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Qvertbe 23 yean of its lifespan.A ro ....tics
Aw lnl lia and it predctts!Klr, tbe Bulletin
of the Australian Acoustical Sociny. have
served to keep the acoustics community in
Australia eware of activities in acoustics
arcuad the country, as well as providin g
timely reviewl ofimpon ant areas of our
JUhject While we cena inly look forward
tocontinuing thatroleforoutllCJ< t quaner 
tcnnu'y. ...'l:~isc that there aresome

arcas in ....hich new technology has
particular advanlage!. It is therefore with
som e pride that ....e announce that
Acou.ti cl Auslro/i1:l has u tablished a site
on the World·Wide Web, Marion Burgess,
of our Editorial Comminee, and from the
Acou slics and Vibration Unit at the
Austtal ian Defence Force Academ y, has
undertaken the wk of setting up this
information centre. The add ress i.
hnp:II...........adf•. oz.•uI-nPl b

This Web site. the home page of which
is entitled Acou stics in Austra lia, has
severalpurpce es, not all of which atc )'CI
established . Firstly it will provide
information for contributors to Acous llcs
Australia about editorial policy, physical
requirements for man uscripts and
drawings. and other pract ical matten .1t
will similarly provide information about
ra in and other matten for advertise n and
subscriben . But this is certainly not aU.
We aim to prOYide infClttllltlon about the
Societyitse lf. about ro nferencesa nd shon
courses, and about gtllduate study in
acoustics and vibration. The page will aho

provide links to material provided by
acousticseonsulta nls,uniVi:tsitie l , and
government depa nm ents that main tain
their own Web pages. The home page for
Aro u. tics in Ausua lia will similarly be
eron.referenced in othcr information
sources on the Web.

All of this takes time end effort, and
we need your assistance. In our April
issue, for uample. we included a
questionna ire about graduate W(lrk in
acoustics in All5tralian universities. While
~ ha" e certainlyhad wme responsesto

this, l knowlhat many of you ""Vi:simply
oolllotaround lO responding~. Pleuc

ooil aoon, or)'QUl"rn lTy will be a blank!
We plan to publish I summary of th~

mate rialinAcouslicsAuJlral ia . aa wcll llS
makinll it available on the Web.

This~enlUrCis. 1 think, an example c f
the right son of use for the internet, Those
of us who use it regulariy fote-mail and
for computer file tranl fer giVi: thanks
ccntin ui lly for its cxiiitence. and il is
clearly 5Ct 10 serve an importanl " 'ide!
purpose in providing rcady anti world
wide a.c ess to info rmaho n, The
lechnology is there, althoullh it Mill needs
imprc~ i ng; the imponant th i ng islO ensurc

lite quality of the information available.
Forth il~ wi1lneed the contin u ing help

of the whole acoustics community.
Tbere ate some who sec elecno nic

comm unica tion as fore l hadow ing the
demise of traditioo.al printed books and
journals. I now receive the Jeumal of !he

Aecu stical Society of America on CD
ROM, with a con$equentll fCat saving of
shel f space, bul if is still simp ly an
electronic versio n of the jo urnal that I Call

cui ly eenvert to printed form. On the
otherlw>d it will surcly 001 be loog beforc
telephone dircctories and similar printed
data sets are obsolete, and tI(H)RC would

contempl ate prinling them out. It would
also be great 10 sce daily ncw.pa pen . and
Ilmilar ephemeral material, simply down .

10aded onlopotU. ble elcctronic scrcen, for
reading and diK anl, with a resuhi nghuge
saving in trees. But for a conveniently
accessible record of human thought that
Clnbe relied on 10 survivc for a thousand

yeat s and S1illbe rcadable. thcrcis nothinll
yet deviled that can match the printed
book. I do not pretend that Arowlin
Au,'roliamer;lS prcscrvation onthis time
sca le, though I have recently found
~asionto c itc apaper thatwepub1i .hed

in 1976, Perhaps by the end of our nn t
quan er cenlury you will receive the
journal in elect ronically coded form. but
thi..... illbe a change in the medium ratbcr
than in its fundamenta l struclUte, and in
this case surely the Medium is not the
M..., age!

Dul enough p1eudo-philosophy! I hope
that the Australian acoustical community
will find our new vennuehelpful, and that
you will suppon it by keep ing the message
up IOdate.

Nevil/eF"/etch«

Makingendsmeet. D
Innovation and legislation.

AUSTRALIAN ACOUSTICAL SOCIETY
1996 CONFERENCE

FordebJl. please contact:

Ross Palmer
Telephone: (07) 3806 7522
facsjmiJie:(07) 3806 7999

Note: Registration bcdu-e in thisjournalas a looseleafinsert
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Timbre and Loudness of Flute Notes

Howard Pollard
6 Wren Place
Cronulla, NSW 2230

Abstract: Spectrumanalysisof flutesoundspublishedby Fletcher [J.Acoust.Soc.Am.57,233-237(1975)]
has been used to computeloudnessleveland tristimuluscoordinatesfor threenotes C4, Cs, C6 playedboth
loud and soft by four players. The differingtimbre valuesfor the same note playedby the four flutists and
the differencesbetweenloud and soft nates are clearlyreveaiedin tristimulusdiagrams.

1. INTRODUCTION
As part ofa study of the physical parameters involved in flute
playing, Fletcher [I] presented tonal analyses of three notes
played both loud and soft by four flutists. For the note C4 the
fundamental was found to be lower in level than either the
second or third harmonics and remained at the same level for
both loud and soft playing. For both C, and C6 the
fundamental was the dominant partial tone for both loud and
softplayingbutchangedlittleinlevel. For all notes there was
a marked reduction in the levels of the higher harmonics
during softer playing. Both the loudness and timbre are
dependent on the level of higher harmonics compared with the
fundamental. In this paper the spectrum data has been
reprocessed to quantify the changes in timbre and loudness
that occur between loud and soft playing.

2. LOUDNESS
Fletcher's spectrum measurements have been grouped into 1/3
octave bands and the band levels converted into loudness
values using standard ISO procedures [2]. Harmonics I to 6
fall in separate bands but it is necessary to combine spectrum
levels for the higher harmonics since more than one harmonic
falls within each band. Table I includes the mean loudness
level in phons, the standard deviation and coefficient of
variation (standard deviation divided by the mean) for each of
the notes C4, Cs, and C6 played soft and loud by the four
flutists.

3. TRISTIMULUS COORDINATES
Steady musical sounds are often analysed in terms of three
main parameters: pitch, loudness and timbre. These
parameters are not always independent. One method of
presenting timbre information is to compute tristimulus values
[3,4] which are independent of pitch and loudness. From 1/3
octave band loudness values, three normalised tristimulus
coordinates maybe computed:

x = N(5,n) IN

Y = N(2,4) IN

z = N(l) IN

Acoustics Australia

where N(I) is the loudness of the fundamental,N(2,4) is the
loudness of partials 2-4,N(5,n) is the loudness of partials 5-n,
N is the total loudness, and x + y + Z = I. The loudness of
each group is computed using Stevens Mark VII method [5].

Using the fundamental of the note as reference renders the
analysis independent of pitch while the normalisation
procedure renders the analysis independent of loudness. A
further advantage of using normalised coordinates is that the
data can be represented by a 2-dimensional diagram using a
selected pair of coordinates. Forflutenotes,plottingxversus
zisusefulforshowingtherelativechangesbetweenthehigher
partials (x) and the fundamental (z).

Figure I is a set ofx-ztristimulus diagrams for the notes
C4, Cs, C6 played both soft and loud by the four players A, B,
C, D; solid squares represent loud notes, open circles soft
notes. The points for C6 all lie on the z-axis sincex=O for all
these points (there are no significant partial tones higherthan
the fourth).

o 0.2
~

o 0.2 OL. 0.6
l~

0.2 0." 0.6

Figure I. x-z tristimulus diagrams far flute notes C., C" C,
playedboth soft (open cirles) and loud (solid squares)by players
A, B, C, D. The lines point from soft notes to loud: solid lines
playerA,heavydashedlinesplayerB,dottedlinesplayerC,light
dashedlinesplayerD. The points forC, all lie on the z-axis since
x=Oforthesepoints. The mean distances (in tristimulusunits)
between soft and loud notes are. C, a.30,C, 0.23,C, 0.13.
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Table I. Meanva lues,standarddevi ation (SD)andooefficient
of variation (% vern) for the loudness level and trist imulus
valuesofnotcsC4,C~.C6.

Loudness
Level (Phons )

C4 "aft
29 0.142 0.~36 0.322

'0 , 0.12 0.10 0.13
2l 83 " "

C4 ~~~

" 0.3~6 0.~2 ! 0.119

'0 I' 0.08 om om..~ 3 2l " "C~safl

" 0.082 0.310 0.609

'0 z 0.02 0.09 0.10
% .~ s 2l 30 re

C~ laud

" 0.144 0.467 0.390

'0 3 om 0.01 0.10
% vam e " rs "C."aft

" 0.346 0,6S4

'0 s O.IS 0.15
o"- vam 13 c 22

C. laud
sc 0.341 0.653. 0.09 0.09, 29 "

For notes C~ and Cs the lines joining soft to loud notes all
slope downwards 10 the right indicat ing significant shifts away
from a predominantly funda menta l tone to a brighter lone
containing more higher partials in accordanc e with Fletcher's
obse rvations

Table 1 includes the mean value, standar d devia tion and
coeffic ienlofvariationof x.y,zforeachsetofsoft andloud
notes. Note that the means of the data for botb C6 soft and
loud notes overlap .

Fletcher also studied the effects produced by vibrato, an
importan l contributing factor in assessing timbre. Vibrato can
be studied by anal)'5ing segments of the steady tone [6] but
such datais nOIincluded in Ihis study.

4. CONCLUSIO~

From spec trum analysis of a set of musical notes and grouping
of partial tones into 113 octave band s, measures may be
derived which quanli/)' the timb re of the notes. Compulalio n
of trislimulus coord inates and two-dimensiona l graphs using
select ed pairs of coordinales provide valuable loo ls for the
understand ing,desigoorteacb ingofamusicalinstrumenl.
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Progress in Underwater Acoustic Geo-mapping
Technology'

Shuylng ZHA~G
Sh. nllbal A(o ultlcs Labor.l0r)'. Acad emia Sinka
456 XI.o_ :\1u-Q lao Rd.
Shanllhal.2000J2 C hlna

Ab<traet: The Shangh ai Acou stic, laboratory of Academ ia Sin i•• h•• been ;nv<:>I... d in !he deve lopmen t ofunde"""'1' •
•ound-so~.at>dg,o·lK:(>U'licproc."'ingl.chn iqu"(lV'fth'1""130Y"ars_ Arang.ofunderwaler lCO\1'I~mlpl'lng

sy. tcms (g _ lOlI.. "yl lerns, and ,u.pendcd •..,dimelll monitoring syncms) h.. been produced for application. in
harbour con<lTUction, W~I'1W8y dredg ing, seafloo r engine<:ring, mmnc reso urce uploitlltion and marin e geologi ca l
. ludi• •. Tbcfealurcland pcrfonnanccs of thc:s" y5Iema arc dc:s<:ribed, and sC\lcraln ew te<:hniques employe<lin their
impicmen tl lll'n , pulse-compression wilh comp lemmtary coding signals and pattern recognition of aeon<tic rrofil mg
records, bneny innnduccd

I. INTRODUCTI ON
Sillt c 1964 the Sbang!uli Acoustic s Laboratory of Academia
Sinici (SAL) hu been working on a series o f proj ects to
developvariousundctY.'aleracolisticdevicesfordifferenl
applications in harbour construction, waterway dredging ,
seafloor enginecrin g. marine resource exptcitatlon, and
marine geological i lud lCS. Several kinds of gec-scnar systems
suited 10 different CTJ\oironments (river, lake or sea), and
aco ustic suspended-sed imen t monitoring systems for
sediment ccecentranon prof iling have been produced. To
implemenl the acous tic i eo-mapping lechnology, studies on
the frn'lOlC mr asuremenl of acous tic velocities of sea-bed
layen have also beencarried out [1,2], and a number of novel
tech eiquea develope d. such u pulse-compression with
complementary coding Jignal. IJ I and pattern recognit ion of
acouni c prof ilingrcc ords [4].

2. DEVELOPl\I l-;NT Of GEo- SO:"OAR
SYST F.:\1S

The ,eo-sonar srmm or aco ustic sub-boue m profil ing is a
most effective device for exploring the uppe r sea-bed
sediment layen . CcotuoCquently many kinds of gee -sonar
systems have been produced and extensively used formarinc
ileologicals urveyslh roughout theworld. To meet thc needs of
many instituti ons in China involved in research and
enginccring projccts, scveraltypcsofgco-sonar sysletnSwith
spccified performances in resolution or peeerraucn have been
developed by SAL ove r the past YCilT'S

A. Hlz h-n solut ion El'0-lonar syslem s

The key 10 developing a high-resolulion geo-sonar IiYlitem

" T1tisptJper wasp ,."se1l/fd at thebtlerna/ion"/Conft,,,nceo 1l
U"d_ur Acoustics held a/ /lle UNSW.J.l~ctmber 1994,

ACouslics Australia

with good quality of sub-bottom profil ing is to have a strong
impulsive sound source with a suitable output signature (a
peak follo.....ed by a \'cry short ring) and directiona l pattern
(very low sidelobes and back raJ ialion). Acoustic arrays
composed of 4 or 6 smaU size boomer s (wbicb are a kind of
underwater impulsive sound-source dr iven by a strong elect ro
magnetic induction force) were developed and successfully
applied in these high-resol ution gee -sonar systems. By
approprialely optimising the size of the radiating r lale and lhe
electrical parameters (inductivity and capacity) of tbe boomer,
the frequency band of sound transmi ssion could be varied in
the range of 0.5-8 kHz, and a source level 0( 210 dB (re I
jlPa)ac hie\.'ed.

New tC(:hniques in geo-acoust ic signal processing have
also bcen de...elopcd and effectively used in these systems
These arc: 1. rnulti-secnon l ime varying gain control for
compensation of sound transmission losses ca used by
sphcri" l spreading and abwrption in sediments; 2, SCI
bottom tracking for hands o lf opcra lion oftbe ilea-so nar
system; J. time varying fil lering for increasing lbe ratio of
echo signal to background noisc (S/N ) and reducing mulli·
reflectien s ber......ecnscabottontandseil surface; ... synthetic
aperture processing (or signal stacking) for enhancing SIN
and improving the resolution a long the navigation line

As a result of this improvement in performancc of
impulsivc sound sources and signal processing techniques,
three types of high-resolu tion gco-sonars (QPY- I, GPY and
PGS) have bccn suecessivcly de\ 'elopcd ......ithspccificalionsof
layer resolution O.l~.J m and soft-sed imcnt penelration
50- 100 m, and used in the water depths from several meters
to 100m. So far,<wcr 8,000 km of marine geological surveys
hav.e been made by Ihe GPY geo-sonar. A typical profil ing
recordis sbown in Flg.T ,
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f i..w-c: 1. l\ prolilinjJrccord usinll tbe GPY in Sy<!neytl a:bour. lnCkin,l t'rllm off ll ll>e1 Poinl eu r,o.", do. a:ld undcr the ll iUtlourBridge
IOWardI Kirribilhi Poinl. Noo:c lunlle ofd ,.tance scale aotheboal uallowcdlOdrill crou the lunnel.

B. Dff p penetr ation geo-sonar syst~m

For mar ine gcolollical survey s in different areas of the Wesl
Paci fic Ocean a large acoustic sub-botlom profiling system,
the DDCI-I gee-sonar has been developed (S]. This systcrn
com prises: I . an ele ctrical spark unit of 30 U ; 2. an
empennag -ltke underwater with an equally spaced coaxial
ccnstru cnc n betwee n four pairs of positive (at the centre) and
ncgalive (al the edges) poles ; 3. an echo-prcc essing unit
involving several of the abov e desc ribed signal processing
techniques; 4. a SO m long streamer with 20 hydrophones
separated each by 2m; 5. a graphica l recorder for real-time
dr1Iwingofs.ed,ment profiles and a tape recorder for further
data precessing

Developed with specifications of layer reso lution 16-30 m
and s.edimenl pcnelra lion 1000 m, the syslem has provided
valuableprofiling recor ds of bundreds cf nautieal miles of the
ec nunen tal shelf and slope areas in the East Ch ina Sea . A
significan ldiscovery "'..s a ~diment layer more than SOO m

thick in the area oftbe Ryukyu Trench.
Figure 2 shows a reproduction of a seismic scan acros s the

lrench(the steep hard sides of the trench arc evident as well a'
the softer sediments at the bOllom of the trench. Some success
has also been achieved in f inding mangan ese nodules in water
depths of S400m.

J . SEDIME NT SUSPE:'IiSIOXS l:'tlWATER
The principle ofacoust ic back·scallerin g [6] has been utilised
to measure concentrations of suspended sediments in the
" .. rer colu mn. and to mo nitor sedime nt dynam ics in the

48 · Val. 24 (1996 ) No. 2

- 1-0

Depth
k m

2 0

Dista nce

F iIlU~ 2. S. i. mic scan aero•• the Ryukyu T~nch u,inS lh.
DDCt-l. NOle the twochanges of zero in the recording.

benthic boundary layer. The equip ment develope d perm its the
continuoWlobservation of n:al time concentralion profi les of
thc su5pendeds.edirnenl withoul distur binllthcenvironmental

Acoustics Austfalia



condi tions around the observed ~i le and i~ suitable for the
observation of marine dyna mic processes such as monitoring
pollutants and zooplanklons in wate r, and for studies of
sediment transport and dc:positionoccurring in such area s as
river mouths. waterwaY'. bays and reservoi rs

The suspended sedim ent monitor ing ~ystem is es>entially a
high-resolutiongeg.~onar ~ystemwi than opcrating frequeney

above 200 kHz. Thre e paramet ers (observin g time, ",.. ter
depthandintensily ofback scattering) are requittd tO be
measured in real tim e for de riving tlte three dimensional
concentration profil es of tltc susp<nded sediments. To suit
differenl applications, two types of monitoring systems have
been developed[7H the ASSM-l for fixed siteobs<m'3tions
and the AS SM-2 for on-boat observations. Both systems
comprise a signal transminer, a back·. cattered sigJIal receiver
and one or two undcrwatcr tra.nid...:en all controlled by a
computer.

Figure 3 sllows some of the compone nts of lite ASSM-I
system mounted on a large four legged framework which is
placed on the seafloor. These ind ude two underwater
transducers (at O.S and I .S MHz) for upwar~ and downwards
cbservatio es, a pres sure c..e enclosing electro nics and 4
sensors for measurem ents of wate r temperature , water depth.
curren t speed and orientatioo. A second system, the ASSM- 2,
is suspended into the water from the side of a boat during
obscrveticn, and uses one underwate r transduc cr (at 0.5 MHz)
for downwards observenons only.

Figure 3. The ASSM-I suspension maniloring li~tem being
deployedin lite YanglJCRiver, ChiJ>ll.

In holh the ASSM I and 2 systems, transmiss ion. rec eption
and processing are controlled by com puter. A th ree
dimens ional ccncemranen profile of suspended sediment
(depth vertically, time horizon tally and the magni tude of
concentrat ion in diffe rent colo urs) can bedirectly viewed 0 0 a
monit or in real time , Fl1fIher da ta processing. such as
compensanon for sound tran sm ission losses , in-s itu
calibralionoflCattcnngint(n sitylorealconccntration and
a\ 'Craging of tl\( sampled data ever different time-depth
wi ndow sizes , perm its three -dim e nsio nal conce ntratio n
profiles to be prmted out in a data IIb le or as a seI of graphs.
(se<:Fig.4 ).

Bottom

'l:J'~ 3 Tlme . O

" ,t,
::: 0

.~

~,w;m'''60 mi"~ l
il,
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o
o 2 L 6 8 10

Water d e pth lm l

Figurc 4. Typicl l rcconh oflulpc:ndcd scdiment concentl"ltion
profiling by the ASSM-2 inl he Yln gl>eR i"er,China al t"'o
.uc <c .. i~e t i Rle•. (Calibration I"' int circled.)

The specif'icetio ns of ASS M- I and ASSM- 2 are as
follows:

1. ma~imum monitoring dep tlt. 10m
2. depth-resolution of concentration profile ,20cm
3. time-resolution of conce ntration profil e, I 5
4. beam-wid th of'cbs crved rcgicn , J.S·
S. measurem( ntrangeofsllspcndcd·se diment

concen1ralion, O.I-IO kglm
6. statisticalcrror of mcasu rem(nt(afterin-situ

calibration).20"~.

4. RECENT DE\'EL()P~lENTS

A. Pull1C-eom p rt n lon .. ilh comp lernenla ry eod(d liil:nal s

Chirp sonar is I I"ICwly developed technology for acoustic
profiling of the see-bed (8]. The technique offers many
advantageous fearurcs(smcaring out of me sidclobes in tlte
transmitted beam, a high signal to noise ratio in the recovered
signal by cross cOI'T'C lating the recovered and transmitted
signals to form a narrow compressed pulse. The pulse
however may show significant sideband srructure due 10 the

Vol. 24 (1996) No. 2 -49



the basis of our previous experiences in the field and arc
shown in Table I.

Ten different categories of marine sediment may be
identificdbydiffercntcombi natiorl$of lhcsecharacteristicsllS
follows:

The probabil ity of every character istic in determinin g the
gcological categoryofscdimentshas been calculatedthrougb
an analysis of the statistics of extensive field measurements
and records, Conse quently , a computer-based pattern
recognition system based on Zadeh's fuzzy set theory has been
develo ped to produce a geological cla ssificat ion of each
sediment layer shown on the acoustic profil ing record

An example is shown in Fig. 5, in which the left side is an
acoustic profili ng record obtained at Amon Por t in China, and
the right side is the correspon ding geological profile after
interpretation by this system. The fig ures in braclc:ets arc the
probabilitiescorrespo nding to each prediction .

An alternative system called the dynam ic reasoning system
has also been developed using a prin ciples similar to the
computer based medical consultation (MYC IN) system [9].
Starting from an initial premise characteri stic and following a
"context-tree" with 18 rea soning rules, this i )·stem
successively collects the next premise char acteristic and
makes the eexr reasc nmg step to a final condusion.It.
usefulness compares with lhat of the above vexpett" system.

correlation, and we have further developed the technique to
reduce them(by the complementary coding of the sigtals (3)
(A pair of pulse sequenc es rI are said to be complementary if
the sum of their eutoccrrelations i. null for delay time. other
than zero.) Thus twosel.ofooding.ignal sofmixedpo lantie .
satisfying compl ementarity are trans mined alternatively. Tbe
renim signal s arc autoccrrelated and summed successively as
they an: received. Consequently only a single peak with no
side bands is seen on the output signarures because of the
definition ofa comp lemen tary pair

In practical appllca tions problems arise if the travel timcs
of echoes from a certain sedime nt layer are ditrercn t due 10 up
and dow n mo tion of the transmitting and receiving
transducers . In the case where the movement is significan t,
the variations of intervals between every two adjacen t units in
the return signal may differ. Ali a result, success ive
correlat ions ca nnot be added exac tly one to one in time (This
isca lled thed ecom plementeffeel),A I$Othesigna turesofboth
correla tions may themselves be distorted considerably due to
wave induced modulatio n (ca lled the decorrelerion effect).
Through computer simula tion s, it has been confi nne d that the
decom plcment effect can be elim inated by a simple echo
travel time compe nsa tio n ul ing a sea-bcncm tracking
techni que, and that the decorrelation effect of wave
modulation can be igno red in the casel where the wave-height
h < I .~ m and the wave-period T :. I s (i.e. below see-state e)

B. M achi ne palt ern ~eo~nillon of ece usue pro fitin e
neon "
The characteristics of acoustic pro filing records vary with
dilTcrcnlkinds ofmarine sedimen ts and can beused to predict
geological fearures.However this is often lime consuming and
expensive and much ....o rk is being done to develop automat ic
or machine based classification systems. In our "ellpcn "
system seven characteri suc patter ns exhibhed by profi ling
rccord s, each wilh threedifferent stales, IIavcbeendefined on

m""
mud witb silty sand
mud and sandy clay
mud and sand
silty and finc sand

gravel and coarse sand
dcnsifiedfineSlnd
day

9. sandy clay
IO, rock

A I,8I ,CI ,DI ,EI,FI ,G3
A I ,8I ,CI ,DI ,EI,FI ,GI
A I,8I,CI, Dl,EI,FI,G2
A 1,8 1,C2,D2,E2,FI,G I
A2,8 2,C I, D2,E3 ,FI,GI
A3,83,C3,D3 ,E3,Fl ,G3
A3,82,C2,D2,El,FI ,G3
A3 ,82 ,C2,D2,E3,F2,G3
A3,8 2,C2,D 2,E3 ,F2,G I
A3,8 3,C2,D3,E3,F3,G3

O i st o n cc ~

figure 5. An exampleoflleologicaJ interpretation b)imachinercrognition. lcft side: an lOOusticprofihng =or<! at !be Amon Pon. China;
right side: 1hellwl oilicaJ profile dcrived after interpretation.
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T, ble 1. Pd te m ch' ucterlu lu of ,roustic prom ing I'«onh

Code
StJ le

Chuuterls tic
I l a

I . darkness between layers A light medium dark

2. variation of darkness between layers • none ,[~ fast

3. size of scanning points C small medium large

4. smocthnes a ef sub-bctte mlin e D smooth medium rough

5. thickness of sub-bottom line E fine medium thick

6. undulation of sub-bottom hne F small medium large

7.shape of lines bc~en laye",. G disjointed jointed 00 lines
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Real Time, Non-Invasive Measurements of Vocal
Tract Resonances: Application to Speech Training

Annette Dowd, John Smith and Joe Wolfe I

School of Physics
University of New South Wales
Sydney 2052

Abstract This study reports the detenninationin real time of the frequenciesofthefirsttworesonancesofthe
human vocal tract from measurementsof the acousticimpedancespectrumof the tract in parallel with the exter
nal field. The measurementswere made using a broad band, frequency-independent acoustic current source, a
microphone and a spectrum analyserwhich displaysthe acoustic impedancespectrum. The display provided
real-time, visual feedback whereby subjects learned to imitate target vowel sounds without hearing them.
Inexperiencedsubjects who used this feedbackproducedsounds that wereapproximatelyas well recognisedas
those produced by the same subjects imitatingtargetvowelsoundsafter listeningto them. The recognitionrate
improveswith the subjects' experiencein usingthe impedancefeedbacktechnique.This non-invasivetechnique
could thus have possible applicationsin speechtrainingandlanguage teaching.

1. INTRODUCTION
Everyone who speaks has learned that different vowel sounds
are produced by different shapes of mouth and tongue. Most
adults who learn a foreign language know also that it is
difficult to find the exact shape that will produce an authentic
vowel sound from that language. This study reports the use of
a technique- which measures two of the most important
acoustic parameters of the vocal tract in real time. One
possible application is in speech training and language
teaching.

Phoneticians arrange vowels in a space whose two
dimensions are the mouth opening (negative yaxis) and the
horizontal position of the tongue (x axis) [I]. Acousticians
arrange vowel sounds in a two dimensional space whose
dimensions are the frequencies of the first two formants [2].
With suitable choice of directions of axes, the relative
positions of the vowels in these two representations are the
same [3]. This similarity is usually explained thus: the
formants in the sound are due to the first two resonances of
the vocal tract, and the frequencies of these resonances are
largely determined by mouth opening and tongue position [4].
The first two formants are traditionally called calledFI and
F2. We shall call the first two resonances RI and R2 in order
to distinguish between formants (features of the sound) and
resonances (features ofthe tract that produces it).

Direct measurement of the resonances of the vocal tract has
both intrinsic and practical interest. The frequencies of
resonance of the tract are functions only of properties of the
tract (its geometry and the mechanical properties of the air it
contains and its walls) and they can be measured and defined
relatively precisely. The frequencies of formants in voiced
speech are more difficult to measure precisely because the

I To whomcorrespondenceshould be addressed
2 This technique is the subject ofapatent applicationPCT/AU95100729

output sound depends on the waveform input at the glottis as
well as on the transmission and radiation properties of the
tract. Sundberg has measured the resonances by mechanical
excitation at the throat and measurement of the radiated sound
[5], and Badin and colleagues have used this technique to
measure the transfer function [6,7].

The principal aim of this paper is to investigate whether
real-time, non-invasive measurements of the first two
resonances can be used to provide a visual feedback in speech
training. Such feedback could be useful to those who have
inadequate auditory feedback. One case is those with severe
hearing impairment. Another is that of adults learning foreign
languages: such students often find it difficult to distinguish
between the the target sound (e.g. the sound ofavowel as
produced by a native speaker) and their attempt to imitate that
sound. This problem is attributed in part to categorisation: a
listener who has learned to divide speech sounds into the
finite categories ofhislherown language has a tendency to
divide sounds in a new language according to those same
divisions [8].

Why is it necessary to measure Rl and R2 to provide
visual feedback? If the object is to imitate a sound, why not
just imitate the waveform? While it is true that the same
waveform implies the same vowel, it is not true that two
examples of the same vowel must have similar waveforms.
This is especially the case if the sounds have different pitch.
Figure I showsfiveoscillograms. Four are examples of the
same vowel pronounced with different pitch and loudness
(a.b.c.d), The fifth (e) isadifferentvowel. Of these five, the
two which appear most similar in shape are (a) and (e).
Further, it is nota simple task to distinguish vowels from
inspection of the spectrum alone. The problem in this case is
that the spectrum of a voiced vowel with fundamental
frequency fo has frequency components fo,2fo' 3foctc. In
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Figure I. Oscillograms of five vowels with arbitrary
amplitude. la, Ibandlcwerespokenbythefirstauthor(a
soprano). la is that of the vowel/O/(as in "hard") at normal
conversationalpitchandvolume.lbisthatof/O/athigher
pitch andnormalvolume. lc is that of/O/atnormalpiteh and
lowervolume.ldisthatof/O/spokenbythethirdauthor(a
bass).leisthatofthevowel/~/(asin"had")spokenbythe

first author at normal conversationalpitch and volume.

the case where fo «RI (a bass voice in its low register), the
sampling of the spectral envelope is usually adequate to
estimate RI and R2 reliably. For high pitched voices,
including those of children, fo is often of the same order as
RI,orevenhigher, so the sampling of the spectral envelope is
not adequate for the identificationofRl,and sometimes even
R2cannotbeestimatedaccurately3.

This study reports the determination of the frequencies of
the first two resonances of the human vocal tract from
measurements of the acoustic impedance of human vocal
tracts in parallel with the external field. The measurements
were made from a position outside but near the lower lip,
using a broadband acoustic current source, a microphone and
a spectrum analyser which displayed the results in real time «
100 ms). This display then provided visual feedback. The
system was then used as a speech trainer, and its perforrnance
was compared with those of two other forms of feedback
(Figure 2). In one series of trials, a photograph of the lower

face of the speaker pronouncing the target vowel was showed
to subjects who were then asked to imitate the mouth
geometry of the speaker and to phonate (this protocol conveys
the information about the vowel that is conveyed in speech
reading, also calIed lip reading). In another series, the subjects
heard a recording of the speaker pronouncing the target vowel
and were asked to produce the same vowel. This protocol is a
model of the feedbackusualIyavailable to those leamingto
speak.

2. MATERIALS AND METHODS

2.1 Acoustic impedance

Acoustic impedances were measured using a technique
described in detail previously [10,11]. Briefly: a computer
produces a periodic waveform comprising the sum of many
sine waves. This is output via a digital-analog converter to an
amplifier and then to a loudspeaker. On one side of the
speaker is a sealed enclosure; on the other is an impedance
matching horn which connects it acousticalIy to an annular
acoustic resistor. This resistor has an acoustic output
impedance of 33 MRayl which is larger than the loads
measured(typicalIyIMRayl),sothesourceapproximatesan
ideal current source. The sound source (the output of the
acoustic resistor) is located next to a microphone in a
measurement head. The microphone measures the acoustic
pressure produced and its signal is input to a spectrum
analyser. The digitised waveform output by the computer is
calculated during a calibration procedure using a resistive
load. The coefficients of the sine terms in the synthesized
waveform are calculated so as to compensate for the
frequency dependence of the amplifier, loudspeaker,
impedance matching horn, output impedance and
microphone, so the output acoustic current has the same
amplitude for alI frequency components. The pressure
spectrum measured by the microphone is therefore
proportional to the acoustic impedance at the measurement
head.

A finite signal to noise ratio and a finite measurement time
together impose a maximum information content in any
measurement. A compromise must therefore be made for the
acceptable values of frequency range, frequency resolution,
amplitude resolution and measurement time. The signal to
noise ratio in these experiments was limited by three
constraints. First, the digital analog card used was only 12 bit.
Second, the measurements were made in a room with a
background noise oftypicalIy 45 - 55 dBA. Third, the external
fieldisa low value acoustic impedance inparalIel with the
vocal tract. We decided not to improve these conditions for
this study because a practical speech trainer ought be simple,
non-invasive andabletoworkina classroom environment.

3 This raises the obvious objection that, since human ears and brains can usually identifyvowelsfrom the sound, even when spoken by high.
pitched voices, it should be possible for a measurementsystemto do so as well.There are two obviousresponses. First, human ears and brains
do sometimeshave problems in identifyingvowelswith a constanthigh pitch. Second,human brains have the added informationof linguistic
and syntacticcontext, and the relativelyhigh redundancyof human speech [9]. A listenerwho is familiar with English will know which of the
the syllables"hud" and "had" is intendedby an Englishspeakerbecausethe first is not an Englishword.A listener will knowwhichof "he heard
me" and "he head me" is intended because the latter is not an Englishsentence.
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The frequency range was chosen as 200- 2500 Hz, with a
resolutionof25 Hz. Thus the output current was aperiodic
waveform produced by summing 93 sine waves with
frequencies 200, 225,250... 2500 Hz. The microphone power
spectrum was displayed using a Spectral InnovationsMacDSP
card in a Macintosh II computer implementing a Fourier
transform with a sampling rate of 15.62 kHz and a Hamming
window. The microphone and the output of the acoustic
resistor were mounted 10 mm apart in a block of nylon used
as a measurement head. This head was placed against the
subject's lower lip for vocal tract measurements. For
calibration, the measurement head was used to seal one end of
a 35 m tube. During a measurement lasting less than 200 ms,
the reflection does not return from the distant end of this tube,
so it is effectively infinite and therefore a resistive load [13].

2.2 Preliminary subject training

For most people, the relaxed position of the vocal tract at rest
(i.e. when not phonating) has the velwn (soft palate) lowered
towards the dorsal aspect of the tongue. It was therefore
necessary to show subjects how to hold the vocal tract in the
phonating position while not phonating. Two different
methods of feedback were used to teach this technique. Using
a mirror, subjects found that they could seethe palate in the
relaxed position, and that when they phonated (saying "ah"),
it lifted and they could see the backs of their throats. They
were then asked to practise lifting the palate without
phonating. The other method used the measurement of
acoustic impedance: with the palate raised, two resonances
were usually observed in the range of the impedance
spectrum; with it lowered, only one resonance was observed.
Most volunteers learned this skill in about 10 minutes,
although some did not learn in 30 minutes and were not
included in the study. Morevolunteersovertheageof25
(75%) than under this age (15%) were unable to learn this skill
in30minutes.

2.3 "Target" vowel sounds and "target" impedance spectra

Two speakers (one male and one female) were chosen to
produce vowel sounds and corresponding impedance spectra
which were to be imitated by the test subjects. The male
speaker was 22 years of age and had lived most of his life in
the North of Sydney and has a mild Australian accent. The
female speaker was 21 years of age and had lived the last 10
years in the North of Sydney. Her accent is predominantly
Australian, but with a slight trace that suggests she is not a
native English speaker. Both have university educations.

Ninevowelswerechosenforthisstudy:/C/asin"head";
1'J/as in "heard"; IO/as in "hard"; l'iie las in "had"; 1/\1as
in "hut"; 101 as in "hot"; 1?/as in "hoard";/u las in" hood";
IU/asin"who'd".Foreachvowel,thespeakerspronounceda
sustained vowel which was digitised and recorded by a
Macintosh computer. Immediately after they ceased
phonating, an impedance spectrum was measured. This was
repeated several times and the means and variances in the
frequencies of the first two resonances were noted. The mean
values were used as the target values, and the target sound was

the vowel sound recorded immediately before the impedance
spectrum whose resonances most closely approached the
mean values. A photograph was taken of the lower half of the
face of each speaker pronouncing each (sustained) target
vowel.

2.4 Vowelimitation tests

Subjects were asked to imitate the nine target vowels using
three different feedback methods.
i) Photograph only. This was designed to convey, under
controlled conditions, the information that is available when
speech reading ("lipreading"). During these tests, the subjects
wore headphones playing white noise to mask other sounds
andsotominimisethesubjects'useofthesoundoftheirown
voice as a clue to modify the sound they were producing. The
subjects were shown the photograph of the lower half of the
speaker (of the same sex) pronouncing the target vowel. They
were instructed to imitate the mouth position of the speaker
and to phonate. This sound was recorded on a cassette
recorder. An impedance spectrwn was measured immediately
following the phonation. This procedure was repeated three or
four times for each vowel. (Figure2a.)
ii) Impedance spectrum plus photograph. During these
tests, the subjects wore headphones playing white noise to
mask other sounds and so to minimise their use of the sound
of their own voice as a clue to modify the sound they were
producing (Figure 2b). The measurement head was placed at
the subject's lower lip, and the impedance spectrum was
continuously displayed on a monitor in the subject'sview.Thc
subjects were permitted to practise varying the frequencies of
the two resonances in acoustic impedance,Z(f), and were told
that opening the mouth raised Rl and that bringing the tongue
forward raised R2. For each target vowel, a transparent sheet
was placed over the monitor screen, positioned so that two
vertical lines drawn on the transparency indicated the
frequencies of the first two resonances of the target vowel, as
articulated by the target speaker of the same sex. The
photograph of the lower half of the speaker's face was also
displayed.Subjectswereinstructedtousethephotographasa
starting position, and then to move tongue and mouth such
that the local maxima inZ(f) coincided with the target values.
When the subject was satisfied that s/he could not easily
improve the degree of match, slhephonated and the sound was
recorded on cassette tape. Z(f) was stored and the resonant
frequencies noted. Each subject had three or four attempts at
each vowel.
iii) Auditory. For these tests, the subject wore headphones
through which were played the recordings of the target vowels
pronounced by the speaker of the same sex as the subject
(Figure2c). The subject could listen to each vowel as many
times as slheliked, and could hearhislher own voice andthus
adjust the sound to match that of the target. When s/he was
satisfied with the match, the phonated sound was recorded
and, immediately afterwards, an impedance spectrwn was
measured.
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Figure 2. A schematic representation of the three different
protocolsused for the imitationof vowelsounds.In the first (2a)
the subjectsees only a photographof the lowerfaceof the target
speaker.In the second(2b) sJheseesboth the photographand the
impedance spectra ofhisJher own vocal tract, upon which is
superimposedthe frequenciesof the resonancesof the vocaltract
of the speakerwhenproducingthe target sound.In the third (2c)
the subject sees nothing, but hears a recording of the speaker
pronouncingthe targetvowel.

2.5 Subjects
Nine subjects (six males and three females) each recorded at
least once the complete nine vowel set using the three
different feedback methods. 350 spectra and 470 vowel
sounds were recorded. 5% of these were discarded because of
either poor quality recording (extremes of sound level or wind
noise), or the inability of the subject to maintain constant
position with his/her tongue and lips.

Six speakers were born outside of Australia. Of these, four
learnt a language other than English as their first language.
This was not a deliberate attempt to include more variables,
but rather the result of finding volunteers ina multi-cultural
society. Two of the subjects did the complete set of imitations
of all vowels twice. One of these subjects was a female, 13.5
years old, whose native language is Russian and who has lived
in Sydney for 2.5 years and has an accent that is
predominantly Australian, but with a trace indication that
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English is not her native language. The other was male, a
native English speaker, had lived in Australia for 40 years and
has a mild Australian accent. The data and recordings of these
subjects were used for further analysis to investigate
improvements in imitation between first and second trial.

2.6 Listening panel
The sounds recorded by the reference speakers, and the
imitations made by the two subjects who completed the series
twice (135 sounds in total) were transferred in random order
onto a cassette tape. This tape was played independently to
each member of a listening panel of six native English
speakers (aged from 22 to 46 years). The listening panel were
given a list of nine vowels described as the vowel sounds in the
words "head", "heard", "hard", "had", "hut", "hot", "hoard",
"hood" and ''who'd''. The sounds were each played four times,
and the listeners could replay any sound if desired. They were
asked to decide which of the nine listed vowels was most
closely approached by the sound they had just heard. If
undecided, they were instructed to leave that entry blank on
the response form.

3. RESULTS AND DISCUSSION
Figure 3a shows the pressure spectrum recorded when the
measurement head was connected to the "infinite" tube after
calibration. The output signal of the digital-analogue
converter has been adjusted to reduce the frequency
dependenceofthepressurespectrurntolessthanO.ldBr.m.s.
into such a resistive load [10]. The acoustic current is
therefore also independent of frequency. Further, because the
output resistance of the source is high,this current is
independent of external loads with low impedance. The
measured pressure spectrum is therefore approximately
proportional to the acoustic impedance ofa load connected to
the measurement head. The 25 Hz "ripple" in the nominally
flat spectrum is due to the sampling frequency. This low
resolution in frequency was a necessary
compromise to allow measurements in the noisy, low
impedance laboratory field.

Figure 3b shows the measured pressure spectrum with the
measurement head positioned next to the lower lip ofa subject
with his mouth closed. In a free field, the acoustic impedance
Z(r) at a point r from an isotropic source is pcjkr/(1 + jkr)
where p is the density of the medium, c the speed of sound, k
the wave number and j = Y(-l). The measurement head is
much smaller than 11kfor the wavelengths considered here, so
r « Ilk. For most of the frequencies used here, the
dimensions of the subject's head are comparable with or larger
than the wavelength, so his face acts as a baffle. Thus the
soundisradiatedintoapproximately2/tsteradians, rather than
4/t, which approximately doubles the impedance. For a small
measurement head and an infinite baffle Z(r) • 2pcjkr. This
condition is roughly approximated by the experimental
arrangement,whichexplainstheriseofabout3dB/octavein
the measured impedance spectrum.

Figure 3c shows the spectrum measured at the lower lip of
the male target speaker with his tract prepared to pronounce
10 I (as in "hot"). This is a measurement of the impedance of
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Fiau~ 3. The men ured p~..un: spectrum u,in& the
mcuure ment hcad with three differcnt load$. 3a thaw, the
"' enured 'pee t", m when the head i. ennne<:ted tn III

~in fi n i te~ tube fot ca libration. 3b , how, the . pectrum
measu~d atlhelowcf lip "f a ,ubj c<:t inthellboratoryfield,

which hi, mouth d OliCd. 3c ,how, thc . pectrwn mn . ul'Cdat
the lower lip ofthc male taraet . peakerwith hi. vocal tra<:t
pn:pared to pronounce the vowel 10 / (., in ~hOl~)

his voca l tract in par a llel with tha t of the fie ld of the
labor atory . T he letter is a low impedanc e shunt wh ich
do minate s the rneas ure rnen t except at resonan ces ofthe voca l
tracl. Resonances are seen at 0.6 an d 1.0 kH z. No te that the
impe danc e rise s and fall s bel ow and above the resonance
freque ncy. The lab field impedan ce, includ ing the ba me , is
induct ive. Th e impedance of the tract is ca pacitive be low
resonance and indu ctive above reso nance , so the paralle l
impe dance is respectively hig her and lower lhan Ihal o f the lab
fie ld . There is so me no ise presen t II aro und 200-300 Hz. This

l'lOise WlSo ne of the reason s !ha t led us to exclude the V1}\Io"C!s
Iii a.ndfJI from this stud )'. In Austra lian Englis h, these vowel s
have RI in the ml ge 200- 350 liz. Funh er, the low an d wide
mooth ope ning as soci ated with them mean s that re latively
littl e acou stic en ergy from the mea sure ment head enter s the
mooth . Th is low signal and the high no ise in the relevant
f~uenC)' ran~ mea nt tha I ....e could noe re liably determine
R I for these two vowels with the current version of the
Ippat1Itus .

Figure 4 show s plol s o f the reso na nce s (Rl ,R2), as
determined fro m the impedanc e meas urements, fo r the nine
vowels stu died for the fema le subjccts onl y. The (R l ,R2) of
the target vowels a re indic ate d by the heads of the arrow s.
Fisure 5 sbows the an alogous da ta for male subjttts on l)'.
Subjec ts allempted to imitat e the vowels of the ta rget spea ker
of the same sex. F lanaga n [ 12J repo rts tha t the adult fem ale
vocal tract is on avera ge 0. 87 lime s the length of the ma le
vocal trao::l, and thi s dilTerence affects th e ntnge of formant
frequ encies. Th e values for (Rl, R2) in Fig ure 5 are simila r to,
but not identica l to, the mea n va lue s of (F 1,F2) repo rted by
Be rnard [i 4] for 100 Austra lian speakers of Eng lish using a
spectrogl'llph. ln all cases, the shade dell ipses repre sen l the
attemp ts by the subjec ts to imitate the targ et vowels. The
ce ntre of each ellipse is located at lhe rnean vatues of R l and
R2 for the imitati on ofthat vowe l. T he ho rizo ntal and vertica l
se mi-axesofe ach elHpse are lhestandatddevialions in the R J
and R2 of the imitations

Figures 4a and 5a show the (RI,Rl ) ofl he imi tation s made
b)'lhcsubjcctsusing on l), thepholograp h of lhetargcl
speaker , As might be expec ted ofa metho d that gives little
info rmat ion abo ut the positlcn of the longue, the da ta arc
rather scattered. There is less scatter in RI , which is
determ ined predominantly by mouth open ing and less h)'
tongu e posi tion, and mor e scali er in R2, wh ich is delerm ined
largely b)' the front -back posi tion o fthe tongue, a paramete r
which cann o l ea sily be de term ined from the photogl'll ph , All
ofth e subjects spo ke Engli sh fluently, and all kneWlhalthcy
were im ila ting ph onemes in Au Slra lian English Thi s

I~~:
l: ._..~ - .-

g ' 000

1- 8 ----F4) i_
I- <20 Ll: ®-.kfS L
- r.,.._, -- - - - - - - - - - - - - -f ,.. _ .....""""' tHl:j f 'Sl_ ~... _ (t<l1

__~(Ha,

Fig\lft 4. lhcvoultra<:trelOflant fft queno:ics(Rl, Rl) forthetargClvowelsspokenbytarxet>pcaka1 (indicltcd bythehcadsofthearlO""i )
and them ..... val uesof(Rl.R2) fol the im itations{tails ofthe~)by ll>c:lUbje<:uUJing three difJerenI fecdba<:kpl'Olocol, . Fiau'e alholo '.
p~taph onl)', b sh"""pbotosraphplu. impedance spectrum, c showsaudit OQ'f«dbac k. The horizontalliCltli-ui, ofnch , twlcd ell,JIIiC
is equal lOthe standard de\·i.ltion of R l ,n the imitations. and lhevertic alliCttli-ui1 i, that in Rl . Speaker I wasfemale and lhe dala I re tOOllC
ofthefemale lUbjecu imitalinsbet targCl \lO'Ad s

IC/ u in "'e~cr;/31 - ~l>eard~;/Of . ~h.anr;I 'if 1_"Ita<l; iA / _"hDl~; / O/_ "ho lw; f :>/_ '1loard~; I U I . Hhood~;/U/ _ ""ilo 'd~.
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-- ""p«jI''''. ' p«lIUm

f;~ 5.~ fur fill'"' 4. bw:forWiC1l1JlCUn2(a male). TbtdaUm: fortbc:malr sub;Kl s.

IC I at in "'bead~; J3 / - -heard~; 10 1_- bard"'; / iP I _-lud -; II\ I - "but""; 101 _-hoc"';f ~/- -board - ; I U 1- - Ilood- ; lUI. "wtIo 'd".

inform ation may have res ulted in 5n'IalJerSQtteT Ilun "'OUkI
havrbn=nthreasc:ifthrphotot!:raphslll'efethron.1y

informa tion. for imtanee.lhe VO'oOl:1 IC/ bas an unambiguous
mouth shape in AusuaJWi English and the Ribjects ~ M e
Juloy,n that only eoe tongue positi on i5 associated .. i th WI
mouth shape.

Figures 4b and 5b show the (R I. R2) of the imitat iolls made
\l$inglhe impedancespectrumlojrtberwiththephotognph
oftheWielspeaker.lnlhisprotocol.andinttw\l$iDgthe
photogn.ph onJy. the:subjects '"lR: hudphonesemitting ,, 'hite
noise: .. 'hich muked ilJIynoise: tlley made themse:lves, and so
th ey were WIIb1r to use: their own mice Ii ferdback . D oe

scanerin bothRt and Rl is much less than in Figures 4a and
Sa. In cOlltraS! with Figures 4a and Sa. lhe IlCarter in R2 ...as
less than thai in.RI. Subjeeu commented that it waseasier 10

match R2 than Rl. This may be b«a~ R2 \..n es O\u a
greater nmgr . and is assoc iated with . largerchangr in Z(f) .

Thus the:variation in R2 was more not ieeablr in the:spectrum

and this may have encouraged the subjec ts 10 coecentrare
more on matl.'hing il than on match ing RI. Th il feedback
prolocol shows the IraS! scane r of the Ihrce used. S ote
however thai thr scaner is . Jways rather greatcr than 2S Hz.
the resolution of the impeda nce spectrum displayed. Wr
suspec t that th is was due te the finite skill and patience of the
subjects in match ing the frequ encies (discussed further
below).

Figures 4e and Se show the (R I.R2) oft he imitations made
using auditoryimitation: the subjeet l liste ned to a recording
of the speaker pronou ncing the target vowel and then made as
many attempt s as they wished to produce the same sound. In
this protocol there was no masking of the sound of the
subject's own voice.

In order to summarise these data. wc:defi ne a parameter to
indicate the difference between the imitation and the larget
resonances. Displacement in the (R I,Rl) plane is all.obvious
measure. butth i s give s e lt ra ~igh t i n gtothe imital ioll of the

second reso nance because its range is larger than lhal of the
first.F erthis reaso n....."C~ightlheRland R2componenlso f

the di ~pl aeemenl with the reciprocals of the standard
deviations o , and " 2of RI and R2 in all nine vowel£ used. The

sealed displacement d in the (R I.R2) plane is therefore
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defi ncd u: J J

d - (~) . ( R2 :
z
R2

1
) ( I)

..i\ere the subscript t indic. tn the tII1et value. Using this
dcfJ.D.irion. a perfecematch Iw d - O. and . pool"match may
haved as high u 3. ln the data of~n and 8&mey [2). the
range ofdfor . lypieal VOlOClinlbc: poJH.Ilation l ludicd is
about l . so.d ofth is order might be ccnside red an accqM&ble

~'cl>.

Table I sheM"S !be scal ed displac nn m t (d) for all wwels
using all methods for both ICllCI. It is not surpris ing thai
imitatioousing the impedan ce spectru m gives Ibc: smallcsJ
displa«menl$ in the (R I .Rl ) plan e: .fter al l it is precise ly the
displacemenl of RI and Rl that the subjeeu are seek.ing10
minimise, and the SCltler nere is presul1\IIbly jll$l . meuure of
the limits of !heir skill and patience . It is perhaps more
surpris ing th'l the scanet is sol''1e for . l>ditoryimitation,
gil'enthal .lI oflbc:,",bjc<:IaMve considerablenpc:rienee in
this feedback and ...ere all pres umably highly skilled II this
when !bey learned 10 $peak. Th is may. in part , be the rrsull of
the procell of ~tegorisalion in the 11\IIlW'C .uditory I)'Stem: an
aduh who has learned one l. nguage tends 10 divide !he
(R I .R2) plane into the vowels of that langUlge, and fails 10

discriminate small differe nces. For n:a mple. one subjrct
produced euctly the same ( R1.R2) .. 'hen imilati ng the target
sounds /U 1and I <£' I. The fU l w,u a aood mateh, but the / <£' I
a poorone. This canbeexplainedif he pcrceplually categorised
the vowel as lUI in both case s, and then produced his versio n
oftha t vowel. rathe r thana good imitation of the terget. (There
arr sevcral othef such examples in the data.) It is possible that
much of rhe scatte r is due to cat egori salion: once a subject
calegorisesth e vowrl slhr bean . s/helhrnpronounces hislher
usual version of it rather than a faithful imitation ofth e target
vowel. Although several of the subjec ts in this siudy spoke
IWO languages wit h rea so nable n uency. none regarded
themselves as part il.'ularly good at langu agr s. and none had
specialisedvoice training.

Two of the subjects repeated the imita tion trials. Table 2
shows their average d for the firs t and second sICSs ion using
each method of feedback. With the photograph only and with
aud itory feedback, there was no sign ifica nt improvement
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TABLE 1. Scaled displacement (d) for all imitations

ICI 131 101 lai!1 1/\/ /01 IJI lUI lUI Average:
"head" "heard" "hard" "had" "hut" "hot" "hoard" "hood" "who'd" all vowels

(photograph,only) 1.24 1.53 1.91 1.72 1.51 0.92 1.40 1.51 1.59 1.48 ± 0.28
(impedance,feedback) 0.60 0.83 0.66 0.92 0.71 0.43 0.53 0.46 0.54 0.63±0.17
(auditory,feedback) 1.30 1.17 1.23 1.42 0.92 0.75 0.98 1.09 1.07 1.1O±0.19

A random choice with nine vowels would give a success

between the first and second attempts. With the impedance
feedback, however, the improvement was significant at 95%.
This could be because impedance provides the most novel
feedback-wepresumethatall of the subjects had learned to
speak using sounds and mouth shapes of speakers as targets.
Despite this novelty,the goodness of the match in the second
attempt suggests that this technique can be easily learned,
which is an important feature for the use of the technique as a
speech trainer.

TABLE 2. Scaled displacement (d) for first and second trials
first session secondsession

rateofll%. The imitations using a photograph only showed
the lowest success rate: 29%. Most of the vowels were
perceived as either/CI or/31 by the panel. This is difficult to
explain,because/C/and/3/havesimiiarRIanddifferinR2
in Australian English. They are however close to the middle of
the (RI,R2) plane and are therefore "neutral" vowels. It is
possible that the subjects, not having information about
tongue position, automatically put it in a middle position
verticallyandlongitudinally,leadingtoneutralvowels.

The vowels spoken by the target speakers gave the highest
success rate: 61%. This seems surprisingly low at first, given
that we are able to identify correctly a greater percentage of
words. Part of the difference comes from the context. For
example, in Australian English 101 and 10 I, pronounced in
isolation, might be difficult to identify (see Figure 3 or [14]),
but "hard" and "hod" are more readily distinguished if one
knows that the sound is an English word. In the classic study
by Peterson and Barney [2] on American vowels, listeners
identified vowels with a success rate of 94% when they were
presented in the context of syllables beginning with "h" and
ending with "d". In this study, the vowels were presented
without beginning and ending consonants, and this unfamiliar
context may have deprived listeners of clues about the vowels
that come from familiar transients. Vowel duration is also
important (14]: 101 and //\/ have very similar formant
frequencies, but the words "heart" and "hut" are readily
distinguished by vowel duration. The loss of information
about vowel duration was probably important in this study,
because all vowels were pronounced in sustained form. For
instance, the listeners identified 1/\ 1 less frequently than other
vowels, presumably because they did not recognise it when
presented as a sustained vowel.

Identification of the sounds produced by auditory imitation
gave a success rate of 40%. This low value also seems
surprising at first. In this case, all the problems mentioned in
regard to the target vowels apply, and there is the further
problem of categorisation. This protocol involves two
perceptions of the vowel: once by the subject and once by the
listening panel. At each stage the the opportunity for a
categorisation error arises. This is supported by the
observation that the success rate for auditory imitation is
approximately the square of the success rate for the target
vowels themselves.

Identification of the sounds produced using the impedance
spectrum as feedback had a success rate of39%. It is a little
surprising that this novel and unfamiliar feedback technique

1.60±0.90 1.36±0.76
0.73±0.39 0.47±OAI
0.86±0.50 1.03± 0.57

Photographonly
(Impedancespectrum)
Auditoryfeedback
Targetspeakers

The data in Tables I and 2 suggest that the impedance
feedback technique makes a very good speech trainer for
vowels-perhaps even better in this respect than the traditional
auditory feedback. It could be argued however that this
comparison is unfair, in that the valued quantifies the very
parameters that are minimised in the impedance feedback
technique. What is important in vowel pronunciation is not the
values ofRI and R2 per se, but rather how the vowel sound is
interpreted by a listener. For this reason we conducted
listening tests on the recordings of the phonations made by the
subjects using the three techniques. Members of the listening
panel listened to a cassette tape containing the target vowels
and all of the imitations of them in randomisedorder. The
panel members were given a list of the nine target vowels and
were asked to note, for each sound they heard, which of the
vowels it most resembled, or to leave the example blank if
undecided. The raw data were then assembled in confusion
matrices: tables with the target vowels in columns and the
perceived vowels in rows". The data were then summarised as
a success rate (Table 3). The success rate for the target
speakers is significantly different from all others at 95%
confidence level, as is that from the photograph only. The
success rates of the sounds produced using impedance
feedback and auditory feedback arc not significantly different.

TABLE 3, Identification from listening tests
Feedbackprotocol (Percentagecorrectly,

identifiedby listeners)
29±6%
39±9%
40±9%
61±]0%

(photograph,only)
(impedance,feedback)
(auditory,feedback)

4 The raw data for this study are presentedby Dowd [15] in an undergraduatethesis.This thesis contains other data, such as measurementsof
an Americanspeaker,measurementsof the formantsusing other techniquesand use of the impedancetechnique to measure the impedanceof
modelsystems for which the formantsmay be calculatedanalytically.Copiesof this thesis can be suppliedupon request.
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was approximately as successful as auditory feedback.
Further, those stIbjcc ts who returned for a second session
showed improvement both in thc speed of production of a
sound imitation and in the recognizibility of the sounds
produced . From the first 10 second session the rate of
recOioition increased from 36 ± 10% ( 18) to 41 ± 9"ti1(18)
(signi ficilnt i1t 90"tiI). In contras t, tile secondsession using tile
photograpll only Of auditory feedback showed 0 0 signifi cant
improvement in scaled displacement or recognition rate. These
results are cons istent with those of the scaled displacement.

4. CONC LUSIONS
Our non-invasive technique demonstrates tile possibility of
measuring the impedance spectrum of the vocal tract in
parallel with the external field in realtim e. Witll the exception
of / i! and Il l , both of the first two reson ant frequencies for
vowels may be seen sufficient ly clearly to a llow tile
impedance spectru m 10 provide feedback ina speech trainer
with minimal training of subje cts. Inexperienced subjects who
u iC'thisfeedhack loimitatetargetvo~lsproducesoundsthal

are approximately sswc. lI recognised as those produced by the
same subjectslistening to and imitating vowel sounds . The
recogniti on rate improves with the subjects ' experience in
using the impedance feedback techniqu e.
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Condition Monitoring of Bearings in a Viaduct

C. H. Chew
Dep... tment of :">tech. llk • • &:Prod uction F.ng lnt t rl ng
N.llu l Vnl. ,t-nlty of Sing . pore
KtnI RJd~ Cr~Sfnt, Slng.pore 0511

ABSTRACT : 1M bearinasusN underthe riaducll of thenw.s rapid transit system an: orlbe sealedtype
Thoup this type of Marinas is useful ill pmT ntina:the d &Slomtl' from nposun: 10ultr3Violet liglll and 1M
clr me..u. ;I ... . lhcdr_backof!'U""nlinllthcvi.ualinspcet;onofthe physicalcoodiuonoftbrclaslOmeJ.
By measuring thc md di"" la«mm ts of lhc viaduct, "' r could co= lalCtht peak·!.,.peak displacC1TlCnls with
thtcla.t«:ityorth.clutomeroflhebearinlt usedAnaly.i.$IlI:no-.thatlheb<ollll.$l sliffne5shas ~ny linlt

inA_. OYerthc...,d displlotcm<',us,and lilt varil.lioMof lhe~ di'Placemrnuan: mo~ llfttlCdby the
" iffnt..uof th.bearinllslhan lhc vari'lionin pusen~r l().lld

I. I~TRODUCTIOl"

Elevated vi.docl for the rapid uan.i! system in Singapore
consillltt s I significant portion onh. whole system. The ends
oflhc viaductTesloncolumns viabearings ..s shcwnie Fig. I.
The bearings are introduced[I J to allow for the movernerus
and rolalions of the viaduct relauve to the columns , AI!iO
~hown in Fig. I arc the genera l dimen~i()", of a typical
viaduct The lnIin run~ on ballasted track. Fig. 2 show~ a
schematic view of the beari ngs used. The elastomer is totally
scaled by metal rings . This type of bearing prevents the
elastomer from expcsuee to ultraviole tlight and the clements
and Ihus pro longs the usefullife of the bearing However, it
h3S thedrtlwback ofp~nting visUlilinspection of the

physical condi tion of the elastomer,
Though this type of bearing may have useful life from 50

to !I0 yearsj l ], it is essential that periodic inspcction of the
elastomer be carried out. Failure of the bearings may have
undesirable structural consequences. AI pre.e ntly installed,
phy.ica l in. pcction could only beca rried out byjac king up the

fig ure I , E1CVl ted vilducto frlpid tn.nsit sysltm.

eccosncs aosnaua

viaduct. This process could only be carri ed out when !he
system is not in operatio n. and therefore inspection work
could only be carried out for a four hour period in the early
hours, This is not only costly but also not practica l. As
precautionary measure, the bearings could be repla ced before
theendof theuscful life;however,itisverycOitly.lf tht
bearing s could be repla ced only whcn needed to, potentia l
saving ofa few million dollars per year could also be realised.
A~ such there is a need for an alterna tive means to monitor rbe
physicalc ondition of1hebearings.

2. VIBRATION MEASUREM E!'"TS ox
VIADUCT
Fig. 3 shows the configuration of the first three coachesofa
6-coach train. Each train rests on two bogies such as Al and
A2, BI and 82, and so on, Each bogie carri es two sets of
wheels. As the train passes over a viaduct, the viaduct will be
Sci into vibration. A s such vibrat ion measurements of the
viaduct during a passage of the train could be used to monitor
the condition oflhe bearings used on tbe viaduct; two
paramcters ofl hevibration, the acceleration anddisplacemenl
signatures, were recorded and analysed during the passage of
the train to determine whether the above parameters are
suitable to condition monuo r the physical condition of the
bearings

2.1 Accrlefi tion M eas ure me n ls
Accelerometers wert: placed on the unders ide of the ends of
the viadllCt al X"'Oand ~L, , ~ islhcendoftheviaduct

I~l......
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~L...;.J-l.;:.-- -..;.J-l-,,"....__-.',.J
! , " ' J._ J.-J

i :'1111111111I :~
F;~ " . Aculmllion $igrwute. at (I) pO. and (bp-L..

where lhe train firJI eDIen me viaduct, while x-L, is w~

theu.inluvet the vuu:l.ucl.Aslhcvi.dlldwuquitene.-to.
station,tb csp«doftlletni olltheviadutlwasaboutS8krn/h
(15.9 mi.) . Al each bcarin g point, the lnin lOolr: .bou 19 sec 10
pus througb.~ accd cratioo Signal1m" " ~ and J( ~L,

wen: u shownin Fi, . 4 .
Thedunltion.oflheaceeleration lll'!'twft "'oen.bou. II

K!C . Thi. shoonllwlheviaducl"''lSSd mlo vilnltonbcfore
!hemin has rtXhai lhc viaduc1 and,lkr tCtwkft lhc
vW:lllrt Fvthnmore. the time diffnaKC bc:fORsipiflClllll
accelentiOllsignaJ "' 'all detected . 1 x-I.. ..... aboul 0.• K<:

lau,r t!wI "Z"'O. The lime:~ farille fin1 Sd of _ flee ls lO
In...:llhe~ orlhc viaduCl ",,'U .bout) .1 KC.Thi.~
that before 1M finl set o f ....heels "'111 It I lplIR, .ignifi~l

KCeleral;Ol\ wasexperienced I' Jt ~Lr It d early indicales thai
tbe accelmllions.tthccnds oflbc:vi~uemut".tfttlr:d

bylnO\o'CfTlCDtsofthcncigbbourinsviadu ctl_From thc abave
figures. wecould tllim. u: that the peak-IO-peak ICcdenlion
duri0S lhcpal '-ic of the train was tbout 30% higher ihan
when the train was . boul 10 enter the viadud and immediately
after it had left the viaduct. There is no diJ.Ccmible pattern in
the vibration s illnatures wh ich could be use ful in the
interp retation of the acceleration $illnaturu. As such the
acceleration si llnatu~s may not be useful for condition
mooitorinllofthebearings.

2.2 Dis pla ctml'nt ;\ l t n uJ'elTll'nt s

Though lhe aecelcntion signaturn could be ""icc intcg~tcd

to obuin die displacements of the ends of the viaduct. the
abovt:proccdure wullOl adoptcd. P~1iminaryM;>rkonthc
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._-iJ . ...~-
Fipre ' . O,lpl . '''''''C1l1oipllOlW'Clu (a) .r- O. and (b).o- L•.

double inlellration o f the ace eleril lion signal produced
unstable re~u lts IS the dominanl freq uen cy of the
dispalcernent ,ignalU~ WAI , round I Hz.

Direct measW"CT!lenlS of the end movements relenve to the
columns WC~ made with eddy prob es. The eddy probe, used
were capable of mcasu rinll displacem ent from 0.2' mm 10 2.3
mm,producinlllnoutpulof20 volts for the above ~nge of

displacement. With an initial gap setting of about 1 nun. the
51Cady m te OUtputs fromce probeswereabout 10 volts. The
end dispLaecmenI amplitudes were of the order of 15 IUJ1,

giving risclD. \w rion of 0.12 VOllsigna!lueMlpCrimpoKd
onto the $Ieady llale value . As the vvialioa of the
displacemcnlsignalUreswuOlllyaboutl%ofthe OlllpUt.it iJ
dninblc to imPJO'l'l:on the relilbility and KaIr8C)' of tbe
ou lpUI signall obtai ned..

Thc OUlpllU from the cddy probes \Io'CfC paned throull:h a
high-pass rilter with . cvt -offfrcqurncy 11 0. 1 Hz. AI the"'est time inlco'al of the \Io-beels pusing through • bnring
point ..'Uabou l J.I see, the filln IbouJd DOlhave rnuch elfcct
on the output signals fTomthe cddy probes.With the 6c valuc
filteTcd OIJ{, ee acauxy and n:liabi lity of the OIltut l iana ls
from the eddy probe. were ~mcndously improved .

The oulpUlsfrom tbe eddy probea after filterin ll al rO lllld
.'l""L,were as shown in f ig. ,S. Several observanons cculd be
made of the displacemen t signatures. The onset of the
m<Jlo"<:lTICnU of the mdlI of the viaduc t was distinct. The
durationofthc displacement signalUres WlI5aboul 9 see, the
lime taken by tl>clfl in lO pass !hrough each bearinll l"... lion
This shows thaI the responses of the neighbourinll viadlll;1.l
haveveryliul einnuenc e ontheendmO\'emen~ of the viaduet

under sludy. There were seven distinct groups. with &T'OUJ'I
AI, A2. a t. 82. CI . ... corresponding to bogies AI . A2. 8 1.
B2. C I• ... II shm.n in FiS. ] . During the passage of the train
onthc viad<lC1, the peekdisplacement arnplitude of the endl of
the viaduct Yo'U about 13 IUJl, eompared to less \han l jUII
whenthe train .... 1 rlOI oa the viaduct. lbe rust disp lacC'n'lel'lI



P(x,t).~t5(x-Vt)

Figure7. Pointload on abeam resting on elastic foundation.

filljjrk:{£iW??f )m"'Nm'~'fimnmm.
y~n, urn. --=f~~~

Figm: 6. Model for the viaduct system. V--£,-"(cosY<+'in T x~
peak at xvL, was about I sec later than at x=0. This y

corresponds to the travel time of the first set of wheels to
transverse from x=0 to x=Ls' The displacement patterns
showed that the end movements of the viaduct could be used Each point force acting on the track is now given by
as condition monitoring parameter for the physical condition
of the bearings. (4)

(7)

(6)

3. DYNAMIC RESPONSE OF THE VIADUCT
As shown in Fig.!, the train runs on ballasted track. The
viaduct is supported at both ends by bearings mounted on the
columns. The viaduct is modelled as shown in Fig. 6 to study
its response during a train passage. The viaduct is divided into
three sub-systems, namely: (a) the upper beam (the two
continuous rails), (b) the elastic foundation (the ballast), and
(c) the lower beam (which is the viaduct). The viaduct is
supported by bearings which are being modelled by springs
anddashpots.

The weight of the total coach (inclusive of the 'passengers)
is assumed to be evenly distributed over the four sets of
wheels. The forces acting on the rails are transversing the
viaduct with velocity V.

A little digression is in order to complete the assumptions
to be made in the above model. Foran infinite beam supported
on continuous elastic foundation as shown in Fig. 7, the
deflection Y(x) due to the point force P acting at x=0[2] is
given by

Y(x)-~e-YX(cos)X+sin)X) (I)
2k b

where z, is the elastic constant of the foundation andy is the

characteristic of the system and is given by

y4.-.!L (2)
4E,lr

where E,lr is the flexural rigidity of the beam. At x = 7rt/4y,

the amplitude of deflection is only 0.4% of the amptitude atx
= 0, and the total reaction force P'from the foundation
betweenx=-7rt/4yand x=+7rt/4y is given by

4y (3)
P'- 2~kbYdx. O.997P

Hence for all practical purposes, the effect of the track and
viaduct at distance B beyond the ends of the viaduct,whereB
is sct equal to Za/dv, on the dynamic response of the viaduct
can be neglected.
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II = l,forx=VtandOsxsL,

= 0, otherwise.

L, is taken to be L, + 2B, where the constant B is defined

above.
The mode summation method is used to obtain the

deflection of the viaduct atx = 0 and x = L; For the upper

beam, the origin of the coordinates is at 01' As the upper
beam is assumed to be simply supported at distances B from
the ends of the viaduct, the mode shapes of the upper beam are
assumed to be sinusoidal:

[cI>rJ. [sinir(X+B) sin2ir(X+B) ...sinnrir(X+B)] (5)
L, i; i,

For the lower beam, the origin of the coordinates is at O2 The

lower beam (the viaduct) has the following assumed mode

shapes: [
[cI>s]·l(.s.-x)sin(!::)sin(~)

2 t., i,

whererigidbodytranslationandrotationarepermitted.n,and

n,areintegers.

The modal matrix for the overall system can be expressed
as:

The Lagrange's equations can be obtained from

f(~)-~+~=Qi (8)

whereTisthetotalkineticenergyofthesystem,Uisthetotal
potential energy of the system, and Qj is the generalized force

which is given by the work done 6Wonthe system:

t5W- ~ Qj&]i= ~ P(x,t)1>j&]j (9)

where the force P(x,t) acts on the upper beam only.
Substituting T, U, and Qjinto Eqn (8), we could obtain the

Vol. 24 (1996) NO.2 - 63



following equations of motion:

[M]{ij}+[C]{q}+[K]{q}={Q} (10)

where[M], [C),and[K]arethemass,darnping,andstiffness
matrices,and{Q} are the generalized forces, and

{q} = {q..q,} (II)

where qrand q, are the generalized coordinates of the upper
and lower beams, respectively. Runge Kuttaprocedure is used
to solve the above equations of motion. The deflection of the
lower beam is now given by

~(x,t)=[et>s]{q,} (12)

4. VIADUCT PARAMETERS USED TO
COMPUTE DYNAMIC RESPONSE OF
VIADUCT
The following parameters shown in Table I are obtained from
the constructional details of the viaduct monitored.

Table 1. Available parameters from constructional details.

L, = 17.2m mr = 121kg/m(for2 rails)
m, = 9895kg/m E; = 200GPa
E, = 25GPa I, = 6.1x 1O·sm4

Is = O.529m4 mb = 3850kglm

The other parameters required for the computation can be
obtained from the characteristics of the train used, and these
are:

Mass of empty coach = 14,000 kg.
Maximum number of passengers permitted per coach = 250.
Mass per passenger = 60 kg.
Assuming 50% passenger capacity, Po = 52,729 N.
Velocity of train at viaduct = 15.9rn/s.

The stiffnesses of the bearings are estimated from the data
supplied by the manufacturer and they are:

k] = ~ = 8000 MN/m.

The modulus of the ballast is assumed to be kb = 900
MN/m2[3] with damping constant ~ = 0.05.

The reason for the relatively low velocity is that this
viaduct is about 150 mfrom a station, and that the train has
not yet picked up speed then.

With the above parameters, the relative displacements of
the ends of the viaduct were computed using Eq (12). The
results were found to converge for nr = n, = 5. These are

plotted in Fig 5 as well. Except for the segments of signals
when the first set of wheels reached the viaduct and whenthe
last set of wheels left the viaduct, the computed and measured
signals are in excellent agreement. As mentioned earlier, in
order to improve the accuracy and reliability of the
displacement signatures recorded, the outputs from the eddy
probes passed through high-pass filters with a cut-off at 0.1
Hz. With and without the train on the viaduct, the equilibrium
positions of the viaduct varied, and this change in the
equilibrium positions could not be measured with the system
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as set up. Disregarding the first and last segments of
displacementsignatures,theresultsshowedthatthepeak-to
peak dispalcement could be used to condition monitor the
physical condition of the bearings.

To exarnine how effective the end displacements could be
used,wenotethatthefollowingparametersaffectthepeak-to
peak displacements:

(a)ballaststiffuess,
(b) totalcoachmass,and
(c)bearingstiffnesses.

Due to the regular maintenance of the track system by
periodic tamping of the ballast, the modulus of the ballast is
not expected to vary significantly. During the off-peak period,
the passenger load is estimated to be within 30% to 70% of
full capacity.

The next section will examine the sensitivity of the peak
to-peak displacements due to the variations of the above
parameters.

5. INFLUENCE OF PARAMETERS ON
DISPLACEMENTS
Ballast Stiffness
The nominal stiffness of the ballast used to compute the end
dispLacementsof the viaduct is kb = 900 MN/m. As the ballast

is tamped regularly to ensure that the system is running at
optimal conditions, we would not expect the ballast stiffness
to vary substantially from the nominal value.

Computer simulations have been carried out to determine
the percentage changes of the peak-to-peakdisplacements at
x = 0 and x = L, due to the variation of ballast stiffness. The
peak-to-peakdispalcementswerenowrepresentedbYY1 and
Y2,respectively.

Fig. 8 shows the percentage changes in Y1 and Y2 for
variation of ballast stiffness from 700 MN/m2 to LIOO
MN/m 2, corresponding to a decrease of 22.2% to an increase
of 22.2% over the nominal value. However, the end
displacements Y1 and Y2 show a variation of less than 1%.
This implies thattheballst stiffness has very little influence
over the end displacements. This means that condition
monitoring by measuring the end diplacements need not
necessary be carried out immediately after the tamping
operation to ensure a consistent value for the ballast stiffness.

Total Coach Mass
From Eqns (9) and (10), the end displacements are
proportional to the imposed load. Hence any change in the
totaicoachmasswillproducethecorrespondingchangesinY1

and Y2• As the empty coach mass (l4,000kg) is constant, the
variation of the total coach mass is due to the variation in
passenger load. Assuming a nominal load of 50% capacity,
the total coach mass is 2L,500 kg (assuming that each
passsenger is of 60 kg). A 30% variation of passenger load
(i.e. from 20% to 80% of full capacity),thevariationofthe
total coach mass is ±II%. The corresponding changes in Y1

and Y2 are ±II % as shown in Fig. 9.
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Figure8. Variationsof end displacementswithballaststiffness.

Figure9. Variationsof end displacementswithpassengerload.

Bearing Stiffnesses - Both Bearings
As there are two sets of bearings for each viaduct, the bearing
stiffness could change at either x = 0, orx = Ls' or at both
ends. In this section, we will investigate the effect when
bearings at both ends experience the same percentage change
in stiffnesses. Fig. 10 shows the variations of Fj and Fj when
the bearings stiffnessesvaryfrom-20% to 100%, i.e., the
stiffnesses decrease by 20% to an increase of 100%. For
stiffnesses variation of only 12%, Y1 and Y2 vary by 11%
which is of the same magnitude as 30% variation in passenger
load.

When the elastomer ages and deteriorates, the stiffness is
expected to increase by more than 50%. The corresponding
changes in Y1 and Y2 reach 35%, far above that due to the
change in passenger load. This shows that by monitoring the
end displacements of the viaduct, we could correlate them
with the elasticity of the bearings at both ends. When the
bearing stiffnesses increase twofold, the end displacement
amplitudes reduced to half their amplitudes, avery significant
reduction.

Acoustics Australia

Figure 10. Variationsof end displacements due to stiffness
changesat bothbearings.

~ -40

~ -so

!R -60 +--~-----,---.------.--,-------.---i

Figure II. Variations of end displacements due to hearing
stiffnesschangeat(a)x=O,and(b)x=Ls'

Bearing Stiffness Change at x = 0 and at x = L;
Assuming now that only the bearing at x = 0 has deteriorated,
while that at x = L, is in good working condition. Fig. II
shows the changes in Y1 and Y2.Itcanbeclearly seen that the
displacementatx <L, is not affected by the deterioration of
the bearing at x = O.However, Y1 varies from +13% to -50%
when the bearing stiffness atx=Ovariesby-14% to 100%.
This clearly shows that the displacement atx=O is directly
affected by the change in bearing stiffness at its support. The
variation in Y1is about the same regardless of whether the
bearing at x = L, has deteriorated or not. The same
observation can be made if the bearing at x = L, has
deteriorated instead of the bearing at x = O.Now only Y2 will
experience a change whereas Y1 remains the same. These
variations are as shown in Fig. II (in brackets).

6. CONCLUSION
The above analysis shows that by monitoring the peak-to-peak
displacements at both ends of the viaduct, we could correlate
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the ~sult, with thephya i cal propcnie s oflhe bearing, at both

ends. The variation of ballast stiffncss has very little effect on
the displacements.Variation in passengerload of up to 30"'{'
would cause at most a 11¥. change in the peak-to-peak
displacements.

Variat ion of lite bearing stiffnen by 100% would
decrease Y1 and Yl by SO%. a value far above lhatdue 10

the variation in plSsengcr load. Furthermore, it can be
observe d that Yl would decreas e due to an incease in
bearing stiffness at:.c- O. regardle ss of wbether the bearing
at :.c"' L, ltas deteriorated or not. Simila r ob,e rvalion also
appl i e s to Yl·There fore lh e enddispl acemcnts a~ affec t ed

d irectly by the surreesses of the bear ings supponi ng the
respective ends.
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Comments On Environmental Noise Assessment

Barry Murr ay,
D1rKt or, Wilkinson M urny Pty L1mitfll
(l\-ff mbe r of th e Association of Austr alian Acoustin l Co ns ult, nTl)

Ab:s~~{; The ambient background noise level at moll localions varin throughout Ill<:day and from day 10 day. In
addition , noise I~ls emanat; nll from an Clpera1inll plant an: 81j,()likely l(l val)' from 110", to hour and day to day. A
method of aHawing for these varialiolU in sen iog environm enta l noise criteria which Ire ", lated In comm unily rtSp<ln5e
h31 bl:enproposedwiththepurpose ofopc:ningd ll cun ion oDlhis iu ue

II is widely acc epted that the annoyanc e due loan intru sive
noise rela tes to the difference between the noise level and the
background noise level determined in its absen ce. This
pri ncipal is acce pted in such Standards as Australian Standard
lOSS· 1989 Acoustics - Description and Measurement of
Eln'iromnelllalNoiu.

In New Sout h Wal es, th e E nvironm ent Protection
Aut!lority (EPA) recom mends a nois e crite1'ionofbackgro und
noise level plu s S dBA for suc h intrusive noise . Where the
intruJ ive noise varies in level ,EPA recommendsthe usc of the
L IO leve l and the backgroun d noise level is de fined as the

L to ° f the ambient .

FiSUre I . Pouible relaliollShip betvoun planl alone and
background l>Oioc:

Fin t ly, ilappears impo rtan t 10 divide the cby inlo period s
of different bac kground noise leve l and pe riod s of dilTerent
openuion . It is eommon for lhc day 10 be div ided into three
pe riods :

However, duri ng each of these periods the background
noise level can vary sign ific antly on a relativel y regula r basi l
For e~ample,duringthenighttimeperiod {appli cable for a 24

hour operation) the background no ise level is likely to fall
from 2200 hours to about 0100 hOUTii and then remain
con stant to abou t 0500 hours. Aftcr this, the leve l il likely to
increase, It therefore seems mo re appropriate to div ide the
dayinto shorter pe riods.fhe most importan t one for a 24 hour
operation being 0 100-0500 hours.

Each period must be treated separa tely in the a5sessment.
Illthough it is commonly found that one pe riod is morecrilical
than the others

For each period, there is a natural tend ency to wan t to
average the backgr ound noise levels and also 10 average the

1. NOISE LEVEL VARIATl O;'liS
It is common 10 measure the L...10and the L...to levels ever IS
minute peri od s and. co nseq uently, these levels may vary
thr ou ghou t the day and from day 10 day. Th e L...to
(bac ks round) noise leve l is like ly to vary as a result of
variations in road traffic now in the surround ing area ,
variations in weathe r co nditions (particularly temperature
gnlllienlS and wind ) and vari lltion s in noise lcvels emanat ing
from other indus tria l noise sources. The plant (intrusive) noise
leve l may also vary du e to variations in operatio n throu ghou t
theday and va riations in weather conditions. The net resul t is
that the L...lDo 1,.... noise level from the plant will vary OVCT II

period of time and so will the ambient L...IlO. ll .. '" level.

Figure I shows a typ ical L...IlO.U rn'. trace and a pos sible

LAlc,u m", trace of plant ope ration (only) duri ng a one day

period. These traces are also likely lo be differenl on other
days

With variat iolls in planl noise and hack ground noise.ube
ques tion arises as 10 how to interpret Ihe variations and how 10
determin e the no ise criterion

2, CO:\1MUNITY RESPONSE TO NOISE
The answer to the ques tion above lies in the response of
residential communities to noise. However, 11-1: have limited

knowledge of this response .

• Daytime

• Evening

• S ight-time

0700 - 1800hoU15

1800 - 2200holll"5

2200 -0700holll"5

Vol, 24(1996) No.2 - 67



plant noise levels. However, I do not feel that this approach
relates well to likely community reaction to noise. A
community is likely to be more aware of the periods of high
noise level than the periods of average noise level and it is
likely to react in response to the high levels, rather than the
average. This may be demonstrated by considering noisy
domestic parties, where neighbours often complain after only
hours of noise, despite the fact that the party complained
about may be the first one held in 12 months. Particularly at
night-time, residents can be quite intolerant of short-term
noise.

My personal experience in carrying out a social survey to
determine community response to aircraft noise also supports
this view. Around Sydney Airport, some communities were
affected by overflights and the consequent noise on some days
only, as opposed to all days. When asked in an in-depth
interview what their overall response to the average noise was,
residents within these communities had considerable
difficulty in providing a single (presumably average)
response. They preferred to indicate their response during
those days with overflights, paying no regard to those days
without.

From experience, I have developed the view that it is
necessary for the intruding noise to comply with the criterion
during the period in question for at least 90% of the time to
avoid reaction from the community. From a different
perspective, one can say that the intruding noise can exceed
the criterion for up to 10% of the time without a community
reaction. This seems to imply that residents tend to ignore, or
at least tolerate, slightly higher noise levels for up to 10% of
the time, especially when the noise levels during that
percentage of time are not substantially over the criterion.

3. PRACTICALITIES OF ASSESSMENT
Assuming the plant whose noise level is being assessed is
currently in operation, one could theoretically measure plant
noise levels over an extended period of time (such as one year)
and also measure the background noise levels avera similar
period of time. This would allow determination of the
percentage of time that the plant noise level exceeds the
criterion (say background noise level plus 5 dBA during the
critical period of the day).

Accordingly, the assessment of the impact of the plant
noise would then be clear. However, such an approach is
unlikely to be practicable because of the large cost involved
and also because many assessments are carried out before the
plant is in operation. Particularly in the case where the plant
being assessed is not in operation, it is only possible to carry
out an approximate noise assessment along the lines indicated
above. Firstly, itismeaningful to attempt to establish if there
is some relationship between the background noise level and
the plant noise, that is, to establish if plant noise and
background noise are partly in phase. Where the main source
of background noise and the plant are located a considerable
distance from the assessment location, then it is likely that the
noise levels of both will increase during a temperature
inversion and decrease during a temperature lapse. Equally, if
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the two noise sources are in the same direction from the
assessment location, they are both likely to increase with a
breeze towards the assessment location and decrease with a
breeze away.

Assistance in the assessment can therefore be gained from
the measurement of wind speed and direction over a
representative time period and from an estimate of the
probability of temperature inversions.

Ifno wind or temperature gradient information is available,
then I have established some basic rules of thumb which can
assist in assessing the acceptability ofa noise on the basis that
the criteria can be exceeded for 10% of the time:

• Determine the accumulated background noise level in
accordance with procedures developed by RTA
Technology (The Accumulation of Statistical Noise Levels,
Renzo Tonin, private communication) for the appropriate
time period ofthe day. This level is basically the long term
LA90noiselevel, based on the relevant time periods and
excluding extraneous measurement results. Apreliminary
analysis of some typical examples has indicated that the
accumulated background noise level is approximately
equal to the 75 percentile level of the LA90 (ie the LA90, l5min

level exceeded for 75% of the time) during the appropriate
period.

• Estimate the probability of temperature inversions and
breezes towards the assessment location during the
assessment period.

• Estimate the probabilities of the noise producing
operations at the plant and the overall noise emissions
during each type of operation.

• Estimate the expected plant noise level (LA lO level for New
South Wales) at the assessment location which is likely to
be exceeded for say 40% of the time. This 40% figure is
derived as follows. If the accumulated background noise
level is used as the background level, then the level ofa
steady noise 5 dBA above this will just comply with the
criterion for 75% of the time(ie the 75% of time when the
background noise level is above the accumulated
background noise level), but does not comply for 25% of
the time. If we then assume that the plant noise level
varies, we could make the 40 percentile level for the plant
noise (LA W,15min) equal to the assume background noise
level+5dBA. The plant noise wound therefore be above
this criterion for 40% of the time. Assuming a random
relationship between background noise and plant noise,
during the 25% of the time that the background noise
level falls below the assumed level (accumulated
backgroundnoiselevel),theplantnoisewouldbeabove
the criterion for 40% of the time. The plant noise is
therefore likely to exceed the background noise level by
an estimated 25% x 40% which is 10% of the time.

• Compare 40% level for the LAIO15min with the
accumulated background noise level and check if the
allowable difference between noise level and the
background level is exceeded.



NYLEX NOISE CONTROL
The eff ect ive way to suppress sound

These ru les of thumb are very approximat e smce the correct
assess ment would depend upon the profiles of background
noise and plant only noise with time and also upon the degree
of corre lation between the se two noises. They should also be

applied carefu lly with due consideration of the parti cular
circumsta nces; for example, it would be Ulll'easonable to allow
plant noise to exceed the criter ion for the first year ofa 10

year operation, even though this represents IO"A of the total
t,me.

4. CONCLUSION
The approach discussed above has been developed on the
basts of' experience over a period of tirne in an attempt to
clariCy the interpretation of the basic noise assessment

proeedures discussed in Standa rds and guidelines. However,
it representsa first writte n attempt at such clarif ication with
the objective oCallowing debate on this issue. Co mments and
sugges tions are welcom e and can submitted to the edito rs oC
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AIPPrtn , 1994, 6 11 pp, ll(mJ oow N,ISBN
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OH s/50010,//SA Fos:+8028647616Pri«

USS8'

Oeeenography and Acoustics:
Predictio n and Pro paga tion
Models
Allan Robinson & Di ng Lee(Ed ilOrs)

AIPPtUl, 1994, 157pp, harr/COWN, ISBN1
56J96-10J-9, Di,lnbu/w: <u abow, US S65

Giv. n tho imp...:t of compu tc..- in virtually
. ll dii ciplin"" of.., i,,nc. , it il ip proprilll'
that I pair of book. d"a lina with
com put.tional modelo for undeTWMteT
l COUlilici should be publil hro b)' AlP Pre..
IS Ihe linl two il lues in iu seriel on Modern
ACOUSlict Illd Sillnal ProceninJ . Whal il
lOII\~hallwprili nll il that two books wltich
deol with IUch liimilar lubjCCl mi n er mou ld
be pubhi hro b)' the " mepublitl>cr, in the
li me year, each \to'i thout acl<JK>o." led~ement

of the other. It \IiOuld seem that an
opportun ity 10 pro<!Ul;l' • comp lementary
pair of .uthoritative books, employi ng
COl\lilitenl terminology Ill d Iymbolii, hal
been lo't

The fint book , "Co mpulalional Oce an
ACOll,tie , " (COA). il jointly l ul!>ln d by
four~,inthe field. Thc irdeclaml
inrention i, ".. lOpresc ntthclllalc-of-thc-&r1
o( numerica lt echniquelasapplied tosolving
th" (acoult ic) W1IV" "q ua tion in
""tnogm«lUf fluid·sol id media". This is
acb~~ bywayof lbe rorechaplefSJ - 7

which outline in detail lhe development of
!hi' (1Vt kI')' numericaltccbniques, namely
ny melhods, way"num!x r inl"antion,
nonn al modes , parabo lic "'Iuat ionl , and
finill'differmccs and fil\lte elernenlJ.Thcse
(Iaplers are p~stIIlro It a level wel l placed
bel'&ftO the Ilyle o f jun ior un;venit y IC~1J

(sucltlSl,;ricl.'l) \to'hich gi~hllJe dcUil of

dcrivl lion.and the rnathcm.otically compln
appro. ch of Brt kh"" ' kikh &; Lyn nov's
"FllIId.arnI'otm of Occ:arIACOU$lics"whicll
canbc v"'1'difficulllo follO'W. Uchchaptcr
is,uffJe iently Stand-aJOIICw t it could be

AcousbcsAus tra lia

refened 10 in isolalion from Ibe rut of the
boolc. The liBt two ch'p'"n ofthc boo!<
pruentba<:ka;round~ledae tl'l'l\lial for

aninl,oductionlo undc"".t er lCOU. tic
model lin"andthe fllWl thrcechapten doal
with broWband modeUinaan d.the infllltllCe
of.mbient noiv

The secon d book, OcufIO llraphy I nd.
ACOUSlic. : Predict ioa ar>d. Prop. gation
Model. (OAPPMl , di ffers fromthe first in
that itpl'O\'idet ltlO'"Crviowofmearch
Prtli reuin the couphn a of occand)'lWll ical
and acousriepropagationmodolLll il.al fO
diffm:nl in that each of;\I 9 chapton il
. uthoredby differcnteOlllribul<m(2 1in .ll).
Thil 11'1.11 to. 1,,"" "",11 Itruc turcd
presentation,withoccuional dupliulionof
lIIlIlI'rW lll d .....ri.u oai nnotalion

Chaptm210 6 are 1XlnCm>cd with thc
Kntit ivily of acoustic propa~ation to
tllYironmeawflClon ; includ.inll"I"'rccivcd"
.,.n liliYity ....h.icllari.,. 1out 0(. pOIlr choic.
of I coultic model. The l econd. chap'" r
com'""""""with .us.fulliltofundc......ler
acouJticpropa.gationmodcll ,togethawith .
tableofrcfel'CllCCi and a briefguide as 10 the
conditionl for which th"y are mo. l
appropriale. Chapten5.nd6rclyheavily on
UII' of the Har vard Forecast SYlilcm
m'o'ironmcntalrnode l. Particular reference is
~c lo !he problemofconvenin~lhecoars.

lKlundspeed IndeWl'l'nl fields gmmted by
the large scale enYirorunental model, 10 a
form suitabl . (or input to the acoustic
!IIO\kls. The lutthrcechaptonfocus on lhe
1ISI'0fl-D normal mode "" d ray toelmiqu"
soluliomfornnge--depcndonlenvi romnenlS
It i, inlelC$tinato learn thaI future passi\"C
lino arny oyil . rru may !x &ble to dotermin"
the rao~e and bearing ofconspieuOlU noise
soun:.s(e,g. submarinel,starms) ....hil.ar
thesame tim"il l. aninai nfanna lionabo Ulthe
occano:rtVirwo_'Ilent;.sonof passi\-c ocean
toRlOllraphy.Theidea ilbascdonwrying
the likely soun:e location ande nvimnmcntal
field paraJlll'lon un1il the oimul&1edamy
signallllll lChcothaI obscrved""perimenrally
("ma.tehcd-field processing"). Thj,ropic is
else met in the final chapte n of COA
(compare FiJUI"C 9.13 o fCOA with Figurn
7.5 &; 7.6 of OAPPM). Then: il further
O'"Crlapbetwcmthctwoboo!< swi thrcprd lO
lhedoocriplionof lhe vario lll aCO\lstic
propagatioomo&l•.

COA provides. name indcx(209 entries)
andlubjod indn(613 emri"")l oge'lher " ilh
numbcrcd refereoces at lhe conc1llS.ion of
each chapter. AAPPM plOYidn a central
subjecl indc~ ( 19 ) enm el) and . cenlnllill
of 266 i lpllabetically-ordered refm:nc es..
Botb boob include a set ofcolaur pr;nlJ of
compulCrimag cs...rucll .ppcu cloewherein

lhetnlubla.ck.and· whi l"figureo.

At the quoted prices. the books are bell
l uiled for the library thclves ofinslitulions
(ow apcrienc" is !hat thcsc pricu infbl e to
!he $170 mark ...hen purchased Ioc. lly).
Althouah COA is slrict.ly I revi..... of work
publis/lro inotbl'rreferen<:es. its contents
are IUffic;"otly broad and thorouah for il 10
fill. holeinlhemarkct h ....ouldbea
Y. luabl" rl'fercn ce for tb"underwal"r
i cous tic ian and cOIIld be usedu an
adYanCtdtext.thonoun andposlgradua1e
leve l. OAPPM i, directed speci fically
1OYl'Vds th"acousrician or oceanog rapher
imereSledin lhl' eoupl ingo f oceandynomic
prcdiC1ion models and ecean .coutlie
prediclionmo<kls. !ll"Cpl'esenl$ ' aood
oYervi..... ofresearehprogrc.. in thal lll'U,
and proy,des the rca<!erwith i numba of
valuable rd eR:nCel. H""""",r.iftheru dcr
il intere>t"d in e ithor ocea nograph y or
aeou Olico alon e, th"n thil book il nOI
recornmmdcd; lhI're I rt many ICxU W I

addn:sstkseindiYidual Jubjcctsin arnore
complel" and concise manner.

Craig Ruy a~d GI"n Stroow l

Craig lWy i.r Offiur-in C""~ al rhr RAN
App lied Merearology and Oa" nOfrllphy
Cen/Te. He complered MI MSclh"Ji. <>II

Underwa ler Acous/ic Propagar ;on
ModeW ng : ThUJty . Opera/j an &
Compa~ilOn

GI.... Stewart is a senior Icc"',.,.r in /he
ScJwol ofPhy.lc. o/ lhI' A u'lro/jan ~frnce

Force Academy and i.r ,",'patlJible fo~

COur:te. in Marine Acol<Sllc. and Opt /cs

Sound Solution s, Techniqu es to
Reduc e Sound at Work

Healt h a nd Safety Executive

HSEBoob . 199'. pp IJO, Sajl Co",,~ ISBN0
71760791 7 Aus/rol;"n Disr~ibutor; DA
Infonnarion SC,..../c,.• . PO Box 163,Mllcha",
~c3/J1. T,./03987JUI/ Fax03987J

, 5679 PrlceASJ8.

The aim of this book is 10 show thaI noise
probl"mscmbcoolYed in lllllnyway l.lt il
dcsianod for !hl' m.anaaer,mllineer or s.fety
~presenrali"" and off. n roal eumpln of
hovI noiscre<luction ha, bI'en achieved.!l ia
publishod by the Health and S. fety
b.eculi\"e (HSE) in lhe UK which also
produced tilt book ' \00 Pn cli•• 1
Appl icat ions of ~oise Jl.ed.uC1ion Methods'
sonte )'O'ma ao. Thit lit n t bookrqlresm lJ
a<:onl idorableimprovcmenl in prcsenll.tion
includ;narnanycolour pl>ot"llraphs

FilSt lhac is a checklist !hat the m&n.aJft"
shOllId.. wk tlwugb to idontify !hl' problem
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&nd obtain pidanc.: on the likely iOlulion
Then follOW$ a summary of the pitfa llJ that
canarise with the variousrypcs of techniques.
Thesc are lilledinpoint fonn &nd a vety
IIICtuladdiliontosucha publicatio n.

The sixty eumples cove. a wide range of
ind ult ries, noise problems and eo lllro]
m. thods. Thoy l re .....Uind•• od and Ih... ...
summary lables which au i. t ill findi ng
l imill r noise problem. 100 the poss ible
IOlutiOlll. Th.eontrolm elhod.range through
damping, <!fsign. iSGlation, encICllu" .
.oilmc:... . te. ....ith two on Idi"" noise contml.
For eaeh problem the 11I)'OIIt of !be plseil
oimit.. f itoltheprobkm il elear lynplained,
ineluding dilf ieulties ....ith implementing
control methods in th. past. The solution i.
e~l'lw>td w:ith .uffiei.nt te.:hn iell detaili to>

enable it to be adapted 10another ap plicatio>n
A photo>a noph and 'o. sketeh sh""" the
solutio>nimplemented in ueinduouy. In most
_ the ..... .. in UK Poondt ;'gn.c... The
f,nal pualVlpb . tales the mull in tenns of
Ihe magnitude o f the no ise reducl ion
achie'o'C<1. ln oorne eases the l'requency data
fo>r!he no>ise rcduclion i. also pl'Ol'ided

Th.bo>ok i. well p. ... ented ....ithaood ov. rall
graph ie design. It c.rtainly ,,", uld he lp
IDarlIgen with noise probl. ms to obtain
somc gu idlncc on !be type: of solutiom w. t
may be ....ilable. 1t would al... be of a real
assiltanc.lO ~ in.duealion b«a\l1e of

the good e..e lttIdi•• Ihl l a«: docum..nl.d.
Con.ultan l. and . ngineen would find il a
valul ble addition lO lbeir boob hel..... l!Oit
providcs ideas, backgrou nd infonn ation and
. ....ld bc usedfo.e~amplel in th. di.cwsionl

wi!h cli.n t.
M<lrio~ Burge..

M"rlo~ BUTSen. <II fAe Acoull ic. a~J

YlbnJli"" Ultit, A"srt.../i,,~ Df-frtt« rorce
ArodeMy. il iltVOlwdt" ed"c"ti M , ......""I\CA
""d c<m. " ll jltg "iMed '" nduci~g noise
e.xpl'J$l'lV'i~ ;ndwlry,

The Music oft he Spheres
JamieJames

COpn1liclLl/Spl'i~gel'. Verl"1C. 199J, pp16J.
wft C<Wt~. ISBN O.J87.9 U !4.j. AU<I
Dil/ribulM: DA /n!onn mi"It Sel'\iiu<. PO
Bw; 16J. Milch"M VIc J " J, T~I OJ 987j
4'111 F<lXO j 9873 5679. Pl'il'~ Jl6, 9j

According to the biogrnphical notc in the
book, lhe u lhor is a Ncw York music critic
andcontributor touw,.l majot ncw. papers
and mallu;"", and he • • n a inly "'Tiles
n ... nIly and.ntertain mgly, l . nJoycdthi .
book and found ; I ~ commen t>on the ", latiOlll
belv.«n "music theory" and an thmetic to be
nicely put

I mu.l, however. ..press a di..ppointmenla t
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theouto.I. Th. sub-l ill. of the boolt i,
"Music. ScieftC.a nd th. NaIU,.I Orderof the
Univ. n . " but the author leVeals a very
limited apprec;' tion of the lIItlll'eofsc ience
and of malhematicl , and indeed lUes a
nillCleellIh-eC'MU)' "Am f acul'Y. view of
these .ubjecu.~alhemaliCl i. ~arded l1

arithmet ic. o>rrather 11 numt rolOi)'.
....hile scimc e i...id to ha abanckmed i..
search f<>r ultimate In~wen in favour nf a
limit. d practical . pproach 10 ph. nomen.
W.find norefe", nc.lOnOlion5 0f .ymmetry
Ol" pallem (along the lin.. of eilh... gmu p
theory or or Eaches'1 drawings), 00 rernmce
10 the psychophy5ics OfmUlic perttption
(using lhal term in ito proper scielllif..
..nsel,llOl'd e rence lO modentl1ewsOft he
universe. A more accurate .ub-litl. would
havebe. n"l'ythallorean Phil0""l'hy and
MlIIicThco. y".

R...sett ingout expeetatio.... tllc"' fore, ...hat
do _ fmd? An n eellm t account of the

G..,.k philos<Jphical view tllat theonl... or
!be univuseil lI'JI'Cmedby relatiM l betwttn
inl.g m . and !hl l the pure mllSic of llle
universe, mUl i. a mundana, wu . imilarly
numer ic. 1. The mu~ic m.de by actul
instrwne nts, musice instrumenta lil, and that
apl'\'CCiatedhy hurnanean. mllli.ahwnarta,
had a . 'tll,larnumerical ba>ilbut was ofa
lesI perfCCI order. The developmenl oflhil
theme in classical philO5Op/ly. in pre.modem
science (Keplcr'. pla\Ollic:-""l ido modclo r!he
unWene. Newton'I \Il1l"'b/il!led atteml'lI 10
,bow thai his physical lawl derived directly
from d.nical philosophical principl..) is
well diKu.. ed, and due C..dit i. given to
Galilco and to hi. f. ther Yinc. nw Galilci.
. bout wham I, " l.a st, had noI heardbefon:

Bach g. t. ooly . uperl'icial menllon, pnhap.
~auK of !be author"s conc.ntnlion on
numeroiOllYrather than the gta nd.r !hcme.
of m. lh. matic•• and ..... hl v• • l urpri. ingly
Ilrg . di.cu"ion of romantic music and
opera . pan lya$ a history of the break away
from num. rical tradi tion. The bonk th. n
turn s 10 th. contemporary approach of
Schoenbe rg and hi. foll~n. who ", .
en lhroned numerol ogy in music theory
through Ihe.. twel...._tone .ystem and lnne
row•. A5 ....ith many modem musicians. the
COnCern il not primarily Wilh the lOund of
lhe mu. ic, bUI rathe r with itl forma l
numerologicll sltuetu ..

I recommcnd lhis weJ] wrillen book lo thmc:
...~inl."" is ;nclaSlical pbil""",,hy.th.

early hi.t ory o r sc;enee . and the
numerol"iical baoi$ of muc:h ......$ic theory.
th....gh fonunate lynotofmucb lC'tll'-l musi. !

Nrl'illrFIrlc/lrr

Thr l'CVi~l' i.aphYl;cisl"ndMu.lci"n

b<J...d<ll tlorA"" ,"li"nN" fio~"/Uni",,,..iry.

AUS11WJANACOUST~ SOCIETY
1m CONFERENCE

Hakinl ends meeL D
Innan .t ion i.ndJelisl;stion.

For detailt pleu e contl ct:

R05sPaimer
TeJephone: (01)J8061522
Facslmilie: (01)J8 061999

~~ts.~~hjoo.rnll

Acoustics
Education
II you are involved with any

acoustics courses in Australia

please ensure you rei urn lhe

survey torm in last issue of

AcousticsAusnata.

Addilionalcopiesavailablelroffi

Ma fOo Mills, lax06268 8276
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in Australia
on
Internet
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ANNUAL CO:\'FEREl"CE
The Ann~l Conf~n«. for Il>eAustral i.an
"COIlltical S«iety. to be held B - IS
NQllmlber in Brislw>c tt tlw:Novotel Hotel il
l hapina: up, Wllh ;nt.."", ."""'n by a 'to'ide
ran8eorpeople . Withthe 'UInnt ~of

noioe R gu.1alj"", in most su tes ofAUSU'lIlia,
this ~an «>nfern>ce l!Ieme of " u iP"lu lon
I lld IUO\'lllon ~ is timely_ A t\\'o day
workshop will be held in conjllllctiDn with
tIw: Ccnrereoce with lhe theme of No;..
Regul. t;on Across Australi., and will be of
;nlcrnt loprofu siOll.ll.wornng ;naco uslicl
whowiahIOll·in in.ighljnto lhClta~of

noisc rcgulalion at present. f or lholC
preoenting papcrl the deadJinclfo,the paper
for Proceedinll' il l September. All sutho..
will be notified by 12 August and given
ffilIl i~nllfor m.anu.script prcparalion

The [ u tll enn In Acounl .,. Awant will be
prc. m lCd Ibis yur I I tb e Il ri l N nc
Confcn:ncc.and ....curp=anyonc wllo is
inleruted to l ubmit a projec t for
com.iden tion . Dcu il, form LesHuWlI on tel
(07}321 42744.fu 0712 7 42S44

With lhebea uhful_ather in Brisbane, and
i(t close prol imily lOthe Gold and Sunshi""
OwlS, I visit 10 the AMuaI Con ference
wollid olfer i itutinapoim for anenjoyllble
holid.ly. Arcaisrrationbrocburc is inscrte d
io this usue oftltelournal; forlddition.ol
copiCi plea>e conUlct the Conf erence
Sccrmriat; hy Carter tel (07) 3806 7522
fa. (07) l 8067999

Plano Technology
The Victoril Division visited the Norther n
Melbotlrne Colleae of TAFE, Pru ton,
Melbolirno. to inspec t the Department of
Pil no Techn oloaY on 6 March , This
Dcpartmo:nl prov ide. the on ly eounc in
Ausrral iatOr the accredired lnininsofPiaoo
Techni<:ian•. ll beaan in I983, ,.; th a S1lJdent
inw.e of fOUf losi l pcr ~ar, and hassiIlCC

rrained 6l'ludenu. 'J'wocourses., aone yu r
Ccrti f"lCIte, and a l\toO year diploma COllrK,

are provided. ~r Allu M oyn , the
Departme nt co-ordina tor, ga~ a technical
ece.....iew o f the COW"'CS avail able and led a
tour of the Department"s training facilities.

The .t udenu acccpredforthesc courses ere
rcqUirtdlO c~ with both the musicaland

technical demands of this profession . They
have 10 . pend many hours in pr actical
tn inina in order to deve lnp speed and

Acoustics Aus tral ia

eccurecy in IUnina pianos 200 Or more
.. rings. Recau. e pi. no. aretuned to
"tempered" .. ther than "jw l" intonation, in
"' hich all scmitone inttrVali arc mcant to be
equal (with I frequency .. tion of21 112 
1,05946), beau betwecn Iw monic. ~
when severa l noto:1 arc pla~d

simull.incollSly. TWlins is tbcrefore the besl
compromise 10 minimiu ob\oiously.lldible
be' lI , A fwthet refinemm t of ICttIpCt'Cd
1lIIIiogiltheuseor . ".rreu:hu"!'requcncy
nming ~ in which tbe hj &h<'r ""'n Zl'l'

wrper,.lId thelowernol... f\aner than
...oo1dbe requircd byeuet tempef'lldtunina ·
.....'hi le th= are now nwnerous electronic
tuoi n, . ids "ail. ble, . nd thu e were
demon. rrared by Mr Moyc.. he emphasized
that the best rc. ulu 1m still oht. inurltrough
""ell· t..ined human hcarin l' A pil no
tcchnieian i. required 10 be able to tu"", any
note to within an ecewacy of half a "cent",
whichcorrespondsto a frequcncy ratien cf
2 ln400 - I,000289. Althc concertpitchA
o f 440 li z, this ha lf cent rcpresc nts I
frcquency difference of about li8 Hz, oronc
beat per 8 s«on ds

To obUi n • Piano Technician', Cen il'icate,
' tudcnll 1m required also 10 """"lop their
lIrillsin servic:inaandregu1aunl · piano'.
bammer action,lo achiro.-ecvennc ssof touch
andlono<. Thil is comple'o;in lhat each one of
a modem piano's 85 to 88 hammer
mcchaniSllllconsisliofovcr lOOindividual
mcehaniu l compo nent. , ...ith many
pon ibihties ofadj""lmcnt, inc1"" ing the
shapcandbardr>esl ofw:h felthammc:r.
Studentl of the l\>O'Y"ar Diploma course 1m

given a more e. tended trli ning which
include. rullreuo .. tion ofa piano, requiring,
also, cabinet·makinR . nd metal-working
~ki ll •. Thil Piano Techno logy Department
posscsse. all the equipment necessary for
t..ining in pil no tunin" Sl'.....ie ingand
reslOration; itnd il allO thcbirtllptaceof
Wayne SlIIan' l fully Austra.lianobuilt gr.uld
piano, featured in recent ABC radio and TV
prosllmt .

Noise Travels
Ajoim meet;na ....ith Association of N"oisc
Control Enl in«n on April 24 took.tbe form
o r a seminal On ...heel• . A total of 22
mcmben trlVCllu by b",. 10 f roe Iocl liollJ
for silt scll iOll. on 1I pc<:1Iofnoisc control
AI BAtK'I offices, Moonee Ponds, Rob
Sm)1hl . Scnior ProjccroOfficer with the Vic
lIeal th and SafetyOrjanilition, began with .
brief history of the development of
audiometric me..urement, outlined the scope
of the forthcomin g Vic HeahhINoi"
reau lar;olll (nowtobefocuucd onthenoisc
hazard) , and made lOme commen t. on

outeom" ofrhe cur rent 19'92 Il'gularions. At
Melbourne Intcrn at ionl l Airport, RIck
Galu, Mel bourn e Mani ller Ope ration . ,
FAC, described the ....rious airc..ft noise
mon itorin, pme edllll'l, with an inspection of
mon itoring equipment At SmoraOll Steel,
Lavcrton North, was demon mat ed the on
loingooisceontrol proaram tltroo&houtthc:
, teel mill, in whie h var ious procell
supervisorl'Ol'flCC.and contro l room. bave
b<en fitte:dwith suillble oo iscbarriel"l. Aftel
1W1Ch at SmorgOOl,the trip con tinued with .
vilit to, and inspeetio n of the Rl.lI T
Acoun ics Labora tory lC'Verbc:ration fOOmt,
in which arc measu red the ab.o rption
coefficients or illlCrtion lou of the many
commerc ial prodUCIi . At the Bionic Ear
lnl titute , Ea<t Me lhoourne, Dr Ro l>trt
Cow. n, Me lbourne Univen ity . enior
research fellow, introdu ced memhe rt to
recen l inveSligittion. inlO hum. n hCitrinl
damage, and its remedial IfCl tment. Alle r a
retum 10 El& K, rcl ional manager, Mr 11m

Simm. described and briefly demons trared
.0meofthe larCit ava.ilableBdtK iOlIIId le~el

mete rs and analyze... AtthcconclUlionof
the day~off Ba r,," and Ca..l ll alT)' were
duly thanked for organizinl this inrercstinl
day of "Noioe Tra"l' II", It ia e~tcd rhat

similar fullll'C IOUI'I an to be arranged 10

cont inuethi l llyk of noisc Kl11inar.
£.owu ro..vy

Guita r Family
On 23 Aprill996 thct'Cwas a jo int mectillJl
of the ACT Groupo or AAS and Au' tralian
11l5tirure o f Physics On the Phy.i~s of the
Guiw Family. 1bc: preKll ter WII Grahm
Calden mll h, a wcll rcopccted luthier bu ed
in th. ACT. He discuosed the h;slOl)' of the
development of the , uitlt from lhe salon
guitar 10 the mO<1emday Ilyle where the goal
of l very hllht faceplat e has been achieved by
the u, e o f car bo n fibrCl in the I. n icc
stiffenen. Thc main modesofv ibration and
thcir radiarion effieicncywcll' e. pll ined and
demons tratu ... itlt the aid or ..wdw t onthc
facep lare, Graham thC1lprnceedcd to e. plain
the fl mily ofgu ilitntl\athe hu dcvclopcd;.
treble, blritone and bau to complement the
lIandard guiw .T1lc rnn s1lt ion of tltc string
ffC'q"e oeics and. mOl t importa ntly the
tona1;ly,""as not a simple •• ereae . The
ob\;ollSsoluliom ...c renolalways ' uccc..fuI
and, while e. ccllent in.t rumenll ha"e been
produced, thcre i. al_ ys KOpe for further
developmc:nt. The mu, ie produced by I

group lIIiag tile family Iw been acccpted
imernationally and one of their CDsp rovided
background music pr ior 10 the
commencement nft he meetin ll

M~'lo,,8~rgeu
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AAA C
'Themid year mcetina of the AAAC ...... held
I . lhc A\l.Ill'alilnDefcncc Forc e Acodell1)' in
Cmber... on 14 JllIlC ....ith rcpn: oenlili on

from member firm. in N.S.W.• Victoria,
Queensland ...d Wnt cm A\I.Ill'Ilil . "" or 10
IlUr mftlln, ," ~"lf;onwdby A .. oc:.
PTofuoor Joh Balnl . lfcad of Scbool of
A~ondMechanicalEnli......,n• . Dr
H_Ch Wllllam", _, DireclOroflheACOUOIics
&: Vibntion C~thm~ &a~of

KOUIlic Ktl vill tl I . 1~ Academy and
hiplichord!be ) lNiD _ oflnftldl,

cdI.aliolI and CONUltme in -.tiel and
vitntioL T1oc .......... thm t&k... OII LII

tI~\'C _ortbc flCiliticl wilK"

i!IduIkd: .....,boOc eharn berCWf'Cftl lybeiftt

~f«an ..~_lIfprojc<;t, .n

-infmi"'" p- lel uplO-..d)' ribnrion
propIp1>OII, ""f*I -"' ~for ...
iN~SlliaI &ppl;cllioft, friction MW noiK

mluction~oompuI.. """U"'l""'"
_ nlc""ve aDd oopbiOli" lcd

pmsrunmcl, condIt ion lI'IOtlilOfin, "anal
anal)" i.. IIId h llllWI vibntiOD dal1
KlIlLlWtiooland pl'Ol:CUin,

nc rn«IinI_ i-.!. thtou,htbc af\cmooa
aM:n n''''o(concnn and inletntlO
C_ Ila"" .....II._,...m.any1upOeiot
~bnicalllld bo.ai_rrkvatu. ..-;flC

COHflla' o f er n aill of the Auslra li&n
Sta:lGrd!. peniMnllO"";" ;OS,,", 1M
Il gildInI Codc of " ...aaJ iIo .nd .i~f'I

fASTS Updat e
TN AAS II .........ber of ,Jw, Phy1.iul
S<:im<:c. Board of the h d.......iotI of
S<:'e1Iur" and Technolot;lU l S<xiC11U
(fASTS).

A mi jor K livity hubecn l/lc ll utlChof lhe
,eviKd f ASTS PI.>!icy Doc:umenl onJ'l/"IC18
'With fOfm.llp ruen.. I,on loMLni.te rf'e1er

MeG. ur. n, Thi. doo:: ~menl illulri tes ce
elllenli. l .I01'" to HC~"' • •Ironll IoCienlific
. nd lechnolollicl l l' lllf nrm from ",hieh 10

improve A~sll"ll i.'. lOCi. l, environmnenl. l
I nd economic po.iti on tllro~lIh lM wise ~~

ofscienc.ll'ld lecllnololl~.in'lrucNlCdlonll-

l~planninll· The policy i'l ill blebolh
in twd C<IP)'.and on lhc:FASTS· b p. ge . 1;

hnp:/"',mbo.l'harmacol. I~.oe.• u1f"' oIf"uh
ome hunl

Theim~$lSoflhc:sc,en«and1eChnolosy

eommunil~ nm 10 N represenl ed in •
viJon><&Sl'I'\&I'IMI'• ....tIi·hil .job~ FASTS

~ impael of GovmunenI cull 011 .._
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. tld lechnol"l!YlJCnot fully known&Ildlhero
il. n« d lo mn ind 1henewGove mmenl lhl t
rre -eleetion promi .e. should b. ll kon
..riowly. The FASTS medii c<lnf.....nce ..
p.r1i.menIHoll~inM&y, brougbllotlfihor
Kienee lImups and me N.ti Ol\lll f&rmttI

Feder&lion lowanlotfl'UlTlOOJl'edeulllOS&T
tIlndina· Thil sort "third -pany endorsemenl·
by lbe NFF of the u ille of SAT i.
putieu1&rlyimpon&nlin BqetdLIoCIluioN.
&ndllYOidltheclwJctbat K,~.&IId

~ ......lf-oervint:~U~
_.1sobdd.h1chJyWCCCISfIIlmedia
_ ill partiametlt HOlIK ..-rth FASTS

playinl·pn:mineDlrole iapo.lllifllllho:~

qether.T1oean_ of &lllliOlnricallianoe
ofllUdtnts.llQffand .....nilllmO<l ...
~....m1l1I""'P1joininc ll) proleII

1lvt:aIaIedeutsll)~

fAST'S'- "'" ...-eraI .....en IO M Il\I JIft
f'e1er M~mel..&n,. compIetely_

a.ppnIKb lOlhefund irc of RI<Oby incMtty.
and fASTS' .iI-<o-, on bow mpottWbilitioes

bmoftfl ASTE C ( _ ASETE C), ~SEC

andthcChierScienti>t sboWdbedMded,
&ndllho:limilCdcareerpimfOl' )"O'olIl,.,&nd
middl",..kinll AlISlrlh&nICienlml.

Arry iliSan 1h&lcould be takm upby fASTS
should be forwwded II) Manon 8wJaa. !tie
AAS~-crorfASTS.OlItel 06261

'24 1 .fu0626112~

ASTEC Futa re :"O«'d s
Tlwrlnl1~ ofIlho:A...craIi&lI Scin<:e.

TecllooloC &ad Etl. illeerill, Couae;l
(ASTtc) foraicht study MIU:tllfla Sama:
andT~'-"'IY IO FlIf\IR Nee1b: 20 Io, 'I'o'IJ

1aw>ctw:dll hrli.amenl Hou5cillCinbena
001 21 M. y 1996 by the Hoo ~Iu

~1 <G. llri n Mp, Fedc:l"Il Mini.. er fOl
Scif:nce &lMl Technoloo· The repon n plorn
theunceruinlin of the 1i.Itom. II don not

. lIernpt del&iled pmii etion.boIll C\'enIlOf
doelopmoenl' in ICience••nllincmn,w
l«lmnlOC" ove-r!he nnt l G-20 )'t .B. II

IIkes lh. v;ew !N t il is both po» ible and
dn it.blelolook ah•• d loh..... lhe fulll!C
mighc unfold, .OO ... plore ",hat lhe lim.. .

oul.omn lndbo:nefils oflCi.nce mi~lI bo:

ln Oullining lhe oul<:om. soflh• •lluly.t th.
l. un<h. Profn l nr Ron JnhnSlon.C onvenor
of theS!\ldy ..id' ·lookina l........d 2010.
four fon:n are dell IMed to shape 0111' fu lllfO'l

in many .....yl alob. 1 inl.'l"Ilion . &ppIyinj
informl tion I nd commll1licol;OIlS
l«hnol"li.... . nvironmenlll.Ultoin. b1hty.
.nd ad\ancesin hIoloa;ieal lechnoloa;y.

TlwASTECrepnfl.nW:CI~nd&tions

for the Common.... l llh ,ovemment 10 :

develop . KI Ofslt lt .g; .principles, e. toblilh
th. bro.d p• •• melers fot I .y .t . m of
relOUrCe..COIlOting.,de--elopgwdc:li... . for
ethic.l • • nv,ronmenl .l m d .'luit~ illue ••
eumine lbe lCope and adeqll&cyof .ou rees
of infor m.l ;on On ret. ....nl science.
en,;neen n,.nd lechnolo,y, drve lop
lochnol"l ical blenl»'. reviewofA....lI"I1i1'1
n:l.ti~ Ilte'natlll &lld .. ukneues in
emerain, 'hoI spots ' in rnean:h and
te<:hnoIOIY. e--ahaale AlISlnlia's ability II)

pnMde relev&nl and timely scient;f.. and

tecMolog.cal infomwion, aDd irn~

sc>e1lCe &rid IcclulolocY skilll , FIITlitn
,. fon- IOOII/: ,,-STEC. GPO Bta PHi.
ea..... ACT ] 6()(). wi f06j 116 11ItJf'u
(06J 1 16 JJU ->l'~"""',_

Autrali a Prizr
TlwA -.liaPrize_ inot,tIlledilll 9j 9 ..
&-II 1f1letlS&tiool&1 11O.d fOl outstand ing
.dlievemenl ifl~and_hnoIoo pr'O'

lIlOIUl. h_ 'll'Clfan:. The Pnz:cQ3llSjltlof
S30ll.000&nd&llitlscnbed medll .The r.. ld
m lI"hichlhe....-anl is 10 made in 1997 ..
T.lecommunicariona.TeIecvmm~iom i&

,e non1ly,,*lOdno:nbebothlbcKntica
otfa-cd by the ......ndwide --.n..lI"hidl
I'fI""lkvoi« oelephony fXllibn, andtbe
1ed>nolo&Y lISoedIOCOftSIrUCtand~i1

nu, i"dude.·bWiJlIOI luniledlO .lnns
mistioa systefN, ....itehin••YJl=S,.. cn..
~~ ...............~
rlbn: optia. bn».had IedMM>loc. • n ....
....!wooIoc". welli~ leChnoIogy, fOticro<o,-...e

~.celholu~.~

mndu lal\Oll, packC'l .._!tina;. &IMl~
pmeessinatoehniquea.F"~""--tI/M

.1Ui _ i...,i_ ,...,..i..,.t~"fro- IJr.

"-""',ell'lll/ hUt SfffT,,"roJI . GPO 8ao
98J P, C",,'-'a ACT 1601 wi 0Il}1 6 11#6
ftn 061161 00].....,II . ...P"-~UI.P.1l11

UNSW - France link
Ali ool.l. PnIf...or RDlnrl R.n d.n . of
UNSW's School of Mech. nic. l .nd
MiUluf• •nmn, En,i neenns w ill be ...... ina
",ith lhe Vibr.lion.l Gro~p &ICETIM (Centre
Tc.hnique 'dc. Indum ie. M. eh. ni'lu,,)
Univ. rl ity of COnlpie, ne, F,. nce. TIIi.
' ....n:h will u.e vibrat ion .n . ly. is to
d. l..min. the condil;on of ol"'l"Itin,
macrune. ('hll ••voidin, th. need for Ihul.
down and di,manlh n,) , Thil developmrn l
has been ,lm... r for re<:iprocllina machine
such a1l1llOmotive and di.... l rn , inel A
eoll.honuive n:scan:h pro)", h.. been
;niti.le4bet~theL"NSW &ndmean:ben

in FlUlce to com!:>,ne thei r .ki lll.nd
• • perKnc e in taekli n. d .. ..l . nc ine
mnn itori.. throII,hv;brI!IOIIanll)'lil.

Aco.JSlIClAuslI'alia



STANDARDS
Au. tn llanStl nd l rd .

ASlIll7 Del lan Sound Levelt a nd
R..n rbe nrlon Tlm t t . This Stl ndud il
aooUl to be revi""d and oommenll and rec
omm~nd.tiont .re br ins IOU&!tt from all
intere sted,

AC1lUl llcl . Rail «Ia l~d nolot ln ln .lon·
Bulldlna , llln a and eons lru ctlon. Thil it a
posslble standard which would provide
guidl nce on the tccencnand conslruc:tion of
now buildinss I nd the acow fici l I dequacy of
exi. tin& building. inarca. ""ar ra il li"" .
Proposed by the Stale Rail Authority o f New
South Wal..

C"",me nlJ 1'0 SItmdard., A".",."Ila. GraM
COOJHr(02)746 ~821

AS 4269-19' S Compla lnll lI an dlln&. Th il
defin~. a dc ar and rompreh ensive proce ..
which any bu. inelS.hnuld follow 10 fairly
and emc icntly re", lvecu",omer complain\f
By foUlIWins th~ tceommendations of thi.
SllUtdlrd, you hiv e Ihe owon unity to riaht I
po..ibl~ wrona , Ichicv~ "bet l ptl cticc · ,
muimize e.....tom~r ioodwill and loyalty,
and rulril an ",,,,ntill el~mmt of ISO 9000
quality mln lgement, Usini customerfeed
back can . loo point lOony probleml in your
bu>iness.

A tlinoli3fid ('IU lom". ..,1/. on awl'll,p. lell
nine OIAupftJple e:wclly ",.Itol Ihey Ihin4 of

"'.
Am..r lca nStanda rd .

In . lru mtn ts Fo r Th e M....u«m~n l Of
Sun dlntln olty, ANSI S I.9- 1996 opc<:ifies
the requi~mcn'" for insliume nts to measure
lOund intcn, ity e mploy ins tl>e t'olllO
microphone l..chni qu.. In d m~thods for
perform ance verif lCltion to mn t the
.. qu i..menll . It conformi II c10te ly ...
po, "ible 10 IEC 1041. Th e prim ar y
applieallonof lllisstandardia to inllrumen ts
.....cd for Ihc determination of $Clllfld powerof
IlOW1:Cl lCCordin.a: 10 the requ;rmJmlS of
ANSIS I.12-1992.

~l t1llln"'tnl Of Sound ' n ll u« ~Is

ANSI S I. Il · 1 99~ Ipccinel requireme nts
and dcaeribu procedu ru for the
mcllurmJenl of soundp reullrclew ll in lLr
I t I l in, le point in opacc. Thu .. opply
prim arily ro m~..uremenll perform ..d
indoo rabutm.ay beuli lizcd inollldoor
mclSUmnc ntS WIderspeci fied cO!>ditionl

Musu... m..n l Of Oecu p. 'lo nl l :"iOIoI
[ l polUr t . A NSI S I2. 19-19 96 pru e nt'
methods 1ItaI can be used 10 m!;ll""" I
pel$Oll·l llOi",capoi",...m:e~in l,""",

pla<;c. Thcmethodl have bre n dew lopcd to
provide uni fonnproccdurCiandrepel l.l\olc
rauill rorlhem....u..... enlof OttlIj)&lionl l
I'IOIse Clpos~

Acoust>cs Aus t.a lis

D~tuml n atl o n Of Occu pa tiona l No"~

b polu ... A nd Efr lma llon o r No"~

In dun d Hu r ln& Impalrm~nt, ANSI
Sl .44_I9%ilan wptl lion ofIS O I999bol
unli ke the internllionll Itlndlrd, I llowl
ISSelime nt of noi se uposure wi ng I
timelintcm ily l1adinl r\'lation otherl han l l ·
decibe l inor....e per halvins of~xpos~

time

Sp..<tn ca llon r or Aud lom et...., ANSI
SJ .6_1996~rltholedCliinedfor u.., in

deterrninma the hearinathreoholdl C'o'elofan
individul l in comparisoll with I chosen
standl n:lrcference thresholdl cvel

Spe<:ln ca t ll n Of li carl ni Aid
Ch. n etn lll lCl, ANS I Sl .22-1996
dnc ribcl a ir-conduclion hel ring aid
mellurcment m~thodl thlt . re pl n icularly
suitable for .peci fiea tion and tol~nnce

purpolCl. Amoni the test methods describcd
are o~tp~t SPLw ilh . 90 d ll inpul SPL, full.
on a" in, frequency response. hl rmonic
dil1ortion,equival..nlinpulnoi"', eurrcn t
drain,induct ion co il lCnsitivity lndstiticand
dynamic. characleristic. of AGC heating
aid.

Occupational Healt h and
Safety Regulation
The Indu. try Comrniuion Repon lntc
Occupational Health ond Safe ty, 1995 ,
turn ed the Ipo!light on an increas ingly
cornplca arcaof rellul. tioni n Australil. The
Ind.....lry Commissio n R..pon provide. on
OpponunitylO ~f1eclonwhatwearetlYing

to achieve throup OH&S ~80111 ion and

~':l:.fTectivcIY lh~ .ptem is deli,,~ring

Ch.an&cs ~ beal inrroduccd inloStlte

OIl&oS Riulllion s, llIrt mg from the early
1980' , aimed at I\Ifnina IlOIlnd !he culture in
OIl&oS by makina indla lry lake mOre
rapolUibiliryf O/"hIIl\Ia,inaworkpl_ hclllll
and ..f~ty. Theseehanselw,~ baocd on lhc

IO-callcd 'Robens' lei ;sl. ,ion in lhe 1.:1(.
'W'hat ee Induslry Commission found wal
thar.lO l lar&e eXIenl, this culnn change
icn"llI11ylw not liken place, ~niculiUly for

lmoll andmediOOlenlCl'prisc,( SMEa). The
Repon l!loe>,prc :I5C' IM vicw that de$pite
te1IY"I'I of re,u1. tOf)'reform.,l!lcrc ia littlc
10 SUllIell that ..rosa-fhe.board i l ilU are
I>cini made in reducin&the ta lly ofdcad and
injuredlt ,""",

Until thil round of reforma "' put ;nlO
pll ce,lflir lew lo funi fonn ity '.chicved
1>cl"'"CaI lhc nine OH&S jurild iclWlns by
!heir commitmenllO llle use of AulU'l1ian
SWldartia. In recent timc. theysecm lObe
drifti n8 furthcrand furtherapanin term. of
how lheyimplement'natiOflli'i nili. ti"l:s

Whi le the philo,ophicil all umenll for
8ettinll ·way froml!leoldilllllg cof lhcDLI
;nopc:cfor eoming around with his clipboard
and tape mcasure arc Ilndenlib le, nowthat Ile
haagone, many in indull ry have fOllhd tllr:

replacement system . 11100 hard and hi ve
l imply let'! h~alth and ..f~ty on lh~ back
burner . The freqllently hell'dc aUfrom small
bu,ine .. is for , impl. I dvice on whati s ..f..

and willi i, not , The Repon found lhat,
unfortunl t..ly, what Ihcy nOWhave 10 deal
with arc a complex web of rellulation. and
code.ofpractice thl telaborate l nd re,

in~rprel the lei al requircm..nts. SlIJldardo
Au. tralialt... tried 10 fillaaps in the new
s)'Stem with Standardt that l ive prac tical
guidancc:,andhav .. rcwriUeno lherS tandanil
thlt eontinueto l>cu.ed in~Sulalionl,

Exrrtzcldfrom Tlte A....' rali on SrOMON.
April 1996.

Ultrasound Research
Toprornulga1Cthe impact and importanee of
ultrasound in medicll diagnosis I nd patient
managemen t by promot ina education and
u tab li. hini researc h oppornmiti• • in

dilgn oslic ultruound,llle Amcricanln.tilUl..
of Ult .. l ollhd in Medicin.. (Al UM) has
developed on Educltion Ind Rcsclrch Fllhd
ThefilWlcll lobjcchveoflhefund i.to
luppon important education and research
projccll while ~hlhl ing an endowment fund
10 bui ld concufTCntly. The fund will be
financed throu llh IOci~ty re", rvet , the
membe rship, co rpo rations, In d I v.i llbl e
outsidc granto

Awvdl from lhe Ed... alion and R~"'lI'Ch

Fund wiU initi ally Illppon research in IllCh
IfCII II the develop ment o f Rclcnnl
Itandards ,spccifica lly directed toward one
body r~giol1, with univerully _lp plicable

", sulu for ' lale-of-lhe-art equipm..nt; the
developme nl of ed ucalion 'la ndanb
necessar y ICI per form ll11raso und \IIith
comperenc~ and efficiency: !he developmen t
of decision or cost ef'fccti..... analysi. ; tbc
d~vclopment of outcomes research ,
spec ifica lly desi&n..d fo det ..rmine any
procedurl lafTccfa on ~lienll; and the
d~.....lopmcnt o f an AlU M Ultr uound
Swnmit,lChedulcdlCl include rep~... nlatives
fromallp~~icianOlllaniz.ations interestedin

ultnsoond, sonovaphcr "'llan izations,mljor
ulltuOllnd equipmcnl 0'1 lni 2ll; 0IU, and
man&gedc arc OlJlhizatioos,lOdelmt\in e lhc
dim:t ion oful!rllOllhd in the nn l fi, ,,years

F~I1r.er /Ilfo rmario" ." K. lI'ilsoll. AlUM.
14750 Sweir.er w~. S"ite 100, Ut ll"l.
.\forylond 1Q701-5906.
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ASHRAE Grant
VIPAC Engineers and Scientists Ltd has
been awarded a significant second research
grant by ASHRAE, the prestigious American
Society of Heating, Refrigeration and
Airconditioning Engineers. The objective
and scope of this study is to conduct
psychoacoustics testing of subjects exposed
to various HVAC (heating, ventilation and
cooling) noise spectra, with particular
emphasis on rumble (and to a limited extent
ofroar),andto develop I extend z modify the
Room Criteria rating and HVAC noise
metrics as proposed in a similar earlier study.
ASHRAE was concerned that very little
work had directly addressed the question as
to how people react to indoor noise in
situations where the background sound is
established by the noise level of operating
HVAC systems. The project is being
undertaken by a team led by Dr. Norm
Broner, of VIPAC's Melbourne office.

NATAData on Net
The National Association of Testing
Authorities, Australia has established a Web
site on the Internet to enable people seeking
crucial data about quality certification,
accreditation, testing, calibration and
measurement services quick access to
relevant information. The address is:
http://www.aaa.com.aulnata

Singapore Conference
The Annual Meeting of the Society of
Acoustic (Singapore) will beheld 8-9 Jan,
1997 at Novotel Orchid, Singapore.
Contributed papers are welcome in all areas
of acoustics. The deadline for receipt of
abstracts is Monday, 30 Sept 1996.
Information in diary.

INTER-NOISE 97
This conference will be held in Budapest,
Hungary on 25-27 August 1997 and the
theme is "Help Quiet the World for a Higher
Quality Life". Brochures will be
distributed soon but for current
information try the Internet page
http://www.mmt.bme.hul-khazy/activelinter
-noise97.html also diary listing in this issue.

AES Convention
The 6th Australian Audio Engineering
Society Convention will be held at the World
Congress Centre in Melbourne, 10-12
September. Ray Dolby, founder and
Chairman of Dolby Laboratories, Inc., will
be special guest and keynote speaker. Dolby
isaFellowandpastpresidentoftheAudio
Engineering Society, and a recipient of its
Silverand Gold Medal Awards.Chris Steller
who has worked with synthesisizers and

electronic music composition since 1978,
willpresentmidiworkshop, Life, The Studio
andMidi. Chris is currently Product Support
Co-ordinator for Music Products Division of
Yamaha. Further Details see Diary.

Brainstorm
Brainstorm is an exciting nationwide
competition, hosted by Sony Australia,
seeking designs for the Home Entertainment
System of the future. This is an exciting
context, asking you to think 'outside the
square' about the way you envisage
tomorrow's TVs, VCRs, Hi-Fi, Telephones,
Video Cameras, Portable Music Systems and
Potable Disc and Cassette Players. Great
prizes will be awarded to State and National
winners in each of three categories: Junior
(12 Years and under), Intermediate (13-18
Years),Tertiary(19-25 Years).

Further Information: Freecall 1800803470.

New Sustaining Member
Acu-Vib Electronics is welcomed as a
sustaining Member for the Society. Acu-Vib
Electronics is a one-stop facility for noise
and vibration requirements. It sells, hires,
trades in, buys, calibrates and repairs
equipment. Further details from Jack Keilt,
te1018470179,tellfax028196398.

lE][cel~ence ~Irn

Aco~s~~csAwards ~ 996
Entries are welcome from members
and non-members for work
completed in Australia in the period
between 1 July 1994 and 30 June
1996.

The awards will be presented at the
1996 Australian Acoustical Society
Conference In Brisbane.

For informationpack with
entry conditions:

Les Huson

Tel: (07) 327 42744
Fax: (07) 327 42844

-.. ..

j(((((((((..)))))))))) ;
~

ENVIRONMENTAL '.

NOISE CONTROL~: 1
YOUR SOLUTION TO

INDUSTRIAL NOISE PROBLEMS

MANUFACTURERS OF ACOUSTIC
• Louvres· Doors· Enclosures

• Silencers & Steel Fabrications

II

SUPPLIERS OFEQUIPMENT FOR:

I ~
PROJECT: TINMILLDEVELOPMENT

BHP·PORTKEMBLA

PRODUCT: ACOUSTIC ENCLOSURES

CLIENT: MANNESMANN DEMAG

Phone: (02) 97551077 t

50 RIVERSIDE ROAD
(j.HIPPING NORTON, N.S.W. 2170
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1~... 1
Sou nd PLAN
SoundPLAN is III integrated PC·bn~d l uite
of programs utili.;ng aroustie ray tracing
lI\C'thods forana!yain8 nOOc•ncl• ir polluliOQ
fromro.d. nUlandail'Cfaft,indoor fKUlly
8ndinduslriaiIlOiK, plu.sv...udaiJ1l8ndair
polllrtioD.oLpersioaQlcu1ationa. The dun
dimmsion.o.lcomp<llcTdispla)'land ...i.... ted
coJour llrap/liul.., ide.1 for proj~,

wmmunity and court room pres.enli lion...
TMorig inll SouIl<iPLAN proved I<l be . very
~tile product and now VeBion 4.0 has
boen relea-<edwith additional feature. for
indul tryno isc,w.lldc .ignandg..-phici

Ftn11tv ill/iwwwno.., V1P..lC F."K''''''' '' 1'td
Scie"UJI. lJd. 17J lI'orlflC."by Rd. Pon
Md~ )101, TdOJ964 79100 FlU OJ
!l6#~ "J 70

LARSE N DAViS
Sound Lever Meter'S
11M:System I 14rcpn:.enlsthefirlllof .new
r.mi ly ofTypc] Prc<i. ionDillital lntc'grating
Sound Level Mete" from~n 0.,,; , and
otfen two optiomofin~rated, .utOSC:anned

filtcn, lhe II I 0cII"C (9 filtcn ) and the II I
andll3ex-j2Sfilten).bol:h'llO'ithintbe
IaIlgeJ U Hz.lkHL Thi.hand-bcld,lOl&1Iy
diailal, lig!ll-..eighl insuumenIoffcnbotb III
extcnsM stal illical anolyl;il and Iot1ging
~Iity in millime. The _ s-mtion
inslnlmem, \OBCIl>er witb the Mode ls 1 12,
720, 820and 810 B, fea tun: Window• • baed
sof!.warc for ..,up, con trol andhi&h spc:ed
d all download .n d reporting , Also available
lS opi ionalilan Ad\'lllctdWilldowl.basro
IOftwan: pac ka.e whic ll pn:widcl mnoIe
opcmion via rnodcm, ~rnodemacceos.

.aU arclUving J marcb capabili lies and
posI-measwane:nlana!ysis{calura."'iether
.-i1b~lOItingandpap/liuJIql<lft

ccncnrionlOOb.

The Model DSPlIO lnllelmin. Digita! Souncl
Le'lCl Meter offen a compad. Type I meter
fealur ing dig' lal . ignal pro~essi n g

ledmo logyal aneoonomiClll pricc . With a
lini:le me.asuremcnl n nge o, 4o-I 4OdBA II'Id
A.a and C mquency weighl ing, lhc DSP go
fe'IUrC FlStIlldS~ R.\l Sdctcctors. pl\lSC_

-...ei&!lfcd Peak and Lcq. It allG comet ill
lhrec~lbcMo<Id DSP' I . lhcbasie

IIlOdclrowhi<hdJ.italoctaver,IICft(J I.5 Hz
- 8kHzI ~ bccn addcd, ModcI DSP 8l.

.-i lh an impulse dc!ector and lhc DSP . 3. to
whicll Digil. l Ocl,ve Fi ll.... (3 I.S!12 _

AcousncsAustrafla

8K1blha\.-.,bccaadded.

F"r1Mr~: rl PAC& fi'tHn QN/

ScWllrim utl.]11 -"_<JII1JY RtI. Part
Mclbot",.e J ] ()l. Tcl OJ 9U 1 9100 Fa OJ
96~6~Jl0

OSOSOKKI
Sound Lever Meter
The LA·SI20. LA·S I IO and LA-lI IO ore

co mpact. ligllt....ei.hl digilal inlfgtalin.
IOllnd level me=s falUring 100 d B ot
linearity range. A -xty ofintmlal options
ia .... ilallIc.patti<\Ilarlyral-tiJnc )/)OClaVC
IIl\Ilyois.lnadditionro1hisoption.sanning.
I)'pCltl-octaveandlJ)..,.;ta\'CtlI,",are
IM.ilable Any com bination of these lIrrtt
opti<lllSean bcinsll Ued in lheselOundle'ICl
metcn. Three differenl memory func tion
can bcu lili. ed for dala t lor. gc. and. prinlf r
(RQ· IIO.sold sep ltaldylc.anbc .onn«ted
fOf. rcl1mgpnnTOUU

Signal Anailier
The 0 -5200 fFT AlllIlyscr Series Ilcnlds
thearrM.lofa hichperf"ormaacc.USCf_
fricndlysign.al analy>cr for Ihc CJllin«r
dc"",ncling bigheom~ionaI pml-u.1lM:

Cf ·S200's two mcuuremcnl cllll1llClt are
eomplelely scp l nlled e leclroni cally,
Iluata nlcc ing bi&:hprecis ion meuurcmenlS
0110S<>kki has incorpora led inlO lhe 'Qui ~k

b perl ' ca sy oper 'l ion sysT. m ....lIicll il
.ctiYa lcdby lhcprcuof. kCYf;ltegonloCdby
mcasurcmcmtype , All p&r3mCIenan:..eI
ow 011the SCrccn ..-i1bdctaikd inwuccion
fulbcllCleetcdfunction.E1lnllllfllirlCnor
s.ignalroDditionen"' DOlongnrcquim:l ...
dircdocmoriflpulJ areimtallcd- 1lM:DC
p<lWCf' inpu!pcnniu tbc Cf -S200Scricsro
bc w.edin <lUtdoorII'Id remoteloc.tions
FUrlhrr i'!formalion: VIPAC Enginurs and
SC;enUSIS Lid, 11J Narmonby Rd. Porl
Mrl bourne 3101. TrlOJ9~1 9100 F.... OJ
96~6 4Jl0

DYl"A:\IIC I NSTRU~I[NTS

Tra nsducer-s Test Set
ThcTraruduca'TeslSct(TTS)is lpofUblc.
completely se lf-contained, .-ibnlion
tnlnsofu«" Ile.lCr. UIoCd in the ficld or lab.
lbe TIS lcol.1and '<CTifico the peTform.all<e
o( mo.t .. ibralion lr.noducor.. i l\Cluding
. cce lcromelen , vcloci ly pi. kup•• and
di&plao:emcnlprobcs. It i• • lso uscd To leSl
and lro ubleshoo l maclli nery vibra tion
monitori ng /. larm Iy .tem•• incllldi ng
ca bh n&: and 'SIOClalCd l)'II nn
insIrvn>cnIation. ThclTSlIOIonly..-ilnIn
thelnn><lolccrundttlc.. butabo~

•....llI el. ud IlOl'CS in memory the
lfarud ucn SC>l.ilivi ry. A built_in pnn ler
pcnnanenrly=ord. lcstrcsulu

F..r,lI" InjonOl"';all: In' . SclclllIft c
11U_ IlU CD. 40 CA-Iq 51.• p.,gll......
nc sm.mos 9JJ 9J660 FazOJ 95]9
7JU

VIBRA:"lTTECIIS OLO GY
M Escope
Thc Me.hanic.l Engineering Osc i ll os~opc

(ME'I«lpC ) isa familyofpos\·Ile.I .nalym
lOOla W I make ilcasylo<,>bsc",c.iIJlIl ylC.
anddocwncnllhcdynamiC'sbclla..iour of
machines an d me chanical SlnlClurc.
ME'~ \ISC$ cxpcrimentilly dcri'o'Cd timc

Offre.qumcydmn.oind.lto.acquirnl \lolrtng
lhc opcntion of. macbinc . or C"c,l.Ition0( .
sttueI'Ure, A ll popu lar time and freque ncy
domain mca.urcmenl lype l import ed. The
M E'. cope .....eep. lhro ugh. sel of lime
lIillOricoond.nimalcs . 3Dmodcloflhc:leSf
.tru.lure . allowin &: obse rnlion of ill
response. The M E'ocopc has a bIIill ·,n flsr
Fouricr Trans form (H Tj ......... l >illnar••an

bc analyzed in tllc ' ''.'lCOf frcqacncy doma ,,,
II also IIa. ,,"lIldoIo1/l1l functilllaSOlhal
selceted ranges ofdat.a can bcaMl)_ and
W1...... lCdponioonsfCtllO\l'd. ME'scopcVH
has many new fcaOl,,""

Fllrlllt' 1,,/or "'O I; O" : /nl, Scicntlfic
llUlrII",cn/5 Co. ~O Chonley S,.. P", Jr"'n .
VIC J/II/,m OJ 9JJ9 JfI60 Fax OJ 9J29
15J4

BRUEL & KJA[ R
PulscA nalner
B!\ICl &: Kj....· llal j uo.freleased PUL"E, I
....... ccneralio ... PC ·b.ued fIT M ult i
analy;znS) IICfIL

PULSE combines tIIc IalCSl Brud &I Kjl n
tc~hnolollY wllh ne..... Ila te· of-ll>e-an PC.
blsedlioftwarep.ck.g• •• co ntrollcd by
LabS hop Too l,. Tile sylitem iii a higllly
modul ar. m~ l ri -<:h.nl'lCl fronl-<:nd "'illl I

range ofll igh qU. lily COf'od>lioning mod ules
fOf UlC wilh botll IOXlUOIK: II'Id \'1brooI"Jn......~
Lcad>n&:edgc DSPledlnolosY is~

lOIi1binI I>ePC. optim is.ing iuflnihilil ..-, The
abilily 10 perf orm muhi- ...... ly.. s
dra malica lly reduces leS! rime. T lli. is
ach ie'ICd bYlJ.ling'C\lcra ld lffr ronT. nl ly.rcrs,
o, ,,"ri. nl.10flhe •• me .~.lyur. inpar.llel

Tile . ystem is (on "olled from soft..... r.
....1I;cll runs on . PC Wldcr WindcM'i "'T"'Of
Window. ' 9S. Pn:widmll a wcll.knov.-n. easy
l<>-IlSC ,grapllica lldC1' inlCr1ao:e

PULSE P!'O'l da 1Oday', busy profn sionol
fasl, comp!'C'hcnsivcresuJt>andaul(lQ\,;lllC
rqson;ncfacil ilics

FtN )'<'Mr f ree PULSE CD a~J booUr l,
COMt><:1 B rll n& Kj af r oll : 180080] 851
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r••ct Engin nng
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.... Ibng contmltn<ioo<a....
..~ l'l7O_ W."'n""lr)"'U

« ""roI mi", in )""'r!'n' lrom
in'II.l noi"'ffi...... " m.nttu
conft,."..,.,.,olptrfQfTT>MO;. ""

~""-

NATIONAL ACOUST IC
LABOR ATORIE S

~
ACOUST.' .C s x..'OI SE

SPECIALISTS
5upertlAnechoic and Rel'erberant

TtslFaoibesSeNicing:

" Transmi!.SiOll, Sound Power and Absorplioo lcscing

I) General Acousuc r esung

o Compr ehensive Analysis of Sound and Vibrat ion

" MClsumnent and Control of Occupatiooal Noise

o EJec1rU-AcouSli<: Calit."alion " Vihr1lliun Analysis

EJpt rltln NoIM Mal\llga_ nl and alhN Servm · lncIuOlng:

o Mea""remcnt and Control of Occupational Noise
o Refcrcnee alld MOIliloringAudiometry

• Rn idcn[ial aoo.Env ITOllmcllta IN oise

o Educl lioo and Training • Aooustil' Researd l

126 Ore vute Stree t, C ha tswood , N.S.\\'. 2067
P h: (02) 9412-6800

Natkmal AOOlIslic Laboratories is a Di~ ision of
Australian Hearing Se rvices a

Commonwcalth Gove rnment Author ily

Rintoul Acoustic LAboratory is Ilvililabk to Acoustic Comult llnt;, Dtsignm and
BuiltUn. for Rntarrh Ilnd Drvt/opmtnt.

Performance testi ng of Pan itions, Doors, Wi ndows. etc. (up to 2 .4 metres x 2.1 metres in
size) and testing up to STC 60 can be carried out easily and quickly.

The facilities were recently w ed for performance testing for the Schools Aircraft Noise project.

Forfurth er dtt ai/s. pltllJt do not htsitatt to cot uact:-

M r. Nod Reid
RINT O UL PTY. LIMIT ED
26 Powen Road
SEVENHILLSN.S.W.2 147

Telephone. (02) 962 4 5333
Facsimile: (02) 9838 8408

RINTOUL - Manufammf1 ofAcoustk Doors,Partitions, Willi Panels, O;mabk Wal/r
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lM~D'S~UfJD«:

SOIlDINlIO !POlMIER IiWIEASIlDRIEIiWIEIM'U'S
us ing the SLM116 w it h option 8

The Power In Your Hi nd I

Now you can measure the A·weighled sound power direct ly", without
comp licated locat ions and costly Instrumentation

With our sound level meter-the SLM 116--calculating sound power has

,-__---.-- ----, become an easy tasc

VDIBIRlA'U'DOOO ~IEIMIERA'U'ORS !FOR Ik'I D~1HI

!FIRlIEQJIlDIEOOCV S'U'RIlDC'1I"IlDIRlAIL.
IEJl:CD'1I"A'1I"DOOO 1lD!P 'U'O 60 COO Ik'Iz
The vibration generator or Uehl h r" produces dynamic forces which
excite Ihe struc ture under les t

WILCOXON RESEARCH man ufactures 2 types of shakers .
elec tromlgnetiC end piezoe lectric. The former operates similar to a
common loud speaker and this type generates force in proport ion to
input current

The piezoelectr ic shake r. use ceramic disks which change Mo<1eIs F4/F7E1«Ifomagnelic I
thickness proport ional to applied voltage. Although the displacement ~;c $hlIl<er S~lsm

is very small , the use of mult iple disks and high driving

:0""". can . .P'Od"'. I." ,. I"", at hi'h ! ._~~.~.-.. Irrequercra s. ,_ ~" R _

Mod'" are "" "b" met " "ro ,,, bolhtypes of II • - , --,:
shakers , PlOvidll"lg very WIde fTeqt.Jency band testing , .. ' _ - -

'.- - - .. - Too • ' ••

[E'Ii'Ii1Iil(c 'ii'S«:Iln 01l<lll Ol!llgnS$
6 MONTAGUE STREET, BALMAIN NSW 20 41

Tel: (02) 9555 1225 Fax: (02) 9810 4022




