10 isolate pipes and fittmg5 from the main
slTUctUTt. Pressure pulsations are producedby the pumping
element of the pwn p and trans mitted through the suction and
discharge lincs .

Cavitation in pipe systems occurs where a flow restrict ion
increasestbe flow n locity al lhe expocn.eof staticpressuTe. If
the static pressure falls below the vapour pressure, bullbles
form and these later implode in downstream regions with low
velocil)'. lYri cal sources of cavitation are partially closed
valves, ori fice pla tes, rap id cllanges of direction and low
SUC!lon preSSureS

8, TR ANSI\-1JSSrON PAT H EFfo'ECT S

The effects of the transmission alonll different paths are
expressed in terms of transfer functions that rclate input at the
source locat ion tnthc outrut leve l satthe~iver location .

There is usually more than one transmission pat h for each
source; the available paths depend upon tile Iocatioo ofthe
rece iver and the type of the nmse o rime resc

The transmiss ion path.. for unde",, ·ater radiated noise:may
be div;ded inlO th~ broad categories,dq>endant upon the

medium of transmissi on; airborne , seructurcbor nc and
nuidbome . Figure 6 shows the main sound transmi ssion paths
for a resiliently mounted di"''!lCl eng ine and figun; 7 givtll a
simpliil cd block diagram of thcse paths. Paths 1. 4 and 5 may
be considered strcctureboree. path 3 is probably best
described as nu idbome, while path 2 is airboTTlC

Radiated noise fro m sea-connected pumrs can be
!f;Immilted via ,," ter paths inside tlK: sea-connected pump
piping. Also, noise that is generated outside the ship, such as
propelle r cavitat ion nois e, fo llows a waterbo rne noise
transmission path from source 10 recc ivCT.
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F;gure6.Soooll4~palh.fDf.lnOlit'rlllylllOWlled

dicxlc::npnr lafln (311

For S(WI¥ sclfnoow . !he l'ypn of 001": lJWWniss:ion JWhs
are simibr !(l~ forradlaled noi~,I~, onc:ejq!he

...au:r, me, p"tMforllOa&r sdfnot1le leid lO me, sonar~('ftlS

and noll me, far fl~ld as for ooakd ooiw . Some SOUl'l:e'Sof
w lmoiw, sudI • • f100w noise at the sonar , do noll radial(' ;nlO

lhef... r~ld In addltion lO lhellvce paths ~, it is

sorndimn MCnS&I)' 10 cons ider on ly SlrUCturdlomo: noi:IC:
that enters 1MSOlW SoellIOO u vibral iort iDducedseIOO SC'.

\\ 'bm dralllll wutl tnMmi:Won p.lM iI Q -wly rnm:
ronvmient 10 divllk Ibcm up into ~kmcn~ tha COIl5 iS{of
~idlcr lranSITlission w,thin one nJediUITI or the tr.mlrn ission of
noise from o~ mNlUITI 10 llIlOltw.l . Wilh lhis approad t,
lI1IIIsftrfunctioos forlran>TJI issJon in a l ingl~rnedium (cgair.

water. ship 5UUI.'lure)nn be clIIIlbined with trall!lfc:rfunctions
lhaIdo:scri.belhelnllsfcro(notsefrom~rnediumloanoll>cr

(cg a.ir:b ull or hlllVwater) to constlUCf uatn fer l1n:tions for
!be tran smissioll of noi:IC: from ~UlU to te'CC'i\u.

In Figln 8 $OllIC' broad OUlhncsfor conlrol rncuurn for
each patharc-given.

9. XOISE C()~TR() L

,,"oise «>nlrol pro,,;edurn may be divided inlo IWOca tegori es;
reduct ion of noioe at the 5OUTC~ and m1uetioo of noise

uan smission by lhe diff~=u paths . Ge nerally s~ak ing

reduction at t~ 1OlITCC' is the preferred ~Iulion since il wi ll
have theleast r isk, ....iIl cause lhe leasl impa<..1 0n ", -.:rall ' Q o.C'l
design and wi ll nonna lly minim ize fulurc-ma;nleniltlce of an)"
noise redu ction sys tem. fu r noise sourc es rhal transmit direc t
10 the sea (L'll lluw rl<lise) Ihis is the onl y <Il"'lion.

Ifreducli<lll al the source is lIul possible or is insufficien t
10 achieve the ~uiml resull$ lhen no lW reduction treatm ents
10 the tnnr.mbl. ion palh IIC'Cd 10 be wnsidercd. As a broad
guide the following mcasum; are' most likel y 10 achiew a
reduetion in ndialednoise ~ls : fitling noise rcduction

propc llcn ; el iminat ion of propelle r sing ing; design for
minimum blade rate ooise; resilient mOW1ling of mach;~ry
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Flpe 7. Slmpllrlll'dbkrl.~ ~SOUI'Id """"'"

palhsinF"~6(aflerl} l ~

and pipe J)'Sterna; Sood wa l ing dC1Lign; design Ind
manufacture of all malChincry- for minimwn vibntJon and
optimlDl babn<;e ; and artentioo to hull smoothneM and desipt
of undcrw.alcr fillinp

9.1 S oiw Pa lls C_l.... "'Iu s.....

The folbo. 'ing factors should be ~idered in tho:m.lud ioa of
~nroisetnnsmission:

PW;e,machinery systems 011common. " lid fIlIb..ba.«n or
rafu. ....tlidI art resiliently moo.ned

Design mactune fOWldalions 10 muimin- me, impcCmce
mismatcb befweflI the found ali_ and lhe rcsiliml_ M,
Avoid cantikvn or shelf fOlllllbl iona si~C' IT1OIIJf:III$II-.:

rcadi ly c~ediTM:o bending ...... es
The impedant:t of lh~ i~lal ion moon lS should be much
I.."" tbaJl lhe impNanc C'S of both the machinery l11O\IIlting
potntandlhefoUl"Lllio n
Resilienl roounu should be localed al nodal poinu in tht
macltinc operat ional deflection ohape ,

Th ere shou ld be 110 rigid slruc tural pa lhs betwee n
moun ted mac!unery and the ship I lruc lu!C
Intwo 5lage tlr compound TCllil i~nlmounling sy,rC1TlSlh~

....ei ght of lh~ r4f\ .hou ld be appro~imal~ly the 51m~

...ei ghe as the rnounled machinery

The na1UTll frequcnc iC'llofthe mollnlttl nuchineinal1sill
degrees of &tcdom sho uld be wt'll bd..,w th~ lowest
mqucncy oh ignificanl exd lal ioo (b Sl han half)

Pipe s should be allached with lWO slta ight flexible
sect ions scpnralcdhy a90-d<'gtet elhow.

9.1 Airbo rn e S oi. e Conlru l

The follo....,ing faet tln shou ld beconsidered IIIthe reductio n of
airbomc no ise tr.uu.missioo:

Filling of acoustic hoods

Damring treatment appl ical ion 10 mac hine sect ions with
sign ir lCant Mldialcdnoisc



Soundal>5orplion tmIImmt 10 rornpartmcnlS eanuining

thc noisc5OWtt
Avoid airborne noioc shorb

Minimise the n\lmber of~li(K\$ in bulkheads

f it "fI'Iinn . ilencet'S in air inWr.es or other openings 10
systans .....in gahigh airbomc: noise le\'el

9 .) nuid borM :'f;oi lor Coatro l

The following faClon~Id be eons}demi in the m:luction of
f1uid~noiKtranlrni loSioo

Fini ng aoousl ic . ilellC'le!'5 OI llIl« ooic lenn inalion
Pipes dIoold be supported on millml hangen
Restrict Ihc number of ~al ,," 10 • minimum and design

" " on 10 be fully open or cjosed
\\~ or1fi(ell llR ~im:l use ca'>Cade ormultiple

orifi cet instead ofa aingleorifltt' plate

A~"Oid ailing ~.. Ives in lIIUS of low pressure

Aw.id sudden chan~ in pipe S«Iioo

A"Oidill-finiflipllkcl·andocherprt;ecuOlll inlotheflow
UK multj..lpttd pUrnp&- tomabie reduced load 10 be
mstcbedto reduced flew vclue(ty

9.4 l1ull llluiHCClntrol

Hull noiH is primal"ilycontrolled by the initial design siege;
howe\.'er, the qualily o f hull mainlrn olKe ca n have a
signi rK:alllelfcdunoveJ1lll hu lIT\(,i~ lo:veJ§.A.pect§of hull

noi~ conllUlin(lude;

Bow iha pe - elliptical pl'l.lmeslUldIlo'llleriines are preferred

So abrupt change of.hape in the vessel waterline

Uniform f1owimo pr0S'"lI en
Min imisation of appmlb¥es :weh .. bille keels, struts,

do='"
Fail"/leSlofhull li~ -wellbshould belf'Ound nlNl

I'\.1tedi§!onioorJlouldbe I H'io<b!

Align fming with flow
11\111 painl shouklbe u$l1XlOtb upoeibk

AcouIlJCIAU$tralia

9.5 Pm pt'Ut'I' lIIoiH C o. lm l

Propeller l:3'o'italion, OIKe il beginl, w ill belhc dornin~t noi 'l(

source , masking Olhe!" noise !IOUJ'(n . All JlIlIpellen will
cavitate if llUfficimtly loaded . The hil!h load may be due:10
high insu lled powt'l'. rapid incre a'ICin n:volulioos. cl'll.h ll ops
or vlol rnl IUneUvet'5. H_~, prop:r prt-.pellerdesign ...ill
a~oid caviUl ion unokr normal OJIef'lllon and rai'll: CDVl bllion

speed as high as pot.sil>le. It ia imporWlt thaI the propeller
remains in good cooJi tion. u darrul!e ...ill incrn.oc thf:
propnlsitylo ea~ible _ lmportanIoonsiderationsllR:

Optimurrt loalhng on eao.:hprupcJkr

Uniform flow inlO propell 0:r5

TlJIsbapc, and lip W1looadJng
Adl:q ....ae e'elrance betw«n IIp anoJ hull, boss . nd
bnf;kctll , t>ouanoJn.>ddc'rde

Ma.t imizing propelkr size for . ll" i~ rnthN"

Sdedim ofblade 5edi on anoJ pltdl mil ,"amber variations

IOdelaytbe~ of '"avtllllioo

Opl:imi~ d fKia>cy ~\"nU.\ quidnns

Propeller slnginglMlanYOOX\ll"ll_llbe"""the ca~ilatioo

iocqMion "fftd and can pmi§! O\'tt a bfDad range of .hip
spttds.Singing isUSUllIIy ~bypulling a.harpttailing

edge 00 the propcller bladea .
An ahmwive ilto male the propeller from an alloy wilb

high damping_ Unfortunately lhew alloy s ~-e Iong·tnm
mainlC1\3l"o(:C problcms

It is eumtiaJ thaI lhert is adeq....te t k ararlC'e~

propeller tips mil the hu ll Otberwi"C the stron g prnwre
''lInarions that cccw as the bbdes ra-u may t a u'C hu ll
vibration. Whilg :rvoidaoce ofthe probk-m ilobviously the

most desirable sol ulion. me problem C&D JOmdUnn be
m:luced 10 acceplabl e b-els by damplOg or iw \alinlJ the hull

p latlnlJin this region
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SEAFLOORDATA FOR OPERATIONAL
PREDICTIONS OF TRANSMISSION LOSS IN
SHALLOW OCEAN AREAS
Adrian D. Jones', Janice S. Sendt', Paul A. Clarke' and Jarrad R. Exelby'

I Defence Science and Technology Organisation
PO Box 1500, Edinburgh, SA 5111

2 Thales Underwater Systems, Australia
274 Victoria Road, Rydalmere, NSW 2116

ABSTRACT;The Maritime OperationsDivision (MOD) of DSTO is assisting the Royal Australian Navy in its assessment of a sonar
performanceprediction tool for range dependentocean environments: TESS 2, prepared by Thales Underwater Systems (IUS). This
assessment has included comparisons between acoustic transmission loss data measured by MOD at shallow ocean sites with range­
dependenttransmissionpredictionsobtainedbyIUS basedon a geophysical-basedseafloordatabase. This task has includedan assessment
of thepotentialfor an MODin-situ techniqueto infer seafloorreflectivityat shallowgrazinganglesandprovideinputto TESS2 for regions
for whichexistingholdingsof seafloorpropertiesare sparse. Examplesof comparisonsare detailed in this paper. Thispaper also reviews
the need for more detailed descriptionof the seafloorfor steep angles of incidence,and showsprogressofa MOD techniquefor inference
of seafloorpropertiessuitableforshortrangc transmissionpredictions.

1. INTRODUCTION
For maritime operations in continental shelf zones, for which
ocean depths are less than about 200 m, the detection perfor­
mance of Undersea Warfare (USW) and Anti-Surface Warfare
(ASuW) sonar systems may be highly dependent on the specu­
larreflectionofsound from the seafloor. At frequencies used for
passive sonar (up to about 500Hz),seatloorinteraction isusu­
ally significant and the local reflectivity is a critical factor. For
higher frequencies, as used by active sonar systems (2000 Hz to
8000Hzapprox.),seafloorretlectivityissignificantiftheocean
is downwardly refractive. In these circumstances for which
sonar signals impinge upon the seafloor, it is essential that the
properties of the seafloor are known, so that the acoustic trans­
mission may be modelled with accuracy and the performance of
sonar systems maybe anticipated with precision.

The TESS 2 system is in the process of being delivered to
the RAN as its standard tool for the prediction of the perfor­
mance of sonar systems for USW and ASuW applications.
TESS 2 includes databases describing generic sonar systems,
and contains an underwater component (known as "SAGE" [1]
) which includes range-dependent acoustic models, plus data­
basesdescribingtheglobaloceanenvironment,inc1udinggeo­
physical/textural/descriptive seafloor data. Theseenvironmen­
tal databases, whilst inclusive of the best available data, of
necessity contain historical information which may have limi­
tations due to the practicality of extensive surveying. As with
any estimate of sonar system performance, the accuracy of the
prediction from TESS 2 is dependent, to a critical degree, upon
the appropriateness of the input parameters. This present paper
reviews an investigation of the degree to which the predictions
of acoustic transmission within TESS 2 might benefit from
supplementation of the historical seafloordatasets with on-site
measurements. This work is a continuation of the joint
MOD/TUS work reported earlier [2, 3,4].

In support of the RAN's desire to have a state-of-the-art
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sonar performance prediction capability, MOD has on-going
programmes of research on testing acoustic transmission
models and on the acoustic properties of the seafloor in shal­
low ocean regions. Ina focussed activity which draws on this
research, MOD is engaged in the assessment of the TESS 2
system with particular reference to its use within the
Australian region. The longer-term research has provided
MOD with a considerable body of at-sea data to apply to the
assessment of the TESS 2 system, with transmission loss (TL)
for a number of sites. Further, its research of rapid sensing
techniques has enabled MOD to assess the viability of apply­
ing a unique method for in-situ determination of seafloor
specular retlectivity as an adjunct to the TESS 2 system. The
technique for in-situ determination of seafloor reflectivity is a
refined version of that reported by Jones et al [5, 6]. This
paper describes recent progress in the assessment of trans mis­
sion predictions obtained by TESS 2 for ocean sites corre­
sponding to MOD's holdings ofTL data, and presents three­
way comparisons of measured TL, TESS 2-predicted TL and
predictions of TL based on seafloor properties inferred by
MOD's rapid assessment technique. TUS Pty Australia has
been involved in these comparisons, so that it is in a position
to advise the practicality of implementing recommendations
resulting from this work.

2. SEAFLOOR MODELLING
For acoustic transmission modelling, the seafloor is regarded
as either an extension of the transmission medium, with lay­
ers of material described by appropriate acoustic properties
(e.g. Figure 1), or is treated as an impedance discontinuity and
is modelled by bottom loss or sound pressure reflection coef­
ficientand phase angle data for each angle of incidence (e.g.
Figure 2). The particular form of data required is dependent
upon the type of acoustic transmission model, and on the way
the wave equation calculations are implemented therein. In
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"i~ 2: &nom lou~. pui". angk for snnWai<'d
seafloorofFiJln I

fact, bod'!thclw: forms of Kalloor n:prescma tioo mil)' besJJov.'ll
10 be equivalent. .nd some: mood s, e.g. KRAKE~C (7),
include algori llum whk h pennit inpul 10 be provided in either
fOfTll. Whal~!he fOfTll ofinpul data.. pnld iClIlimplcmen ....
lion in an ~tional mockl wdl as TESS 2 requires a da taset

descri ptive of_noon in all rones in wh ich opmI tions an:ret­
evan t. Historical data umphng iJ or~ity limited in CXIeIlI
and dculiI, iIlId so some regions may be de!.cribedwith gt'e.lter
1MX'Ul'aC}'. wh~ otMrs are roorl y known , A min imum level
of descri ption i•••jnglc ~I o f parameters describing the

seafloor u • uniform half -space for which the rcflClCtivity is
frequcocy -indcJ!<'ndClIl. liyi nciuding dctail,suehaslhcnaturc
ofasedimcnl laycruvcrlyinga hascmelll ofaltcmalelype(se<:
Figure l), freqllelll.")' \ ariahons in reflectivity may be modelled
For Ibe example of the data shown in Figure I, the low fre­
quenc y rd lecl;vily llppftlll:imafes that of thcllhsorpt ivc base­
men! (Fi gure 2), whcrr as the hig~r lTcq UC'l"lC)' bt havKlw"
approximatesthe high rd l«tivity of lbe thinner sedimenl.

For operational lISC.a scalloor model need be only as
detai led IS i8 reqcned , For Ilenmt.l USW appliCalion8, for
shallow occans. nmlle vallles of interest are such that shallow
gra zin g anglu « 10" appro ll.) describe elTe<:tively the
compl d e scafloor behavior. As is aPP"ft'nl in Fip re 2. bul noe
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den vcd here for uke of bre vily. an appealinll opl ion is 10 limit
lhe seafloor dncripl ion 10 a linear funclion of boItom lou
with grazin g angle. However, as may also be !bown by
anal ysi s. for sho n range pred iction s (< 500 m. very
approximately). il is nttnsary to descri be either the bollom
loss and phase d.1ta er steeper angle!l of incilknce. or it is
essemial to model the slIb-bonom 115 a variat ion in propeni n
with deplh . TheSAGE data base achievn lhe: laner 10 some
degree. and the:MOD iII·,si' " inven ion technique i. ba"Cdon.
and uses, lite former appros imalion. when:u for sl'>or1-unge
pred iclions. a mulri-Iaym:d deseti plioo , 1'1 tlbtailKd by Hall
[II) for example . is MCftSllf}'.

3. ALTER.'lriAn: _' IODELU :\ G or SIiAllOW
SEAFLO OR RASED 0:\ 1.'V-SITV 11U A

As input 10 TESS 2. !US Ply Austnlia hu developed a &llao
base of_lloot'goophysica~lCltunVdelit:riplhe d»taand ha.;

applied algorithms for the infamce of rd kclive ar.;oustic
properties.The SAGE gloNl ,roacotI5tK: dauN'C has been
tkrivedfromova-eigluyindepmtkntSllUfUSinthcop:alit.
eratun:andilldlldcsscdlmencprovinccdatap;ddc:dlOares-­
OIUlion of 2 milllltCS.As rqJOf1Cd euher (2) MO D and rus
have compared n predictions.btied on the SAGE d.:atabaie•
....ith al· _ tneIloW'mletllsoflOOUSlK b"aMmission carried out
by MOD Salisbury . This .. art ,," 'as limned in ellln1t, but did
show tha I fur a hallow ocean ttgion for which the sealloot'
.. 'as .. ell sunT)'Cd pmlictions of Innmli....ion lou obtaiecd
at low~ic:s ( 125 H.i: and 500 li z) matched we ll the
ITIClISlII"Od n datafOl"boIh nngc: ·indcpcndml (alonj: -oCOl\touf')

and forranJe-dcprntknt(oo.."Il·slopc)Stluabons.lll1s~

paper !JIows how Ihis worlr; has bocn utcnded 10 show the
result of \l5ins: MOO's unique method for In\erliion of
seafloornnectiVlty [S, 6], as an ahcrna tlvt' 10the SAGE data.
to iI1w;tratethe potcntialadvantal/CofuUnl the IC(:hniquefor
rapid assessments in UDMll'Vry cd lha llow OCCll\reg)oos. In
panicular, lIti ~ pmocnl i ludy halO focussed on the abi lrty ofllt e
!-IOD in....crs ion lC(:hniquc to provide a5CI lloo rdescription
....hi.ch is appropt"iate forlheprediction o(urldcr\o.·atef 5ignal$
to long rans e in lhallowocean n s ions.

The sile disc uSKd in this paper (S ile 112 I'd [211 " 'U

within the area co....ercd by the Auslra lianContinen tal Shclf
Sedim enl Scric-s (o f the Ausl~lian Geo log ica l Survey
Or gan isat ion and us pred ece ssor, Uurta u of Mineral
Resources], for wh ich the sca lloo r dlIta ava ilable for
TE SS 2 Clli. ted au samples with 10 nautit al mi le spacing.
Sand. sill, clay and gravel percenta ges. as well u the per ­
centage carbon~ le. for ~urfiei al ecdmtent, then clllSl;ified the
data. The gcow:ou, lic propenie, installed with in the SAGE
database were dt:termin ed using a modificatiun o f the Hiot
tq ualions (91·

For dlIla gatht:red during MO D llCOlIlil ic transm ission tri­
als.lhe stluod ,pcs:dprofil~ for Sile Il2 an ..ooWTI in figure J .

and lhebathymcll'y is iho WTI ilt Figure 4. ue re, Run S COITC­
spond s wnh e directic n OOWTIthc conlinenla l slope. ....n ereas
Run 6 wn along the con.lour of the slupe. al a dept h approlli·
mated for ntotk llinll at 19S m. The 1i01ind ,;p«d data was
inferred from lcmperalure data VeTliUS tk'Jll.h obtained !Tom
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AN ISSQ -36 bathytbermograph buoys. The ocean depth data
was obtained froma30 5a: ond rcsolut iondatabasc [10].

MOD transmission loss data was obtained by deployment
of small explosive signal sourc es (SUS charges ) at interv als of
one mll.ltielll mile , with receipt of signals on ANISSQ- 57
"onobu oys for which the outpul waSli ppropriatcly attenuated.
The received data were r rocc ssed at MOD using the STAS soft­
ware [11]. This Was ach ieved by co herent determination of
rece ived signal intensity as a na rrowband FFTspectrnm, and an
incoherent su lllllultinn of intensity in the FIT bins within eac h

on.....lbird octavcband.lo arriveatone-thirdtXtave TL value s

4. TRASSMIS."iION ~1ODELLING AND DATA
Acoustic transmission was modelled at Site 1/2 using the
KRA KI:NC model [7] (run at MO D) and the TESS 2 versionof
the RAM model (12] (run at ruS) . KRAKE :-lC is a moda l

mode l capable of hand ling a seafloor supporting shear waves in
range-independent and range-dt.'('lelldmt ocean environments,
whereas RAM uses the parabolic equation (PE) method for
describingtrammissionintllnge-dcpendentoceanenvironments
withzerc shear speed in the sediment . RA.\I was run with the
scalloorsimulJlcdllS. ha lf-spaceoverlaid by a dcep scd iment

: · · ~ +-·-·+ - ·@-:~f--

~i:~frp!~l
"

Figure S: TL measured & prclkleoJ.Sile 112 Run 6 - range­
indcpcndent. 12SI Iz

_...,
Figure6; TL mea.'<lIred &. ~iete<1 SIte '2 Run to - range­
independen t, 250Hz

in whkh thl: compres.~ional s~ ioc ra>ed linearly with dep th
according 10 ana.'lSumedgradient. I( RAKfNC was t\ll\ with the
seafloorde>cribedbyatableof ' -all/C$ofllCOUSliepres..'iUJC
",fle<::tinncoeffident,andphas-e,.u .Jc1nminedbyapplicatinn
of the MOD-eB f100rinVCr.<liOl'l te<;hniqlJC: . which has been out­
linedin earl ier"ludie~ {5, 6]. The souoosp.:-ed profile data used
for modelling is as shown in Figur e 3. RAM was run using
range-d~pelllknt data, where this .. as available; KRAK ENC
wa' run a, suming roll1ge· irttklX'ndrnc e fee the along-contour
Run 6 anol range-dependent for down-oJOf";: Run S

The meas ured and model led trans mission data is shown in
Figures S through 7. ln each figure , the measured da ta is aver­

aged ov era one-thirdoctaveband fortherelevantccntre fre­
quency, and is precessed by the STAS softwa re. The TL pre.

diction s ob tained by the KRA KENC mode l have, likewis-e.
beendeterm ined phase coherently at single frequencies. and
areaveragedincohcrentl yovera on e-thi rd octav eband. tbe
same averagin g proce ss as imposed by the STAS software.
For the range-dependent down -slope Run 5, KRAKE NC was
run using the co upled mode appr oxi mation . TheRA.\I TLpre '
dictions are phas e coherent dctcrmi nationsal a single Ire­
quenc y. and hence retain the amp litudc \'ari ab ilily typ ical o f
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Fi~ 7: TL measured & predicted, Sife l/2 Run 5 - rll/1&e·
dependent, 125 Hz

shallow wa ter multi -path scenarios
The data for Site #2 Run 6 show some varia tion over the

frequency r.mge 125 Hz to 250 Hz, but generally, the TESS 2
results, and the pred ictions obtained by KRAKENC with
seafleo r reflectivi ty determinedby the MOD inversion, are all
close to the measured data, even to 26km range . In deta il, at
125 Hz (Figure 5) the TL resultin g from the TESS 2 predict ion
is slightly lo.....er than from the KRA KEf-;C predict ion - J='"
swna bly a result of the elfcetive differenc<:: jn ses flco r reflcc­
tivity , At2S0 Hz, in Figure 6, the TESS 2 data appears to under
pred ict the measure ment sl ightl y. .....here as al 12S li z
(figure 5), the KRAKE?\C data ba sed on the MOD sea flOOl"
inversion over-predicts. CNerall, both the TESS 2 result and the
prediction ofTL based on tbe MO D inversion arc quile close to
measurements for both frequencies and all range values shown
The good result from TESS 2 mig ht be expected. as the
seafloor knowledge for the site is extensive. The good agree ­
ment with the inverted seafloorref lectivity docs sugge-t lhal
the MOD technique is viable for unsurveyed sites

For the range-dependent Site #2 Run 5, the RAM mode l
predictions from TESS 2 are close to lite measured data, as arc
the KRAKENC data which are based on the MOD seafloor
inversion. As for the Site #2 Run 6 predicnons er 125 Hz, Ihe
TESS 2 TL data are slighlly less than the KRAKENC dala , pas.
sibly a result of differences in the effectiveseafloorreflectivi­
ty implicit in the model input data. This issue is under present
investigation.

5. SIMULATEDA.~NEALING INVERSION
To characterise tnIl1smi:lSion in shallow water cnvironmen lS at
short range , descri ptions suitable for small grazing angles,
only. are not sufficient as signi ficant components of the
rcce ivedsignaIarrivevia st«panglcs o f incidence.Itis lhen
neccssary tohavea geoacousl ic model wbichis represe ma rive
of the layered na ture of the local seafloor. The method
developed at MOD by lI all (8) uses received signaI Ver5US
ra nge data across several oclave s to invertgeoacoustic
para meters (compr essional an d shear wave spee ds,
compression al and shear wave allenua tions, density) for
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FigureS: TL measured& predicted, sealloor model inverted
Uling $;nlulaloo ~nnealing, 251 H~

seveml layer $ ofltUlterial, plus layer Ihickncas, and an
underlying basement.

For applicanon 10 a sound rangc site. for which ocean depth
is 47 metres. the signal from a projcc tor at 20 m depth Wll5

rccei veda ltheseafloor, forlOna lfrequencicsofS3,63 ,125an,j
251 Hz.for horizontal ranges out to 400 m. Headwavedata
from earlier airgun tests were firs t used to estimale ba.~emcnl

compressional wave speed (6100 mil) and basemenl depth
The received CW signal data were then inverted to obtain
remaining parame!er5ofa gcoa<;:olLStic rnodcl.The inversion
algorilhm was an implemcota tion of an adapli\'e simulated
anneal ing method [13). Here, the cost function used by Hall is
the rrns of the residuals between measured and computed
values for received signal (in dB) as computed with the OASES
model (14) over the four fiequcol:i es. The pcrformanc e of the
inversion was examioed as the number of uniform layers
overlying the basemen t was set to I , 2 and 3. A booslre5uh wilh
2 seafloor layers was found to be sim ilartoa bc5Iresult with 3
layers, and was selected for subsequent modelling work. An
e~ample of the agreem ent betweenmeasured received signal
data and computed data {at 25 1 li z) iSl bown in Figure 8, wherc
compari son is also made with spherical spreading. The very
high degree of agreement highlights the necess ity of a
description of'seatloor layering for very short range predictions
ofsigna l dala. The level of fidelily ins uch!lCafloor descriptions
is nor normally justified for inclusion in pcrfonnllllce models
such as TESS 2, unless very short range ph el\Om~"llll i$ of
interes t in a perticularlocetion.

6. CONCLUSIONS
Based an the limited comparisons presenledabove,il does
appear that the 11::SS2 system provides predrcrionsof acOU5lic
transmisaioo of good accuncy for shallow ocean regions for
which high resolunon bathymetry data is available and for
which there ia a high confidence in the llCCuracy ofdaca con­
tainedwithinitsscaJ100rdatabasc.Thiabriefstudyhaaconsid­
ered low SOIIlll" frequencies. Further, it does appear from this
worl, that ifdet erminalioosofacafloor refkcri vity ...ith inopc r­
at ions are feasible using the MOD;'l-sifU tochniquc; it will be
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disl inctlyadvan13geous for lhcse data wbeselectcdasinpulW
a lIOIWperformaroce prediction tool . for sha llow watcr app lica­
tions inp<mysurveyedoueas. ~1Iy.ateclutique hasbeen

de monstraled wh i, h may ai d effective sUlWying in snme
regions for whic h shon range predictio ns are particul arly criti­

ca l, lnanyelinll.i f anlllX:ura tepredietiooofao::OlISfielransmis­

siooiswbeltChie>rcd,~ailedsoundspeed dala isrequirt-"<l
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I DlIlIufac~ill sheet fonnat w ilhgaugco

.....ging from Imm-6nun, tIIusrlUJl ing tIIi,
exlr3ordi... ryproduct a""ilable r", thefom
time 10all area. orilldusuyranging from Ail
concJjtioning to Roofi ng applicationo

Aft"" a ouc;ces:sfu l 'aunch of rM produ~t

wilhinEurope, AcoU~lccILtdisnow looking

for Agt"ntsil>ist,;butors of lhe product wilhin
Au~trali ll,willl theaimofduphcalintl P",,'en

and profitab le ma.k c" whilst iclcnlifying
ncw applicalions, For more inforrnatiOllvi. it
our "",I»;te _"'.acousl cd . ~om and ''''
conIlCIMa~Dire<:IO, Mark lngram ar
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Exper t Witness
I refert" Ken Scanoe ll's letter (vol 29(l ).
1l2 ). ami endo"", his sugges lion that AAS
mighl prepareacodcof praeticeformemben
....110may be approaclled 10 lICl as o. pcrt
....il!1C5>CS and are pert>aps ullfamiliar ....ilh
the ( , cry e~tel\<i>~) literanu-e ...hicb now
C'i .ts"" thcirrol~ andresponsibiljlies.

l am JIad10 ..-porl thai in my O\VII cu e .
/d " tmgnotto ooise e>.posurebul lOis>ues in
aM!esl05e~ and heat stress. nooeof

the Iawyen ....1Io IIave approaeiled me haV'C
CV'CI'''''J!.llC>lW" "no win _ l>Il pa)' " paymCIII
basis for my profe..sional opinion . Thii
e~perience ",la t"" to opin ions requested O',-er
apenod or"OfnC 15)'Cl'fll,andevcnincludeo
th~ ...-here my op inion has n"' been in
lupporl of tlloo party on whose behalf it was

"'<I\lC5IW
Tile queolion of PlIymenl in advall~e is.
however. a di ffi~..ll one. or alleas! has been
so in Illy e~pe,;e nce, in ~iew of Ihe
sumetimc.almo, l iml'<,...ibililyo fi ndicating
the time needed for prepara tion OTSlilllcss
the time which may bc opcndi n coul1. When
ftntcli:alingwillll~f", ....h"", lhave
IIoC\'CfPfCVioUJIyprD"idcdopiniOll, I have
indi ~alcd t lle t lmc haliCd consultancy fee rate

it i. usual for me 10 charge and subinit
oceounlSaccord ingly. U"-"'lly 1I0000'CVeT tbe
reel for al'!'Carm c<:s are gaveIIlN by lho
practic<:or tllc court ro nccrned and 1 thinl il
WIlLkelytltatmy arnngement r",ad\-ance
paymenl is po.. ible.

NCV'C<Ihel"", I ag reoe with Ken that il would
be o.Ulkntlrlbe AAS canincJeoedPfO"'icle a
Code 10 whieh members ~ao refet as binding
on thnn . ~ membe.. of a professional
socier)l. in assim ntt tile prtlJ'Cfclcci, iOll in
any legal proeeedin gs

e;.,,,,/d Cole~ (MMS, FA/Off)

F.xpert wit ness Reply
1 W<luld like to thank Genl dColCllfor this
reply to my leller{vo12<J(J), 1l 2) and his
support for an AAS rude nf prscl iee for I""
Expcrt WilneSl, Wlli!e lacetpllhal the rina!
fee for Mllk carriw OUI i, nearly alw"}'"
impos,i ble to prcdicl•• rcuunerh.se<Jnn .
minimum estimale<! fee "Ould \'Cry lL'Cful
The fina l payment ro uld be made I lle.the
case ioco mpleted. This wuuldremovc, or.t
lea>t minimiu. ,1I)' inhibllioD.' the expert
may feel tha t .1Ie 0' lie is under from
lUPfC'Sing:lOIaIlyfmlk opinions.

h~ Sra~IJt'IIM,uS
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Tales to Sha re about

Graeme Yates
~I .,.ily . htn

The ~llU~ for me co write • •hort art icle about Grxme that
include. some tales about 1lI11TlC or hi. achiew1l'lmtllhal are
not wiokly known. has gi\e1\ me the opportun ity 10 sincerely
th.onk the AU5lr.1lian Acoust ica l SoI:iely (or inviting me 10
acupt the rrikM~p ...-.Jed 10 Graeme _ Unfortun,mly our
four daughlcn~ . 11 0\'l:'l'VU AI the lime but Grxme's
si5lcn. hm and J'll ""Cfe pkued 10 me the opportunity 10
pin;an in<iJhl inlo Graemt ', prof~ionalli(c and dw-e in tile
recognillonof hi$eootnbuli.....lolheA~ISOC~. Tbe

thooghlful ....,. '"' oone ino,:luded lNde il a memorable
~'mlfll. Tbnkyov.

No you~. Gtannc ba4 • long bMlciaIion with the
A~Socidy. IlOIhoM:(I( you ..lloLMwhim_Uwill
~yourOllolimnDOl'ino(him. I~lhalllOlneoftbe

folb.,ing are <p.Witict. you would also anri tlul(' 10 Grxme. In
rny cyn~ ....... mando:dital ed lOS("inloebulone with \-cry
broad~that('l.1cnokd.wrjbcyund lCtence . Hchadan

inquir'i"l mind and b«.....: o f his lIW1)' npeneDCn "'-as I

~pnJbInn 'oh'Cf• •~"'ithanirK:1'edlblcnlllllberof

skill. from ..tad! many~ bend iled. Also he RrlIDt!:/Y
belic\.'edinMW;ial jw;tice .andeouJdpultheneedsofotbas.,
partic uhlrly thoM' of hi. fami ly. before hi. OlIo.... He
passionately bt'licwd in the value of pro r.-iONl as.socialiOll5
andofl1w: Deedfor rolling up yuwsl«'\ft to~ the job dooc .

Gncmc"'as me te«JIld of rrvechildml and '" "&I fOTtUlY1e
10pin an acadtnUcICbolanh ip lOPMh ModemScbool.' fact
tNit contributed 10him eompJeti ng hil weondary cdKatioo..Al
~tem Gnomlev.a'Illo voorkat P1.imari in \lobi Pnth and
bq;an sJUdying. nighl ochool ooursc in IndUSlrial Chemistry.

Marilyn )"ales l'I:«ivin~ tIwnnifio:&l~ for .·cl lowship -..r& d
posthumously to her h... lwl d li raham Yal~' from T~flY

Mo;Minn .. !he WA Div. ionChri_ DiMer. 2001
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li e:had been with lhcm for . bout e:ight monlht and I might add
we had j ust become 'gi rlfriend and boyrrie:llf,r when he wa.'
whisked away 10 wurk on the \kI.'elopmcn t or food Oavoun in
lhC'irSydnc:y labora lory, lIi slorydcmonstrdle:s thal the l1avour
be was assigned 10 dcvelop for a c:lic:nldidn 'l kno<:kCoke and
Pepsi out of the: malkel . li e: was twenly-one wben he
cornmc:ncaJ a P~K;$ degree .II L""A,j~ aRt'!"" 'e married.

When it came I " (irxmc: valuinl ' doinl II )tlUnIelf' hit
falllcrwas a wondet1U1role model. Hc was atways dcs lgTung
and building a '11.,1 range of producb made from wood and
mc:tal. TCfIairing radios, lelC"isions and motor can and
mno.Jcling the family home. Grac:rne ~Ioped an alllNde:
thiJl:allthesc thi~ happcnedinoraroW'ldthcbal;kshcd.Our

oouru.hlJlinvoh-cd1TlCbclpin&hillllltOpandspr.typalll! hll
motor sccceer and help him 6M;o ke my fofd Anglia and

Nc kyard m«hanics~ him 10 build h" 0"I "fl calhodt-ray
oscilloscope:. My memory of the:followinl undertaking "'hen
"'-C: " '"Crt: aboot '-"'Iy yean old. was that armed "ilb thr CRO
011 my~ l .... imlnlcted m thclTl)"tmcsof~inll1l

infonnarion Todclaminc: thr effm of tbe addibOlloftwin
arbw-c:nors To lhcpc:tflll'TlWlCt: totllsbrand_\'a\l.\haJl
VI\';l. Using a quiet n.d in Wanc:roofor our tnt trad. 00eme
bc:c:amcconvincedlhaltbcn"''Uadcsip;nf-.ltwrtbthcClllinc
head causing a pubkm " 'ilh Inc clrt'llia tlon of~ Ii<:
infonncd Vaulthall Ausu~ha thal ~ ' . iU a problc:m and
",'hcnhc~ al'C'J'ly tohisldtcrtrihllSbuntbMit ...as
DllIISCfISChc " "TO&C to lhc:p¥t'I"M OOfTll*IY. lus car ...... m=allcd
for modirlCations and ftom mmlOf)' thc r-c:uon~ wu lhat

thci r Tcstshad dc:It1oooMnled a probInn the:1O&.:mal mouldin l of
whal was lhen an ' illllOV&lIW' alwnl mumbc:ad.

lbcrc lOU IIC\It'I" a dull momenl being ,,'ilh Grac:mcand
lhcrearernanyltOric:s lcould relay butanothc:r"tlich stands
out 'WI.§ when ..... baclyard bor-c: c-c:ucd wor1r.inl~)'

Graemc decided he:needed 10 lnow whal was ~pminl .i~ty

plu' fed bel(M ground surface. WlIb me protestinS INI if he
pulled apan • relat iw l)' incxpc:n$ive(amen belonging 10 one
of m.- daughlc:r.. hc ........ld no:vtr putit bac.. IogCIhc:r.gain . hc
des igned a remoteconltOl firing m«hani. mand 10000-red lhe
modified ' camt'I"l.' and was able 10 doc:tc:rm inc thc: level oflbe
" ';lIc:rand ...flal IOo... happcn inglOthcc1apwtvc. Didheputlhc
camera bae:" logdhc:r again? Of~ not. he had new
challCllges faTlIIOrec>;cil ing lbana._mhlingacarncr;s

Whe ther il was building hi~ own colour IInalYlC'r for
develop ing colour photographs, laying the last hrick in lhe
garage he des igned and builtjust h" ul'l before stepping on the
pla ne 10 tal e up a resea reh post in England, deve loping a
comp uler ccntrclkd ~)'~lem long be fore an)' comme rcial
produc ts wcre available for our huddi nll violinist da ughters 10
learn pitc h and timi ng when prac ti.i ng. O raeme was creat ing
a new challenge. li e has provided our family Wilh endless
slori cst op assonto future gcner alions abo ula manwtlll cllUrd
co mbine a meorcueal gras p of knowledge wit h in;;rc<lible
lec hnical . kill . 10 a1w:l.ys come up wilh imaginat ive and
cnterpri .i ngsolulionstoncryday problnn~ . The r-c:cogniliun
paid by Ihe inlernational sciennfic comm unily ,i Olcehe:dic:d
will also be added to our stories of a much loved and
respc:cted man



Undcn ta nding Active Noise
Ca ncellat ion

SpoIl Pre..i, Londoo 2001,1 621'1' , ISBN
04 IS231922 (wftoovcr)04 IS2319 14 (hard

00\I<:f~ DistribulOrDA Informat ion Scrvicc5.
M H Whitehorx Rd, ~itcham 3132,
AllSU1Ilia. lei 03 9210 71n , fu 03 11210
71gS, Price..nt AS77.1 I. hard A$200.S6

Wil!l tberapid de\-~IOfIlrn:nl of aetive noi~

control in llie past decade,thi. book isa
limd y add ilion lO the fic1d. ln tbe words of
llicautliorwoo i.a 1cadins aUlhority in the
ficld, "lhis book is inlcnded a. a rm:cUl"!lOllO
more complex books availab le on the
subject." Indecd. it i. a conci"Clexl aimcdal
p"",iding an overv iew of lhe t""hn<>I"IlY.

There are sill.chapt.... and two append ice. in
theboo!<. A bridhi.tor ical avervicw <>flhe
devdopmentofacliwnoi"" controli. gi....n
in chaple r I. In chapte, 2, phYl ical
mecha ni, m. of Ict ivc noi"" e"lIlm l"«,
ell.plained,followed by lheinlroduction o f
feedf"",,*,d and feedback oomrolsyllem.
Chapln- 3 i.f~oed on lllc bMie buildi ng

blocks of an elec-h'<><lie eont"'l 'Y"tem
dig.ta lflllc....nd variouo aigofi thmJ for
adaptive oonlrOl = described, aeoomran ied
by. good disc u..;on of prac tica l
implementation i..ue., The ne" l 1" '0
ehllr lers w mplele lhe deSCliplion o f an
actr.... noi.., c"" trol.ystcm by de~ling wi tll
eonlrol source. and"" n.. '''. Varioustypell of
~cou,ti c and vib"'tion .nurc"" and their
implcmcnt.1tion l «'lrealed in Ch.pl er 4. A
good e"f'OI'ull'of ll'fereroce erroro, error
.., nso rs and various ..,n.ing u rategie.
ind udinll vi"""l """ .. ng i. gi....n in ch. pt.".
S. A range of Icti ve no ise conllol
applicalion. isdi", msed in ehapIer 6 and
perhaps " f"'lual valueil the diiICussiooof
various scenario. wile« aP!"liea liOlls of
active ooi"" e", urn l IC1:M Ology a«'
imprac1ical.

In , r", ldlhal chanS... rapidly. i! i.roningto
provid~ ",me 1112Td~~nc... which , n:
COfl'4Ikmtnted by a liJt ofusc: ful Vrt:bsitcs
AsURL6 of web . ite5 tend to c!langequitc
frequm lly tllcoedlyl,it ilnol lW'f'risingthat
200100f lli"", li" edln: no l" nller valid even
lilough this boo!< wa., publishe<J in 200 1.
l'ertlapsl he aut llorma y c"n .ider sen ingur a
webpug c Ihat ....'nl inu.. to update and!or . dd
URLs of useful web l ite. on acli.... no~<e

control.

The boolr.is very well wrillCn with very fev.
typcos. ln" klition lOgivinll ·good covcr. ge

AcoustieSAusttalla

of the """,k in thi. f ield, lhere are numc:rou.,
example. dr.w n from the author'. own
e,pe rieT1ce.lh••'e f"undtho diseu"ion.on
pra"tic"1 imp lementalion iss ue. mosl
valuable. lbe author has suceeeded in
esplaining some comp lex w ncepts in. imple
term. without es ecs.<.ive usc <Of c" mples
rnalhem ali",. The b<>ok serv cs as In
nce llenl inlrodocli" n to a"tivenoisc COl\tml
for undc,-gradwue science and enginccring
studenlS in their final year, for postgadnalc
Sludents, engineers I nd lCou.. ie.
ronso llan1s. h is highly m:o mmended for
p/Iys>csImg iJltt ringlibran...

Jooepb.Lai

.J,,,,<p4Lai~ [),rn:fOT()f'~ A<'mLdi,,, ..nJ
Ii"""",,, U"ir"f ,he U"i,,",,,tyofNrwSoottlr
"~ I.·. at the AlISrr-aUall Defelice ~e

Ac..J.-.y. He is i".".,/wd wilh IT......"'II.

~':~':':~<ct~:'lJ/tinK til a "·ide lUng<' of

Audito ry Worlds: Sensllr)'
Analysis and Perception In
Animals and Man,
Muley 1Ot.1(Ed ilon),

Wiley, Ge rmany 2000 . 3S11pp ISBS 3
S2727S878 Distributor John WHey, 1'0 Il.o"
2083. Fort ilude Valley Be Q ld 4006, tel
1800171474. fu 07 32S2 KII23.l'riee
ASIS6.84+<O ST

n "s is an unulml and hisl"",, boo!< that
deserws a plx e onthe . helvn of ......xmies
and prof=i"nali with an inleresl,ei1her
primary or """"ndary. in companu i. e
bloacou. ties ODd the link be tween
ncurobiology . ndpcrccption in V<:rtcbrale
Ipccies. indoo ing humin.

The book i•• comfll'lldium of .<llort p.pero
Ihalanempl<IOSummari..,tl>c oulc" me " f IS
yearsoff<'search in the collaborltive
Il'sC",.,ch cenlrl: "Hcaring in Vertcbrate." of
lhe Deul oche F~hun g.,ltcmei""c haft

(OFG). Thi' Il'. earch centre wa. fonnedin
IIIS3 by already «'n <>WnN OlIff ill thc
Te<:hnic.al Un ive~ ity of Mun;';h, lhr: lud,.. ig.

~,"irni1i...... Uni""", ity ondrhe Mn .PIlDCk
Inslitute fllrPsyc hi",ry in r!>e""",,,ciry.

The book i. in facta Iq'I<lft furthe DFG thaI
.i gnal. the mding " f the ceeee and its
members took the decision 10 produoellie
Iql<>rt in tltiJ book fomL In <0 doing they
have created an aJ'l"mChabie and 1lSC1iI1
documentthaI JMs I clear reoordoflhe
remaJkablebreodt h I nd depth of lhe reselfCh
carried out durinll the lifelime of the cenm:
For the . peciali. l, the book S"""' . as a
ooovenientp,ec i• .,f thc ""rk oflheemtn:
For ihe reader who has wll ~l may he only a
pa-sing inl.'fl>st in the field, ee book is
doubly u"Cflll. t'in t ly, be<:I U!IC it is a

",leeIionof wha'the.utho~ considc' lO be

their keyr'ndingl , rallier thanbeinll a dry
andexhaustivc li" , and secondly. becausc
the ""'I bulk of the work described bas
already becn publi.hc d in more detailed fonn
in . peciali,t rcfc.......,d joumal" Tbe book th...
provide. a c" nvenicnt and crcdiblc source " f
infunn ation, with llie opportuoi ty, through
lhe puhli' hed pape," which a«' li, ted in the
bibl":'Ilraphy, to pu"'lIc . , pects of intcrest in
gtt:atc,dcpth.

l be book is divided into 9 major block.
around particul ar themes. ranging ftom the
eYOluliOllof\oUtdlralehearinll tothec-v:alua­
tiooan d«,habili...tioo o f hcaring impairmrni
in h"",,,,",. ThcTcislwealthof inleresling
daLa""theac"u.,tics.~iology,.and

l>eha. i"ural performance cf numerou s
. pecies; birdl, lila nts and balSto namca few.
Of par1icular intcKst is tho SC1:tIOn 00 acti....
m""ba nies and otcacousnc cmios;ons in
which much useful data on lltc"" proc"'.... in
man and other anim. ls are grouped togcthct.
lbi• ..,Clinn. and dIe one ll1I modcl s of the
human.uditory systcm.lsocon...m corari­
buti" n. N>«I on work "flhe remarkable
Eberhard Zwicker, ,, 110wa., the f(lunding

~:~i~ the centre and who rcgrena hly died

l>e<p,te. or pe rtl"P" beca use fIf. the
c" purgated nalUIeof tbeprest'lllarion.some
p.1fUofthi. collection will not he easy 10

d igest for the non- . peciali.t «' adc:r.
!',;O<lC'!he~s the book ", , ' .-n u genenll1y
approacliab le and eoncise record "fa uniqIoe
erai nbioJoousticalresean:hand theresearch
proje.:ts dc>o.'rihed IKSO ...idNI"Il ingthal
there will prom.bly be wnl ethi ng f<>r
C\lcryoocin thi. volurnc, Such a hook i.
un l i kely loappearSl"'in for a v~ IClllll time

[)"nR<Jt><-rl,wn

Profi~ tt...btTt>,m " " IJ4J~.:>/ rhe

Aud,'""" L.tbo,,,,...,,._ f).-PQn .....' of
Php ,,,t,,,,r. r. .. U"i .,......Il)· "f H".',r, II
Ausr,.,,/;a.

Measur emen t & Assessment of
Groundborne x etse lind
Vibra.tion
Tbt Assocl'lioDof :'</oiwC.....llin ..

6 Trap ROId, Guilden M...-den. Royston.
Herts ., SG8 OlE, UK. Fax +44 1163 8S3
2S2. hllp :l/www.a...-.c;atlon -of-noiK ­
consuhants .oo.uklindell.htm. Price 30 UK
PoundsplUl J"'"ll ge.

The amouot of 1;len ture ..... il.b le on
environmen talvibralion cl)\lldprob. blybe
coumed on one hI nd. Thi. boo!<gocs some
way t" «,. ddrn.. ing the m.llnc e. Published
by the Brit i. h Asso ci.l inn of N" i'"
Con, ultants , it g;""" practical informat i"n " n
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theelfcet.or ~lbrHion "" buildinp,and lbc

me... urement lIld asses.menl or Ihe ""flO n"
or peop le within building•. l1IeinfOl'lTl3tion
in the book g""' ''''''''''''ay lo ",,-plaininglhe
ambiguities in the Bri ti.h Stan dard OS
6472:1992 'Gui de 10 the eva lualion o f
hWlIan expos ure to ~ibralion in bU l lding~

(I III to 80 Hl l, which is often quoted in
Aumalian guidelinesanderitc ria

The Iluid.li ne, cover a wide ra nge or
~ibralioD issue• •nd ~i bution !IOurcu
HO\Oo e.e f, pllltieular .nemion ba.. been paid
lo n ilwayvibralionandgrowtdbome noi. e,
Ilf;a result of lb. nWllber of major project'l
under dev<:lopme nt in lhe U K land
Au.'<lUIial. Blasling vibnllion md motio n
.kknes.<a.w>ciatcdwith"",rykowfrcqucncy
,ibUli""~ootCO"CRdinlbcmainbudyof

lhcguKlelinocsblllall'bric llydeornbed mlhe

~:~~~;:=Iele_. Hand ·ann

TM guideline. are"'" intendcd as a layman 'a
guide to noise and v.bfahon meuuremcn ts,
but for the lI!ie by expenene ed pract lhooen
lt il~",""OI'!' rh>i' the U5tn W1n be

familiar "'; lh th!' lrdInlc:al tenrn; u..u in lhe
,~

Ke>I ~II " all _'",-"""'Jn'U/IUnl'n

S)-Jtu?y ..nd lOU' .. "'~"'''''~ of Ih~ 8r ili,h
Slandarri.< C"",,,,iItN in /9WlIr> 1991ji;t' rhe
rw ision of BS M 72.

Occupe uc nal Exposure to
l"loise: I::\-'aluatlon. Prevention
and Conlrol
o Gotller, C li n K . n d G SChm dt
(E diton)

kdtral lnSlilDte for Occ ..... lionaJ ll ca lth and
Saf Cl)'. Dol1mund 200 I, B 6p. ISSN I4 H ­
2140, ISON 3·897 01-72 1-0, A,.. i lable from
W in 'ICbalu vcrll g NW, Ou. germ eil ter_
Sm idr_Srr 74_76, DE 27Sbll Rreme... aven,
German y, www.nw__ b g.de .Price Eum I I

pln' p" ' U1ge

Thi~ boo~ wa, pllhlimt<l by thoc Gc mlan
Federall mnitutefo r OceupationalHeahhand
Safety on beha lf of lhe World Health
Organi.alion, ln Selltelllber l99 S aIlTOupuf
19 .pec i. li"'. from 16 countric . met to
discuss the: p.od u<.1ion of. <klCutrl,mt on
oc<:lIpationa l noioe, Thi , puhlication i.the
outcome 100 it i ~ intended to be both an
imroduct ion 100 a handbook . It comes in
ha. d ropy with a CD inelooing the full
doeumcnt inpdfformal

11lc:book«>mrroc-tM;Q iQa ,Wtdar d """y", i!h
c:hapfcn on tbe fundame nlab of 3Coo.sTics
and bea. in&. includi ng tlCClions on lbe
physiology and thc pathophy siologyof thc
ea •. The crileria fllf OCC:Upational oo ise

34 -V ol.30 Aprll(Z002 )Ho .1

up"surc I re " dl di sc u. sed " 'ith due
referc-r>cc10 the differing"J'PtC"'dles in some
<;OIIntriMT1>c'reital$Oa briefdioctlssionof
related iosues sucbas inf. a'iOllooand

",-
l1Ie n..t,.OU{'of cbaplers deal. with noise
SOUll:cs and thci.measurement as wcll as
audit>melry. 'fhc lasr f"" . chaptencoo.1:1" \he
a'fI'!I.~ of noisc managcmcnt prograrru; and

enginee. inllnoisc contro l. Eachofth.
cbapler< ha< good rcferen<:e lisls and in
add ition the f inal cha pte r list. genenl
Il'fe. enc e doc ument, inch.ding standa rds,
intem .l . it• • , book~ e1c

Overall this is a very co mp .eben, i' e
document which prese nts a wide range of
infonna tioo hUI with cons iderab le dep th . II
i. recommen ded as a reference for any
pracli tionen deating wilh ... y aspects of

occ:ura' ionalooi....

.4Ia.iollB~

MIl,*",BlIT8" u iJ o ...~otTlUO"","11doe
.-f000.<I;C8 Il~J VI"'",,,,,,,, Ull" "' 111_
V~;"...,.lry III N...., s....,~ It;'-I~. III I~e

.-fIISlTri/i<m lk-.fnre FtJ"y .-froJ, ..y SIte... .
~J~~i~~ce "'rh occlipariollill IIoi. e
1l1S"-'S"'~"ISIl"Jm<Jna8cm",,'f""8"l""

Measured Tones: Th e Interpl ay
of Physics and Mu sic

Institute of Physics Pubhsh ing, Bristo l and
Pbi ladclph ia, S<"cond edilion 2002 . ISBN O
7503 0762 5. Sofleover. Pri ce AS7689

tltis i,abookbya phy, iciSl -tbc autho.
reccntlyrcti. cdfrom Syd neyUni""",ity ­
but is directed specifically at mu,i ciln . and
I1legeneral public. With lhis in mind, thcre
are 00 ,ymbo lic cquatio n. and very fr:w
numbers. ~_~ dntwi np illu.. .. te the
te~l, and fragmen ts of mus ical ",ores and
in.l rum enl fi ngeri ng dil l.l ms arc used
where3f'pnJpTiate. T1>callthor" aim is lO
present Ibc ba. ie phys ics underlyi nll the
SfI1ICtIIn: ofmusie and the bebaviourof
musical insfrDmem s, us ing a histor ical
approoch,bulkcepinlll1le phy· ics d ca.and
acc urate. Dcvclopm ents areplaccd nieelyin
hist orical contex t, w ilb skete hc. o f the
eomributions of maj or figure s l ucb u
Pythagoras, Hclmholtl., Slntdiva ri, Boe hm,
andmanyOlhero

While the emph as is i, on phYSIcal
IInd<.TSlandinll,theltoryoftMde~elopmcnl

of major instrument famili...ucb aspluckcd
and bowed strinp, woodwind s, bra"" and
pe-n:us.sion is al'oouTline<!, and uer e are
dlap ten Ollthe human voice,on eleclronic
instruments and on architectu.al a<""",hc.<

11lc:wriTmg througl1oul iRdc lillblfullyc lear
and easy to read, and lhe nu , ma ll

illustnl lioo. break up 1M P"KCS and add
inle<nt . Tbe re . ref..... cumpctingboo~. thar

adopt a simi lar approach. thc ne ..",.1 being
Clw-Ies T. ylor 'a "Exp loo llJl M""ic", al..,
publi.hed bylhe lntilD1eofPby . ics-. BoIha re
e. eell en l boob. bul I think I woul d
recommend "Meas ured Toocs"uaneas ier
read "',lh m~ inlCfC'Sllng biSlorieal and
biogra phical inTerludes .

Thi . f«OOd cdihon di ffers in only minor
man en from the first . Both have an
excellent ind ex I nda partly-annotated
bibliograph y of botJl\.l at a similar levcl
Anoth er innlWlltion i. tM ffiabli shmcnlofa
web site <www mea<u' edtone• .iop.of(l>.
Thi••ite includes . imple problems, extra
explanatioo.s, and musical e,,"mp le,. G.e.T
idea'

Regrcnabl y, only a fr:w or our University
Mu. ie (kpar1menu o. Co nsc r\'31o. ium
COOf<CS includc any unit< on !he aeoustical
ba-<isof mu. ic, "" thaT graduat es ba,,, ooly
I1lefOJlllic.,ideaaboUllww their instrum cnlS
...... k.Thi.obt>ok woold proville ancxeelk nt
Moil for ....h a coursc , and I am Sure tM
studenTS would enjoy it. STDdenlS (and
teae her>!) n..lb:a \;llghadthebenefil of ....h
a wun;e r.hould cc rta inly buy thc book and
read il. 1 .1"" n:commend it wann ly 10 the
gel\Cflll rcadcr ",110 would . imply like 10
k""", mon: lhoutthesound<heor she
m,.".

NmlleF1~hcr

Nevill.. FI", ,,h..~ is " ploy,in. , -J . 1oitin8
F~II"lO' 111 ANU. Ifc "I ." has II ..,Je
baci gl'Oulld in ",,,sie and ltd. ...,ill~n
I'J I.'fl' Il..~fy Oft I/lldfrtJ l"'""",ti....

xsw
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1 7~~1
Acoustics 2002
Th~ AAS Annual Conference. Acou~t;cs

2002. will M he ld in Adelaide, N""cmbcr
13· JS. The Theme i. In.........tio" in
Aco",,1;a; md Vibration. il will JlfO"idea
fornm f"' lhe~~tation ofa "'ide ran8e of

pal"'rsinall ~lSoft\Ino;larntntalmd

applicd Aco'''lics and Vibraljon•. A~io.l

stuamonurwlcrwaletacouslics is planned ..
a slronMfq're1cnlatioo isexpcc ted in thaI
field All "" bmilled papers "'ill be peer
re~ i""",d under the coordinalion of a
sciemif ica dvj""ry panel

The Co nFerence will be he ld . t HOlel

Adelaide Intcrna"o nal in J'orlh Adelaide
near part lando . nd adj aaTI t to a pl(Mlienadc
of""fe. . lt i.within " " lking di<lallttof .
wide nOll" of . ccommodation and
enlcrtainrncn lldlninll . Tbe con"ferencc: wi ll
<tart with .lOUl' of d\e C.pri Theatre "t1 il:h i.
rid in hi<lory and mu:.ic, featuring a
gigantic orpn, ' '''' \aining . tota l of 2076
pipes, Thc " I"'n ing of tbe Con ference will be
heidonlhc Wcdncsday even ingat lhcSOUlh
Aw;tra lian Art Gallery. On Thursday nighl,
. ll conf"", ncc participllnt< will betrcated to
din"" , (Wilh "J'C'Ciai et1ten ll.inmcn t) at the
Hotel Add aide'. rc<tauranr, which o ffen
exce nen lvit:\o. 's O\lt1'loolinglht city and

""".""Informa lion, ACOIl<l'ics 2002 . [)q>amnen t o f
Mechani ca l Ena lllee n ng. Ade laide
Univers ity, SA ~OO~, AUSTRALIA
TeL +6 1 8 830 3 S469; Fu: 161 883034367;
aas2002@mecheng ade laide.edu.au,
"""wacousflCS.asn.au

W ESPAC8
In Ie,.,; than a ye llJ, 7 · ~Apnl,2oo3. 1ht

SocitIY will be hosrinl W[ SPAC1I II the
Carlton Crt:sf U= I and Conven tion Centre
in Melbourne . VICtoria. As WESPACS will
be tht on ly major inlem .tK\Nt 1 . cou-<tics
conference in Au; rrali. for a number of
years , the organizc,." tro. t lhal it will be
. trongly suppon ed bylhe loc:al. as well a,
inlemational, aoousliciano

The tbree pk l\l!J)'ioJ""Ike,." will be

o L.ny Crum from the USA will with a
di"",.." ion of a.cou<lics in the medica l field
(panicuWly bigh inlens ity ultra..,.. ic. ) and

tbe problems of~ltnology ll'arlSfer.

o Cohn Hansen from A<kl.idc Univo:nity
willp<>'C the q\lCstion "Doe" Active ~oi""

C<Kl1rol ha~.Fu!\lrc 7°

o Jnc Wolfe from lhe Univcr.iity of NSW, will
explore the imerac tion ofin fnrmalion and

Acoust lC$AUSlr.llia

OlIIer speakcn from Europe and the Asian
regKma",being invlted lo l i"" di. tingui5hcd
lectu .es and keynote papen. The;e will c"".."
• wide range of topics , indu ding building
andauditoriumacou.'l ies,induslrial, environ _
mental and transpo rl noise, with sessio ns 00

road, rail and aircra ft noise, inSfTUmcntalion.
IOUl1d quality, speech , mU3ic and psycho log­
ical and physiological 1IC0U.'ltiCs, A CQfl1mit_
~of(lVCf14 topllCOUSficia,," fromaround

AUllta iia has already .g recd 10 help <><gatti «
Ihiswry~si"" andin1e'mling t«h_

nical program

D.:adh nes·

2 August, 2002 f", Aool. ""t ••ubmi..i""

2 N<l'Itetnhcr.l ool fnr full papel'l< forlh@:
autho,."scc king full rcview

IOJanuary,2oo3for l li othe'l"'pc1" i

Rellim. lio nfortIle COllferen ce is S6S0
before 10 Janua ry. 200 3 lhen n~o. A
re<!lICcd f.., of $400 has b«n ""l for
tdditional papen; SIIbmi!kd by III<:same
author, The ~stralion f.., includcs aCOl'l'

of the C D co nt. in ing lhe co nfc.enc e
proceedings, adm ittance 10 lhc tec hnical
prog.am , opening and d os ing ceremonies,
rnorninll and aflemoo n ooffecs, lunches s nd
a ba. becu e at Emu Bntlom lincl uding
1ra,,, port ) onthtMonda)o eveninll , Sludent
f""i. S2S0 byIO Januaryand then S300
Attompanying I"' r.;on fcc i. SilO, The
ron feR:nccbanqutt onllApril",i lleo> tSSS

ptr~.

Infortn;&lion from hltpJ""ww.~Il.com

ISMA2002
ISMAl OO2, Noisc and Vibration En ginecring
Conference will be hd d in Leuven ,~lgiwn,

Scpten'ber 16-18 . 2002. Thi~ is pan of a
scquence of oo"" ' ,:slnd intcrnationa l con fer·
ences on strueturaJdynamics. lI'IOdaI analys~

and noioe .nd vilmirion ""gi n«ring, orga­
nizc-d by lhe depa rtment of Mech.nical
Enginetflng of lhe K.Uw"m.It Jll'O"idet a
well knoor<n forum for engmeers TtStarche..
and odtc. pwfc..ioo.al. active in thc fl(;ld of
tesling. l\na ly. ing and mode lling tbt vibration
and acoUlitic ch3f8Cleri<lics of mechan ica l
IY'tem,

The l.....hnic . 1 prog ram includes 2leynole
Icctum; one on la'iC scale elIpcrimentsfor
vib. alion COnlT01 and vu lncra hllity
assc:ssmcnt of bridgn and tbe 0Iber on
.utomoti~eapplicalions. Th= wil1be 10
lutorl. l lc<:1lom and abou t 3ooltduoi....l
papenschcdu lcd inl0 1 para llc11l'aCb and
onep lenary Jl"l'le. IoI:~"". A.hon""""",
on 'Moda l Anal y.;~' and a sem inar on
'Adv anced Techniq ues in Applied and
Numeric al Aoouslics' wilt . Iso be he ld.

Information from htlp:llwww isma· isaac.beI

Ocea ns 2002
The Ocu n. 2002 Coo fe. ence& EI hihi.i...,
i. bei ng held 29·)1 Oct obe . in Bilo~i•
Mi..iss ippi, Thrs rs the annualcenf ereec e
the lEEE fuanic Engill<:m ng Socic ly and
the Marinc Technology So<:icly. The
tcchni c. l se... ion. are e. pecled 10 cover
Advanced Mar ine T.....hnolog y. Marine.
Oce an and (' 0 . ...1 Engi neerin g. Marine
J>olicy, FI~,lnf"",,atiooTcchooloKY,

Oce an Modell ing, Integrated Oce an
Obse rving. Com munic. tion., Un<\erw'ale.
ACOII.ties, Non -aeon.tic Sig n. l$ .n d
Shal low Wale. Environme ntal TcchnoloKY,
Dcta iled inform alio>n ca n he obl3 ined at
WI>"W.OCEANS2002.oom.

Ultra sonics Congress 2003
The World Coni "' ''' on Ullrason ics will be
held in Paris , Sqltember 1- 10 2003. The
purpos<'Of lhis('",,~s is loprovidean

(l\'CTViewofcurrmt ~arcb in ultnsonic",

with an emp h.,is On bring ing young
rescarc bcn lo1h i. e. c itinl .... a. The~

will include: Acou' hc Micmsc opy, Acous to­
ophcs , Biomedical lJllra..on ic•• Bull<and
Sur face Aoollst ic W.ve~. High Power
Ac ollstic s. Laser Ult ra.'IOnics , NDEINDT,
Non Lincar Acou ,t ics , Numen calA cOU"tics,
Physical Acoustics, So_hem istry and
Und..... .. terAoolWiCi. "Theconf erenccw'll
W.c place in lhe Bionled ical Rtstarch Cemer
al lhc Cordtl iers of lhe Unr."tn ity Pierre &
:'>I";" Curie . At Ihi, site, locat ed in the
historical Lalin Qua rter ofParis. a OOlWenl
wa, huiltbetv,ee n 1234 and 157 1, an d
became a fanlous..,hO<lI in OOmpetilion with
the nelll"by pr~tigious So.oonne , Today, l!>e
convent' . refec tory and cloiste ' rema in
splendid "",hges of pa Sl.

f W1her infonna tion lTom
wcu2oo ) @.sfa.asso .f.
or hnp J /ww w.• fa.aso.o.f./wcu20031

7"ZConferen ce
The New Z""I~nd Aeou.liea l Sociely
('on fcrence wi!l be held 00 1"ovember21st
ami 22nd 2002 at lhe Rar tyCOIIrt MOle l,
Parnell, Auclland. New Zealand. The Ux:rne
i. · Sound in lhe Built Enviromnent" and
papers are invited on re le~ant tOJlio,
inc ludin g ' Environm en tal Sound. Room
ACOII. tiCl, So und In '1I111ion . S truc rura l
Vihrati<KI, Indu stri . 1 NoiJe Con tro l
Applica lioos. Ra il noise, elc. The Ab.ttacb
dc:adJine is .lu1y 19 1OO2,wilh .he full papen
by Oclobcr 19 FurtJle,- informa .ion from
www,aco u" iC•.org.lIZ
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Achieve the ultimate
wi th Bruel & Kjcer service
Brli el & Kjcer off ers faster and better
service than any othe r lab In Australia
• at very competitive prices!

For mora information on how your business
can save on repairs allClcalibration costs ...

Call BrOel & Kjcer's
Serv ice Centre tod ay on

02·9450 2066

HEAD Of f ICE, SERVICE AND CALI BRATIOIII CENTRE
24 ' _ ·PO Bo.1H·'_HO'.. · NSYf208ol
T (I:2-')4002OtI&·F .. 0l-lMM23~
........_~com... • •. C<><fUU
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;\IAL Colloquium
A one day co lloquium at lhe National
Acoustics Laboratory (NAL) in Sydlley on
23 Oc:lober2001IO diSl;li>.tbe Causes and
Prcvenlion of Hearing Los" Global tremk in
Industrial and Leisure noise, Interaction.,
Dcfinit ion. and Strntegies. Thi. syrnpo. ium
induded l'K""n\aliuns by DOllilldHenderson
frorn, llufTalo,NewYorkon noise standard.,
and new oppolt\lnilic< for inner earprolec.
lion, HenrikDa hlonC,enC1iep redisposition
to h<:aring loss, Ramesh Rajan 00 Proleclive
fUD<lion•. The syrnposium convenor, Eric
LePa.,'c,"(lOkeonevokcdotOa<:ouslieemis­
. ions and limitations of current te<ling pro­
cednfl'S. Narelie M. Mnrray,a lsofi'om l' AL
discussed the efTects of leisure noise and
Ross Dineen spoke on hearing aspects for
com!ruclion workets

The whole day's sessions has been video
taped and edited down to one S·oour lape
whieh is available for $35 per eopy(in d udes
GST and po'tage within AU<lralia). More
information and order ing deta ils from
hnp:ii""",",'.naJ.gov.aul

VICTORIA DlVISIOI'i
A sile visit 10 lhe INC Corporalion in
Oakleigh South was held on Mar 6, This
eompany manufactures acoustic malerials.
pressure sensilivea dllesive lapes. proteclive
barrier fabrics and automOlive soft lrim
component', A lour of thefac lOrywa, led by
Dr Mike Corrigan, John Simmons and Dr
MarekK.ieIZkowski.

The fir<t process to he observed W!lS lhal of
producing DECI-TEXiIi under licence by lhe
patented Suut o process, ln it the Iaw materi·
al,animportedpoly esttt f,bre, isext ruded to
form ba,i e 2mwidebonded fibrous sheets
ofcon lrolled thickne<s of from 6 10 43 mm,
and surface density of from 200 10 2000
gim' . The h<:at.bondednature of this mater·
ial ('with a weld every mm' ) means t...."
because of lhc re:sulting low fibre rclcuc, lhe
facloryi svirtua lly fre<:fi-omfibred uSl. This
buic malerial is thcn cut 10 size for a rangc
ofc ommcrcial products. Being difficult to
cnl, il musl hc CUI by the rolating knives of
INC's CNC fabric cutter. Unlike foams,
which arenalurally slablc, Deei.tex whcn cut
isunst:lblc mainly in the lateral direclion.bu l
can be ,tab ilized by hcinjotfaced wi'h 120
glm'shcet. llisusedasanacous\icabsorber,
au acouMic barrier matcrial at higb frequen­
de s, and for Ihcnna l insulation. In one form
or anolhcr, whethcr as tile or textile, it is

AcouslicSAuslfaiia

being used in numerous building acouslic,
and aulOmotivcapplica lions. Rccent dcvel­
opmen\sindudeCOItugatcda<:oostic panels,
cornprising COl1"ugaledperfora tcd melal pan.
e ls w,tb a thin layet of Oed'lex afE xed lo the
reverse side

Sceondly.themanufuctureofadhesivelapeS
wasdemonstrated. Thcsc.IL'uallyw ithres in
allhesives, can be single....ided, or double·
sidedaft ..-a.secood pa"'lhrougblhemachine.

Loui<Foul')'

Chan ges in DCA
The introduclion of the changes in lhe
acouslierequiremenlS in 'he Iluilding Code
ofA ustralia(OCA) forthc dividing partilions
bctween residell1ial occupancies is getting
doser . The basicc....oge is 10 increase lhe
minimwn ~uircd performance in sound
transmission loss by at least 5 unils

In February the Australian Building Codes
Iloard (ABCB) disrribuled lhe Regulalion
[)ocument/Rel\ulalory Impact Stalcmenl fRO
2002/l)2)for puhlic commenI. Thi, esIimate.
lhat lhepr oposal 10 effectively raise thc level
of sound insulation between dwellings will
add an addilional cost (10 the lOlal COllStruc·
I;OOCOSl) of l% for hon, inll and 2% for odlcr
dwelling,(wltere t100rinsnbtion in addition
to,,-. lI insulalion is required)

The documenla tion is available from
"",,,w,abcb.gov.au and follow the links 10

WhalSNew.

QL D OIlS Legisla tion
The scale used 10 measure peak noise in
Queensland is sellO change Wilh amendments
10 workplace hcallh and ""f~"'Iy laws from
February 1,2003. Division of Workplace
Health and Safcty General Maoag<'r Rob
Seljak said lhe Nalional Occupational Healdt
andSa fcly Commission changed thc Nalional
Standard for measuring pcak noise levels in
July 2000 10 implOve accuracy."Th c subse­
quenl amcndmenl ehanged lhe scale for mea·
suring peak soond pressure lcvels from an
unweigbtcd (1inear)peak sound preSSlll'\'level
lo a C.weigbted peak sound pressurelC'.'e1,"
MrS eljaksa id. Queenslandnoi s:<':regulahons
are based011 this national standard and it is
propose<lthat !he State's legislal;on be amend·
ed to rct1ectthis changc."

The amendment will take efTeel ITom
Fcbruary l ,200 3,\Oo'hichwillgiveb usmesses
that measure pe.k sound pressnre levels lime
to modifYor replacc existing equipment. ifi t
cannol currently measllIC lite C'\Oo'eighled
""",.

1C!I1Ill1
Bradford

Insulation
eeeuenee inAcouslics Award

This awardams at fost~ring and ,ewardillg
e ceaencem accustcs. Thilentlies willbe
ju(jgedondlmonstraledinnovation/fomwith­
iOilnyfield ol acoustic$.

Winners Award:M inscribed ~aque an~ pr~

to thil value 01$2,500.
FIO.lIlrl$ Award: gitt to the value 01 $250,00
each plus travelasststaoce lor presenla~on of
final submission
Who can entert Atiypfofu>:>ional, student or
law erson inl'Ot'ledorirtleresledi n arJjlarea
witllin thefieklcl aooustics

Enlriesa,e limil€d lOCne enIry per person or
grcup, Groupentliesa,e allowaillil.oollll!Vl!r, II
is importaot thatshoulda grQUp enlryliesub·
mined alll ndividualslt1alfonnl hal groupa ru
nominatedonlhe entryformwith0119princip'"
toserveasccotact, Nominalioooial l involved
willallowforequal recogniboninlt1eeventltlal
a group receive an award. Should a c'oup
entry become a finalist the principle willalso
aclas linal sullmlsslonpresenter
HDlJIcu" ent does lheba sll DlmYUlbmission
ban to be? Entries nee~ to rej)reseilla body
01work that is nooeer thanthree yearsold at
eelime of submisslon, As lhis is an award
ltlat ,ecognisesexcellenceand iooo..alionilis
important lt1al all sullmissions are
representative of up 10 date l~ h nolooy.

creo.livityand relilvancy

Whal II re"" lredfor entry?
AnentrytonnlS lobe compleledwilhalirele'
ventpal1lculal$included
Thls ubmlssionis to inc!ulle

ZOOwordexeculiIl<l Sllmmary.Thiss/tould
describe me essence 01 the entry
oullining!he mosl noteeortnypems with
a parllcular tocus on why an award of
exr::ellero;eshouldbe conSkiered

submission nogrealer lhansixA4pages.
whiCh s/tould be lo,wardOlli aseleclron'c
attachmenl to lt1eAUSlralian Acoustical
Society G~nl'al Se<;,elary watkinsdO
casflemalne.net

SelectionDllinalisle
The judging paoelwill selectup 10 5 linalists
These willbeiTMted10pnl'litlea moredelailOlli
sullmissionandawrbalpresentalion

Tlmotra...e
Enlnl!Sclose50 0 pmFliday 11 OclQber2002

Up to 5 finalists will be announeOll In
November 2002 at lt1eAustralian Acoustical
SocletyCoole'enceinAdelaide
Submisslun 01 jmansts' lull prtSentation:
Thursday20 Fllbruary2003in S\tl!ney

rresersatenotAlllardalWespa.c6,Apfil2003
In Melbou'll9

~:I=nlC:~~.:.a:DflI InlonnaHon
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\Vork Safe \VA Upda te

A new Code ofl"ractiocefor Managing NoiO<\'
aIWorl<places ...... app~foruseinDOll­

rnining ....'e<1emA u' lrI lian "'<Xkplaces on 19
March 2002. The eOOept'O\'idesp<lOClical
llu;danceforaOSCAAingandmanagmgllOlO<\'
which 1TUIy be darnaginll: ro the hearing of
peoplo i n'Mlrl<pl~5. Thecode ;sba>edOll

the 2000 edition oflhc Nalional Code hut
cu"luin.,up -toot!ate tcchnieal rcfcrcncesand
ero .... "'fe "' nee. to WA Iegislalion. It is
.""ilable on Wnrl<Safe WA's websitc at
hllJ':llwv.w.safetylinc.wa.gO\l.awpagebinleod
cwswa0222.htrn or inbar<kopy (for SJ.30
plu. Sl ",," t",ge) "" pbon;og (08) 9327 877~

The npo< ute$l andudfur pcak ooise levcl in
regulation 3 .~~ of tbe WA Oc<;upational
Safety and Hea lth Rcgub tjono will changt' to
aC-...:illlucd p<'aknoisck1.~l of l 40 dB(q

onlruly2Ot12. Thillwillbri ng WA inlo linc
wit h t~ Nationa! STandard, ..llich wa.
clun,led in2oootoadlic--e more rcliable
", ... 115.

TW<,,,,,,,, ea.c5!lld;e,,areonthe_!>site
htlp :llwww .•• fety line.wa.gO\l.• w. One i.
about II new much qu ieter pile dri" ing
Icchn i~ uc and lIIe other ahoot rcducing noisc
expos u",sina night du b and a case study on
active conlrol of fan noise will soon be
added . More ca", slUdies aIe always
_Irome.

Acoustic Shock i.< an emerging healrh issue
ofool'lCem, pan icularty lO hcadsetllW'n in
call cent.... . TberewiU~ twosc"'ion;on

Acou. tic: Shod. during WorlC ovcr'. Injury
Managcment Weck( 2(l.25 May). The ..,wi ll
includc a talk boy Do Rob Patuzzi ofUWA on
thelheory of phy$iological causcs of the
' ymplOfllJ, and . u lk bya WorIrSafc WA
inspc<;t.... dcalingwithcal lcenm:s.

Fun her informat ion from Pam Gunn at
WorIrS.fe WA,gunn@worksafe .......gOV.•UOf
ICI:(08)Q121gb69

EU Directi ve on Vibr ation

Allrccment h.. nnw bccn reached betwee n
Ihe Europcan ParliaJT>el'jl and Ibe Council of
MinisteR on thc ICxt for Ibe Vibration
Direclive. In tirnc these changes may filtCl
throu gh to Aus tral ia. The sign ifican t
amcndmcnt swhichWCJCagrccdan: '

o thcwholc-bOOyvibration dailycxpo<~

adion .-alue willbcreduced IO O.~ m/'!I'(from

O. l> mI.' in the_~ p""iti",,)

o nnsitionai perio<!sbcfore the limit "" lues
mU<tapply (staning ..t.enthcreguialionsan'
implcmcmed in 200~ ) will be 2 )'C31"S for ncw

equipment, 5 years for cxi"'ing equipment
and 9 years f.... existing equipment in
a,lricullUR:andforestJy.

3a · VoI.3 0 Apnl( 2002) No. 1

The eommun position daily exPOSllIe action
value.nd limit va.l..., for band-ann vibration

rcmlillt .1 2.~ ml o' &nd S.O.... '!I'respcc"livcly.

A full copyof thcComrnon Position tn l can
bc foundonllttp:lleuro pa .eu .int:cu r---klr.
lpri,lm'oj/dali200 l/cJ Ol k ..301200 11026cn
OOOIOOI 3.pdf

Noise Ne tes on Lin e

Thi. puhlicatinn. from Multi Scie nce
P\lbh. hlOg, I'r\W;des an updale on noisc
n:1. tc<Ii""e. in Il k , Europc and around the
world. It is now ..ai lab le on -line for
pcf1lOnal 'UhSCribersBtthc rnle of LlC£39 per

Informat ion Multi Scicnc e Publishing.

mscicoce("~gIobaJ""1. 00.uk

SI. ndard.<; AU'In I.. Comn llttcc AV-l)(l] has
rece nlly I"'blishe d ASfNZS 1270:200 2
Aroushc . _ lkaring1'rofectors lllatindudc-s
new physical te. 1 requirements Thi,
Standard 'NllSconsidcred by thc Committe<:
a•• c"mpr"mio;c between thc US Bnd
!'uro pcan . ppruac!.". IO he.ri ngprolccl;on
ASlNZS 1270 :2002 supcr'ledes ASINZ S
1210:1'I'IQ.

AV·003i 'l>OWlCYiewinglhefOl1t part. cf thc
n;c 6/.If>4~ Audiometers series . Tbe
Tllcnpeu lle Gouds Associalion b.. ", kcd
SAllOcxpediIC this "";elI aOOpcion d",,1O
CIlrmlt Aw;tra lian lcgislatKtn bcing dcbalcd
in tbe House: of Rep rescnlat i><cs . The
adopnon ofthe Slan<!aroh i. schcduled fOJ
mi~ycar2002,

DuclOthc incrcasinll:cmbraceofwind~

IS . rct1CWlIble encrgy b)' Auwa ha.a ntW

Cummi~ is =nlly being formed wilhin
Slandardl Aw.-tralia Tbe new Committee
objeotive ....illbe loptoduce . mClhndology
for Ihe mca' W'ClDOnt of noi.e produced from
wind fann . IEC 1>1400- 11 ' Wind turbine
1lCIII.'f3tor.y.tems - Part II:Ac oustics no isc
mea.u rement tcchniques ', will be ro nsidercd
by thc Cumm ittce for pn>sible adoplion

Co mmittee AV..()()4 Acoustics _
ArchitCCluralis eurrcnlty planning lo publish
ASUSJ. I MC1hndof ficld mea.sl1remCllt of
the redu.criotlof litbomc soundinsulation of
buildingelemcots..-bich is plaN>cdlObepan
one u f • fi~ plIOn . eries fOf field
~ta.Most ofSlllDdardsinthis

ncwlCricslflt~ to adoptillD5 on the

upcominll lSO 140llClics AS 2253.1 will
tqllacc AS 22H I979

Commjlt~ AV·004 is also plann ing 10
puhli.h AS 1191 Methnd.s of Laboratory
mealOurernen t of ai rborne insula' ion of
building cleme nt. . At prese nt. both
standards arc schcduled for l"' h1ishing b)'
mid·yar, on that tbe Australian Bwldinll
Codcsfloard tlll)' coo. idcrtheStandardsfOJ
inolusion in theirproposalto changethc
5OUnd insul. tion provis;on . ofthe Building
Codc of Auslralia.

EV..oIO Acoulltio. _ Communily Noise: bas
rcccmly complcted the rev ision of AS
2377:19MO Mcthuds fur the measurcmcnlof
airbom c soued fn,m railbound ~dl icles. The
puhli. hcd Slandard ,hnu ld be availahle for
purchasinit by May 21102. l>uc10 proceeding
being undcrtakcnbyNSW EPAfOfBn cw r. il
ooisepohcy,theproposcd ncw S""' dard
Acou. tie . - R.i1way noi.e inl. usion _
Build,ng "t,ng and coo>truotinnhasbeen
pl;>«d 011hold by lbe Com minee.

lSOlTC 43ISC I Noise and ISO'fC 4] ISC2
Build", g Acousl iu rnccltnll' bav. been
schcduled fortbe cnd of May in Paris.

For i"'lu itn .bo ut the .hove' . ct,v ilie.
con tact Suza nne Wellham at StaMatds
Austr.li a on 02 n06 6lI21 Of al
SUlan"". wclllla~~.oom.• u

Envtru nmeatalLabeulng
Standardl.A\L..craliahas lnnotlOCCdthal ilhas
nu involvemen t with a body called lhe
Au"..lia n En~ itunmc ntlll Labelli ng
Associatioo (AELA)whicll is propo, ing 10
in "" a lICIiC!lof 'vo luntary enviro nmental
label ling standa rds' . Standards AuslJalia
bo lds the secre turi. t of the ISO
•.,bcommittee on en~ironmcnlal Illbclling
and lias issu ed. handbook and other
.. ....dald . in this . re. uf environmental
labelling.

Voice res ponse syste ms
Standartls A<>sInha comm ittee !Till lias
been revi.,n g AS ~21>2- 1'197 .....iell deal.
with Interactive Voice Rc.ponllC (lV Rj
systcm•. Many of the"" cau"" grc l t
frustration wbcn lhey . re thc:primory mcan.
of commun ical ion wilh gO\lemment and
busine.. es. Ncwcllu"",.inlhcSlandard wili
dcalw ith . latcmcnt ptu-a.,,-ing,fccdback, erro r
m~ .nd i n l(,nnl t i on on howto reach a

rca lpcraun. Thc commjttee 's next task will
be ooruo.idl.'f add ing requirement. for IVR
. yslent. whcre llle u", input i. by mean.sof
spccchn:cognition.

TASAprlI2002

Acous~cs Auslralia



7AS7S
Tbe Pte sidentof lhe Fttkrati<>l\ofA .., tra lian

Scientific and Te<:hnnlollical Soci' tic.
( FASTS), Prof Chris Fells ind uded
eo nunen ls on the fnllo>Wing i. <tlcs in his
rC«ntrcpontoilOC;et~s:

Research Pr iority Sclt in~

l ~ wrinen to tJw:M ,n;>lCf to n~

concerns about the ruent ly·..nnounccd
mearc hpriority areao.,and mct wi' h Scio:nce
Miniot ... ~er McGauran lo dilll;"-<S ways
that fASTS and lite: workinl( science
com munity cou ld cont ribute to the
devdop ment of nation al p, io rity .rens
Whi le E~STS has (Om i' lem ly IUppo Mc-.:!the
idcntificationof nalion.algo"l. . ....~Il ..
...".,.<kIt Teeof prioriti"'lionofth.:""",,,,,,h
effort towa rds lllC<'ting tho""l!-oal oo
hl"-en-servationsabou.the l Y""'m it wu
antKluncNOu>- COJ'ICl:rnsfall inh>five l1\'a..
process. target, quantum. plurality, and
roordi nation

Inoor"'~. BiIlCliDlon's5C1en« .dv,,,,r f)r

Neat Lane!lad It ri~hl "hen Il<'.ldfr:>o-t the
N.li<>naI P~ CI~ ln O;;lObe;r~. Whe n
","ked 1ww All.lrati. should priorili", ;'"
IC": l l'I:h.he ", sponded : " How do yo u l<nnw
whal to invc~l in1 YO\lslill can' t do better
lhan ben ing on the very best peopl e with the

""'Y bes1 idcas ."

"S cience Meets Pa rliamen t"
Ua)' 2002
I uptC1 th,swill be on NoI"ember 12·1) ,
1001. Thi.uniqueC'"eT!loffersa'ipeCial
op port unity (Of worlciog :scienti ",. from
AcI'Oll.JA",tralia tomaketbecasc(or sc,ence
and tcch nolog y direc tly to Ihe ir
rq>re", ntal i"" . in Parl iamc"11t, While the
fundin~ initiat ives announced in "Backi ng
Au,n alia' . Ab ili'Y" in lan uary la<l year "'ITe
a "",Itorne . Iep. A\l., tralia is ,till OIllof .. ""
withotherrompar:obletounrne. intenmof
our N tional illYel>lmenti n S&T.

Worldn~ \ \ 1th Department s
J led a tnmo f FAS TS' Exe<:U1i", men>henl in

rntffingw'th ol'ru:e....fromthc:new ly·formed
De partme nl o( Iiducation, Sc ience and

Training. lt """" a producti ""di>cu", ion (>1\
our~spective prinritiei andan exploration of

ma llers wbet-e " "e ca n c, mtrib ute 10 each
olhd sefforlS. WedisclIOM'dmattCT>suchas
thc Prim e MiniJte~. Science Co unci l; the
Forum \to'l: I'f'.'I".'SC ho ldi ng al tile Natio nal
f'reloS Club io mid ."..... ; thc di,,;s io n of
~ibilitie.betwemthelWO Minisren

with rnponsibilily for s<:ience; triennium
fund iog fortllegllV<:TT1mC1ll'(Wldr:dstience

Acilusti&sAustralll

agenc ies ; the possi bi lity of ,,",-"ing another
lirndinll l'Ound for Major l"a1ional Rescarch
Facihtie s; and the SCkct lon rou nd for l\CW
C RC. in May.

The Pr ime ;\1inistcr' s Science,
Engin eer ing And Inno vation
Council
The Stand ing Committee ( the sc ientisl
membe rs of PMSEl Cj mer on March g
TM<e ....,."in g. it:I the agmda for the full
COWICil mceri np wllith Itle Prime Minl.. er
and IDD5Iofhis Cabi llC1oonea gues anend .
Theagendahal ~l lo beapproved bylhe

Prime Minister, but lhe draft fot l1<e< on
oa tura lresourcein UC$, ThelirllCommlttee
chairedby lhe Prim e Minister meets 011 May
17. T his i. becoming an increa singly
importa nt committee in tcrms of sett ing
nat ional agendas

The FASTS' Policy Docum ent
The Policy Com mittee cha ired by Ken
Baldwin w;1I be hand hng the dnfling
process. and al l Member Societies will be
illilitedIOtootmrnl on dralldoeurnents,The
1001 do<;ument wi ll hn'e more gnph. and
dlagnms,andrelleclcbanj!:ellinlhc:ocience
po licy sce ne wi th the announce mcnt of
" Racking Austra l ia's Ahility " and the
injec tion of the ALP'. Knowled~e Nation
proposa l,

M«lings With Ministers
In re«1'I t months 1 ha~e met with SCiel1«'
Mini'le' Pelcr MtGauran ; Educa l ion ,
SCience and Tra;n;ng M,ni..... B~odan

Nelso n; Shadow Sticm't' and RCS<'ar ch
Mini .1n Senator Kim Can; and Senator
Nalas ha S too Des pojaas SC;encespol e.per·
5DllforthcDem.......alloearlyinM""'h. 1M..,
forma l rnect inp an: conlplemcnttd by more
fr.quenl informa l contacls betweco our
nfficc. , and by phOllC to nversa tinn.s

KI NGDOM
SllnaIS la r \1 bra l;oa IIlSlrumuts

Kin ll:oom Ply Ltd annou nced that , in
torojuoct ;on .. ith Data Physica Corp, it had

rclc.as<:dal>CW1ineofoomp<lterrontrolled
permanent mag ne t and elect ro magne tic

vibnlto l'Sprov iding 23 new shal ers with S inc

fOll'eVibration ratings offromS,9 N(1 1b.<)
peal<10 3~.~8 I<N (8000 Ills) peak & beyond ,

DataPhy sic. SignalStar S ha lo.en arc bu ilt of

modern mal eria ls uSIng "" le of tile art
manuflCluring~. Sma llshdcn

ulil ilCf'CT1l'3""tltmagner: field'landrlamped

g!aq fiber flu urellU , pomsiOllS. Larger""i'"

empl oy a field electromagnet and roller ·
llUidedela.. orneric suspension•. Au tomal ie
pneumatic load · levc ling is a staru1anl feature
of largushal<cn. perm illingthelirll .ln1le

"'p"hilily of lhe m. chine to be used with
heavy lest objects. S igoa IS.... arm atu re
stTUCturc.a~f.brieated from magncsiumfo.

s uperior uial.tiffncss and minimwn mD\fing
man . Shaku tru nnions are available for
vcrtia l,harizon1.ala ndinclioedoperatioo

n.e.........rA m plifler line provi ded to dri vc:
the Vlbralon include 10 mode ls ra tt<! from
6O VAup I070JIOO VA . Thcy are~in

m05l casn wilh a ,-ariable supply up to a 280
V mai ns supply and are prov ided wit h
Elccrron ic Cenkri ng in SOme c.bC~ All
amp lifiers are ai r-<:onled and in tcrlocl<ed to
inlellra l protec tive shalu sensors for safc
and silllple operat ion

SignalStar Slip Tl blr . simplify horizon tal
axisle" s TllbIe. are offered wi tb sl;p plate
mouDling IlUrfac es from 300mm 1 300m m
(12" 1 11", up to 100000m 1 lOOOmm (3 9" a
39"). "Thct-earc1H shptablcsavaJ.lablernt lre

faDl!epl'O"idin l four lypn of oonstnlC1ion
including Minit-e (Rand alone ) with guide
or hydroolaht bearin p and Monobase wi tll
guideandhydrostaticbeanngs;

Tbe 50 Hn dhpa " d. n avai labl.are bol h
of rou nd and sq uare r" nn with h:llf of tbem
prov id ing Vibrodampi oS. Roun d head
e>:pan<!ers an: avaUable a. 1SO mmdiame ter
for 120 mm dian>elersartnarureS and up 10

1000 nun diameter for 330 mm armatures
Sql.lllfebeadearandenare:r."ail.bleas3oo
nun"luaref.....210 nvn di.omerers Armanun
=':t~': 1000 mm &quare (or 330 mm

S ignalSta< li n d El lu den si mp lify
co mbined thermaL/vibr alion tctting. Th.
eltend. ri. uscdlGpel1e!rate thetest
chamber . These can be ptovided with a
coru[ldflio n th<rlllalbarrier topro1cctthe
, haker from cha mbe r h,'a t

Signa lStar Io~d "" ar loK plalfa rm. pr ovide
extern al suppor l of heavy objects and
increased load Iable surface. Th<::oc systtmS
areidtalfor modest·~lvc:nica.l e.u:il3tion

of hea vy obj l'Cls .....g roups o f flledil<ms.

At<lus tic A na t, su sa ' '''are

A newvers ion o ( Data Physica Vlbra tiooand
Acoust ic Analyse r inc ludes signifi cant
ehaogcsandenhaoccrru:lIlS, llincludc .
ACE, Mobi lyzcr ""d DI'61 0VX I. The rrcw
fca lure.include ·

Nctwo rk Monitoring Lice nse (M oni tnring )
wh ich all~ remote u.enlf>",,>nilora

ctlTl't"ntlyruon ing ana l)'7C'T overI oc1'Mrt

Qua lity Contr"l (QC) pack ag e wllic "
measures and evaluales prod""l qua lity
ba!led on acous , ic . vibral i"o or other
cbaracteri stiC$
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So und Qua lity . loudness (50) t1'I<JIJute
which offeJ'!l Zwicker loudnes s and other
oound qual ity metrics in rcahimc

Human Body Weig~ting is a m.......urement
which aw1ies to a ll fre<jue ncy domai n
meuuremet1lS and includes a display
functio n to apply tundlmn ~ill:hling or
whole 00dy weighling.

Informat;on K;ngoom PtyL td 02 9'17S 12J2

DAVID SON
.\ Ucron .... -. TfChnol..t;I..

[).vidSOTl Mea.un:men' now~ lhe

Microflown T<"Chnolvgi" producl lll11~ , In
place of lhe pressure micro phone thcse
ulili'iC an "aooust ie ampere melcr ". The
following me;asurements. O"CTtile flInge 20­
2OkHz, . re relali'cly easilyperf01111C<l:3D
lIOUJId interuity.31l IOtlnd powCT.30llOllnd
energy . 3D acous tic impcdaoce. 30 """iclc
w locity and sound ."..,o<ure

Thn:e Mieron<JW1lS ond one miniatun:m i~TO­

phone are used in "" ulrram ini.tu n: lIOUJId
intensi ty probe. jUSl S~xSmm. Wilh lhc h>.lf
inch PUPP Y ..,., nd intensity probe . brood
baTl<lmc"""remcnt ispetfOffllCd.t~llIld

t!>r:ehanging of $p&Cers and recl libnl tiull is
no longertcquired. Ikcalt'e the dimen>ions
uf lhis probc "", .imi lar 10 a lullf . iru;h pres·
suremit'Tllphonc. all s1andard mounting. and
wind<bidd. can be use<L ['bta acquisilioo
eanbedoncwiththe_oh'lOOndeardoh
""""",alcu mputCTandMatla bbaoed",flware
is availahle . Thc gcnCTal purpos.: ICMIJ par­
ticlc velocity probe is designcd a. I gc""raI ­
purpose pmicle velocity micropho"", All
kinds of specis li.;ed Micro flowm c.n be_00......
Infonna ti"" : tR.id"",, leI 03 \1S1lO 4366,
infll(ii)dao.idsun.com.1U,www.doMdsun. com.au

A RL
Dif:ital ~ aJH Analy..r.

Acoust ic Rc<cat eh Labota torics IIIlnoUntt
the n:l. at.e of lIle NCIO OiJital Noi~

Analy"'" from Cones Insuum. nts in
Germany .

1lIe """dard pacbge has hardware which
inci00cs 2 channc i dispiay on a iarj e display
~tnd I Gilofrnert'lOfY ~ity. The

standard ",ftware"'PP!iedenablcsth~NCIO

to disp lay SPL,Ocfa""k l"irdOCl3,~dala

and to perfo rm FFranalysi. and data can be
downlo. dctl to a PC. It can accept inputs
from a var i. ty o f sources inc lud ing
microphon. .. OAT record." and ICP
accelcrometen. Ac.:tUOricsirw::lude5pCCiai
m icropho.... and ea ltbro l...... intcn.ity
probes, bu, lding~lO;$ lICCC..ories.post
pl'<>C<:s. ing , ollware - and tn<>ll:

Information: A<::tQ;ljc Resean::h 1.abornIories.
Td 029484O!lOO. www.acuu.licl.e.....n:h.com..ou
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BRCEL & KJA:R

BrUcI&Kj<tr has entcrcd into an agrecrn<:nt
to becom~ worldwide ""Ie distri hutor of
O DEON. a prof.ssional pr~-d;"l i"n ",tlware
toolforindooracouslicsdc\'Clnpcdat OTIJ,
the Techn ical L:ni\'C1"SityorDcnmarL The
DDEON proj<"C1 "'11. foo ndrd with the
purpose ofp1O\lidi nlo\ rehabl~. ycl .,,"y to use.
room acoustics predi ction so ftware.
Co ntinuou, devc lopmen t, llo mcnsc
"perien« andacou.tic k_ · how have
n:sulted ina ""ftwan:thal al~prediClion

of ........t ic. inpubllc"""UC'S a.~lI""in

industrial environme nts

ODE QN c" .e ring room aeOIlst ics. noi.e
cont. ol. an<1aud itorillm aco ustie. is available
io lhrcc edition• • Indw lrial. Auditori Wlland
Combined. all running Winoo ...lt \IS. \lg•
Mc. NTlt and 2000.
7836 Auditorium Edihon _ for calculati"" of
a large set uf room acoustica l parame ters. A
number of gra phica l 100 1. arc built_in
including a TCtkctugram. a 3D re nce ti""
path display and reverberation co"",,
disp lays . Th iscditOonabo pt'OlIidubuilt·m
aura h"tiont'.atu=

7g3S loou,tria l Editiun -furCfWiTOllJllCntal
acoustics whcte SPL, SPL(Aj. TJO and STl
areee importall l rcsull\ Witb this edition
)'OIIcanmodclpoint s.,u rccs,hnesourt:CS
and . urfacc OOUJCC:S. maki nJ!l it possible 10

model largeand compln lIOUIId ",=n

7831 Com bined Edition - includes all tho
feature. found in lhe Industrial and
Audltonu m editiuns

Inform ation: B\1JC'1 &r Kj.... Australia Syd
02-94502066 Melb 03-\l37(17666 Il<a 01·
32525700 I'n1h Og·<9)l1l 2 70S
bk@src<;bi•.cum .au W"<ow.bluv .e<>m.,",

BORAL

Noi.. in muh i....id.nti.l ar>artm cnt
buildings is a key roncem forl'fO'l'CC'livc
home purcha...... Unlil l"CCC11lly. comba tin!
100000'tTcquoncy noi.... ol\cn attribulcd to
hrnne the.tre and DVD so und sy. tom. h~,

Mn ldiffo::uh lndn:prll,i\~~, To
OI'Creomc Ibi. Bora! Clay &; Co ncrete h,,-,
mlroduccd the dcsilU'Cd Fi..lighl '" System
'p«ifically to p'""idc e ffec tive and
economlcalsouTl<l in lation for party walls
in tnulli-rcsidonti. l d<. lopments

Exten. ive testing by Hollil has shownlh. t the
Firclighl "'Systcmcanae hicves oun<1rating.
of up 10 R,,67. The Firel ight'"' System
eOl11pri..s.ither adOllble-hoighlbrlck
( 11.162fL) or OIlC-ond-I-lW f hoight brick
( 1 1.l 1 9 FL) made fromRot'aI·$ hgh~igbt

nl<lSOnry material combincd with various

.. ails lin ings .ystem. inc luding 80011
Plasterboard and Vill.aboanl

Wlut,mlk~s lIle 5)'SIemSO .fficient. says Mr
Maloukis. i. the Firelight'" Brick wIlich
covers rwice thc . re. ufa n"""al brick . hilt
only .. eil¢ts 50"Ao more, The Firelighfr..

System . 1"" bas c~cc llenl impact " ...istance
dllC lO \hc usc of indcpcndcnl IlUd wall.
.. t1ieh ituJa tes vibmions.

Infllrmatioo: 1300 360 H S. www.boraLcom.S11

CSR
G yproc kSou ndr ,","

lIav1n& ,"",cc ssful ly pionccred lhr use or
Gyprock Soomdchck l llmm for resident ial
Ipplications. CS R has now launchcd
Oyprock Soundchc k I3m mpl"-'lerbuardfor
cllmmc", ial applic atio"" . The high dcn, ity
....ous tie plast crbua.nl can bc uscd io non · fire
r. ted sy.t~"111' ..here IiOIIIld res istance is
important. The prod ucl is stronBCI than
S!JIndard 13mm pl. olerboard with imJ'fO"C'l
iml"'Cl rcs i.1Mce and breakin g strertglh, A

.ing le layer is sufficicnl lo meerth~ II.w 30
r~qllircmcnts for cei ling and ducl< in
batltroomsanti kitchcro.

G ,prack SN:u n ty Wall

Gyproc k Securi ty w an Sy' temsoft"crw:ry
high acou, tic .., i. l.ntt withvalucIIlPtoR"
61 achieved . Stod,heets incorpora lcd into
thc wall sy$tem provide a simpl. and
effecl;""' dch:~t lo intrudcr Cl1 try. whil",

the U$C of lisht and ..... ily rumdlcd
components al""endurelhesysremil simpl~

and quick to oonslnlcl

Inform ation: te l 18oo 62 1 117 or
WW"I'.gyprock.com.l u

WA RSAsn

D1~italDilplacemenl Vlbromel.n

Th~ VOO se ri. . of PC ba sed dillital
decoding vibro melcrs from Pulytcc "'IS a
n.ews taudard for n:""l ution aoo a<:euracy io
non-contacl vibration mea l u.em.nt h s
supc riurliignal 10 noise perfonnar>oealkMs
direct displ ac.m.nt me a. umo. OI' wilh
picomerrcresullltionalfrcqucncietuplO
lM Hz. h i, the only comm ercially available
lase1'vihromercrrecogn iz.cdby lhe O<crman
Bureau of Standa rd. (PTBI as a prim. ry
calibration s1andard . Ar>rlicat ions include
calibl1llion"fllCccl~roonrleTs,non·~tive

fUrt-OUImeu uremenlS on preciMon SJlindles.
invest igations on high frequency p iezo
uan>ducct'$,MEM Sd cvices. .c ismie .<e1lsotJ
andana'''llvibromcter.ystcml.

lnronna lion from Dcrc:kHu~lcy.
W;usash SCient,f lC,td02 93 19 0 12l,
<tnlIiJto:..1e>@",1If),1~ "
salcs@wars&>h.com.a.u, ~.com ..ou
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Digital Vibrometer Used Durin~ World Trade Center
Recover)' Effort

Change of address for AAS General Secreta ry
MrDavidWatkins

PO Box 903 CASTLEMAINE VIC 3450
wa lkin sd@ca sll amaine .nal

Polyte<:'sncwportable digital vibrome1erw a,
usedtomon;torthcstabilityofWorld Tradc:
Center Building 4 during the recovery clfon
at "ground7.t-'I'O". Workcrswereconccrned
that heavy-duty equipmcm being used to
remove debris would cause the building to
colll\P'c. Profc,,"otJ im Sabatier working for
tbe Anny on sabbatical Icavl' from the
National Ccmer for Physical Acoustics al the
University of Mi"i""ippi, was nown to lhe
disa, ter site in a helkopter when it was
determined thai tradilional surveying
instnunem, werc generating fal.. alann s and
unnccC!lsary interrupt ions in therccovery
emm

The vibrometer continuously monitored
vibrational modes of the building ber.-een
1.4and I I Hz from a distance of about SO
meters,measuri nllfromoolumnsandtrusse.<
between 3 m and 20 m ab(we thc ground
After uln;crving lhese modes for several
hours the fiTSlnigh~ Dr.Sahatier indicated to

the (Federal Emergency Management
Agcncy) FEMA engineers thal he thoughl
Building 4 wasstablc . MonilOring continued
for .<c>'eml d"'lo in an altcmpt 10 provide an
early warning to the rescue workers of any
impending danger, Dr, Sabatier took tarns
"""king 12·honr shifu with tw<l engineers
from lhe US Army (ECOM Night Vision
and Elcclronics Sensors Directorale (NVL)
located at Fon Belvo ir Virginia

The Polytec PDV_IOO is the world's first
portable lase. Doppler vibrometer with
digital signal proec", ing and is availabk in
Au, tralia and New Zealand from Warsash
Scientifi c, salc'4 f " I JU>.h.COOl,I U, " ......
w.rsas h,com,all,

Science & Techno logy Award
The Ian Ouni es Ross Memorilll Foundation
i.'IpJeased to . tmouncc thai the Clunics Ross
Natioeal Science & Technology Award 2003
is now opcn for nominarions

Since 1991 thcse A,vard,havchonOllrcd
sixty-seven people from every <tate and
lerritoryfortheirsuccessfulal'plicaliooof
science and technology for the economic.
social or environmental bcncfito f Ausrralia
Award = ipients are presented wilh a silver
medal ata formal ce", mony and dim",rto be
held March 2003 in Meloourne

Nominalionsclose 00 Friday 26 July2002
Informalion from I... Clunics Ross Mcrnori.1
FournM ion. Tcl:(03)9 854 6266
Fax: (03) 9853 5267, info@:cluniesross.o'll,au
OIlltWW.cluniesross,org,au

The Eighth Western Pacific Acoustics Conference

MELBOURNE, AUSTRALIA
7 - 9 APRIL , 2003

Major international acoustics conference with focus
on current advances in acoustics,

Technical Exhibition, Techn ica l Tours and Social Ac tivities

Plenary speakers: Larry Crum (USA) on medical acoustics, Colin Hansen (Aust)
on active noise control and Joe Wolfe (Aust) on information and music,

Plus Distinguished Speakers, Keynote Speakers. Special Sessions and
contributed papers on wide range of topics,

Further information from htt p://www.wespac8.com
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Overtwentyyean

~XfUieJtce,mrcientifiv

trt-ettUtjJ prUdUfj
a.ntip-ubIMwlj.

-rJle Obsemr Bulllllrrg"
l'Crorrullal'laza,CrorruliaNSW mO

I'hone:02951359s.t· Fu 0295239631
SlIIts@cron.lloprinl.lXlIU U • nw, cronullaprinl com.o.
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Committed to Excellence in
Design, Manufacture & Installation of
Acoustic Enclosures, Acoustic Doors,

Acoustic Louvres & Attenuators

SUPPUERS OF EQUIPMENT FOR:

PROJECT: BayCentre
CUENT: AUstaffAle

70 TENNYSON ROAD
MORTLAKE NSW 2137

Tel: 9743 2413
Fax: 9743 29S9

AcausticsAustrllia
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with 01dB-Stell Hardware and Software

dBBATI32 Software
Basic mod ule

01dB·Stell Hardware

• Spect ru m measu rem ent
• Reverberation time measurem ent
• Ma chine ry noise

.£~:;::0~:::::1~OdUle d ~
Calibrations, Sa les, Hire & Service C; ll fur~ loc~ure an~

Largest range & lowest prices a'llicationnoles
T" I' j( 2) 9GSOS133 Fu: (02) 96llOS233

W;~i: ; i~~~~:=::~
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NORSONIC

Real time frequen cy
analysis as well as
statistical analysis,
you have it all ill hand.

G.R.A.S.
Sound and Vibration

• Condenser microphones

• Outdoor microphone systems

• Intensity probe s and calibrators

• Probe and Array Microphones

• New series of Hydrophones

and associated preamplifiers

ETMC Technologies
619Darllnq Street ROZELLENSW2039

Tel: (02)9555 1225 Fax: (02)98104022 Web: www.ozpages.com/etmc



BrOeJ & Kj~r"
ADELAIDE PERTH NEWZEALAND
Tel: 02-94502066 T"" 08-938 1;<705 T'lII: 09-4898100
Fa>c: 02.9450 2379 Far.: 08-9381 3588 FaICJ9....l.89l3585


