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FROM THE PRESIDENT

Council has elected me President again, which means that either 1992 went well or there was no one else around.
Indeed 1992 did go well financially as well as technically. As a consequence, the Federal levy on Divisions has
been reduced significantly, and so Divisions will be in a healthier position.

The 1992 Annual General Meeting had the longest list of business items of recent times. Five special matters of
business were considered.

The most significant concerned a proposal to adopt a Code of Ethics. During 1992 a draft code had been circulated
to Divisions and published in Acoustics Australia, with invitations to comment. A revised code, incorporating as best
as possible the comment received, was included in the A.G.M. business papers. The meeting approved the pro
posal, 57 to 3. Hence the Code of Ethics, as it appeared in the A.G.M. papers, comes into effect immediately.

A proposal to amend the Articles of Association in such a way as to simplify the procedure for appointing a General
Secretary was carried without dissent.

Council had decided in 1991, when funds were 'a bit tight', to seek the views of Society members on a proposal to
join the Australian Foundation for Science. We receive many requests to join various groups and bodies, all of
these of course involving payment of subscription fees. The background to this proposal was set out in detail in the
business papers. The proposal was carried 39 to 22.

Two further resolutions, instructing Council to prepare changes to the Articles of Association, were carried. One is
to set the Annual Subscription for a bone fide student at $20.00, with some consequential changes, and the other is
to change the title of Affiliate grade to Associate grade. Refer back to your A.G.M. papers for more detail.

There were two other informal but nonetheless vital items of business. Glowing and well-deserved tributes were
paid to Howard Pollard and Ray Piesse. Ray has resigned from the position of Acting General Secretary, having
tried unsuccessfully to leave the position of General Secretary twelve months ago. Howard is relinquishing the posi
tion of Chief Editor for Acoustics Australia after the April issue is 'put to bed'. Both Ray and Howard have given
long and dedicated service, and the Society is deeply indebted to them. Warm votes of appreciation were carried
with sustained acclamation. •

Robert J Hooker

EDITORIAL

This issue is my final one as Chief Editor. For nearly 12 years it has been a matter of great interest and satisfaction
for me to spearhead the efforts of an enthusiastic team of editors and assistants in our endeavour to develop a
quality journal for the Society. It is time now to hand over the reins to a new editorial team in Canberra which in
cludes Neville Fletcher as Chief Editor, Marion Burgess, Joseph Lai and Leigh Kenna.

I would like to make special mention of the willing and efficient contributions made by Marion Burgess who has
been Associate Editor throughout my term of office. Also, the skill and advice of Fred and Scott Williams of Cro
nulla Printing Company has been a major factor over the years in maintaining the quality and style of the journal.

Judging by the articles submitted to Acoustics Australia in recent years the state of acoustics in Australia is de
cidedly healthy. A good sign is the increasing number of unsolicited articles now received. The same phenomenon
is beginning to appear with the advertising which has been very quiet for a number of years. A steady increase in
the number of advertisers will bring the day closer when Acoustics Australia will become self-supporting.

In conclusion, may I wish the new team every success in their continuing efforts to advance the cause of acoustics.

Howard Pollard

Acoustics Australia Vol 21 No.1-5
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An Introduction To Cohen's Class Of Time
Frequency Distributions
M.J.Harrap and Z.L.Zhuang
Aco ust ics and VIbrati on Centre
University Conege
Au.trll ia...Defence Foree Academy

Abstract: Time-frequency distr ibutions describe the BVOiution of a signa rs energy in ooth /reqlsncy and
tim(! . This paper describes Oml generic classuf bme Irequencydistributionknown(I!i Cohen's Class , Better
known rneml:>ers of this class illcJudeIh6 Sp«trogr am and W.gnerDistributions.Sevetal disllibcJtioos in
this etass are compa red. The reliHl(JIl$llip betwoorl the properties of /fIese dis~ and Ih8 shapeof

t/'ltJlrKernel functions is expja meQ, A pot1iot'Iof a spetICh wavefr;xm is w;8d 10 illuslrB 'e the ptKfcxmance of

thBsedistribulions

1. INTRODUCTION
A Ilme.f requency dislriblllion describes the evolution all
signal's energy in both frequency and l ime. Pl:lrhaps lhe
most COInmoo time-frequency ' epI'esantalion is a musical
ecc-e (Fig ure 1). in which frequ ency (pitch) is representEld
by me vertical posrtioo Dfnotes on a staffa J'idlime (dura'ion)
is glvlln by the symbol used to represent the notes. (QUlI
Vel'S, minims elc.). The loud ne ss (signal am plitude) 01a giv 
en passage is usually described by a com~nation of 6ym
bols end itauan annotations above end below lt1estaff

T_ .. ~_,. .. ..... _ ... _.v", _ .... >-~ ..._~~_ • • ,.

7~~--~

Fogr,n l . An.lJI1yllme--~~_lJtiOrI.

.1TIlI&'C~b" ~piarIob)' Moz.n.

Torne-frequeney distribulions lind application In the analysis
01signals whose freqU6l'1CYconteot is time varying, te . (sta 
tistIcally) non-stationary s~naJs, The trensient sound pres
sure due to an impulsive noise source Is an example of a
non-etebo nary signal. as IS ltIe sound generated by an ever
flylng alrcrah measured by agroundob servar.

Whereas a simple Ireql.'llncy (spectral) analysis will show
the wey In wh ich ltIe energy con1enlol a signal i6 d'6!f lbuted
in frequency, a time-fTequency analysis shows hoW the Ire
C/Uencyspeetf\lmevolves in time Applicattonsoftime tre
quoneyanalysis include speedlrecogniliM (spectrograph).
sonar (sonargraph). seismology end vibration analysis

The spectrogram (or Short Time Fourier Trenslorm(1]) is a
commonly used method of time frequency analysis. Other
methOCls "'dude Wavelet Trar'lsforms{2] and parametnc
techniques such as ARMA modelling wllh time dependent
coell iclenls[3]

This article wiUcOllsider the application 01a geoerlc class 01
Tome-Frequency Distnbution6 10 the af1alysis 01 nOft>
6tati0f1ary slgflals.The generic equal ion descnbinglt1i s class
01distributions is attributed to Cohen[4]. Accordingly, this is
retenec lo as 'Cohen's Class' In this article. Frrst the concepl
01 time-frequency analysis will be discussed end then the

physical basis end desirable featur&s 01nme frequency dis
tribul ion6 will be reviewed. The performances 01 three dls
tribt.ilion6 in analysing a voiced speech signal are jnen com
pared.

2. THE TIME·FREQUENC Y CONCEPT
To i. ustrale the concept of a tim8 frequeocy diSlribution,
con6ider the 'chirp'slgnal stlowrl in Figure 2a. This is sImply
a sinusoid whose frequency Is iflCfeased ~nearty with urre.
The~ spectral density of this signal (Figure 2b) shows
that rts eoergy is 8P"ead over a range oflreqveocies as ex
pected, AIIhooghthe energy speclrum shows ltIe overall 'eo·
ergycontent ofthe signal ala given lrequency, It does not
reveal lt1e variation oIlt1e slgnar. frequency conlent with
nme. We can solve Ihis probiElmby slicing lhe signal Into a
seres 01seqments. The ends of each segment are then fa
pe-ed using an app-oooate lime willd ow 10 reeecespectral
teeeece ' In the frequency domain and final~ the energy
specna 01 the individual segments are arranged in time
order 10 lorm a spectrogram {Figure 2c),

The spectrogram is not perf ect In that it shows the signal's
energy Is sp<ead over a broad P&Illl:of wid!h - 50 Hzal each
01 the times shoWn in Figure 2c. Ideally this peak should
have zero widlh (an impulse lunction) shoWingel'lEll'gy exists
at only a single frequency at any insta nt. The broadness 01
lt1epeaks shown in FlQUfe2c cannot be attributed 10 the Ire
qll8l'1Cyrasok.rtionof the calcu111tion method, O,screte FOUfi.
er Transtorm (OFT). whIch in this C85e is of order 10 Hz. Ill>
stead,thls effect is caused by Ihe venercn 01 the signal's
frequency during each 01the lime-slices. ThiS problem can
not be OV8fcome by reducing the length of each lime-slice
because this in turn raducesthe Irequency resolutIon of the
caJculated energy scecne. (The l requllncy resolution of lhe
OFT varies invef1lely wilh thll record lel'lgth.)

The spectrogram is but one member 01 Cohen's class of
time frequency distribuliOflS. We shallslM! that other mem
be<s of this class allow usto make dillerenf sorts ereece
oIfs between resolution In time and frequency and distortioo
like energy terms known as 'interference', This general class
of distributions is nowCliscussed.
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(see Figure 3).

The Kernel function t (1',t ) is a function of the dummy l ime
variable rere time lagvariabie r. Thecorr~ation function

R(t ) is formed by convolving the kernel with the 'in
stentenecc e correieeoo'

Cot1ell'S generic equation can be re-writl ell ill a form ill
which the time·frequallCy disllib ution Cx(r,w,tl ol a signal
~(r) at time r and frequency w is expressed as the Fourier
Transtcem (F) of a wejghted and lima localized auto
correlation-like function, R(t)

c~Y.W,~}: F(R(t» , (1)

where R(t ): f X( l ' +f) X' ( t ' -1)-?((t- I 'J, r ) dl "

4. KEY FEATURES OF TIME-F REQUENCY
DISTRIBUTIONS,

In an excellent paper[5·1I] ctaeeeo and Met klenbrauker diS·
cuss nine d!lsirable properties of time frequency dis
tributions. Eacl1 of these properties is shown to constrai n
tile kernel function tn a different way. It rs eieo shown that
no one kllf nll l function can satis!y all ot mese constretnts si
multaneously, FOf this reason , there is no 'best' dislfibu tion
Instead diffe,ent distributions will have thei,forte in different
cirC\Jmslancesar\dwllmustchooset ha distnbubon appropO-

By repeat ingthis convolut ionforarangeofbme lags _oosr
S "", we buik:! up a picture 01 the nrre localized corre lation
function R(. ). We then Four ier Transform this functiOJl to
conve rtrt jntoaJle ne,gyspeetrum[13] tne caceercne
repeate d at each time of interest. In lt1is way, a seriesof en
erqv scecne ere crocuc eo, These spec1fa are then affangad
in time order to form alime·frequency distribu!ion.

The kerr'lel Iunct iOJlclearly plays a key role in determining
the properties ol the time flequ ency distribuHon, ln the next
section , the ceccernee of three time !requencydistributions
a,e related to the shapes of their kernels

I FiglJre3 ,ConslruCtionofrheoorrellllionltmctiorJR( 1)lromlllesignal
r x(1) and kfNflBl/unction O(I ' , t ). Tt!e kBm9l function Q{" , tl CMIIIed

on l': lserveslOlocaiizeendweigl7llheOOrrelationlunclion,AI
aachlag t . the Itmclion R(tl is forrntK!byintegrating 1heprodiJCIof
the kernel funcWn 0(1' , t ) and the insIanlaneous correlation

x(I' +1r'(" ·1) The kgmelaffectively W9ighrsthe integr al ofrhe
::..~~naotlSoorf!lIa/oOnacccrdlngto McrossS8C/IOfIalr/le lagol

3. COHEN 'S CLASS OF TIME-
FREQUENCY DISTRIBUTIONS

Tha mathematical rcrm ceucn of a gellanc class of time Ira·
quency distributions was first idelltified by COOell ill 1966
and is described in reterence a. The spectrogram and Wign
er Ville DistributiolllS -I] ale the better kll own membefs of
this Class and both can be derived from Cohell'S geller ic for
mutatioo.

Figure 2. (aj 'ThaciJirpsig""l ·a 6inllSOldwiftlJinearlyincrea6ingtre
quency in "me , SlBrI Irequ~aHz: erldlrequency 500 HZ; sam_
pJir!grele lkHz_
(bj Chirpena<pyspactrurtt . 512 pointOFT, r9C/ertgularwindow,
(c) Spectrograph· OFTs ol thirty·two HanninfJ-weig~re<J segments
ofthechirpsignaJ Each 128mssegmantovarlaps,tspr adacassor
by 112ms. OFTs are Ilrrangad in lirtla order.

N

~
J
>
J
a
[
[

-211·3IlB!-;...:+--+--+- t-,.-=.t-.,,",+-, --+--+--+-:::-1

""""
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Figure 4a. Spectrogram Kernels. These Kernels give rise to time
frequency distributions which are equivalent to Spectrograms cal·
culated using a sliding Rectangular Window (upper) anda siiding

Hanning Window (iower).

ate to the task in hand. This is akin to the choice of a time
window function in Fourier analysis.

In this section several key properties of time frequency dis
tributions are discussed and three distributions are com
pared - the Spectrogram, Wigner Distribution and a 'Cone
Kernel' Distribution. We shall conclude this section with a
discussion of unwanted interference terms that may appear
in time-frequency distributions due to the inherent non
iinearity of the generic equation (1).

4.1. Properties
Five desirable properties of Time-Frequency Distributions
are now discussed. The corresponding constraints placed

~~a~~~n~~:~n~~~~sd:;i:e~iv:ynt~h:~~h~~:~~~e~r:h~==e~O~~ 0'<?
an equivalent set of constraints presented by Claasen and
Mecklenbrauker[5-1I]- (The latter relate to kernel functions in
the time-frequency domain rather than the time-lag domain.)
The kernel constraints derived by the authors of this article
are illustrated in Figure4c.

Property P1 - Distribution frequency integrals: If a dis
tribution genuinely shows the development of signal's in
stantaneous energy spectrum with time, we would expect its
integral at a particular time over all frequencies should give
thesignal'sinstantaneousenergylx(tlI 2.

Constraint: Kernel is an impulse function B(t',t) at the or
igin.

Property P2 - Distribution time integral: By symmetry with
property P1, we would expect the integral of the distribution
at a particular frequency 00 over all time would equate to the
signal's energy spectrum IX(Ol) 1

2 at that frequency. This is
consistent with the concept that at a given frequency, the
distribution should show the time variation of the energy in
the signal at that frequency.
Constraint: Any section through Kernel normal to the lag
sxis t must have unit area.

Properly P3 - Distribution type: In addition to the above
properties we would expect an energy distribution to be real
valuedratherthancomplexvalued,giventhat'energy'inthe
sense used here (lx(tll 2) is necessarily real valued and pos
itive(seeP5).
Constraint: Kernel real and even in time t' and lag r,

Properly P4. Finite time support: It is desirable that a dis
tribution shouto be zero from the instant the signal x(t) falls
to zero and at all times before its first commences. Acor
responding property known as finite frequency support is
also desirable.
Constraint: Kernelmustbezerowherelt'l>lt/21.

ProperlyP5. Positivity: The final properly we shall consider
is that an energy distribution should always be positive.
However, it has been shownls-ll] that the distributions of Co
hen's class cannot be positive over the entire time frequency
plane and satisfy the properties P1 and P2described above.

~~~e~c~a:red~~~~~~~tr~~~~~e;~ ~~i~e:~yClaSS of distributions 0'<? 32

4.2 The Spectrogram, Wigner and Cone Kernels
The kernel functions corresponding to the Spectrogram,
Wigner and a Cone-Kernel Distribution are shown in the Fig-
ures 4a, 4b and 4c respectively. Figure 4b. Wigner Kemel- a line of impulse functions.
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Table 1 SlJmmarizeslhepropettiesollhe lhreedtstribuloons
bel"Q eonsiderlld hefe . An importanl differeroc4l between
lheHd'S1fibulions islhat tlleSpectrOlllem81w8~leadslo

~dls1fjtllltionswhereas lheolhers don'. Altllougll th ls

IS a oesirable properly In terms of the Interprllt atlon of the
-.pectrogram , ~ Is at the expenslil 01 Olll llf dnilable prop.
«baa i'lCluding finite time suppol't (P4 l wI1tdl in some~
pIlc!etiOnSfT\&Ybemoredes,rablell1a'lpositivity,

PROPERTY

" P2 P2 " P5

I SPECTROGRAM NO NO YES NO YES

I W1GNER YES YES YES YES NO

I CONE KERN eL YES YES YES VES NO

4.3. Interl er.nee Terms.
Wen. conduoelhtSsection"""'abnlr! o.cu..sionol a
problem kflOWll laS TIIer1ereoce·. This oco.n .,,;fl many at
the dIatftlubonI if'l Cdlen 's class arw;l clescrtles by.prodJcts
oIthe ca lculBbOnleChniqlJ ewhiellllppear lnlheresult.ng
trIlelrequeneydiSfJ1bution. lnl8l'1ereneeterm s8Ie lt1e lesu lt

of the signal prOducl I8ITTI>( " +1} '(1''1}nCohen' s gener 

ic equlll'on (1), Tile shape and magnitude of interference
lerms depend onbolhthedistribuli on olille l i\lnal's_rgy
In eme and lrequency and also on the pafl ,cular kernelfunc
1;0 '1 used tc ceicutate the distnbYt'Ol't FOI exampllil, con
sidera signal consisting 01 Ihe lWrTlol twoeooslant
" &q\IlII1Cy Ilaflnonoc oomponents >(1) • ~I' • ,.. :!I ,
(~rllj~ .f1I , The \lme-treqU9flCydistnbuloonJlttSlyW'lg ali

fMl or!he propeItJes desa,bfld aboVe Is simply
C. (I.IlO.t) • ~"'d +~"'2 l, ill ., two fOWl of tme ilw anant im
puts.K1r'l 1he time- treq uency planeas IJhoWnIn F9J'e 5a
The ' MU b~ by tNt W OO'" and Cone Kemel es 
trtlut,ons... shown irI F9Ses 5b and 5c r~y_ In
lheeaseatlheWOOrterd'stribulion ,lhe int8l1l1'flll'lOl iS lIllhe
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F.,.,..s T~-"""'dll ...co-.gd
."._~~.tIJ .rl·+ ~:!',.,b·

~~IbIW9-~lcJeon.~-torm oIa ttwd w oI omp.he Iunctoons, peren.. kl and mid-
way between the 10,," l\(wll and l\(W2). The magmlude 01
the ltlird lmpuise w oscillalu sinusoidaJly wilh tirne in the
~metreqll8llCy ~anawith8ll8f9.llarlrtlqlRflCy2l[("'1~

radls

In the case 01the Cone Kern&!. the lllJthors haw shown the
if'lle!ference lakes tile shape 01 a COII\.Hilaled sheet lying be
tweenthlllirles l\(wlland l\(W2), (Fl(IUle~l , Tile size 01 the
sheet'sCOIrugaliona(peak lopealc j isinv8lselypropDll,onal
tolhed"'II'8IlCe Wl"Wo!.lts lllleolosc,lalion w~htimein the

time ·freqwncy plane is equal to 2'11(Wl"Wo!) rad/s, In other
WOlds, M the lreql.l&llCles ~)1 and W2 of the two hanoo niC
componentS ~l' +Jor:!llrl lhe s~nal become cbs er,lhe mag·
n~ude of the inl ll r1l1'fll nte term incrsases and ~ oseillal"
more SIOwty. Slmil" inlll r1ef&nce palle,n , a'lI gene rated be
tweenthebfoa,dband inatat'llall8OUSspectfageneratlldby
signals ooruining two~Ise fIn::tions . It is inle<esting 10
IlOhl 1hat lhe Cone Kernel ell~ st:lINl1S 0Ul he
int~ence produCledbylhew.gnerKemel lnlhe



time frequency plane. Furthermore, interference exhibits
both positive and negative terms in the time-frequency
plane.

This example illustrates the link between Kernel design and
interference suppression. Several recent studies[8,9] con
sider this relationship in more detail. Othermethodsforre
moving interference involve the smoothing of distributions in
the time-frequency plane. In fact, it can beshown[5-II] that
the spectrogram (which does not exhibit the type of inter
ferencedescribed above), is nothing more than aWigner
Distribution smoothed in time and frequency.

5. EXAMPLE - SPEECH WAVEFORM
Figure 6ashows a portion of a digital recording of the word
'that-u' spoken by a male. The 102.4 ms portion of the sig
nalshown corresponds to the vowel 'a'.Wewouldexpecta
voiced speech waveform such as this to show resonances of
the vocal tract (formant frequencies) being periodicallyexcit
ed by 'puffs' of air exiting the vocal chords. The periodicna
ture of the vocal tract excitation is evident from figure 6a
which shows excitation occurs approximately every 8 ms. By
analysing a single 8 ms segment of this signal,we can get
some idea of the likely vocal tract resonances (figure6b).

The Spectrogram, Wigner distribution and Cone Kernel dis
tributionshavebeenusedtoanalysethissignalandthere
suiting time frequency-distributions are shown in Figures6c
to 6f. To suppress very low frequency interference terms
caused by the interplay between the signal's positive and
negative frequency components, the negative frequency
components were removed prior to the Wigner and Cone
Kernel analysis. This form of the signal is known as the an
alytic signal[10], and the Wigner distribution ofananaly1ic
signal is known as the 'Wigner-Ville' distribution. In this ex
ample, the Wigner and Cone Kernel Distributions were nu
merically approximated using software written in 'C' on an
NEC 386/20 computer. Fourier transforms were calculated
using the Fast Fourier transform (FFT). The spectrogram
was evaluated using the commercial signal analysis pack
age'Hypersignal'. The time step between spectral estimates
in the time-frequency plane was 0.8 ms in all cases.

Both 'broadband'and 'narrowband'spectrograms have been
calculated with frequency resolutions of approximately 450
Hz (Figure 6c) and 120 Hz (Figure 6d) respectively. The
broadband spectrogram shows aperiodic excitation of three
frequency bands approximately every 8 ms. These bands
broadly correspond to the vocal tract resonances (Figure6b)
which are being periodically excited by the individual puffs of
air leaving the vocal cords. The narrowband spectrogram
does not clearly show the periodic excitation of the vocal
tract due to its reduced resolution in time. However, itssu
periorfrequencyresolutionbetterdefinesthevocaltractres
onances. The appearance of individual lines within each
broad resonance band (Figure6d) is a consequence of the
length of the sliding window used to create the narrowband
spectrogram. Unlike the shorter 3.2 ms broadband window,
the 12.8 ms narrowband window captures the response of
thevocaltracttomorethanexcitation.Thisleadstothepe
riodic modulation of the spectral magnitude with frequency
shown in Figure 6d. The fact that the spacing between the
individual lines within each resonance band is roughly 125
Hz (which is the inverse of the excitation repetition period (8
ms)) supports the above explanation. Furthermore, the line
spacing remained fixed when the analysis was carried out
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with 25.6 ms time segments which implies the lines are not
caused by side-lobes of the Hanning window.

The Cone Kernel distribution (Figure 6e) shows both the in
dividual frequency bands associated with each of the three
formant resonances andthe periodic excitation of these res
onances. However, in interpreting Figure 6e, the reader
should be mindful of the likely effects of interference de
scribed earlier in this article. For example, we would expect
to find interference between each of the broadlyspacedvo
cal tract resonances. Therefore, some contribution to the
repetitious vertical bands between the formant resonances
will be the result of interference. As a quick check,we might
expect interference between the 600 Hz and 1500 Hz vocal
tract resonances to be in the form of a corrugated sheet Iy
ing between these bands as in Figure5c. The wavelength of
the corrugations would then be (1500 Hz - 600 Hzr 1 ;
t.trns whlch is almost an order of magnitude less than the
period of the excitation shown. More detailed analysis of the
likely effects of interference is beyond the scope of this ar
ticle. However, this initial check at least shows that the rep
etitiousvertical bands in Figure 6e are not simply the peaks
and valleys of an interference sheet lying between the 600
Hz and 1500 Hz vocal tract resonances. This is supported
by the results of the broadband spectrogram (Figure6c).

Theeffectofinterferenceisevenmoredramaticallyillustrat
ed in the Wigner-Ville distribution shown in Figure6f. Unlike
the narrowband spectrogram and the Cone Kernel dis
tributions, the Wigner distribution shows a third horizontal
band at approximately 1 kHz mid-way between the two vocal
resonances at 500Hz and 1.5kHz. This additional band cor
responds to the strong interference term expected of the
Wignerdistributioninthissituation(Figure5b).Anotherfea
ture oftheWigner Distribution is illustrated by this example-

~~g:(n:~r~~~t~~~~~~oa~~~r~~I~~ii~~" f~~~i~~ b~~t~Ut~~tt~:
highly localised in time and does not benefit from the time
averaging provided by the breadth of the other Kernels.

6. CONCLUSIONS
Time-frequency analysis isa powerful tool with the ability to
analyse non-stationary signals. The formulation of Cohen's
class of distributions has been described. Thedesirablefea
tures of time frequency distributions in this class have been
related to the corresponding constraints on their kernelfunc
tions.

Three time frequency distributions in this class have been
compared and used to analyse a speech signal. Thisanaly
sis illustrated the use of broadband and narrowband spectro
grams to separately examine the distribution of the signal's
energy in time and frequency respectively. The Cone Kernel
was able to achieve a good balance between resolution in
frequency and time whilst not appearing to be unduly af
fected by interference in this particular case. The Wigner dis
tribution proved unsuitable for this application in that the re
suits it produced appeared noisy and strongly affected by
interference. However, the Wigner distribution is known to
perform very well with certain other types of signals which il
lustratesthepointthatthechoiceofdistributionforagiven
application requires a good understanding of the strengths
and weaknesses of the various kernels.

Further general reading on the subject of time-frequency
analysis may be found in references 11 and 12.
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ACTIVITIESREPORT

Underwater Acoustics
Activities at ADFA
Glen A St ewart
Oep.lllrtment of Ph )'sl c s , Unl vef$l't )' ColI . g.
Au &tr a ll an Defence Fo rc e Ac ad em)'
Campbell ACT 2600

In 1986, the Australian pcrerce M:lI'l;e Academy (ADfA) reo
pl8Ced the RAAF Academy. PI:Cook. the Royal Military C0l
lege. O\.Inlroon IIl1d the RAN Naval College, Jervis Ba~ , as
thesinglecentrefOfteiti aryedvcalionfOfotflCercadatsof
all three armed seeaces. Since t~at t ime, the Univers ity ccr.
lege. es tabnsbed in the Academy grounds by the U ni~ rsity

of New South Wales, tee been respons ible for conducting
courses of stud)' and reseec n. Given the nayal connecti on.
II is ~ardly surpris ing that underwater acoustics appears on
the list 01 specialis t courses .

Tile Oej)llrtment of Physics proyides second year and thi rd
yeat units entitled marine 8CO!Jstics and optics 2 and 3.
These units double as physics elect ives and as components
of tee oceanOi raphy course offered b~ t he Departmen t of
Geograph~ and Oceanogrllph~. In additio n, Maritime En·
i ,neeringstudents cUfrent lytake the level 2 unit as part of
the" final yeaf at stud)o. T~e underwater acoust ics sect ion
of the units treats the acoustic wave equatioo, spher ical
waves. transmission loss, sound channeis, t ransdvcer phys
in , beam format ion and phase steering, stoescae-. multi ple
beam-and doppler-sonar, sonar equat ions , ocean acoust ic
tomogra phy and marine seis mic surveying. A parallel re
boratory course is provided lo r oceanogfaphy stuoe nts t ek
Ing the units. Acoust ics e, periments dea l wit~ sound at
tenuation and the fast fourier transformation of acoustic
"signatures" and emplo~ bctn pulsed and cootlnuou s wave
methods to determi ne the speed of sound ifl gases (static
and flowing) and water. Figure 1 sllows a commefci al. sma ll
vesset ecno-scunoer whose trenscecee nas teeo mounted in
a ven ee r tube at water . A storagellscilloscope is used to
monitor ttle reduction in ecbo delllY as the trans(!ucer is low
ered into the weter. An Interactive, eccustc ray-tracing
compu ter program developed by tne "", thor end Ste~ James
tarso01 the Oel)8rtmefl t of Physics) nes proved lIOpularw!th
the stude11tsbe(:ausef)fItS -U5er-lriendliness " anc:lcle ar
graphical pt"esentatlOn of resutts. The computer programis
used in conjunction with e laboratory script which introduces
concepts end develoll$ useful formulae n they are requued.
Inparticuler,!hestudenlialntroducedtlltheunderwafer
soundc/lanne' (F'llure2)andthesurf~$OIJndchanne',

The Oepartmeol at Elect fical EngineennglJlfera a fourth year
electr.el,Wll lentitledlHldelWlIferac<ll.rS!ics . An emphasis on
beamform ing and Signal interpr etat ,oo reneete that de
partmenl 'sresearc~ inte<estsin realtime signal processing
using digital signal process,tli CI'Iips ilor whic~ underwater
iICOtiSticsrep<esentsJustoneapplicat ioo)and inthellretica l
aspects at pass ive sonat beam formatiol'l and noise can
celllllion.Honoursllnd hlghefdegreeprojeetsareotfe red in
both these fields.

In addition to these regula< lectu re courses. iii snort ccuese
cn tre basics oflJflderwafer8C(luS fics was ~eid at t he acad
emyon 15 · 16 Mayof 1991 , This course was spon SCIred
by the Materi als Resealcn l !ltloralory (MRl ) or tile Detence
Science and Technology Organisation (OSTo) and orw;anised
by the University College's Acouatlc s and Vibrllli on Centre,
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Figure2 .Und _atersovndcl>armels c",,,,,displayg_,-a/&I;!
toran acousriCbeam U'Ojecl"" no,,:ronrali)'f,om

a depfll of 300 m wittl .." angullJf widtll of 1S". TM OOlPld
speed profileissllowntorne ~flcffM KrHII

lecturers for the course were drawn from sen>or Slatffrom.
tl1e UnderwaterSystems Division andtheMaterials Oivisi(ln
ll f MRl . the NaYlll Engineering Services of tbe Oepclrtment llf
Defence and from the Uniyersit y College. rte cecrse at
trectec a tot al of 76 pernctpao ts. from yariousllrganisa\ions
wit~in Defence, govemment organisations and private in
dust ry. In response 10 t l"le course's ent~usiast ic receptioo,
It will be ll ffered agaln at abOiJtthe same l ime tnis article ap
pearSI November9· 1D. 19921.
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EXCE LLENCE IN ACOUSTICS AWARDS - 1992
NSW Oivi8ioo rll n the bie.... ial Excel lence In AcouSIJCS Awards again aumg 1992 . Inaugurate<:!in 1988. the Awa rds are made
lor WOrllS in ll'le fields 01Acoust ICSand Vibrat ion which BrB of outstanding mer~ The works have to be carr ied out erthef in de
s;go, sluc1y or e~ewtlon in New South Wales. The 1992 AWards were sponsored by CSR Hebel. who were also the Sponsors
Iorlhe previous Award s made in 1990 , and t'l&W SpofIsors Kell & Rigby Acousllcs.

Seven entries were received in 1992 and eese were iOOged, in eactlcalegory . by panels comprising both acousl >ciansaod per·
80flS whose primary tect1roieal axpenise lies outside acoustics . Awards would only be made to ally particular entrant if tho judlt
es' consensus was tha t the entry was ind8tld of lIfl excellent staodard. .qseven enlrie$we re of high slandard,bul the judges'
oonsensus was delll'. Four Award S_8 rnaoe as fol lows :·

Aco usti c Design
Environmental Noise Control - The c NCO PowerP8~. an acoustic tl'tldosae torditJsfJl gBrl9f8rors.
Renzo Tonin & Associa les - Acous fic des ign of 2nd MJilarybandpracr>ce facilityal VIdofia & " 8,* " Sydney .

Acou stic Report, Systems and Procedures
VIPAC - Norse Impact srudy OrKingsford Smiltl Airport3rd Runw ay, Sydne y.
Wilki nson MUfTay- Noise Inves tiga tion 01Western Section 01Nor/h· Western Transport Corridor. Sydne y.

Announcemenl and presen tauco of the Awards was made at a well attended dinner at the Wharf RestllU"anl overloolll r'lg Syd
ney Harbour on Wednesda y 9 Dece mber 1992. Stephen Sanw els , the Ct\airman of Ihe ExcellenceIn Acoust ics Awards Sub
con metee. presefl led l he Awards wilt1t he assistance of John KIl.....e. from CSR Hebel , for Cal egory 1, and Malcolm 8efgn'Ian n,
from Kell & Rigby Acoustics. fo' Category 2. Acc epting ve framed Award s certificates were Ram Krishnas ....amy and Bob
Blackhall 0 1 Environme ntal NOIse ccrect Matthew Palav idis of RentO Tonin & Assodat es, Leg Hus ln of VIPAC and Barty M lIf 
rayof Wilk inson Murray

The Excel lence In Acoustics Awards are proving most eucceeenn In fulfilling the Society's OOjective of promo lirlg and stimulaling
fhe pu~ull o' excejience i n lhefields of acoustlcs and vibralion, Since re thanks are also offered to aNpartic:lpanlS, sponsor s
and tothe organising com mittee

FOOTNOTE : Federal Counci l too k the deci sion at its November 1992 Meet ings that hencef orth, the Excellence Award S
would be run on a national basis. The first such w,lI be In 1994 wrth the timetable set so that tre p<eSeflta·
ucns wl ll take place during the Annual cceterence. In that year the Conference will be held somewhere ill
NSW .



ACTIVITIES REPORT

R&D In Underwater
AcoustIc Arrays

RJ . Wyber
M iclapM'Sp t _ptyLtd
24 Fan er PlK.
Oyst.r B8y . NSW Aus tralLil

~: ll'Ie~atIt>e Cc*l ·. dltN __",_
_tlM_fld"'~"" botl'I~-.. _
_~l1Io'I~~CUTenf~_~

m«T!-"~ IOf'--.".allCOUIr..; ..It1I .. Au_
~"'_lOfflis_'1t1Ier"""""'.~.TIw_

"'-f~_f~~••~'"
fIWs~""'.I'OfI!!O'lNlIltiOfJt~fror....-..r......,.,....
fIC"_~s ","""'~

1. INTRODUCTION
A numlle. 01 developments in unoerweter acoustlc ar.lI)'S In
Aust.alia ere aaeocreted with the Coll in's class submarine
currenl ly unde. construction. This nes rescneem reseercn
wilh the 3im 01:

a ~~ve loPinga.raYSlor instali ation On lheSUbma 'ine.

b. Developing lest recune e to measure thc pel'
100000000nce 01the arrays producf:ld.

The prima'Ymo<te of operation 01 all submilrine illTa~ ;s

passrvelllOdatypicelslAlmarine sonarsuitelOldetectlOl'lol
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The array self noise is produced by two mechanisms which
are:

a. The turbulent boundary layer flow noise and

b. Thevibrationwhichpropagatesalongthearrayfrom
the tow point.

The flow noise at the array may be represented as a two di
mensional frequency wavenumber spectrum. This may be vi
sualised as a frequency spectrum of acoustic waves. At
each frequency there is a set of waves, each of which prop
agates with a different velocity. As the acoustic signals at
the array all have apparent propagation velocities greater
than or equal to that of sound in water it is possible to re
ducethe array self noise without reducing the signals of in
terestbyfilteringoutthelowvelocitycomponentsoftheflow
noise. In principle this is readily achieved by the array beam
forming however due to the extremely wide range of wav
enumbers present in the flow noise the number of hydro
phones and processing channels required would be in the
order of 105 to 10 6 . This necessitates a more elegant de
sign to provide a cost effective solution,

The techniques used to achieve this are to design the me
chanical structure. of the array to filter high wavenumber
waves propagating from the external flow noise to the inter
nal hydrophone elements. This provides a spatial anti
aliasing filter. The internal waves may then be sampled by
groups of hydrophone elements which should be designed to
pass wavenumbers in the acoustic space while rejecting
wavenumbersoutsidethis space. The outputs of these hy
drophonegroups may then be processed by the sonar beam
former.

The vibration induced noise is translated into acoustic noise
by excitation of internal structures in the array which may act
as pistons driving pressure waves or by constriction of tub
intin the array structure which directly induces an internal
pressure. The nature of the vibration induced noise differs
from that of the flow noise in that only discrete wav
enumbers are present. These wavenumbers are associated
with the velocities of waves propagating in various array
structures. Similar design techniques are available to re
duce the vibration noise as are used for the flow noise. In
addition it is possible to utilise symmetry in the position of
hydrophone elements to cancel some vibration Induced
waves which are generated with opposite polarity.

To validate design concepts prior to production of full arrays,
land based test facilities are used to measure both the vi
bration sensitivity and flow noise of sample array sections.
These facilities which were initially developed by OSTO are

now operated by Australian Oefence Industries.

The vibration testing is carried out in a water filled trench
about 100 metres long at OSTO Salisbury. One end of the
array section is driven bya shaker and the acceleration sen
sitivity is measured between hydrophones in the array and
externally mounted accelerometers. Reflections from the
end of the array sections require gating similar to that used
for the large array test facility. A difference in the facilities is
that the propagation paths are stable in the vibration facility
which enables broadband correlation techniques to be used
to measure the impulse response. Rejection of echoes may
be implemented by applying rconventional gating techniques.
Advanced spectral estimation methods are also used in
the analysis of the vibration data which synthesise the spec
trum by estimating the parameters in a model of the waves
propagating in the array. This avoids the low frequency lim
its imposed by conventional gating techniques '.

The flow noise is measured in a tow facility in a reservoir in
the BarossaValley. A winch on the shore is used to tow ar
ray sections behind a catamaran over a range of speeds. To
remove possible vibration contamination from the tow source
accelerometers at the ends of the array section are used to
remove components in the measured spectra which are cor
related with the vibration in the array. As with the large array
test facility the signal processing required for the analysis is
implemented using the PROCUBEsoftware.

4. OTHERR&D ACTIVITIES
In addition to the array development for the Collin's class
submarine Australia has had a long research programme to
develop arrays for sonobuoys. This has resulted irithepro
duction of the Barrasonobuoyand research is continuing to
develop improved arrays for future sonobuoys.

At higher frequencies arrays for research relevant to mine
hunting applications are being developed byGMS.

Closely related to the fundamental array research is the ex
tensive research into signal processing for arrays which has
been carried out by OSTOSalisbury, OSTO Sydney and more
recently by GMS. An important outcome of this research is
theabilitytodesignthearrayandsignalprocessingasasys
tern. This is a significant advance frolll previous approaches
in which arrays were designed to mechanically reduce self
noise sources prior to the application of conventional beam
forming. With a systems approach it is possible to use a
balance between mechanical methods and and adaptlve slg
nal processing methods to reject the noise in an optimal

+ + +
MeG GREAT SOUTHERN STAND

In order to cater for increasing spectator demand, particularly Australian Football League Finals and Worid Series Cricket one-day games,
the Melbourne Cricket Ground Trustees decided to replace the old Southern Stand, build in 1936-7, with the 47,850 capacity Great South
ern Stand.

This has increased the ground's capacity to 105,000 and, asanextra bonus, most patrons will nowbeseated,although the Trustees bowed
to tradition and retained standing room capacity for 4,000 to caterforthemore'die-hard'spectators.

For such avenue, acoustics and sound fidelity are important, and aceordingly, engineeringconsultants for the project, Connell WagnerRan
kine & Hill commissionedVIPAC to model three tendered sound systems.

VIPAC used the EASE (Electro Acoustical Simulator for Engineers) software program to simulate the sound distribution uniformity and fre
~:on,:,~ens~:d~se across the stadium, and a system proposed by Neilson Electronic Systems Ply. Ltd. of Hawthorn East (Melbourne) was

The Master Cluster consists of a mixture of twenty-one high and low frequency constant directivity horns and thirty-one OH1A high
frequency drivers, all developed by Electro-Voice of Buchanan,Michigan, U.SA The use of a single cluster array emanating from one point
to serve such as extensive area is believed to be unique

The system is programmable - controlled by a PA-422 digital control interface, configured for simple operation by non-technical personnel
who can select any of up to nine operating modes, or nine memories of EO and gain settings in each of the four main areas zones.

Aflercommissioning, extraordinarily-even Sound Pressure Levels (SPL's) around the seating areas were noted,typicallyof±2dBtoler
ance, and only 8dB higher directly under the array than to the furthest 'throw', which is 250 metres to the rear of the existing WesternStand.

(FromVipacNews)
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3. RESEARCH
Itis intended that the work on the fibre-optic acoustic sensor
be continued asaresearch project. Asa result of sabbatical
leave spend by the author at the DSTOMaritime Systems di
vision in Salisbury in July 1991 the DSTOMaterials Research
Laboratory (MRL) Maritime Operations Division is supporting
research at the AMC into the physical limits and design of
parametric and truncated parametric arrays suitable for un
derwater measurement of the acoustic properties of sample
underwater panels. This research is aimed at improving the
performance of the DSTOtruncated parametric array, which
is used for reflectivity and transmissibility measurements up
to a frequency of 100 kHz. A two-year research agreement
betweentheDSTO MRLandtheAMChasenabled a fun-time
research assistant to be employed on this project.

A parametric source consists ofa directional transducerdriv
en at two frequencies near transducer resonance forming a
dual-frequency primary beam. Because of the non linear
propagation properties of water, sum and difference fre
quencies and harmonics are produced. The difference fre
quency is the lowest frequency component and the primary
beam acts as an end-fire array of sources at the difference
frequency. Itis possible to generate highlydirectionaidiffer
ence frequency beams which are almost sldelobe free. This
beam is ideal for measuring, for example, the trans
missibility of plates thus avoiding the diffraction problems
that occur in this measurement with the less directive
beams that result when using a conventional source at the
same frequency as the difference frequency. The parametric
arraywasfirstdescribedbyWesterveit[5j.

The DSTOhave built a projector for the AMC research project
which resonates at approximately 1 MHz. A medium tre
quencyradiotransmitterhas been modified to drive this pro
jector. The College Company, AMC Search Ltd, has contrib
uted approximately $7000 towards the cost of this research
in 1992 in addition to the DSTOMRLsupport.

The underwater acoustics projects undertaken byBEngstu
dents this year are the development ot a non-resonant «20
kHz) projector and experimentation with the School of Rsh
eriesDigitaIEcholntegrator.Thelatterprojectentailsthein
terfacing of this equipment with an echo sounder and the
measurement of the acoustic density of targets and the com
parison of these results with theoretical and measured tar
get strength values.

A total of twenty-six people attended the College's Under
water Acoustics short courses in 1991.

dents. These are either Royal Australian Navy officers who
come to the AMC via HMAS Cerberus to study the last two
years of the BEng program or 000 engineer cadets spon
sored by the NavyOffice, Canberra. An outline of student pro
jectsundertakenin 1990/1991 follows:

1. A38kHz8-elementbroadsideamplitude-shadedar
ray was designed, built and tested. The design,
aimed at minimising the level of the side-lobes was
based on a classic paper by Dolph [1]. The array
can be used to demonstrate the various beam pat
terns which result from different element driving
configurations.

Scaled experiments were carried out to measure
the simulated normal mode pressure distribution in
shallow water. The results were compared with
some of those given by Wood [2jandwith results
predicted by a two-layer normal mode computer pro-
gram [3].

An 850mmmicrobend loss fibre optic acoustic sen
sor similar to that described byVensarkar [4j was
designed,buiitandtested.

2. DEVELOPMENT OF THE UNDERWATER
ACOUSTICS AREA

In 1989 a marine acoustics subject was run as a third year
option in the BEng program. This is mainly a first course in
underwater acoustics with a treatment of noise and vibration
generation and transmission in ships, and an introduction to
noise design in ships and methods of estimation and con
trol.

Partlytosupportthissubjecta4mx3mx2mdeeptank,to
gether with instrumentation supplied and commissioned by
GEC Marconi Ltd was installed at the Newnham Campus.
The BEngstudents use this facility to carry out such experi
ments as transducer directivity, hydrophone calibration and
target strength measurement. The lower frequency limit of
thetank,usingthegatedsignal(pulse)techniqueisap
proximately 20 kHz. The 'random noise' method can be
used, for calibrating hydrophones for example, well below
this frequency with the aid of an FFTanalyser. A range of pro
jectors, hydrophones and amplifiers are used, with the upper
hydrophone frequency of operation being around 370 kHz
presently, with power amplifiers available to work well above
this figure.

Several BEngstudents have chosen to do their 200 hour
fourth year projects in the underwater acoustics area, par
ticuiarly the Department of Defence (000) sponsored stu-
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1. INTRODUCTION
The Australian Maritime College (AMC) is a directly-funded
Commonwealth Government College established in 1980 to 3.
provide maritime and maritime related education and train
ingforAustralia. There are presently three schools, En
gineering, Fisheries and Nautical Studies spread over the
two campuses at Newnham in Launceston and Beauty Point
50 kms north of Launceston on the Tamar River.

College facilities relevant to the underwater acoustics area
include several vessels particularly the fisheries vessels,
Bluefin and Reviresco, the 13m hydrographic survey launch,
Pinduro, an 11m x 5m x 2.5m deep flume tank, a GOmship
model towing tank and the Survival Centre pool. The Bluefin
sonar equipment includes a Simrad SQ4 scanning sonar.
The Reviresco will be used for sea trials of mine sweeping
equipment as partofa research and development program
being carried out by the College Company, AMC Search Ltd,
for the Royal Australian Navy. The Survival Centre pool has a
12.5m x 5m x 4.2m deep section at one end, with an over
head crane and a derrick covering part of the area, which
make this facility very useful for acoustic experimentation.

Courses range in level from certificate to four-year Bachelor
of Engineering (BEng) degrees in Maritime Engineering and
Naval Architecture with a Master of Applied Science in Fish
eriesbeingofferedforthefirsttimethisyear.

Underwater Acoustics
Activities at the Australian
Maritime College
DR Edwards
School of Engineering
Australian Maritime College
POBox 986
Launceston TAS 7250
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3 . THE FUTURE
The ccneee Is hOplrl& to offer higller engineefll li aod $C~

erce oegrees by rese a rch In 1994. rte CoI~ge Is II partner
intherecentiy approo.ed AustrlllianMaritime[~lneenng Co

operative Research Centre with the UnivcrSlt)' 01 NSW, Mo
nash UnPvcrSrty aodCu ft ,n UnNe($ity ascore ecsdemtc part
ners. lodustrial pa rtne l $ with 8Il interest in uroerwate r
ececsues include the OSTOMRl and 1'hom50nSlntra Pacil ,c
f'ty. ltd. II propellerlesting tunnel is proposed as one lacility
to be installed at the IIMC in the early stages ortre CRCde
velopment. li t present 110SUCh taclfity exists ill lIu $Ua lla

+
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Remote Sensing With
Underwater Acoustics
J.D.Penrose, T.J.Pauly*,W.R.Arcus,
A.J.Duncan and G.Bush#
Centre for Marine Science and Technology,
Curtin University,
Kent Street, Bentley, Western Australia 6102.
*now at Antarctic Division, Kingston, Tasmania
#now at Steedman Science and Engineering,Jollmont,
Western Australia.

1. INTRODUCTION
The term remote sensing describes well most applications
of underwater sound. Passive and active techniques aim to
provide information about distant targets and have many an
alogs, notably in airborne and satellite remote sensing and
with systems using electromagnetic waves. Acoustic remote
sensing in the sea is receiving enhanced attention in bio
logical, geological and, increasingly, in physical ocean
ography. In some cases the physics upon which new tech
niques depend has been understood for sometime, but the
advent of economical improvements in technology, notably in
signal processing, hasonly recently made such new develop
ments feasible. A key development in biological applica
tions is the emergence of improved quantitative capability in
relating acoustic backscatter to water column biomass. In
geological applications, major emphases are observable to
enhance coverage of the sea floor and to assess sea floor
properties. The use of acoustics as a sensing tool forphys
ical oceanography has expanded dramatically over recent
years, with doppler, tomographic and time-of-flight tech
niques emerging. Notable amongst the latter is the global
scale experiment described by Forbes [1992j.

Three programs underway at Curtin University illustrate as
pectsofthesedevelopments.

2. TARGET STRENGTH ESTIMATION
The acoustic target strength of sound scatterers in the sea,
a measure of the backscatter they provide, depends on
sound wavelength and scatterer morphology and constitu
tion. Such target strength values are central to the use of
acoustic techniques to estimate oceanic biomass and under
Iythetechnique of echo integration, widely used for this pur
pose. ThepopulationofAntarctickrill,Euphausiasuperba,
isthesubjectofinternationalconcernandthefocusofa
sustained biomass assessment program involving echo in
tegration. Over recent years the assessment of krill target
strength has been given high priority in several countries be
cause uncertainty in this parameter translates to substantial
uncertainties in assessed biomass and hence perceptions
of sustainable fishing yields. Curtin's Centre for Marine Sci
ence and Technology (CMST) has undertaken the task of
making an accurate assessment of krill target strength asa
contribution to the biological assessment program of the
Australian Antarctic Division. The work began with the crea
tionofa Monte Carlo simulation of the formation of acoustic
backscatter from krill, and ofa signal processing method de
signed to retrieve target strength values from the statistics
of an ensemble of echoes. Such ensembles are provided
when a ship-based sounding system encounters a krill ag
gregation(Penroseetai.[1984J,Palumboetal.[in-pressJ).

The modelling phase yielded an efficient processing method
and an understanding of the uncertainties in estimated!ar-
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get strength expected to arise from fluctuations in pa
rameters such as target length, attitude in the beam, inter
target spacing and system calibration. This method was
then applied to an experiment in which populations of krill
were insonified in a large refrigerated test tank built at the
Kingston laboratories of the Antarctic Division. The krill
moved freely in the tank, which was periodicallyinsonified at
120 kHz, a widely used frequency in Antarctic biomass es
timation. Echoes from krill entering the sound beam were
automatically recorded and processed using the previously
evaluated processing method. Four populations of krill were
measured in this way during 1989/90 and a suite of target
strength values derived (Figure 1).
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Tank techniques offer considerable advantages in such work,
primarily because the target population can be closely de
fined. Such techniques, however, may influence target be
haviourto an extent difficult to quantify; a key example is
that of target orientation to the vertical which can strongly in
fluence the magnitude of near vertical backscatter. These
concerns call for a measuring capability which can operate
efficiently at sea. The CMST equipment and signal pro
cessing system was accordingly deployed from Aurora Aus
tralis during a marine science voyage carried out January
March 1991 in the vicinity of Prydz Bay, Antarctica. In this
work, a 120 kHz transducer was deployed from a towed body
behind the ship and echo records were collected as the ves
seltraversedavarietyoftargetsincludingkrillandicecrys
tals found at depth in a large lens of supercooled wateroc
cupying much of the bay (Penrose et al. [in press]). The krill
target strength values derived from this field data compare
well with the earlier tank results for targets of similar size
and provide a significantly improved value for this ecolog
icallyimportantparameter.

3. SEA FLOOR ROUGHNESS ASSESSMENT
The physics of wave interactions with rough surfaces is of
continuing interest in many research areas. The scattering
of sound from the sea floor is one such area and an ex
tensiveliteratureonthemeasurementandmodellingofsuch
interactions exists. Approaches to modelling and inter
pretation include those based on the Helmholtz equation and
its derivatives and Monte Carlo techniques. Depending on
sound frequency and hence penetration, the sea floor may
be modelled as a single scattering surface oran assembly of
surfaces. For comparatively high frequency sound, where a
single scattering surface approximation is applicable, work
ers in the field such as Stanton [1984j and Reutetai.
[1985] have shown that it is possible to extract information
on sea floor roughness from the backscattered signal en
velope.



Following this approach, and as an extension to earlier
CMST work (Penrose et al.[1984]), the project now underway
aims to develop a seagoing PC based data acquisition and
processing system interfaced to standard side scan sonar
equipment. The project aim is to enable real-time roughness
categorisation to proceed during side scan sonar surveys.
The project has four stages comprising tank based measure
ments from stylised model surfaces, numerical modelling of
the scattering process, jetty based field trials and the de
velopment of a sea going operational system. Sea going
trials will use roughness estimates based on underwater
stereophotography to evaluate the system performance.

The first stage of the tank work is complete and an associat
ed numerical model has provided favourable comparison
with experimental data. Figure 2 shows a modelled back
scatter signal from a laboratory test surface and a fitted
echo envelope. Analysis of the echo structure yields in
formation on surface roughness. Two jetty based experi
mental programs have been carried out, in Fremantle har
bourand at HMAS Stirling in Cockburn Sound. These have
provided a limited range of sea floor roughness variation and
further field evaluation will require vessel based trials. Diver
surveys of suitable sites are now proceeding and the in
strumentation and software development needed for full
field operation is nearing completion. This will include the
incorporation of Global Positioning System navigational data
together with sonar data and roughness estimates in a form
~~~:~Ie for use with existing Geographical Information Sys-
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4. ACOUSTIC THERMOMETRY
The speed of sound in the sea is a function of temperature,
salinity and pressure. For most conditions, temperature in
duced fluctuations in sound speed dominate. Thus rneas
urements of the time of flight of an acoustic pulse between
two points can be used as an estimate oftheeffectoftem·
perature on sound speed integrated along the transmission
path and hence as a measure of temperature. Long range
transmission applications are represented by the account of
Forbes [1992]. Inan initial project undertaken within CMST,
a short range (14m) transmission experiment has been com
pleted using a 300 kHz underwater position fixing system de
veloped at CMST (Duncan et al.[1987]) In this experiment
the time taken for an acoustic pulse to travel in bothdirec
tions between a transmitterjreceiver and a transponder nor-

izontallyseparated by 14m was recorded over a 40 minute
period. Both acoustic units were located in water of ap
proximately 4m depth Within the cooling water outfall plume
emerging from a power station on the coast of Cockburn
Sound, Western Australia. The outfall provided a turbulent
plume of warmed water with a temperature signature suf
ficientto provide a usable time of flight variation to suit the
equipment deployed. Figure 3 shows some of the results ob
tained. A major temperature signature, equivalent to ap
proximately 1°C change in temperature over the entire sound
path corresponding to approximately 60 us change in time
flight is seen, with higher frequency noise, in excess of sys
tem noise, also present. This proof of concept experiment
has shown the practicability of short range acoustic ther
mometry under such conditions. Improvement in timing res
olution and the deployment of an array of transponders
would provide enhanced temperature resolution and permit
estimates of the scale lengths of the plume temperature rni
crostructure. The provision of each-way time measurement
capability would give along beam current estimates and,for
a suitable transponder geometry, measuresofsystemvortic
ityatselected scale lengths.
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Figure 3. Roundtrip flight time vs elapsed time for 300 kHz acoustic
pulse over a 14 metre path

5. CONCLUSIONS
WorkatCMSTCurtin illustrates several aspects of wider ac
tivity in acoustic remote sensing in the ocean. The wide
spread and increasing use of quantitative acoustic tech
niques in marine biomass estimation has led to a focus on
issues such as caiibration techniques and accurate target
strength estimation for key species. In related develop
ments, acoustic imaging techniques for sea floor visual
isation are improving and techniques emerging to provide
quantitative information on bottom properties. In physical
oceanography, systems yielding information integrated over
acoustic travel paths are among many new developments.
Such space-integrating techniques will, for some experi
mental regimes, revolutionise the quality offield data avail
able to the oceanographic community.
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A Case History

Condition Mon rtoring is a proven method fof reducing maintenance costs , Benefits io ch.lde reduced materia! al'ld labour
cos ts, minimised cetasnccnc reaures and production oownume.
VIPAC has been pertorm ing Cond ilion Mon itoring using vibratio n analysis for almost twenty years and considers the opera
tional benefits of an effecti ve vibration monito ring progra mmeareconsidera ble

Fini te Elemem Uodeil ing
On a mill at the Kidston gold mln e, NoM Queens land, excessive vibration ct rte bearing suppo rt pede stal and building reo
suited from a torsional resonant trequency falling close to a mult iple of pinio n speed. Wearing of the pinion teeth was in
creas ing harmon ic exctteto n and increas ing vibration jevete ove r many mcotns had been obsllNed, Stra in Gauge Torqu e
Teleme try measurements confir med tM presence of a f1uewa.ling torq ue at 50% of the drive torq ue. Monitoring of the DC
motor curre nt revea led an AC com ponent at the same frequency induced by the f1uetllat ing tors iona l displac ement, Finite
Element Modelling was used 10 mode l the system and test the serecncnof a rll 'IW coupling . The end r&Sult was the re
place ment of the original steel f1eKcouplin g with a rubbe r element coupling . This coupl ing was bui lt in German y to VIPA C
specifica tiOl1sand was fitted with speciaily ·<!esigled high damping rubber , The resonan t frequency was altered bot, more im
portantly , jne damp ing of the system suppressed the respons e of the system. The new coupl ing was successful in cramet-
icallyimprovinglherunningcondition. •

VIPAC considers the most import ant benefi t of Condmon Monitorin g is the marked reduction in rnemtenance costs wll ich can
be attained. It is genera lly agreed in the industry that cost savings of 25· 40% are readily achievab le. even afte r incorporating
lhe costof the ana lysis service . and making no anowance for noeasec produclion

(from VlPAC News)
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The Instantaneous Sound Intensity in
Two-Dimensional Sound Fields -
A Finite Element Approach

Qinghui Zhong and Robin J, Alfr edson
Departm ent 01Mechan ical Engi neering

Monash Unlveral1y, Clayton, Vic. 3168

Abstract The acousric finite 81_1 approach is employed to:tile ca lculal ion of the instantaneous scund
intenSity veetOf$ in a two·dimenshmal sound field. The sound prt1uura d's/rilwtiorl is firStcalculated Via tile
8covslic finite element method . The sound particle velocities af8 IhlHt solved for each element from the
linfJsrised Euler's equaficm, and a~ US8d/0 derIVe file active sound Intensify and the reactive soond inrfKlsily
through II decomposition approach. II is demonstrated thaI the inslanranflOUSsound intensity vector can be
CilIcUiated by retaining the tilTl8 dependence factor. Jris also found tha t the sig n, or direc~on. of the resc ttve
sound intensity vector can be sp6Clfied in different ways . pr ovided thai thB instantaneous SDUnd intensity is
oetint1dlIIXOf"dingly. An ff)(ample is pro vided /0 simulate SQUfId propagalJQflin a two-dimensional duct with
figid waNs, excilet:lby a point fTIOfIQPOI fl SOIJfC6 wilhconstantparticle 1'81oc1ty.The results of the aClive sound
K1tBnSlty/leld Bgrtl9 W911lMl'hthoH grven by Fahy {2J. The calcuJ8tfJd reactive sound Intensily fteJd is V6fY

mud? re/at~ to the cont our Ilfles of 1M sound pressure lell'flki. as expected. Two circula tory patter ns were
obs8l\l6d irtthe aetiveSOl.Jfl(J irttensil y fiekJ. 6achCQrrespondrngtoa~erofXessl,Ne poirtf in ft>e sound field.

Thesll two ci rcu la tory pat/8ms. ho wBV6I'. were hardly lIIsi~ in ttle ins tantaneous sound irr/6f!si ty fjeld, n
Is SlIQfl 8$1ed thaI the insta rtfanllOli S $OlJnd irtfensi!y sholJkJ oe U$!1din com plemen t With the tll1le-averaged
aclweandreacliveSOlindinlensjliesirtcases wf/eret/le/fCOWJlicenergyfransferisvilaily important. e,g. lhe
aclivenoiseconlroi forapure·frJfl6sound fieki,

1. INTRODUCTION
The basic concept olsoond intensity was estalllished io the
early 194Q.slt l . But rs wes fl(Jl unt il recently tt1l!l il receoed
such a warm embrace by the communrnesof acoustic ians and
eng,naers [2], Theapplical ioo ot sound iniensily measure
mentco var5m any engineering fields,e ,g, noise source iden
tilicat lOn[J),determi natiOlloltran!lfTlissionloss inb uildings [4)
and analysis 01sound reoeuon [5[, r oe eooveesooe scooe
iotel1sily. i,e. lhe aetil/ti soondintensily, isatime-alltilaged
quanbty...nctldescribesthenel _gytranslllfper unilarea
Ol lhecross-sectlOIl normaltothe difflctionof intensity P!'OP
agallOl'lduring a time period. II does not . howeli9l',reftecllhe
aooustlCenergy flU>;wilt1inlhe soufl(lheld. lt ,slherelore nec
essarytoconsiderttle iostantaneoo s soondinten5llywtlich
combines the ecnve and reactive sound inl enslt,es. Clearly
me irstant aneocs souod intenslly has nOI boon fully inlleSl i·
galedo rthoroughlyu nderstood Analyticaldifficulties.belore
llnyt hng else, are 10 blame Iorlhe lack 01 effort towards dis
C<Nering theph enomeoaotthe inslantaneous sound intensrty
in sound f~lds of dl/leren lnlll" r8S, In general cracsceme
comple>01y 01 tile sound l lll id geometry and/or the boUndary
cond il1Ofls rnakeitdifficu"./)f~impossible lOderi'll!l an

analyl lClll soluIion tolhe gOllerningwal/ti equation. 11'1such
cases numerical tecl1l'liQU8s are always ttleoolyailernaH",
The linite eem ent method . character 'sed by llsroblistness
IlnllllllrSiltillly. was chosenlor the pr8Senliflllesl iglltion

The acoustic Iinite ele ment method ,pioneered byAMIl and
ZienkiewiCl [I'lland SUbsequently improved and e~plorad by
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others, as discussed io Rei \7). has pl'OIIOO to be a power
Iulnumeric:al lool irl aMl ysinglhe llooustical per!ormanceol
com plex eeveres (8), radiation Ir'om vibrating structures [91.
elc . Theapplicationoflhe lirlllee~mentmelhodlorlheSl\Jdy

et e e instantaneous sound intensity field. however, has not
been reported. The fast development of compute! tech no!·
ogy hascontnbuted sUbstanl ill lly to the ever increasing pop
ulal ity ll/1d capabilrties of the acoustic Iioite erement. The
two-dimensional l inite element formulation employed in the
presenl paper was hrsl flIpo rted In ReI. [1Oj. in whlchan ab
sorpti"e road barrier and an automol i'l e indlJction ducI were
studied as examples. It is elClanded here torthe study 01the
ioSlantl109OUSsound inlenSlly feld s

2. FINITE ELEMENT FORMULATION
The Helmhollz equation C(Wersa wido range 01 physical poe
nomeoaand,likeotherd,flere ntial equations.cllI1belormu
laled for a tin~e element SOlution . The origirlal equation is
given as

with O,richiet and Naumann Iype bol6\dary cond'toons \121

For the time harmoni c aCOl.lstic w<Wepropagatio n in a homo
geneous medium in the absence of mean flow. the equabon
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wherep is me sound pressure; V'2is the Laptecenoperator,
te

V' 2 = ~ + ~ + ;; ;
w is the frequency ol oscl i labOl1 ; and c~ the speed of soo nd

in the mediLm

Thevector {Jl on the right side 01equation (6) relates IQ Ihe
excitatklnterrnswhid'lcanbeevaluatedlrom

(9 )

For avelocilysource coincidingWflhthe leg i jo1analemenl,
thelengthintegral fendertl

(2)

is reduced to the to m

V'2p + (~r p =o

For a dissipative s...-raceoccupying the leg ij of the element,
Ihalength integriill is IPvlln by

The Galerkin Iormulahon of the above equaronwas obtained
in Itq aII(l is included here lor the sake 01completeness

The e eee-rcee triangu lar element was chosen lor Ihe formu
latlon. lt was assumed that the lield pafameter considered,
t.e.the solmd pressure varies linearty with in the element. The
interpolatlOf1ltmdi onp.is repfesentedby

[' " ]{f), = -jk~ 120
6 000

(II)

( 13)

(14 )

( 16)

( Iti)

8p
{i; = "'211'; + In n /'j + m 231'.

bp
aU = "' 311" +"'''~Pj +fll,.;,/I!

The spat,al differentiat ion of Eq. (4) with reseeet to l' and II
yields

3. SOUND INTEN SITY CALCULATION
SOund inteflSf\ycomponents can be calculated diraclly l rom
the l,nite element ii1cousticpressure results. By solving Eq.
(6)we cafl obtain alltheinformation ol thesound prB5SUfB
distlibution inside a particular sOundfiBld. Both lhe amplitude
and phasor 01 the sound pressure are known. The particle
velocity can then be eeicuiatec lor harmonic excitatio n by ern
ploying the linearised Euler' s equat;on, te

"..== ..L£E.
kpc 8l'

j up
u~ = ~ay

where the j denoteslheimaginaryunity

The particlevelocitycomponentswit hintheelementarll given
by

(6)

The SOUfldpr essure within an elernent,in le<mso1 sl1apefunc·

(6) ::;h~St=~;~~~~~=I~=~::::;:~nt

p = ~ (p; + Pj + 1'. ).

Thustheglobal matrices can be assembled from the element
(3) matr ices and lhe equal lOflsolvBdlor lhe sound pressures al

ailthenodal poinlS in thEt sound ~d ol interest.The ca~

lated presslJrll distribution wiil be used to evaluate theinstan
raneocssoond intensity in ihe nextsecton

(a)
In me following diseussion we will restret the der iva/1QfI withIn
lhe5CQP8 01the fiM e element formulation developed in ltl e
previous seenee. Due to lhe 85SlJrnption01linear distrobu\lon
01 SOlJOd presSUfein each elemenl !he resultant sound parti .
cleveloel\y eornponenlSremainconstanlwrthinlheelement.

(7)

-i e IN}T { .V}d.-l

,'A[' I I]__ 1 21
12 1 1 1.

IMJ,

where / '" Pj arldPf. ... .ounopressures at the three nodes

The Galerkin method W ill; appl8dand the following equation
wasolitained

wtlerB ~ = .'!Cis the wave nt.rnber and the superscr ipt T
ceocesireeeosccee

To allow for the incorporation 01l r.e Neurnann bo!mdary con
dition, the integration by parts was certc rrrec. Thisprodueed
thetollowingeql,J8tion

where Cj, C2 end CJ ere constants.

The sound field within the element can theo be expressed in
t6fTT1s ofthe interp~ation fu nct ion and the nodepressure val

ues. l,e

The eiement rnencesl or each element is found /forn
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4 . AN EXAMPLE
The e~ample dISCUssedbelow was stud ied by Fatly [2] who
usad the modal summation melhod 10 derivelhe mean in
lensity distribuli ons in an inf lnil ely long fwO-dimensiona l d<JCl
when e~cited by a point rnonopole soufce_ Soch a calcula tion
is,tlowevElf,veryoomputatiooallyr.efficientandonly applica
ble to simple sound fields_ Some modrficalions were made
tofacdilatetheapplical ion ol fini teelemenl rnodellingll>rthis
C35e, As shown in Fig. 1, only tne right hall ormeduet was
chosen as the computation region because of symmetry 01
the soundfieid, The potnt source at tnebollom cttre euet

(I i) was approx imated by a half circ le wtlose diamete r was much
less lhan lhewldt tlot lheduct. nwes tound lhal a ralioot
1/100 gave r@asonably good resuks, There is rlOneed to irn-

(18) pos e the bou ndary condili on ol the hard wallsot the ducl int t1e
caleula tion as rt is inherently includecl in the Galerkin lofrrnJ a
tion ot the finrte element mel OOd,The infinrtely kmg duet WII S

(19) ~~~da:::na~cs~~ii~~;:2~ meters from Ihe monopole

Theparticlevelocitycomponentsalthism ld·pointa red ertved
from EQs, (15-16). The part lcle veloeity eomponents, u~ and
u, areltiefldecompo sedintotwo orlh ogonal parts, respec
tiwly.Thefirslparlisinphase (orout olphase}wi ltlthe sound
pressureatttlemid-polnt,l ,e. uuand " wG·The sacond parli s
in quadrature wittlttlat pressure'''uanduw' ·

Basad on the pure -lone sinus04dal e~cita1ion, the eceve and
the reeenve eoune inten sity components are calculated using
thelollowinglomtulae

Figur.1Two-dimMIsIon.s<Wnd f;flld~by .

poinImonopoifISO<NCt>""tw"""rwo~ .. . lIs ofin fin;r.-
u(tj = u. cos",t-ii,~ i ll "'/

where I: is the aetiYe SCUld inlensilyvector; 1: is lt1e reacliv e
soUnd inlensityveclor; and (Jp is l he pt1aSOfOfPmi4

II can be shovm l hat the deeOmposflion can be performed with
"ither tne pressu re or lhe patt icle velocityas the rete -eece
w,lhoul lt1e inslanllll'lllOUll sound intensity resu lls being af 
fected. Whi le the ecevesound int80Slty remains uncN mged ,
thereactivtlsound intensitychangesitssi\Jl _lIissuggested
that ee sign 01the reecnve sound inteosity is not impofl anl
prov;ded thai the ellpression for the mstanteneous scooc o- .

lenslty is acco rd,ngly del ,ned. r-:
EQ, (21) is not 1hesam eas tlle expre ssion giveo by Jaoo bsen
113]. TtliS is because ol Ihe diffe rence in lhe def inition 01Ihe

instantaneous particl8velocity . Considering lt1at :.;1 roIates(, ,") ~_ _ -_ _--~. •coonter-c lockw,sedi'ect ion, we can _rte theinsl anlaneous
sound particle velocrty as

I,. = ~ tl,. ,p""d l (20)

where !P"' i dl is the modulus of " "' i d. r.e. tile am phtude of the
sour'ld pressure at the mid-poinI 01the e1emenl.

The in:stantaneous sol.nl! intensity at the mid·poont of the eie
mer'!l isgiveoby

i = 'lI: t o .'(. ,.I +9I') - 2l ..tOfl(...,+lll' l sin(...I + (Jr ) I:!I )

whiCh is ditlerent trom Jaccoserrs expression

ii(l) = iI.cos",t+u, . in ",'
Figln 2, Fm.~modeI of lhe~

r- oht;>WIl in FiQ3

in Ref, [ l3]

The sound presscre at tne mid·polrlf of thetriangular oross
secncowas chosen lor the der;val ion thrOl){jhout the sect ion
The calculation ofsourldirllensilill5atothe, localions within
the elemen l can be performed in the same mallne. except
marnesound press ure shouidbe evaluated via the mterpo
lalio n lu rlCtion introduced jn tne M ile eleme nt fOrml,llation. In
lhe case ot I'lOn-linear inlerpolation functions, as is the case
wil h higher order elem errts. the sound particle wlodlies are
notconstanlwilh inlh eel emenlandtherefore shouldbe calcu_
Iated through the mterpotanon lunctlons in a simila r mann er

Thelin'leelemerrt fesu llsofsound inlen sitiesll.tlhefl"equeocy
01165 H.z,celculatedlrom Eqs (n·lO ), lI.re,heWn in F,g_3
Thearrows are scaled proport iON.IIO .,[i. T!le t ,rcu lalorypat ·
ferns canbesll'ElflintheactiViiSOUnd interlSlly lield in Fig. 3(a),
This phenomenonhasb&en studied by some researd>ers ,
a.g, Mann et al (14]_ II is considetedas the direct resull of
the rotationality of the acllve soond intensityf"'ld. Eadlcircu
Iarcent[ecorresponds tOi!l.vorle~ point where lhe pressure ,
active and reeceve soond intensiti es are zero . Wh ile the for 
mal 'on and the exeteoce oI lhes e circulatory pall ems in the
aet,vesound intens ity lield a.eellJS ive andlrequency depe rl_
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Figure 3. The finite element results of sound intensities.
Above: Theactivesoundmtensity. Below: The reactive
sound intensity.

dent, the authors tend to agree that they are the product of the
interaction among different acoustic modes. It is found that
the circulatory patterns can not be found in the active sound
intensity field at frequencies far below the cut-off frequency
of the lowest non-propagating mode for the two dimensional
sound field considered here, i.e, 170 Hz. In the neighbour
hood of this cut-off frequency, however, these circulatory pat
terns are evident. The divergence of the active sound intensity
is zero anywhere in the sound field, as mentioned in [13,14].
There are no sources or sinks of acoustic energy; the active
sound intensity field is, ina mathematical sense, solenoidal.
On the other hand, the most distinct feature of the reactive
sound intensity is that the vectors are always towards the di
rection normal to the sound pressure contour lines. Ithas
been stated that the reactive sound intensity field is indeed
irrotational, i.e. curl-free. This feature can be identified in Fig.
3(b).

Figure 4. The contours of the sound pressure levels
Pre] = 2.0 X 10- 5 Pa

The information that can be drawn from Fig. (3) is, neverthe
less,stillnotsufficientenoughtorenderaconstructivesug
gestion as to how one can make better use of the active and
reactive sound intensities. In fact, even the definition of the
reactive sound intensity seems arbitrary. In the present pa
per the reactive sound intensity is defined from the concept
of the reactive particle velocity-the parliclevelocitycompo
nent90° ahead of the sound pressure being positive. The in
stantaneoussoundintensity,basedonEq.(21),isvalidonly
for this definition of the reactive sound intensity. Apartfrom
that, there are still other things which are not very well under-
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stood. One would hope that further investigation would bring
a clearer piclureofthe complex sound intensity field.

In Fig.3(a) it can be seen that in the region near the non
reflecting termination the plane wave mode is dominant. From
the calculated sound pressure results, shown in Fig.4,wecan
see that the two circulatory patterns in Fig.3(a) correspond to
the two troughs in the pressure distribution in the duct. This
is expected because at the centre of the circulatory pattern
both pressure and the active sound intensity are zero. The
reactive sound intensity, on the other hand, shows a differ
entpattern.lntheregionnearthesourcethereactivesound
intensity is very large as compared with the aclivesound in
tensity in the same region. The minima of the reactive sound
intensity can also be related to the sound pressure troughs in
Fig. 4. Near the non-reflecting termination, the reactive sound
intensity is small and, as expected, pointing to the direction
parallel to the surface. In the left region of the reactive sound
intensityfield,asshowninFig.3,onecanseethatthevectors
in the upper and lower parts are nearly opposite in directions.
It is suspected that this is caused bythereflecledwavesfrom
the hard boundary on the top. In the right region of the reac
tivesound intensity field this symmetrical pattern disappears.
Overall,therearethree"sources" in the reactive sound inten
sityfield,correspondingtothethreepressureminimainFig.
4. Aparlfromthe"sink"relatingtotherealsourceatthelower
leftcorner,therearetwoadditional"sinks",correspondingto
thetwopressuremaximainFig.4.While the"sink"abovethe
monopole source could be caused by the reflective boundary
on the top, the other "sink" on the right is difficult to interpret.

Figs. 5(1-8) are the vector plots of the instantaneous sound
intensities as calculated from Eq. (21). The same scale for
the arrow length was used. A time interval of 1/16 of the time
period of the sound pressure was chosen. We can see that
the instantaneous sound intensity in the near field displays a
rather reactive feature-the instantaneous sound intensity
vectors change directions after haifa period. While in the re
gionnearthenon-reflectingterminationtheactivesoundin
tensity dominates the pattern. It can be seen that the instan
taneoussound intensity does not change direction near the
termination during the whole period.

The two circulatory patterns ofthe active sound intensity, seen
in Fig.3,cannotbeidentifiedmostofthetimeasaresultof
combination of the active and reactive sound intensitiesinthe
time history. The most interesting phenomenon to noticein
Fig.5isthattheinstantaneoussoundintensitypatternsdif
fer greatly from that of the active sound intensity. This is not
surprising as the active sound intensity is but a time-averaged
quantity which does not reflect the real nature of acoustic en
ergyflow. In the field close toa non-reflective boundary the
instantaneous sound intensity does not change direclion in
general. For the sound field considered in the present paper,
the reactive sound intensity has afar greater effect upon the
instantaneous sound intensity field than the active sound in
tensity.

Overall, the results of the active sound intensity agree well
with the analytical results given by Fahy [2] and the results of
the reactive and instantaneous sound intensities give a clear
picture as to how sound energy flow behaves in a seemingly
simple two-dimensional sound field. It is expected that the
approach developed will be integrated with computer anima
tion to provide a better insight into the mechanism by which
theacousticenergyisradiated,transferredandabsorbedin
various sound fields.
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s. CONCLUSiONS
The numllfic:al evaluation of the instantaneous sound intensity
of twl>-dimensional60lInd fields was made possible by em
ploying the 80C0UStic fin~e eleme nt approach . The oeccmpo
Sit,ono! me soonl partICle velocrty has proved to be praetlca.l
for the po&t·process iflg oIlhe linrteeleme ni rtl$l,llts to ca lc....
Ialelneaetiveand,eactive sound intensrt,es. Thefomulae
for the instanlaneoos sound part icle veloc,ly and Ihe insta ....
tan6OO..lSsound Il1leflSilyhave been derived , Only a simple
examp tewas considered in the present papBf, the formiJa·
tion developed, howeve r, can be extended 10 handl8 gtlfle,al
three·d,mensional sound l lelds. The effecl s otmean IIow end
l emj)9fal ure gra dients in the sound field can be accommo
dale d byt hefi niteel emenl met hoo .The present paper s8<VeS
ooly as edemonstral ionol l he approach develop ed, Further
research should 10000 0n Ihe app licat ioo 01 the approac h in
genera lacc;luslic:andooiseCO/1trols itualloo s,
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Swedish Action Plan Against Noise

In Sweden noise has been placed on the political map. Recently cabinet appointed a special Commissioner to work out an in
tegratedplan of action against noise in Sweden, the proposaltobepresented before 1 July 1993. It is the view of the Govern
ment that noise pollution should be reduced and that each sector concerned should implement noise control measures com
mensuratewithitsresponsibilityfortheenvironmentalimpactofitsactivities.

Noise pollution is an international problem and has lasting effects. In a large number 0t socloloqical surveys carried out in vari
ous countries noise is ranked as one of the most intrusive environmental factors in both work and housing environments. Hear
ing defects due to noise are irreversible. And there is no prospect in the near future of replacing today's noisy machines by
quiet ones.

In Sweden, the responsibility for noise control measures rests with various authorities, e.g. the National Environmental Pro
tection Agency, the National Board of Housing, Building and Planning, the National Road Administration, the National Road
Safety Office and the National Board of Occupational Safety and Health. These authorities have issued directions, instructions,
guidelines and recommendations relating to noise.

Reduction of noise at source
It is generally most cost effective to deal with noise at source. This applies both to industrial machinery and many consumer
products. This question is dealt with in the European Community Directive relating to Machinery (89/392/EEC, OJ no. 183/89)
which requires noise information to be declared on all machinery, from household mixers to excavators, that emits levels ex
ceeding 70 dBA at a distance of 1 metre. As of 1993 these requirements will be applied throughout the EC, and Swedish ex-
ports to the EC will have to comply with them. •

Research and education
There is at present a lack of acoustically trained personnel. This is due to the interdisciplinary nature of acoustics, which re
quires a knowledge of subjects that are all taught at Swedish institutes of technology, but which are spread out over different
study courses. Both research and development and education have been neglecte dinthisarea.

Terms of reference
The Action Plan should include proposals in the following areas: noise suppression at source, the external environment, work
environments, housing environments, leisure environments and research and education. The aim of the plan should be to re
ducethe number of people who are exposed to noise disturbance. Itshouldbedirectedatconcrete measures with a realistic
prospect of implementation. It should also include preventativ emeasures.

11is important that the problem of noise be taken into account in municipal planning and in environmental programmes. Greater
importance must be attached to physical planning as an instrument of environmental policy. Municipalities should be involved
in the integrated Action Plan against Noise, and existing planning expertise should be made available to help them in this work.

The investigator should also propose rneasures to promote the developmentofhousingwith adequate sound insulation, taking
into account the proposals for simplification of the rules govern ing housing construction set forth in the report on Government
support for the financing of housing.

The Action Plan should also include an analysis of the need of research and development in the field of acoustics and noise
suppression with a view to ensuring a sufficient supply ofacoustics expertise for industry and the public sector.

One of the investigator's priorities must be to submit detailed cost estimates, including estimates of the cost to the national
economy of achieving the goals and implementing the measures proposed by the investigation, as well as proposals as to fi
nancing. The investigator should also indicate the social rate of returnthat may be expected as a resul1 of reducing noise pollu
tion.

Interested parties are invited to submit reports, publications, and ideas to the Commissioner, Tor Kihlman, Department of Ap
plied Acoustics, Chalmers University of Technology, Goteborg, Sweden.
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II'S,,, A'OlBs'" PIOPlB."B
1992 AAS Conference
WIth the tneme 'Practical Noise Solu
tion s' it was heldlrom Nov 25 to 2 7 at
the 'Old 6alla(at Vi l l age ' confe(ence ce~

tre . While the proceedings began on
Wednesday with the AAS Counci l mee t
ingand an opening dinner, tney were 0/'
ficially opened on tne Thursdaymoming
l1y the Mayor of Ballarat . Ja mel Cogh
lan, and Olaeme Hardin, '. Inlere stini
and colourful adc-ess 00 "Thegood, lhe
bad and the beautiful Of noise centro!" .
Then, duringl/le rema inder o f ThurSday.
and the Ft lday morning followed the de.
livery of 24 vened tec hnlc!!1 papers by
32aulhots. Tnese were avenableln e
nice ly bound volume (Available from Pub
ucaucns Offi cer, Australial1 Acoustical
$ot iety, 15 Taylors Rd, Dural NSW
2158 ). The conference was corciuc ed
with the announcement of 0 , K. rry
Byrne as recipienl of Ihe President' S
prize for his rcreere paper on 'r re be
vetc pmen t of Acoustic Volume VelOCity
~~~~.es·, and the f riday barbecue

While in most respects the Conference
was eminently successf ul, one di!r
appointing feature was a lower than
hoped for attendance. part icula~y of de~
egetes from the home slate cr vcrone,
the tot al attendancebelng 74 de~gates

(NSW 36 . Vic 25. Qld 7. WA 4. Nl 1.
Hong Kor1g11. B~ contrast. a grat ifying
number of eccc euee : f 'rTTls took the cp
portunrty to moont useful and wel ~

prepare<l displays of their products.
f.om the best currently ll\I/li lable &COUs·

~~c:~~~~~:s to the latest In measuring

AAS ANNUAL
CONFERENCE · 1993

lhiswill be held 9 · 10 No-.embe. in
Adelaide wtlhthe theme Prog.... In
Ac:ollStles , No," a. Vlbr.tlorl . The
G.and Prix will be Ileld in Adelaide
immediately pre<:eding the confer
ence so,for trc se wllo are inter
C5te<l,there will be theoppor!unity
to list en to some rather loud

- "Al)st.act.s for papers s/lould be sul>
mitted by 5 April 199 3

FllI'ltlef in torma l KNI:
AAS Coofer ettee.DepfMechEfl£ .
University Adelaide, GPO eo,498 .
Adelaide 500 1.
Tel: (OS! 43 933 1.
Fv.: (08) 224 04 64

Acoustlcs Australla

Mech 94
The theme of this ccoterencc is Re
sou.ce Engineerlng and it willbe held ln
Perth, 15-19 May 1994. One of Ihe fou.
cc nterences ccmprlajog Mcch 94 1'1111 be
the m.eoouer Vibration and Noise Con
fe.ence. Abst. acl s should be submitted
by 16Ap fi l199 3 withthedraft paperby
31 August 1993 and camara .aady copy
paper by 22 December 199 3. Exp.es·
slonof lntc rcstfo.ms are /lVlli 'ablefrom
the organisers.
Further iflform aliOfl: ConwmtJon Manag.
er.M9Ch 94. AE COfIl'ent,ons. En
ginf.1t!n'ng How.It , 11 NationaJ CircuJt.
Bartor'!, ACT 2600 , Tel: (06 ) 27 0 65 30 ,
Fa.: (06 ) 2732918

Ryland er Return s
In nov 199 2.theWA DivisiOl'1 hosted a
scecrer breakfasl rneetlng at which Rag.
nar Ryiander. Professor in En~i.onmental

MedIcine et Gothenbu.g Unl~ersll~ , SW~

den, gave an inlfl. estrngpreS8'rltatiOrlO<l
road traffic noise planning. Hrs stude s
hll\le shown that annoyance is more
closely related 10 the maximum nolse
lewl 01 the noislflstvehicle than to iec.
and turthe. l hat an increase in the num
be. of heal'f ~ehlCles causes an rn
crease in annoyance upto a bre1ll<
poi'll. aIxlYe which the level of an
noyance rem.. ns constant for II con
stool ma~lmum noise leve l. This con·
stllf\tlevelofannoyanc:eal50lrlCfeases
with ma.,mum noise !e<;el

ThiS leads to a planningCOflCept for
roads whereby the level of annoyance
can be contlol led I1thmit ing the rnad
mum noise level 01 lhoetraffIC , by bar
ners, setbacks 01 ~hicle reSt rtctiOnS.
In the longer lenn , ensapproach would
lead to IowernGIse level lImit s for ve
neres
Further infomla flO<l ClJfl ~obtai~

from Prof Rylander at Got/lenburg Un;.
versiry, so..- 33031. S 400 33. Go
fflenburg.Swederl

Bion ic Ear
The Victooian [)jy;sion'sf,nal te<:hnil;a1
meetin& and end-of-yelll Iunct>on for
199 2 was a vlSlt on Nov 13 to the Aus
tralianBl()tlic Ellfand lieanng Research
Institute, Easl Melbou~ lor a (!ern
onstratlOO by Prof GIHIM Clalk . and
Me..n Andre w V...s..l1 and Ak:hrd
lIanhoeHl of their worII. Hfllll'1ng help
by boonlCea. is posSible in case of cocn
lea damage through an ironef ear implanl
used to directly escte the bllSli8f mem
brane nerveenchngs by sound impulses
relayed to it ~ia a microphone and eec
tronic processor , In sorte of hmited Ii·
neece. considerable progress has been

achle~ed In developing this bionic ear
which Prof Cla.k and his assisting staff
then desc.ibed in further detai l.

New Journal
Agleement has been leached between
SC'o'enof the acouslicalsocietles of Eu·
rcpe 10 correneece pUblk:ation cf Acta
Acoustica.Thlsjournalwl llseektopul>
ilsh sclenl ific and eng,neerin& papersln
any branch of acoustics, noise and ~I·

brat ion. Acla AcouSlica will be put>
IIShed si ~ times a yea. commencing in
mid 1993.
Furthcrlnformalion: lr'!sl llu teof Acous·
tk s, PO SO. 320. Sf Albllf1s. Herts. All
I PZ, UK TIl: im + 727 48195,
F6X.· IfI f + 72750553

Break Noise
The Advisory comesnee on Vehicle
Emissions and Noise [ACVEN) is a na
tIonal bod~ WIth representation I'rom
I.a nsportandenvl.onment agencies at a
Fe<leral andState/TenitOlY level,plus
adviso.sfrom Federalenergy. industry
and Ma lth eaeece s. Where requlreo,
tne COrnmitlee establishes e~PCf1 WQfk.
ing &rOUPS, wrth wldf!f .epresentatoon, to
ildcItessspec ificissues

ACVEN is aware of growi"ll com,,?,lty
COllcem OV(!f the advetsc ,mpact of
hellVI' ~ehicle compre5$ion tl<"eak noise
In residential areas , particularlyal
nlghl . " cvtN represenlll lll'e5werellC
live ly Involved in lhe management 01 a
consuita nt's report commi5$lQrlC'd by
AustfOllds into the problem. AltSlroads
is the body represenllng aii the load a....
thorlt,esllroundAustralill

The report recommendS tnat a new ADR
bedc~IoPCdIOaddf(!ssthe problcmin

new vehicles and 1\ also makes a num
bel of recommendat ions for in-service
ccoteots. The report' s fecommend&
t ions ll ,e expected to be conSl(!ered by
AUS!foads and it is anlicipared lh ar ttley
will be torwardc<110 the Natl()tlal Road
Transport Commiss ion. The Commi!r
slon is lhe n likely to fomlilily ask ACVEN
to lld on tbe eepert

SEA
Prof Nic k ulOl from InSl lM e of So lWld
and VlbratlOO, Urwe rslty of Sollth
ampton aAd ackoowledged e~pert on
$tati stieal Ene<iY Analysis (SEA) will be
vosrtlng lhe ElIStem $Iates in July 199 3
Ounngh,svisrlhe wiiibe prescnti ng
semlna~Of1$EAandllS~icatlorn;

Furt/lt'. informal<Orl: ACousllC'S & Vlbra
liM C~ntre, ADFA. Canbema, ACT 2600
T~/ 1061 268 8241 . Fax tOO}268 8276
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Award for AAS Member
Dr Dean Patterson has been honoured
as 1992 National Professional Engineer
etme re e. He isAssociateDeoo ol
the School 01 Engineering. Mathemat ics
and Physics at the Northern Territory
UniverSIty and member 01 the South
Austra lian Divisior'l of the MS .

Moves
Or Rob Butlen has recently jo ined MitCf).
ell MCCOtter as a senior Engineer. Nell
Gro» returned to Australia arid io wn
kinson Murray in Sydney after spending
some time in UKa l'ld Europe.

Hearin g Rehabilitation
Conference
This Intem etion!!1 Conference will be
held at Macquarie University. Sydney
from 14 to 18 JUly. The theme is
"Bridging the Hearing Gap" and it will
have a stror.g emphasis on issues of
preve ntio n and nOI5e managemerlt. Two
of the principal speakers will be MI
Alarl Dcwe from the Noise Policy sec
t iorl. Health and Safety Exe<:utive. Lo".
don and Dr Ross Coles from the MRC
Inst,tute of Hearing ReseafCh, University
of Nottingl1am.

Furt her InfomJa!iQf1: ICHR Secretariat.
GPO Box 128, Sydney, NSW 2001
Tel: 9}2) 262 2277, re»: (021262 2323

NEW MEMBERS
We weloome the following new members
whose gradings have now been ep
proved

SOufhAus !ralia
Subscriber
MrBMartin
Member
Mrl O M Hillock

Vict oria
Member
Mr S Camp (Malaysia)

g'~•••
MODERN METHODS IN
ANALYTICAL ACOUSTICS 
Lecture Not es
D.G. Cri."ton, A.P. Dowltn" 1.E.Ffowcs
Williams , M. HeckJ& F.G. Lepplngt on

Springer Verlag. 1992 , pp7 38. 50ft cov
er. IS BN 3 540 19737 O.
Austr<l!i,lfl DiS!ributors: DA Books, PO
BOd 63. Mitcham, Vic 3132. Tel (03)
8 73 44 11, Fa~ (03) 8 73 5 679. Pria.
A$8 4.50

This book is a collection 01 lectures first
given 25 years ago to the Admiralty

Vol 21 No.1-30

(U.K.) with specia l emphasis 00 analyl.
icaltechniQues relevanttosonar. SillCe
then, the lecture note s have been
evolved and expanded to 00_91 a wi<le
range of mathematical techniques for
applications in advanced research on un
steady mechanical problems en
courrtere<lin aeroacoust icsandunder.
water acoust ics

The book consists of ovel 700 pages or
vided into 26 Chapters which are
grouped un<ler 3 themes (parts), Part I
deals with Ihe 'Classical Techniques of
Wave Analysis ' in which 10 to pics nave
been treated. Naturally com plex var
iable theory end generalized runctioos
are covered first before Fourier trans
forms araintroduced. There is also a
small section OIl wavelet transform
whiCh trasrecanuy att racted much atten·
tlcn. Some methods for asymptot ic ever.
ueuon of lntegrats. metbcds based on
Wiener-Hopf technique for solving linear
part ial differenti al equations, the metn
od of matched asymptotic expansions
and the method of mult ipfe scales have
been adequately cescneee and sup~ g.

mented witt1 usefUl examples. The last
three Chapters (8,9 and 10) in this part
are of part iculal interest to engmeersas
they introduce the method of stat istical
energyanalysis (SEA),highlight the im
ccrteoce of considering mean energy
and momentum effects in acoustics
problems and describe the use of nu
mencermetnocs primarily finite element
and boundary eiement metllod s.

In Pan II under the theme of -r re Gen
erauon of Unsteady Aelds", there are 7
chapters. Various norse source mech
anisms including Lighthill's theory of eer
odynamic sound are explained in cnec
tars 11 and 12 . Combust ion noise is
treated in Chapler 13 as partof lhe rmo
acoustic sources and msrecnnes. It is
interesting to read here how the cern
bustion process can be altered by the
sound waves it generates. thereby gen
eretmg even more sound. The effects of
monon on acoustic sources are d e
scribed in Chapter 14 with examples on
supersonic sound source. Some time
and fraquency characterist ics of pro
peller and helioopternoise are given in
Chapter 15 . Chapter 16 is particularly
intele st ingfor uncerwater acoustics as
it primarily deals with flow noise. that is
noise due to turbu lent boundary layers.
The effect of coupling between a fluid
anda struetul e, kr1own asthe 'f1uid load
ing' eflect is described in Chapter 17.

Part III deals with 'Wave Modification' by
various means in nine Chapters. The
methods for describing the effects of
scatte ringand dill raction are given in
Chapters 18 an(l 19 which is then fol·
lowed by resonators in Chapter 20 . The
hydro<lynamic and acoustic behaviour irl
bubbly liQuids is introduced inChapl er
21. The effects or revemeretjo n in room
acoustics and underwater acoustics and
the use ot sound absorbers are l airly

well explained in Chapter 22 . The im
portance Of the <liscovery Of inverse
spectral transfo rm and soliton in the last
25 years to nonlinear physics is hign.
lighted in Chapter 23 which are then fol
lowed by Chapter 24 Qf1nonuneer accus
tics and Chapter 250n the applicat ions
of chaotic dynamics to acoustics. This
part Is appropriately concluded with a
Chepter 2600 anti·sound,believed to
be arevolutiooary noise control tech
nology ofthenineties

Despite the foct these lecture notes are
written by five different authors. the
book is fairly ooherent and conforms
QUite well under the central theme of
- Modern Methods in Analvtical Acous
tics". There are good cross references
between Chapters in the book. r netcc
reshave been well organised and follOW
a logical sequence. wnaeeute a eum
ber oftopicscovered inthisbook eanbe
written into a book in their own li ght
and. therefore, cannot be t reated in
great depth, the presentation 01 the ee
slC conce pt is very clear. there ere ersc
sufficient references provided to allow
the reader to pursue further top ics of
tneirownInterest . All fwe authors 01 the
book are leading world experts tn their
fielClan<lit isapieasuretoreadabout
their interpret ation of basic concepts
and applicati ons of these concep ts

This book is an excellent couecucn of
mathematical techniques that are im
portant in acoustics and is very well writ
ten. The autrors should be congratulat·
eo for their efforts and for the insight s
they convey to their readers . Personally
I h8\lil found it wry useful to be eme to
consult a variety of methods in one
boo k. I would cert ainly recommend this
book to postgra<!uate studerltsan<l rg.
searchels that reQulrethe use of al'lillyt·
ical techniQues. Practising acoust icians
and engineers irl noise control may find
the book too mathematical . However, it
is certainly a book that shoul<l be or·
dere<! lor every engineering and physics
library

Joseph Lai

Joseph Lai is an Associate Professor in
!he Department of Aerospace aM M~

charlical Englnering at the Australian oe
fence FOrce Academy. Canberra. He is
DiraC/or of !he Acousl ics and Vibral ion
Cenlra and has undertakerl consid-

~:a~;~sr:~a;::;ti~':. are8S of flui d rty.

NOISE CONTROL IN
BUILDINGS
RlIndll ll M<:Mulll1n

BSPPrQfess Jonal Books, 1991 . pp.147,
soft cover, ISBN tJ.632-0 2717·7, Aust.
Distributor; 81acl<well SCientific Publica
tions, S4 Vnivers ity St.. Carlton, Vic.
3053. PriceA $3 7.95

Randail McMullan is a construct ion phys
'erst with experieflCe in lecturing and

Acoustics Australia



COflSUlting. lnthll ",ntroductIOrlh e states
that this book "will tItl lp pul your ettons ,
or your mone y. into consl ructioJls which
are more effe cli'.te ageinst nOise" . This
stalement establ is hoes thlltt~ book is

aimed at the competent handyman or
professlooalbuilOefwllonee<:lstouodef'
stand more aboul CQn81ruct lon lor noi se
cootro l In resldenl ialbu'ldmgs

Thebook isdjyide<llnto 4sectioos .
Part Oflepr<wldes sImple cescnprens or
acoo sticprinciplesandtenninoiogy. A
le w well chosen diagrams and a com
plete lock 01 matre rnancer symbols and
equatio ns make lh is Pllr! easy to read
Part Two builds upon the concepts Intro
duced In Part One and gM!s pr&Ctical
detai ls 01 common terms 01 coosuuc
tion . The Signif icance ofea<:h ejerrent
In the cc estrccnoo. in term , of it s con
tritlution to the overall noise reduction,
Is summarised. The construc tIonS are
Drimarily aimed at satisfying the UK
Building Regulat ions lor party walls and
"OOI"s. There are some valuable chap.
tel'S 00 remedi al work lor walls, floors
andcei\lngsbut only asmaliamounl Ol1
vibrations and mltChinery noise.
rne cetens. usually found in t he eaity
cneoters et acoust ics text books. are lef(
to P<>rt Three "Tet:hnica Reference " . It
is eere th at the mathematical symbols
and equetons appeill . While the con
ceplsarllstilipresented ina clearfT\ilno
ner.itisintl'lissectioothal lhefllare
lim,tations, For example the concept of
"idea l reverberation ti mes" for spaces
depefllhngonvolume and purpose iS i""
eluded wilh a bne r tebte 01 s" itable reo
verter etjc n ti mes lo r l our types 01 room.
However there is no explenation of the
reason lor sui lable reverberatiOrltimes
lo r rooms use<l Iof Speech be ifli ShOrter
thon!Of the same room sire used !Of
music . Elsewhere the llQ"ation for 00
tenninatlO rlofthesoundtransmission
loss for a composite cOrlstruction is" y
en but the graphical method. which may
be easier for t tle ta rge t reeoer to use. is
not presented . Thecomplete lack of a
reference list or bitlhograph~ Could be
annOYing for the reader who wished 10
learn a 1i1lle more about ""yof t he top
ics ment ioned.

The fIna l part . headed °Product File"
comprises manufactu'ef's Ins tallation
sketches !Of a number of commerc ial
products . These relerto UKp<oducts.
however somila. p<oduets would be avai~

alI le from Australl"" marll.lac lu rers. In
lhe ten pages anocetee for this part of
the book, only a limited range of prod
ucts cen be preseraec .

This book is well presented. easy 10
read and would be ~aluable for those
who wish 10 know more about construc
t ions fOI noise cont rol. , fee l its main
benef ,t isthat nospeciaiknow'oedge ,s
requir ed before commenein& 10 reeo the
bQoI< , Those*ho recefveerlO)lJiriesfrom
the general public and small build ef1

ma~ find it usel ul to rerer me enquirer to
ue book. thus sa~in& ccnsiderebretime
explaining t he basic principles . The lack
of suff ic~nt detaiI 1ll\d of s"itil~e rel el"'
erces would limi t the use of the book
felrPl ofessional acoust;Cians.

Marion8urg~

Marion Bureess 'S a researdl offlCef in
t!le Acousfics 8fI(1 Vibra tion Cenlre a l
the Auslril /ian Defenee Forr:e Acade my.
Cantleff/!!. $IlehaShOOCQl1siderab leex
peri ence in teach ing buliding acoust icS
in an ac8demlc environmerl/

I ~... I
CIRRUS
Dat a logging SLM
TIle CRl236A ceta Logging SOund Lev
el Meter is a successor to theCR L 236.
lt inCludas all the features Of the 236
plus ~ast ly il'lCfea sed memOfY capaml ity.

real time clock and improyed data trans
lersoftware, Aspeciali st 5millisec
short teq fOl impulsive noise IS avai~

able in the ~arient CRL 236AF. The
stored data ITomthe 236A can be down
loaded to a MS OOScompatible comput·
er with no deteriQrallOn of data Qual il~

and any req" lred index can be de
terlll ine<l

Further in/orm ation: Davidson . 1 7 Ro
bema 51. Moorabbin. Vic 3 189 . Te l: (03)
555 72 77 Fa~ : (03) 555 7956

INTAQ
Acceleromet ers
INTAQ IntematiQnaj has introduced a
range of eceeereeetees usi ng a piezo
erectnc POl'ymer (PVOF) as the sensing
eremem. The manufacturi ng process for
these accelerometers is much simpler
than lo r other types of accelerometers
and high perfOrlll ance is avaueme at
considerab ly reduced COSIS. PVDF ac
cerercmeters withsta nd roughtrealrnent.
have excellent line(l(ity . a'Nioedynamic
range and are equipped with intemal buf·
fer ampl ifIers so operation with long
cable s is possoble. Asoecial fealure is
the very high mechanical to electlic c0n
version factOl (typlcally 2Q times t hat fOf
ceramics ) with the resu.lt that these ec
cesercsre ters have low mass for their
sens itIVity

The ACH01.()7 is Wilighs 4 gm and has
sensiti~ity 01 10 mVjg over the range 1
to 21.000 Hz. This device is a small
general purpose attelerornete.suitable
for use in servo systems . automotive
andmodalanaPysis

The ACH0 3-03 is a seismic ac
celeromete r in a stai nless stee l cese.
weighs 80 gm and has sensitjyi ty ell
1000 mV/g 0_ the range 0 .01 to 800

Hz. It ;s part icularly applicable in min
ing. ci~i l engineering, veniCle fTlO\IeIneI'\IS
and iows ped serw sysl ems

The ACI+0s.04 is a 4 mA cons tilflleur·
refl\SUPpl'yunitwttichtwlsbeenoptim
ised !Of use in areas such as machine
condltHm mon itoring. Ithasasensitjyity
01 100 mV/g in the range 0.2 to 15kHz.
The rugged construc lio n and isolated
connection s make the device ideai for
Ollllrilt ing in indus\li ale nvironment s

The ACH01-06 is a general purpose rug
gedised version of the ACH01-o7.ltis
houseclo nan elec tr ical ly isol tlted slai""
scss stee l ease and has a sensitiYityof
10 mV/g in the rafl&e 3 to 20 ,000 Hz.
Further infOtmat/Oll : /N TAQ Intemarional.
9th floor Kyle House. 2 7-31 "'aequalie
Place. Sydney . 2000, Tel:(02}252 405 5,
FlU (02, 252 4064

ARt
Opti ons for Loggers
Two more oonooat accessones for the
EL 0 15r!'lnge of noise loggers htwe
been recent ly released. The fPU 00 1
Foeld Programmer Unit Is a IlrN cost
hand held device for lfH he-fleld Intef
rogatoonend eontrol 01 the EL 015 noise
logger. The unit comprises a 16 char
acter liquid crystat display and a number
01control keys. Conneetion is via the EL
015 port and exisit ing users only reQUife
a free software upgrade to use the de

""The AU 00 1 Audio liI1e Orive lntertace
permit s t he audio signal measure<! by
the EL 015 10 be transrrutted on a'cable
of 1·2 km In length. ill comm"nlc81 ;on
link cao be incorporated in Itle cabling
"Ntlich perlllits access to the current
measured noise levels and the recent
noi se stetrs tcs .
Further ;nrorrnal loo: ARL. 169A Pac ific
HIghway . Hornsby NSW
Tel; (02) 482 286 6 Fax: (02 ) 4 76 4 198

NAP
Soundwave
NAP Silemflo has int roduced a higtl per
fonnance metal base<l aooustic lining lor
cel llnis and weus. SOUNDWAVE Is de-

~~'::::nt':.:ica~e~=n~~ =~~
noise reduction and an improved In
telligibility ol speech and sound is rc
quired, Oue to its unique orctue.u pro
vees significant performance
advantages over t raditional I lat eo.
sOl pti~e \IIil ll linings. The strengtn end
durabil ity 01 Sounc1Wa~e makes II par
tlCUlerly SUitable for use in a muchw!der
range 01 apphcat ions thilrl bas been pre
-no.uSlyavailab le , eg indoor sporting ec

: : 'etc'.ndUSlrial \/fOIIIshops, pia'll

F1Jrthef informa tion: NAP Silent/lo , 58
BuclrlandSr. Cla)1on ViC 3168,
Tel: (03 ) 562 9600. Fax (0 3) 562 9793



N&VMS
Signal Condit ioning Amplifi er

The CA 10 Scn8ICond itioning ""'pil ii
.. «lIfIIxnnelCl~ signaltotldt

bOtIlrI& f, -..n and transducer inter·
faorc e. pMMI"J. n IS compatible 100M

• .....oe'q.oltransducers.

I'urrMr oflronn.tflOtl; Norse IfIt6 Vb" .
tiorl.~ S.l'srems. PO 800
8197. Srlltorlf s r, Perth. WA 6849 , r~;

(09122 7 634 9. Fin; (09) 22 7 6342

Journal,
AcoImlcs Sullet ln Vol 17, '*' 4 1992
Contents incluoe-Voi« Sourt:e and
Acous llc Melt5ures ln S,ngil'll-

loco..t luBulleUn Vol 17 , N0 5 1992
In ue p1Jl3l'&hed for disttibutlon atEu
ronoi~ 92 . compll ses • numt>er Of pa.
~ delailing noiseconuol policies
and~ lrom b<Ml'lthe UKandUle

£C

Ioc_ttca 8ulIetln Vol 17. '*'6 1992
~issue onacoustlCSin med-

...... Ol...molMln&olo&lcw Vl9
Hoi 1992 (SYmm&oes III English )

Appl ied "-tIca Y38 No 1 1!1113
ArtieInon E~ Sf'L MusicaI
HOrnS, ~ Level III T,atfic
Not5oe. 8IIIa'I08 Measure t>et_
Chon'andOfocroewa,Noise WiJlerSup.
ptylnstall.looos.

.....tI .... J 01 "'udloIoCr Vl4 No 2
1992

C'l\lId lan "'COUlt~ V20 No 3 1"2
Includes Proceed ings of ,f,(:oystll;S
Week1992 V20 No4 1992

CPlI_Jof"'coust lca (il'l EngllUl )

VllNo 41992

J"'IoISI"'uocMus lllSt,Mak. rs Vll
,*, 4 1992

'e-a:ut~tlc.alSoco.ty Y2 No 2

(Ser 111 199 2

Shoek .. VIbmIon Dlcnt V24 No 12
1992 (lnCIudesal\l(;le on"StIsmic:~'·

~oI' L.aw-nse Wood8ufldit'l&S

by L'" Soltis & RH Fill<

V25 No 1 1993 IIl'lCluOes ¥tide On
·Meuunrc Vibration lor~
l,IoMorirC & Diagnosbe$ . by ......
5nllfeI1Nos 2.3 1993

REPORTS
Qu.rt . r1y F'ro&ress & St.tus R.port
No2·3 1992 Royallrlst,tuteoITer;h
I'lOlo&Y. Stockliolm

ENCO GAINS RECOGNInON
Erwironrnental Noise Control Ply . Lid. rlOW two years old.
hili &ood,easontoeelebrale.

~ wonan Austral ian OHigrl A""a«l for the · ENCO Pow
erpak ·lnJanuary 92the!Xlflll)lllly fofgedallelld to ""ineon.
trllC1S lor OPTUS and Tomago.

The Company·sawnto ee No. 1 51 the NoIse Conlrol ....
dUltry.lISreal ised._~Oiesel~~oom

PBl't"MTUAustraliawllrdWdthe Coo.ntr'yhi&h and low and
It'IOedln on Enco·s manulactUI'I'Carm Roy MllI\"IIT'OOI'I Pty.
u e . to_facture AcousUc Enclosures for the BIoI'lrn &
Voss dK'i"'d ANZN:. """le S manufactured M Tfansfiekl
""'-·sWilli8ms town facil ,ty.

.1

~t

Vor2 1 No, 1-32

December brouaMt • furthe r ~el for "ENCO" in tMe form of
-ee eueece in AcouSflCI Award 199 2. for de sig n. deYe fOp.
ment and manufecture of "ENCOPO'oOef>l(lll< - !till had earlie'
won an Australi an Oe si(n A.ard .

MANUFACTUR ERS OF ACOUSTIC
• Louvres' Doors · Enclosures

• Silencers & Steel Fabrications

SUPPLIER S OF EOUIPMENT FOR:

PROJECT: 5.8.S. TELEVISION
CUENT: 8AULDERSTONEHORNIBAOOK

CONSUL.TANT: AENZO TONIN . AssoaATES

Phone: (02) 755 1077
50 RIVERSID E ROAD

CIII PP ING NORTON , N.S.W. 2170



Report on 49th and 50th Council Meetings

The 49th and 50th Council meetings were held in Ballarat, Victoria on 25 and 27 November 1992. Preparatory work
for both meetings was undertaken by Ray Piesse, Acting General Secretary. The President, Prof Bob Hooker, ac
knowledged Ray's continued work as Acting General Secretary during 1992 and conveyed to him the appreciation
of Council.

The Chief Editor. Acoustics Australia, Dr Howard Pollard, advised Council of his intention to resign later this year.
Plans for this role are well in hand and will be announced in due course.

Ken Cook, Chairman of the Council Standing Committee on Membership (CSCM), reported that 24 membership
gradings were made in the 12 month period. The Committee comprising Ken Cook, Bill Davern and John Davy was
re-elected.

The Registrar, Ray Piesse, reported a net increase of 2 members over the year. The number of elevations to Mem
ber grade (14) was substantially less than in the previous year (25). Current membership of Divisions is as follows-

New South Wales 171

Victoria 117

Queensland 46

South Australia 34

Western Australia 45

TOTAL 413

Prof. Anita Lawrence reported on Internoise '92 held in Toronto, Canada. She also attended the INCE Board Meet
ing at which two technical committees were proposed, namely "Upper Noise Limits in Working Environments (85 or
90 dB(A) and 3 or 5 dB(A) trading)" and "Noise Emission of Flowing Traffic (the effect of the lowering of permissible
emission levels for individual vehicles over the last 15 years)". Bruce Gibson-Wilde from James Cook University
and Anita Lawrence are the Society's representatives on these technical committees.

Council has been able to reduce the levy on Divisions to 50% of subscriptions compared with the recent 90%. So
ciety ties and scarves are not selling well. Victoria and Western Australia still have considerable stocks for sale.

The Acoustical Society of Korea has published a WESTPRAC Newsletter. Although these were sent by our col
leagues from Korea in mid 1992, they have only recently arrived at Science Centre and have now been distributed
to Division Secretaries.

A National Awards Scheme similar to the excellence in Acoustics Awards developed by New South Wales is to be
considered by the next Council meeting.

Marion Burgess, the FASTS liaison officer, recommended that AAS appoint a Competency Based Standards (CBS)
representative to deal with CBS matters which, with the advent of competency based training nationally, could im
pinge on the acoustics profession. The issue of the setting of competency standards by professions is on the na
tional training agenda and is becoming important as the first step in the development of training curricula.

The 1993 Conference is to be held in Glenelg, South Australia, immediately following the Grand Prix. The 51st and
52nd Council Meetings will be held at that time.

Noela Eddington
General Secretary

Acoustics Australia Vol21 No.1-33



For m easurement of industrial an d
envi ro n men tal noise -

the Ono Sokki LA-200 Series
Fea'ure~' incfude:

oA & Cw eighled filters

oFU'I& Slow !iampling ralcs

0111 & 113 Octave f illers Oplional

oAC & OC Oulpul'

o RS232COulpul

The New LA·211
ha' been specially designed 10 comply wilh Au,lralian 0 11& S
Lcgislalion for lllI."aSuringequivalent A_weighlcdsound pressure level
and ' '' und e~po.ure level (Octav e filter moun table) with
Peal<Hold capabilili".
Uconform. 1OIEC 6S1Type 2, lEC804Type 2and ANSI5 1.4 Type2..-

Vii'.lCDislTibuled in Australia by

ACO(lstic5A(lstralia

What's new In Acousticsl
Acr,_ is l commertil l syslem
tromAcrivetoolseantl VibrJlion

::~:~~lt~::'=~~
aoo>ibralioneont,oIW01ts bo1l1
"~uaIty aoo pPlysicaIIy, Acli\fO.
lIIlhsesDSP I!l<hooO'Jl'togen
erale an anli-noise ~iOnai 10

=~mYI~a~:~;oo'n~:
sigllll5. HI<mo<e 'dorma~on Oll

Ac1MIl(,or O\tlerAIM ~r~

cortacllMilS

TileSony PC204 14 c/IrI..... j i/ld PC208 (8 c!lPlejj lnslrumentatioo
Aeconlti"nowhaw 80aBoIllyrlln1(:lllrlOt,lromOCto l00Jilor1OkH!

Hl< l com~l1Iw price O/1 Sofly I MT"'_ilec:ofdetll oonuct NVMS

For rurther inlormalion on this product andenersin lIlerangecontact
tastemstatesBepreseotauve
fTMCTe ~hno log in Plyli d
PlazaPfofessionaiCentre
47 NortonStreet
Lelchhardl NSW2040

Ptlorle: (02}5641533
fax.:(02) 5609796

NOlstand Vibralion
M, n urement SystemsPlyLI d
POIlox8197,StlrlillgStrel!t
PtrthWA6849

Phooe: (09)2276349
Fax:(09)2276342
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New Measurement & Control Systems from NVMS
Vibrat ion Signal ConditionIng Amplifier Clear up hozy meosuremenU-
for use w ith CHARGE and ICPtransducers and be confident In your analys isIII

TheCA-l 0offerscomprehensiveconditioningot
Accelerometer, ForceandPressuretransducers.
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I Z'Uvuf· .. I
CONFERENCESand
SEMINARS
o Ind,cates al'l Austral lan ACl iYity

1993
AprlI27-2. , 8RISBAHE
• NATIONAL SEMINAR NOISE
MANAGEMENTINTHE WORKPLACE
DeIS!ls: PresetlfN by tile NatiOnal
AcooSllCSLlIllOt8IOfIillS iI'IBUOCIBtiM
witn Won.SIlf" Ausfrlllia,Ellquirieslo
JuloBtIam:M Tel (02 ) 4126928

M~ 2·5 , WILUAM 58 UAG
NOI$E-coN93
Noise Control in Aeroaeouslln
Derails:Noi~ Con 93 .Dav!d Stephens .
Mail StOll 426 . NASA Langley Reseatdl
C8I'llre, H/lmptOll , Vi'i'i"',. 23~S225;

rei (804) 864- 364 0

Mar 11).13 , TRAVERSE CITY
NOISE& VIBRATION CONFERENCE
Details: S«iety Automo tlw.>En,Ineers,
Communil;;ations& MeetinilS , War
rendale, PIl 1 5096. USA

May 31·June 3, Sl' PETERSeURG
NOI$E 93
Intem ati ooal Noise and Vibration Conlr ol
cenrereece
Deta ils; elMs /cairn Crocker. Mcch Eng,
210 Ross Hall. Auburn Un've rslty. Au
burn. Al 36849- 350 1. USA

J_ 25-27, IOWA
INTERNATIONAL HEARING AID CONFER
ENeE
Derai/s: Univsrsity Iowa Conf e' 9nc6 c er 
tre. Memori al Union , Iowa CIty, IA
52242, USA

June 26 . JUI~ 2, BERGEN
13th INTERNATIONAL SYMPOSIUM ON
NONLINEAR ACOU$TICS
Derail s: Prof Halltor Hobael<, Depr Pnys
«s. UniversityBergen, Allegr 55 , Ber·
gen. Norway 5007, Tel 0475 2127 87,
Fax0475318334

July 6-8, VIENNA
ULTRASONICS INTERNATiONAL 93
Details: U193 Meeting s marnlfCmenf,
Slraigh l Mile House , Tilford Rd , Rust>
17IOOl",Farnham, Sl/IT"Y GUI 0 2£P, UK

~"o~s~~~~
6thlntemationaICOngresson~ls.eas

a Public liea lthPTob lc m
Details : Noise & Man 93. INRUS t EN.
Case 24, F 696 75, BrOIl Ce<Je~, Franu

Julyl·9, PARIS
PUMP NOISE AND VIBRATION
Derai ls: PumpNoise & V1brBtion, SHF,
:~": de Grenelle , 75007 Paris,

Vor21 No_1 - 36

July 2.4-18, SYDNEY
° INTERNATIDNAL CONFERENCE ON
HEARINGREHABILlTATION
Details; Hearing Rehaoo. Conf Sec·
retariat, GPOBox 128 , S)'dney, IIISW
2001 : 191(02)262 22 77, fax (02) 2 62
2323

Julr 28 · AUIl 2., STOCKHOLM
STOCKHOLM MUSIC ACOUSTICCONFER
ENCE
Derails: SMAC 93, KTH. 8oJ<700 14 , S
10044. SUd l1<J/m, Sweden ; rei (4 68)
7907 87 3 , fax (468) 790 78 54, email
smac9:w5pech. l<th.se

AUgu l t24-26,LElIVEN
INTER·NOISE93
f'eop ieV ersusNoise
Detai ls: INTER·NOISE 93 , 1J.K VIV,oes
fIJifllei 21 4. S2018 Anrwerpen. Be/
gium. Te/ (03}216 09 96 F~ (03) 216

0689

AulEult n-september 2, SEHUS
4th CONFERENCE00 INTENSITYTECH
NIQUES
Struc1ural lntenslty arxlV,bra\ional Et'l
efgy F\ow
Defails: C£TIM. BP6 7, 60304, Sen/is ,
Franu Tel(33) 44 58 34 15 Fax (33)
4458 34 00

AUlEUl t 3G-September 1 , LEUVEN
INTERNATIONAL SEMINARON MODAL
ANALYSIS
Derails: ISMA, n« VIV, Desguinlei 214,
8-20 18 Anfwerpen , Belg jum, Tel (32) 16
2866 11 Fex(32)1 6222345

Sept emt>e. 15-17, BUCAREST
lOth FASE
Detail s: Camm. (j 'Acousl. de t 'Aced
Roomaine . csie» Victoriel125 , 71102
Bvcarest , Romania

Seplemberl9-22 ,CARDIFF
7th Intema li onaf Sympos ium in Audio
logical Med icioo
Defails : DrD Stepl>ens. Welsh Heari ng
Ins fi fute, Uniltflrsily Hospitalof Wales,
Cardiff CF44XW

Octo ber 4-8, DENVER
Meeting Acotls tica l Society of Amefiea
Details : Acous tical Society of America ,
SOOSUfI(Iysjde Boulevard, Woodbury,
NY 11 79 7, USA. Tel: (SI 6) 576 2360,
Fax:(516)3497669

Non m be, 9-1 0,ADELAIDE
° ,\AS ANNUAL CONFERENCE
PIOtre ss in seocsues Noise an<lVibra.
tionCOrltrOl
Detai ls: AAS Confereno::e. Dept Mech
£"1. rovers,1y Ade/aick1,GPO So>:498 .
AOela iOtl s001. rei: (OB) 43 9331, (OB)
2072177, Fax: (08 ) 224 0464

Dec embe' S-2.0, PEATH
° INTERNATIONAL CONGRESS ON MOD
ELLING ANDSIMULATION
Mode liingCtlangein Environmentalarxl
Socioecooo mic Syslems
Detail s: Anthon y Jakeman , CRES, ANU,
GPO Box 4 Canoo"a ACT 2601 ; rei

(06 ) 249 474 2. tIM (06 ) 249 OrS 7,
emailfony@cres.anu.edu.au

1994
Feb ruary 27 · M arch 3, AMSTERDAM
96thAES
DeI /lJls: Sec , AES £",rope Offlce ,Z&
venoonCetslaan 142/9, 8-11908ft1s
sels.Belgium

M ey 1 5-1 9,PEATH
° MECH 9<! · AeSO\lrce Enginorerint
inclu<linilri-annuaIA...strllll lln Vibrlltion
and Noise Conference
Details: Corweflf/Cl'l manaser,Mech 94•
AE COfM' nrioos. Engineering House , 11
national in::uit, BlJrlon , ACT26C0, Tal:
(06 ) 2rO 6530, F~: (06, 273 2918

J...... 5-9, CAM BAIDGE
Moot,ng Acoust ical Society of Amera
Deta ils ; AcoustICal S«~lyor AmeriCa,
500 Sullflyside 8ouI e\'1Ifd, WOOdbuJy.
NY 11797, USA

july J.B.21, SOUTHAMPTON
5TH Intem ationa l Conference on
RECENTADVANCES IN STRUCTURALDY.
NAMICS
Detai ls ; ISYR Conference Sec18tariat,
The Univers jty, SOuthampton, SC95NH,
England.

August 23-25 ,S EDUL
WESTPRACV
Deta ils: DrI~Wflan C/la, Yoosai Un~
Ife/s ity,$eQui,/WIfla

fN1::~gl~~4YOKOHAMA
Details ; Yoi!l SUlw.i, Sone Lilt>, Rifle, To
flo kuUniv. 2-1-1 Karahir a, AObaKu . Sen
dai, 980 Japan. Te,81 222664966,
Fax 81 222639848, 8 1 22224 7889
email :in94@nec.roho ku.8C.jp

COURSES
In accordance with tne recogn itio n 01 me
import ance of contm uing edllCat ion, oe
t ails cn ccwse held in Austraha are it'l
cludedinthissectionatnocha,ge,M

=:~m~~:~~ n~:al~le~i~en in an

1993
CANBERRA
6 · 8 JULY · BASICS Of STATISTICAL EN
ERGY ANA,LYSIS
mainpresenter:ProfNickLaIof, ISVR,
Univel s,ry of SouIhamplon
Detail s: Aoous rics and Vibration ~nrre.

Aust. ()efenl:e fOrr:eAcdemy, Canberra,
ACT 2600. Tel (06) 268 82 41 F8JI.{061
2688276

LAUNCESTON
28 JUNE · 2 JULY · UNDERWATER
ACOUSTICS
Glles t lect ureres: Dr Allan Carpenler and
Mf Graham Mountf ord f10m Ausl Sonar
s vstems .
Detail s: 5hort Course Admin jstrat or, NC
Search , PO Box 986 , t aunces fon. 7250
Tel (00 3) 26 070 3, FIl1/. (00 3) 26 3790

Acoustic5 Australia



For h igh-performance t est in g, HP's new
FFT analyser gives you multiple choice.

a~

~
' Ii '

. , 'f
• I

.3IIIiib. ., I

l~. An y of the above

(,':· o-·~·~
[J B. Vibration AnalYSiS~. ..j.

and Simulation ."":-;...../4: < I

. .~ IJ

o A. Acoustic and Heal -time
1/3 Octave Analysis

-"0 C. Rot a ti n g Machinery and
.: Order Tr a cking Analysi s

When you need a combinat ion of
high-per formance ffi ellll ure m lmtll,
but don't wan t t he expe nse of mul ti
pie inat ru men te, t here', on ly one
choice: The li P 35665A Dyna mic
Signa l Analyser

Because with the li P 35665A, t he
choice is yours; lli gb. quali ty com
puted orde r tracki ng with out l.'x·
~rnalhllrdware .ftl:'a l ·time octave

ffi ell8Ure men l.a th atme<;ltAK SJ
8~ficll lioIlll. Swept-s ine measure
rnentathal aJ"@ lIlfa lll llll freq uency
I'e$poru;eana lYll4.'nand have t he

added funct ions of an FFT analyse r.
Aa wellascurve-fit andsynthesis ,
arbit rary source, and HP ln 
etru ment BASIC control for te st au
lomation. You only pay for the cp
tiona you select . And you can add
new opt ions a l any time right at
your s ite.

So,ll· aveyouro pt ion.so pen. For
dcl ail s onallthe choicesthe H P
35665A givea you, call Tcula in our

f~;~:r;;d:~fu~i;~;ef=C:~. (hRJ ~i~KL;~6
of our Meehanical Test Handbook



Real-time Frequency Analyzer
. ~Type 2143

Wha tever problem you are working on (quality co ntrol, noise and vibration analysis or env ironmental
noise. for exa mple), this Bruel & Kjer "go-anywhere" analyser gives you the pe rfect solution.

Designed fo r use in the field, it ofJt'rs you:
• Tru e portability (it wei~hs less than lOkJ!:) • Advanced triggered mulli speclrum radlil}' • Ballny

operation 111-, 1/3-, 1112- and 1I24-od ave digital filter s . A back-Itt display . r CiMS-nOS compatibl e
disk fnr mat • A water -resist ant tren t panel . A lar ge non-volatile memory for over 512 1f3-octa ve

spectra . Dir ect . preamp lifier and charge inputs . Option for F.F.T. operati on . Easy operation with
on-screen help function . Output 10 a varie ty of prfnt ers • Option for two channel upgr ade.

Brliel &Kjrer NEW SOUTH WALES. WEST AUSTRAUA VICTORIA QUEENSLAND
(02)4502066 (09)2"25 9« (03)370 7666 (07)25 2 5700


