
-,

• I

9 0 92 93 9 4 94 94 92 9 1

,, ~ ~' f ) " 1-:.-
~~~ " ' ,

r
l / ; ;~J \ -,
" ,

1 r " , ' ' " 9 1

If' ,,~-,- - ",
~

, <; 1\\ \ ', ,. ,' '' ,,
/ '/ "..."- -: ' ' ,." ,, ' , ' ,

1 '/ '. ,
) -:/ ~ ...,:,/ :

9 2

~ lV / / I', ' " I:l... : -:~, ,', ,1_ ,. ,
9

, \ . \ \ ' '. / t ' / .1~ ,

9 1
... ~::~~ .........,,""

~~0
t. ~ ' 1-

21 ) ~[:~~\~, ~
.. ; ' .!

,
, , ~.::::? .:-~--... -= -;:..:~: :/", /:- " , ... '

6
, -, '" .' ':' . /, , :-:-'=:.: .:~-==~= -:~~::_~ -:;:-f .:: ~-- -, --- ,

'" .-----
8

:~;~ ~;h\1it~~ t~~f
87

~;~~:
~:~-~-/ i ..... ;.-

1 :J :, ,\. «: - ,
!~

8
" ,

..,~ 'A
., '- '.' ,',. \ \\ ' --- - ~ , 1, .1

/ "" ~ , - - , I ,
,9
,f:>;: " .. , a, ,

"
·8

) . I

I~' .t i! ......... "
"

', ,, , , r ,\

~2
I ,

"\~,
1:1,1r I

,

1\r ,
c , : , ",
93 ' 9 4 {~5 96 \9 5 94 -~93 92

9

9

9

9
"

, ~ I

co Australi an Acoust ical Society Vol. 3.9 No.2 August 3.993.



SENIOR ACOUSTICIAN
WORLD LEADING SONAR SYSTEM R&D

A major intemational high technology company
considered as world leaders in sonar systemR&D,
have a long-term project to break new ground in
sonar development.

The position requires a unique approach to
acoustic data analysis, synthesisand modelling to
produce original designs that will ensure the
company's leadership statusin thisarena. Theteam
consists of scientists, mechanical and electronic
design engineers.

You will probably be considered a specialist in
your particular field of research, Consequently, you
will have a higher degree (MSc or PhD)coupled

with several years postgraduate experience
Expertise in sonar/underwater acoustics is highly
desirable.

In line with the company's goals, your aspirations
probably include undertaking novel research
that will lead to original solutions to acoustic
challenges.

The salary benefits package (including
company car) is commensurate with the seniority
of the person sought.

Applicants must be Australian citizens or
permanent resident with !WOyears spent working
in Australia

For more information on this outstanding Sydney-based opportunity,
please call RON CRAUSE on (02) 922 7900.

LEVEL 4165 WALKERSTREET NORTHSYDNEY NSW 2060

[
dB Metal Products Pty Ltd]
ACOUSTIC & SHEETMETAL
ENGINEERS

DESIGN· MANUFACTURE- INSTALL
• Demountable Panel Enclosures

• Modular Acoustic Panels Stc 33 to 41

• Acoustic Doors NATA Tested

• Industrial Grade Silencers

• Audio Booths

• Telephone Booths

• Absorptive Wall Linings

• Approved Fabricator And Supplier To
Government Utilities

• Q.A. Control

Phone: (03) 7932340
Fax: (03) 7945193

FACTORY1 21 GREEN ST
DOVETON VIC 3177

ACOUSTICS AUSTRALIA
for DECEMBER 1991

will be a special issue with
articles and reports of interest to
the overseas visitors attending
Internoise 91 and Westprac IV.
The Council of the Australian

Acoustical Society has decided
to include a copy of the

December issue as part of the
papers distributed to all those
attending the two conferences.

The DEADLINE for receipt of
news items, reports and
advertising copy will be

25 SEPTEMBER 1991.
(see opposite page for the
editorial staff to contact).



Vol19No2 Augusl1991

AssociateEditor: MarionBurgess
Tel: (06)2688241
Fax:(06)2688276

BusinessManager:
MrsLeighWallbank
Tel: (02)5284362
Fax:(02)5239637

Co-ordinatingEditorSpeciallssues:
DrNevilleFletcher
Tel: (06)2494406
Fax:(06)2491884

AssislingEdilors: PaulDubout
DrJohnDunlop
DrDennisGibbings

ConsullingEdilors:
DrNorman Carter
ProfFergeFricke
DrMarshall Hall
DrRobertHarris
ProfAnitaLawrence
DrDonPrice

ARTICLES
• Standards for Medical Ultrasound and Transducer Calibration at the

National Measurement Laboratory
Helen Chan, P Drew and R Chiver 31

• Ultrasonics - a Useful Tool in Biophysical and Biomedical Research
A F Collings 37

• Some Applications of the Sound Intensity Technique
J CS Lai .

• Acoustic Impedance Calculation from Impedance Tube Data
RJ Hooker 49

REPORT
• Excellence in Acoustics Awards 1990 NSW Division

AndrewZelnik 48

News 51
Book Reviews 53
NewProducls 54
Diary 56
Advertiser Index 56

COVER .. Acoustic intensity map for two loudspeakers
(see article by JCS Lei).

GENERAL BUSINESS PRINTING, ARTWORK ADVERTISING RATES
'Advertising'AASubscriptions ScotlWiliiams

B&W Non-members SusMem
MrsLeighWallbank 16Cronulla Plaza

POBox579,CRONULLA2230 CRONULLA2230 111 Page $475 $450
Tel: (02)5284362 Tel (02)5235954

1i2Page 310 295
Fax:(02)5239637 Fax: (02)5239637

1/3 Page 240 225

ARTICLES &REPORTS SUBSCRIPTION RATES 1992 1/4 Page 200 190
DrHoward Pollard

Aust Overseas Spotcolour: $50percolourPOBox579,CRONULLA2230
Fax:(02)5239637 1year A$42 A$48 Prepared insert: $150

2year A$71 A$83 Column rate: $IOpercm(1/3pwidth)
NEWS, BOOK REVIEWS, 3year A$95 A$113 Discounlrales:(3conseculiveadsinadvance)NEW PRODUCTS

Overseas subscriptions gobyeconomy airmail Non-members 10%
MrsMarion Burgess Memb/Sustainingmembers 20%

DeplMechEng,ADFA 33%Discount forfirstyearofNEWsub-
CAMPBELL 2601 scriptions Special ratesavailable for4-colour printing
Tel:(06)2688241
Fax:(06)2688276 33%Discount forextracopies Alienquirieslo:MrsLeighWalibank

Agents discount 15%ofsurface rate Tel(02)5284362Fax(02)5239637

AcouslicsAuslraliaispublishedbylheAuslralianAcousticalSociely(A.C.N. 000712659)
Responsibility for thecontentsof articlesreslsupontheauthorsandnoltheAuslralian AcouslicalSociely.
Articlesmaybereproduced in full providedadequalereference is quoted,
AcousticsAustraliais abstractedandindexedin Engineering Index,PhysicsAbstracts&AcousticsAbslracts

PrintedbyCronuliaPrintingCoPtyLtd,16CronullaPlaza,Cronulla2230
Tel:(02)5235954, Fax(02)5239637

Acoustics Auslralia



iii/liP OY

Warburton Franlki,
the Sound and Vibration Specialists

A complete r ange of Sound Level

and Vibration level an al yse rs,
Vibration Meiers , FFT
Ana lysers , Filters , Dat a
Luggin g Sys tems,
Cumputerlnlerfaces,
Ca libra to rs a nd
a broad lin e of
acc essori es

.S~EY Ph (02) 648-5455 F.. (02}647-1545
eMaBO URN( Ph (03) 480-5366 Fa'103j480-2772
. MI $8 .tJt E Ph (0 7) 391-8311 Fa:<(07 ) 891-5603
• .o.PElAI DE Ph {06} 354 0588 F",, (08 ) 352 ·7755
.PERTM Ph I09j 479-4166 F"" (09 j479-4884

NO NONSENSE
NOUSE COi\!J1iROIL

WITH A GASCOM 23 76 NOISE MONITOR

o Simply dial up required threshold level when ins tall ed

o Tamper proof - locking steel enclosure prevents unauthorised adjustment

o CalibraUon is achieve d using a Bruel & Kjaer sound level calibrator type
4230 with 12.5 mm (1/2 inch) adaptor

TriggerRange - 60 dB·129dB
Input WeIghting - linear. A Weighted. external

Trigger Level - +j - 0.25 dB

Response - + j - 0.5 dB 30 Hz·15 Khz

AC Power Input - 22().250V 50/60 Hz, 7VA

Timing Accuracy - Nominal +/ -0 .05%
Subject to mains supply accuracy

AC M onitor Output - 0 dBm at tr igger level

Switched Output - Isolated microswitch
relay Max. load 240V 2A AC

GREAT AUSTRALIAN SOUND COMPANY
Box 570, Willou ghby. N .S .W. 2068, Australi a

4/ 108 Warrane Road, Chatswood 2067 (02) 417 4588. fax : (0 2) 417 6660

Vol.19 No. 2-30 ~ushcsAust ralia



Standards for Medical Ultrasound andTransducer Calibration
At the NationalMeasurement Laboratory

H.l.W. Chan and P. Drew
CSIRO Division of Applied Physics
National Measurement Laboratory
Lindfield, Australia 2070

R.C. Chivers
Department of Physics
University of Surrey
Guildford Surrey GU2 5XH, U.K.

ABSTRACT: Ultrasound is used widely in medicine for diagnostic, therapeutic and surgical purposes. Mechanisms
by which ultrasound can affect biological tissue are briefly reviewed. From these mechanisms it is possible to identify
some of the acoustical parameters that should form the basis ofaxposure measuraments. The principle methods
of measuring these parameters are described with particular raferance to the facilities presently available at the
National Measurement Leboratory, CSIRO.

1. INTRODUCTION
Ultrasound is used in various medical diagnostic, therapeutic
and surgical applications. When used diagnostically, especially
in obstetrics, the received exposure to ultrasound must not
have adversebiological effects. However, in phvslotharepv.fh e
exposure must be large enough for the ultrasonic vibration to
affect the tissues. In surgical applications, high power ultra
sonic waves are focused onto regions of tissue for destructive
purposes. For example, in lithotripsy, kidney stones are
shattered by highly focused ultrasonic shock waves.

Since ultrasound interacts with biological tissue, it is
essential to know the ultrasound exposure level in order that
an assessmentmay be made of any possible hazardtoa patient
during an application. International organisations have drawn
up safety standards for both diagnostic and therapeutic
equipment [1-51. These standards require that the ultrasound
output power, the intensity and the beam parametersmust be
specified. Furthermore, some of these performance standards
11,2] can be used as gUidelines of quality assurance for
manufacturers.

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

2. MECHANISMS FOR BIOEFFECTS
OF ULTRASOUND

2.1 Thermal mechanism
In an absorbing biological tissue, sonic heat production isa
significant mechanism for bioeffectsofultrasound. The heating
can easily bring about temperature elevationssufficient to alter
biological structures andlor processes.Asa rough guide, it can
be shown [7] that for an ultrasound beam of effective average
intensityltotalpowerleffectiveradiatingarea)lWcm-zltypical
of a physiotherapy system) incident on soft tissue, the tem
perature rise isapproximatelyO.014°Cs-1.ltiscommon land
recommended)practice to move the transducer during therapy
treatment so that the temperature does not become excessive

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

2.2 Nonthermal mechanisms
A number of non-thermal mechanisms have been discussed in
the bioeffect literature [6-9]. In many situations where ultra
sound producesbioeffectsand significant temperatureelevation
is not involved,the cause of change is considered to be
related to the mechanical aspects of the sound field, e.g.
pressure, shearing stress etc. In medical pulse-echodiagnostic
ultrasound, the ultrasonic waves generated are often of
sufficiently large amplitude that the elastic response of the
biological medium is non-llnear. The linear analysis which
assumesthat the waves are of infinitesimal amplitude and that
the change in density of the medium is directly proportional
tothechangeinpressure,isnotadequatetodescribethenon
linear acoustic field. The ultrasonic wave is then said to be of
finite (as distinct from infinitesimal) amplitude. A number of
distinct phenomena, not observed in low-amplitudeacoustic
fields, become apparent as the wave amplitude is increased.
The amplitude at which non-linear effects are observable
depends on the elastic properties of the propagation medium
and on the sensitivity of the observation mechanism.

2.2.1 Finiteamplitudedistortion
and generationoi harmonics

As an ultrasonic disturbance of finite amplitude propagates
through a medium, energy is transferred from an initially
monochromatic wave to its harmonics. This phenomenon
complicates characterisationof the field of medical devices [10]
and has important ramifications for sound absorption. As the
beam propagates through tissue, the original monochromatic
form of the wave takes on a spectral character, until eventually
thewaveformbecomesstabilisedlsaturatedlatadistancefrom
the source where the time rate of energy input to the harmonics
equals the time rate of energy dissipated through absorption.
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In typical medical beams, the highest amplitudes are usually
found on-axis, so saturation effects are first observed in this
region. Thus, as the source amplitude is increased, the peak
amplitude of the fundamental component on-axis reaches a
maximum value and all of the additional energy is transferred
to higher frequency harmonics, while off-axisthe fundamental
continues to increasein amplitude. The beampattern, therefore,
becomes dependent on source amplitude and axial position.
Finite amplitude distortion will generate high frequency com
ponents more rapidly in the relatively low loss fluid volumes
within the human body. In particular, transmission through
urine and amniotic fluid may result in shock discontinuity
formation under some circumstances [11). The high-frequency
content in a shock pulse will lead to a high deposition of
energy in the initial layers of lossy tissues behind such fluid
paths.

2.2.2 Cavitation
Of the range of non-thermal bioeffect mechanisms the one
which is of greatest interest is that of cavitation. Cavitation
phenomena are produced ina liquid medium subjected to an
acoustic disturbance when the acoustic pressure during
rarefaction reduces the hydrostatic pressure below some
"threshold"value.Athigherpressureamplitudes,microbubbles
can act as nucleation sites for the generation of cavities which
may collapseabruptly following the rarefaction half cycle. Such
collapse cavitation can have associated large local temperature
rises. For this reason the threshold pressures for collapse
cavitation in vivo and in aqueous materials (e.g. blood) are of
particular interest. The threshold varies with local conditions
and increases with frequency [121. As a rough guide, the
threshold value in the low MHz range is about 1 MPa[12lina
solution of sodium iodide.

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

2.2.3 Radiationforceandradiationtorque
If structures possessingacoustic properties different from those
of an embedding medium are subjected to acoustic radiation,
steadyorunidirectior.alradiationforcesareexerted on them.
The radiation force on an object, which arises from a non-zero
time-averaged pressure <p> associated with the acoustic
field, isa non-linear effect of the field but there is still some
controversy concerning its origin. (There is some variation in
the usage of the term "radiation pressure", see reference [13]
for further discussion.)The use of a radiation force balance to
datermine the total acoustic power in a transducer beam is
discussed in the next section.

Analogous to the radiation force, which may cause trans
lational motion, is another quantity "radiation torque", which
tends to produce rotary motion. Sonically produced twisting
and spinning of cells occurs when the local sound field is
highly non-uniform on a microscopic scale. Micro-scale non
unifcrmltv ot the ultrasound field exists in tissues because of
the inhomogeneities presented to the ultrasound by vessel
walls, cell walls, and especially by any gas-filled spaces that
maybe present. Radiationtorqueactsonthemediumand,in
a fluid, can give rise to steady circulatory flow, i.e. acoustic
streaming. The streaming can be of a relatively large scale,
such as associated with an ultrasonic beam in a water tank.

On the other hand, near surfaces where acoustic boundary
layers are set up, it can be of very small scale (of the order of
microns) and is called "mlcro-strearnlnq". Micro-streaming is
an important topic in connection with the bioeffects of ultra
sound. When rnicro-strearnlnq is present, the high velocity
gradients and associated shearing stresses which exist in
boundary layers can cause damage to biological cells and
macromolecules. While the potential relevance of these
mechanisms is clear, the determination of their significance is
largely limited by our relatively poor understanding of the
acoustical microstructure of tissue [14].

2.3 Assessment of bioeffects in humans
In general,assessmentoftheeffectof ultrasound in humans
is more complicated than in many other animals. Assessment
of safety for a given exposure from a particular device would
require monitoring investigations over many years, particularly
when one is looking for long-term effects: latent periods could
be as long as 20 years in the case of cancer development, or
the effect may not be seen for another generation. Thus,
looking at exposure ia only a first prudent step in investigating
human effects. At the moment, no well documented direct risks
of the use of ultrasound at recommended levels have been
established [6] and the benefits of ultrasound in medicine
far outweigh the presently perceived potential risks. However,
it is still recommendedthat the intensity and power usedshould
beas low as reasonablyachievable in clinical applications.

3. MEASUREMENT OF ULTRASONIC
FIELD PARAMETERS

There is a large variety of ultrasound transducer types in
medical use [151,but with few exceptions they employ the
thicknessvibrationofapiezoelectricceramicplate,constructed
of poled lead zirconate titanate (PZT)or lead titanate (pn, to
generate and/or detect the ultrasonic fields. The transducers
used are usually resonant devices, but for diagnostic imaging
applications the thickness resonance is normally heavily
damped by a well acoustically matched absorbing backing
in order that short, broad-band pulses can be easily obtained.
Very short ultrasound pulses are desirable in diagnostic
applications in order that reflections from closely spaced
objects can be more easily differentiated (to maximise longitu
dinal resolution). Either electronically controlled transducer
arrays, or single transducers that are mechanically rotated or
oscillated, are used to scan a volume of tissue for imaging
purposes. Transducers for Doppler applications (seethe paper
by Wilson, last issue) may be designed for use only in Doppler
mode, or may be used also as an imaging transducer in a
so-called "duplex" scanner. In physiotherapy and surgery,
transducers are designed to deliver relatively large amounts of
energy to the tissue for therapeutic or destructive purposes.
The ultrasound frequencies used in most medical applications
are in the range 0.5 to 15 MHz, corresponding to approximate
wavelengthsinsofttissueof3toO.1mm.

The wide range of techniques for the measurement of
ultrasonic fields described in the literature is summarised ina
number of review articles [S,16,17].The properties that can be
measured directly with relative ease are acoustic pressureand
acoustic power. Pressure is measured using a hydrophone,
while acoustic power can be measured using a radiation force
balance. Another paramater, the particle displacement, can be
measured by a more complex interferometric method [1SI,and
can provide absolute standards for hydrophone calibration [19].
The principles of the techniques and their implementation at
NMLaredescribed in the following sections.

3.1 Measurement of acoustic pressure
using hydrophones

A hydrophone isadevicewhich produces an electrical signal
in response to an applied acoustic field. The sensitive element

Acoustics Australia
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proWled byN PL ln thl UK • ••IIo ....ililbIe. nd can betae<f
in the tompllrilon .

4. CONCLUDING COMMENTS
Imemstionlll . tandl 'ds gowrnIno;j thI uN 01' UltrllSOUnd In
medicinll .e &til8'0'0Mnv". ' . I ull of the IntEnsiVll_ch
ectMtvol..,;..,tyurl.The.bo1it',' IO .....k. lIccuulte quenti·
tativ. mlllU" tm llll'ltl01 the uItlleonic outpUt 01 tr. nsdut:ef1lis
en -miel prereq ullite not only to ....lulti ng the med ical
eff_ofultr. sound •• pos ..e, but elso for effective and
,. li8ble use of ultr' lOlJnd IordllllnostlcQrotller p;.Ifj)O$lIS

In the peIlt three YN II. the medical ultresound l tandllrda and
c.libr . tion project lit NMl hlll lions through the de~~op

menu l "'lle . nd mos t of tile equipment is now' eady to be
used In providino,;) ultr. __nd POW'" m&lIlUrements .,d hydro
phone calibrl tlons. MINIU'ement services Cln nowbe provkl&d
at the ,equMt of compl ni... hosp itall end o!her orlli nisationl
wil hino to ... 81 ""tll thli' mIdiCll ultrllOrlk: .qulp~. ltil
e. pecteo' tIwth. ll boratory wiJl pl rtieipatllln lntsrnatiofll l
lnt.eomperilonl of ultrllOnk: Itllfldardl with imrtiMions In
ot hllr (:(Ullr... ln then_ fut.. .
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3.3.3 D1,eetcomperiaon
Calibtlltlon flletOfl ofhydropt>ones Cln be found bydirllCl
eomper ison with • seco ndary Itl ndl 'd. n.eIICOndilryI tllndlr d
cen be ll PIIOF hyd,op hone celibrllted Ulinlltn.opticeli ntsr·
ferometsr at NML PIIOF hydropnonw with Cllibr. lion

..-Ured.1 the hydropnon. ll scanned ovw . pklne in the
l.rfilld ol thl ell ibrl1ld tr. rlIducef .'The outpUl 'o'Cllte9Blloat
rnehyd,ophonailll"lM...Id •• functlonol poPtioo. andthe
square 01 the 1IOIIIg. iI rhen integre!ldovwthe _oI the
ultr8lOflic beam . The 1nd-ofQl/:lleIoIded -*tivily M~ of the
l!ydrop/'oonllesn be determined bycivldingthilmOlPllIol the
~,e of the~outputvolmg.bythl lotal~ ot

thebelm124k

Ml - l fj llo' dydl ) f 12l1cW j "

:13.2 C. llbratl onof hydro pno .........ng
opt lc.l lntwl.._try

Optical int.r1lrOlMlryil used 1O d WectIY~lI th11 u ltr",,"ic

displacllmlllll$ In. trllrwduc. blNm, by !ocusing 00II bea m 01
e Michelson Intllr1. omM. onto. lhln. optlcelIy reIIIIcting but
1C0llStlca ily rren.per ent IMmb '.n11 Im""'Mld In wat. In an
ultrasonic bea m. In prlnelpl. tIlla IMmbren. could be 1I
memb, _ hyd,ophon• • but In prllCtice . thinn.13"m) f>m
th.n the thinnest 1IV.llabl. P'IIOF film Is 1nId . AI long III the
memb, . ne is In th. IocII ' lIllion Ofthe f., fIIld of the ultr. son;c
tr. nsdUCIf, the pr8ISU,. llproponionIlto lhedlsplacement.
end.hydropl!oneca n be e- llbr' lld bY lUbltitutingltlor the
membr. na end .-.ing the output Iigrllll

An optical inte<teromet . .,m,!lIor to IN primary slllndard
used at NPL (l 9) in !hi UK hn t-l inItaIlld at NMl IFlg.. e
5l.TNs intllr1erometer_s devslopedby thloHltrwel Leboretory.
UK 134~ The ma;or difficulty of -..ing u1~ dis·
placementl intheMHzfreq ..-.ey renge q, thet they . every
sma U I... 10-8 to lO-10 m). and In gsnsral much StnIIler then
1:I'ooM llI8OCiatldwith low frequency bldr.Vround vibrationll.
The Harwllll InlerlerCll'lMll:. I34J eom~_ lor the effllCt ol

low freq l'lllr1CY \lbltionl byWVtringthe phese oltl"4refetence
bes m with . Pockelscall controilld by ' aisI..l !ed blllr.:kfrom
the interf.-omet lfoutpUt,Thl. c:onstituteIln opti<:elphue
locIr.edloop.lII1d it_.. .. ltllt thl lnterfaromlt . is insenlit ive
to dilPlIC.m lll l$ .tfrlquenclM .... th. nl'bout 100 kHz end
has ma.imum senaitlvity . t frequenclel In the MHz ,enge .
Thi. interferometll' iI c8j)llble 01 rltOlving dY11l1n1lc dil
pllceme nts 8llmall8l lQ-l1 mi n lIbsn dwidtho l llbout 300 kHl
In theIowMHz flnge .ThII I••n . lCtrllOldiNlf'l'Clpl billty.
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Ultrasonics-A Useful Tool in Biophysical
And Biomedical Research
A.F. Collings
CSIRO Div ision of Appli ed Physics
Undfi eld NSW 2070

ABSTRA CT:~ .brorption end V6kx:irr f7IU$UffH1IfHIts in bioIogiClllfIlJids CBn shed light ",, "" rmd"n,ing
biophy sics. W. dist:lJ$& hftr" r&lJlJfCh on tflll deforrNbility of humtm red blood ceJJsIJfld ~ Comp1N sibility of
p/¥>t r;ell$, Nld pnhmilllll"t wor* on prot6i"coag~tfon.

2. HUMAN RED BLOOD CELLS
The eDr"oCftm"liono! ,ed blood ce lla IRBC);n human blood is
of the Ofd... of 40 to SO volum a percen t, 10 the l mul~plll

8ClIIteringCIl n be allpect9d to be significanl. In Figufa1 ,
lI8tim. lll8 from the multip la lIC!Inafing shall model fOfshell"dii
of 2 ,7S l'm a ra comp ared with lIllperimllflllll sou nd absor ption
0018 !Of fresh and hea led human blood contai ning 4J vol. 'lb
RBC. The all"a,,", lIflt betwe llfl the prell iction ol thll mod el and
allpllfl""",tlII reaultsfof hea tadblood ISqouilllgood. whaf eas
the fr ..... b lood 01118 show aignoificantly grea l..~plion.

Fntan RBC llt fllll1.anot spherical but~ d*'oid

as seen in Figure 2. The rad im isapprOllimateoty4 "",1IfId the

FortUllllt"'y, ltlere ere expe ' ime nta l data fOf many of mes.a.
suchaa vilco8ily , the rmal eond U&tivity, ~Ioeity olsound etc,

Of good IIStimalas can be made
AA initial teatoflhllmodel in dilutabiologi...l~

olHeLa. hybr idoma and BHKcel la, in which only single , rathar
lt1an multiple , scanerinog ptOC8SSIIS _tllmportanc, proved
MliafOC101Y 121although the ellpeli ment a l urlCllr18imy pr tlCll>ded
placi"",tOQmuchoonfldflfl(:ain lh a mod al.

1. INTRODUCTION
The,apeot K:and dilllll>olu ic eppl iCillions of ultfasou nd ",,, now
of major Importa nce In med icine . Ultrason ic ima ging techniqoos
arB part of the modern medic.fl ar-nel l or non4rM1oMl
dillllr>(ll;.is, and Doppler mea llufI,mentlo of blood flow . ultra
aonic physiotherapy I n<!liuue cnaraclerisation are comJ"flln
pIKe . Herelwill d >SCUA SlMlfI I . _ a olbiophysir:al and
med ic:al.esearch wtler e ultra llOl'lic:8PfO'ii<lft uniqueand uselul
informatiofl aboul the und"d."ingphysQ .

Most of the above apll licl tions il'Jvo/V1l lfte p<opaglItionof
lIOUndini~medill.nd it .hould be fecognised

I tlheoots.etthetourllflde<sl. ndingoftheunderlying phy9icl
• far from complete. The ph ysic . ia d iflicult beceuse one ill
con lrontad with mtIltiple oca lt ... inll from particles or ocdu.ions
which are randomly di. tr ibu lfld lind which v8tV in size alld
IhaPII. ln suspenaions, lhe lllte nua tion ol llOuoo fl'orn viSCOllI
.1ftH:~ or ...l8xation pr~ •• ffequ e lll:ly mol"(l sign;fi~nt
lhllnthellC!lnering contribtJ tion

We ...e col labofating wilh co llea.guea li lhe Univn ty of
Surreyin """""lIingthllan"""lIIion of so und inmine<aland
biological sus.pensions. BioIogleIII ~h8vebeen

tr""ted as sptwlresof viacoelllSlic lluid ~llO.I'roundlldby a

viscoelas tic she N!the msnbr_ l in a Yiacoul fluid med ium [11
The inl....· and inO'aceIular lluidll wil ... pportlhepropagation
ol longit ud:I\a/WI\Ies only ,wt!llfH s bottllongitut;iillllland
u- __ can propagIII1I in the mlllfllbl'aroe. The d iffering

tt-rnodyna mic properties in the tln tl media can also ge_ela
thtIfmat _ ves at IhII boundarinol the rnediaand introduce a
therm al con tribution 10 the . tt........tion of sou nd. Tha
diudvantage of the mod el Ii"" In the large numbM of veriablllS
ftlqu ired to descr ibe tha verloos proceaaas in lt1a three media

~ ': MunipIa~~_ fot 275 ,.,., ~ e-6 _ I
~wirh e__."."""',,_"-'IIIiblood ""2:""'eI«tIQtt-.ap/l ol__~1UIC
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thickn eu ~er ," lrorn 1 ,.m at the clIfltre to.,...,. 2,.mat the
thickMt point . The red ius of an eq uivalent volume sp here is
2.75 ,.m . Also lIhown In Flgur. 2 a re ech inocyt ic RBC, commonl y
known u "prlckly p....." 01 lim ply as spherocytas . RBC wi ll
adopt this I h&pawhen l ubjac ted to heating to 5O"C,prolonged
s tor"lle, ionicimbillllno::a, dllp lation of adenos inll tr iphospha te
lani mport antan" liIV prOl!iding com po nant ol ltle celll, or as ll
con sequenc.ol-amadisea s.land lnlectionl..

Th8quastion_.aa to whether tha dilfarence In sound
ablorpt;onb&fwean lreeh and heated human!lj ood Is dooto
1h8 chenge in IIhtlpeOl 10 ""'" ot har mach&nism. W. know,
' ,om ma'lV comp.I'l UiVllrroe&IlI"am&t1W on normal blood and
thlIt oI 8lltl8l'ersol genatit: disea aeswhich impe irR BCdefOlrT>
a bility. bul may 01 m&y not aher thot ce lt shllpa , thai the shapa
e fleet '-'eIatiwIv unimporta nt. However. the cel l def(lrma bility
ad ds tignificantly to lh. absor ption of sound . at least at some
ll'llq uencies. The rema rlutble ability of RBC to delorm is
dllR'lOlWtrated InF""" .J. an &l&ctron microg.aph ofa human
RBC fbwing through a ca pillaoywith a dilmeter 0l21QJ ,.m .
tha i ii, COfIIiOerablysme ll., me n met 01 thacell. This a bility
ia y;U11 to c.U fuocrion . especially to the prjmary pu tpol8 01 tha
RBC, which is to conYey OXV\I'" from the lungs to DsaIe.
O>:y~ e>:chang. occUf1l lafge1y inthecapillaries8nd flownne

In the capiUaries ia prim8l'Hy det ermined by ABC delonnability.
OeIormabi lity allO deter mines the surviva l ,ate 01 RBC
followin \l transl usion, and in haamo/yti(:anaemiaswhotreth.
RBC ar. more fragile. lass deformable men normal. In such
" """mias. the prodUCIioo 01 nIlw ABC in the bone mlIrrow ,
which IIOfIlI on throughoullde. cannot kee p pace with the
dest",ction duringcirt:ulation. resul ting inRBCl/Olu melraetions
a nd ha..moglob incoocentrat;Onl lnth.bloodthat are,educ.d
toperhaplhalfolnormal.~ passageofan ABCthrougha

ca pillary lma ller tha n itsell Ol tlYoug h ga ps in thaspla&t1of tha
Older of half a micron requires a revers ible s truet u,al Cha"lJ'l in
th e phospholipid networ k 0I 1ha call ma mbra rJ8 a nd in thll
und..-l ying protaincytoskelat on. Wapostula tad l!Ialthese
we'e ,e1axation processes that ml\lht be cha ractarised by
sound absc.ption lJ~ Phy5ici!lt$and <:hamists haw JJl8d this
...... 01 studying ljquid rete... tion pt>anornena sucl1 as Ionic
aq uihbria, stnldUi'al isor'nerismand critical points [4]. $u ch
.a1a .ation procesaes providll an e_gY "nk .~ thal thll

"Ppropriateinsonation freq ......-.:yil uled. and th••fOf. ina ......
the abaa'ption OlllOUnd. Where there is a s;ngle Of do minant
thermal 'lI laxation process. th8llOUnd absorption takes tha form
shown in F;g...lI .... wtIich confor ms to

moun ted lransduc .... in. pu'" <:hember is _ied.a nd mMSIJ ad
pre<:isely. to malch the ene rg y loss f", __ tan steps on a
precll.ion a"an... tor. ea.. mu l t b. U10an to opti mi.... the
Impeda no::ematehl ng of tI>eir(lu t end outpUt sides. especia lly
at higher lr..qu,mc ies. Slirring ia_nlial if blood or other
led iman ting fluid m,xlu rlll . r. s tu<fHld. Tka actulJl pu lse
<:hambaf is show n In Figur. Sa and a block d~lIram 01 the
mealu,am....,t sYl tam in Figur. 511.

-- - - - A+8

8 -----

LOG f
~_. ..If' __ /oIJ''''.''''''' _
aee

whereaiatheeound absor p tionco.fhcient.lilthotfrequerq.
f. is lhe <:NfiIClerisDcfreq uenc:yforthe . .......!ionproc... and
A and B lU tonstants

SoI.nd a l>llOfptionis mea su ,ed directlyasthll_lIYlostin
pa... inglh,ough aspeci1ic ll!f>lllhoffluid. Tha aound~plion

coa fliciant is e .pressed as ene<1IY1ou (in Neper s 01 d BI per
em of fluid. Th. disllln<:e between a matched paif ofa.iaI1y

al l' _ A + Bill + (flfJ']
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Fisl<- CO:alf'_,. E~WrMre Iol O !JMmogk>binlOAJrion

(1) O lrwh tNood 6~bJol}/j - Eqwfion lll

W . ... . in Fig...a 4b that the soun d absor ptiorl of human
haemoglobin in nali.... plasma at a <:oncanlratiorl of 139 g lt
confon'na 10 Elluation 11l with a clla,ac ler istic Irequancyol
25 MHz. PI'asumilb ly, thilis ,elated to struct...-a1, eta. at ion of
the haemoglobin moItM::ule. HOWtIV1lf . normallresh blood of th e
III"'" '-moglobin content <:an not be fitllld by Equation (tJ
andltter.lsan add ilionBl comri bution tolhe a bsorplion of
sound. This we he... attr ibuted 10 membrane def ormabi rrty [J~
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FRESH BLOOD
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FREQUENCY MH z

Althoug h <Jt~l1'adiation is known to cause ct1emical damage to
the ABC membr ane lSI, its effect on RBCphysical properties
had not bee<1investigllled . BkxJd is x· 0< a ......adia ted prior to
transfu,;on to laukamia patients undergoin g ct1amotherapy.
The patient's b lood-making ftJnction is d isrupted and ,in
coojunction with bona ms rrow Ifansp [ants, che motherapy ca n
80 impeir the immunological system that it can be alUlclcad by
the transfused blood in WNit is known as grafl-versus·hos t
d isease. Irradiation de stroys the act ivity of the lymphocytes
and prevents mat lNatiOll of the stem cells. We were there!Of8
able to show that irradialed blood calls, subjected to the rc rmet
dose 01i"adiation, 25Gy of cobalt 6O, wtle thef fresh or stored
fOf'two wee ks,were .t ill ce pab[e 01 surviving the rigoura of
circulation (6J.

Figure5b:8Ioc k diBgrwn ofdttlsound . bSOlPIion
mMSrH.",.,rSjlSI'MrI.

Another spin<ltl from the above work has pcoved of value
in sports medicine. As alfeady d iscus$lld, capillary perfus ion
and oxygen transll'l Dre re lated to ABCdeiormab ility, and ,toa
!esse re"'enl, plasmo visoosity. This led u S to propoae [7] that
sue<:esslu l end urance athlet es, whose performance IeV<II is a
lunc!ion olmeir ability to use oxygen , wo uld have hlgh llf cell
defor mabiHty and lower pl/lSme lliscosity than untra ined
individuafs. Sou nd abso flltion measurements on lIle blood of
II group 01 long distllnce rUfVulrD confirmed this hypothes is
and pf1)mpted coojecture On n.aemorheological aMpI8t ion with
aerob ic training [n Similar measu rements N1ve be en mede On
the blood 01 shee p e~ercising on a lrssd mill at eleveted
tem pe<atu res . They form part ol a major axperime nt headed by
D, Bob Hales 01 CS[RO Animal ProdlK:lion whict1 seeks to
elucidete the card iovascu lar mech enism in hea t stress. [nterns l
body temp<ltaturBSmay reach 42°C in heat stress, particulatly
with exarcise-indoced hsat exha ustion, sutliclent to cecse
"sphering" of the RBC end to fac~itste microthromb us

.'"'~-.. .;; -~~ .~ .-:-
15

..." ,, " '::~~';,'::~ . ucs< 0'"'0"00 12 ~

~
~

~
5l

If the same fresh blood is heated to so oC lor severa l minu!<lS
to stJtlen the RBC, the 8OUl1d ab sorption is reducedbat is SlJll
higher then the equivalent eolutkln wh<lfe the haemog lobin i. 8
not "pack"9 ed" in eens. Since RBC ate known to lose their
del Ofmability with slOfage, even unde r blood bank coo dilions,
we measured the 37°C sound ebsor ption coefficient of normal
whole blood as a function 01 lhe pel"iod 01stor"9'D at 4°C. The
r8SIJlts a re shown inF"lgure6inthelorm a ll ve'ausl, which is
eSS<lf1tilllly [mea. OY1lf thfl !T"'l uency renge IOto 100 MHz,

The data sho w a consistent fa ll in sound absorplion, both in
the value of alf and the slope, a t frequencies in excess of
eppr oximelely 2QMHz. If this eh/Inge in llOund IIbso<ption can
be attnbut ed to the decr ease in RBC deforma bility. then we
have a means of monitor ing the qua lity of stOfed blood and
the[ ikelihood of theRB C survivingtr ans1usion,

The de velopme nt of lIOUnd ab SO<ption meas lNement as a 0 ~__--L__----'__-----'
quality cootr ol monitOf in blood bank ing remains our prime 0
concern, blll we haw used this method in severalclinical studies
in coHabOf'atlon wilh haomolologisls at $1 Vincent' s. Royal
North Shore and Princa 01 Wales Hospita ls in Sydney. An
immed iate and signiflCllnt applicati on was to con lirm the Fig"",6: <Jt/f vt!fSlJ3 fifl~bkJad.uhmc'ionofsror.ge l_,

pot entilll survival rata of i,rad iated blood efter t'ansfusion

Acoustic s Ausu a[ia Vol. 19 No.2 -39



131

o A' ... ' D A. C ....

20 30

n t,lPE AAIU "E ·C
,..,. .. n.~~-.d ••~~ ..---

wtlef •• iI the YOIumeIrllClionof Ollls inlhll-","", and
lhe lUi'>taipla ..... la lhe~~ end cell---E~ l3I ... bNn~ IO~.goodfrtofthe

-..loc:iIVoI-.ondintr.llblood_l~ofltlolMK:

corrt«It. &1r~IOIOO"'RBC~"""'''of
121 the..w.ac~oIltIoIr..INI'IRBCwtech~

doMly with.~ ...... bequine RBC 19L n-dMI
lAd 11.- foo the .....pereI\Q~ oI1hII~ 01
...... in"'-'*"bIoodlndblood~•• shl:;Mnin
F;gur-. 91nd10.n.\l'!IIDc:ity1nd~0I-....d1n.

"'"'*' ....,. oI tu....~ ..... in ......~
\ql IO I I:QIICIIIIIrMion of 320glt.~ 1IO'iIh "~
IogicIIlcel-....0I340glt.~llIobMn.....-.cl110L

leso

...... ~.Ie""~~-.ibiliIy.-ldt·"~
of"fluid.n.~of-.ondC¥lbe_todin"

_putMc:hlorr'bef.-dIn-.ond'*'-PCion_.
~tting... .._inlerfer__ .oOd""manic:fr--.a
oflN • .-ritting~InIhir;....mod,.bIodt~.."of
wIlich.g"-,inFog~.1."~tI'I • ..-nddiredly
by eounlir'lg up 10 200 IN.inw lAd minirnt ,,, " aonp!iher
~"lN~~tht~iI_ied bylh!l_.

WIlhl(im Ritmtn_John Mdb..nof"'~ofN_
&9ancl Bowry~ _ htve tried to ....1111he

~of"oMIslOlhIootllUiO","h'j'drOSllltic

pr--.~....nhinlhloo;alt r1lIUIIofthe a.smetic
n-tetion berwewllhllcon_end the 0IVI'*lt1 8LWhi le
u..._~_lotrd.,inI....ongp".IIelbe-.
thl compreIIibilltyof ilo:Nled 8lPl""~ -o-tng!Iri ~leand1he
_of plasmoIvsis wil h1ncr_1ingoamotM; pol.,' ilIl in
ctk:lumc:hIooideendlllyeerd~·Thil i. lhown in

Figul'.8 Whenpleunolvsil oco:urt.lhemorellex ibllc:ytopleslYl
.wink. IW IY from !he ' lgOdout. ce. ..... Icompllrable to 1he
bllda of • IootbII I lIwinldng .......y from \he leather CII&olg
...nh ~liorll_Hence. lhlI lO.IspenIion ofpllnl: c:elI s~

more o;omp-_bIor, The combiNtionof preo;iM 'o'8loc:iIyof
-.ndenddenli\V...........u/orthecel...-penliooy*dl
""~cort'lP'-'bility.... Eqw tionaI. The Ql.>m
pr.-b~ of the eels _ cklterminedIrtlm

1S00O~-!~-':'O~---:':'O'---:':-~
HAEMATOCR!T '"

,...a-CeII..........-..._.~ ..~_O """ctr,..~ ~-.d""" bIootI •• "'__ ",......-- 6 __........ ....,.,......... ~~Q1-..101

3. PLAN T CELLS
~n, oeII •• very d1fhnn1 la blood celie. TIIoty... nudNled.
erdoMd in rigid~ do reM..-. tlwough. ~""'tooy..,.t.... nor .-:l 10 deform. UWuI biopI'ryeaI lnbtnetion
. bouI It-. celie C¥I be otMined ... " "*'cltyofeoo.nt_
oPPQU<!lOthe.bISorptionofeound

The velocity of.--.:l in.lIuicIiI gi.-by
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4. PROTEIN COAGULA TION
The velocity.r>dllbllorptionofaoord ..........I"" been studied
irohornog"" OMdmilk . nd n.constltutlKlpowder lKlmilll in 20 %
.usp....ion. I I h queoci es rlOl'lllinl! !rom IS to 185MH.<.
Wh il. 1M d.t. I " oI .cientilic imet"t, in I' much as !hey ..e
IQ\IIl'OUf emullionll with a sig rlifiea rrt p<oteiro con tent, _
s.hould remember that reconstit uted milk is . n important
expcwt partif;ularly to Soutll .fa st As<., The .ecor.-tiNtedmilk
mus:t be sterlMsed It t 20"C but cere mUlt be taken toa\l'(jd
protein CGa\l"lation.T llescientiflCprob lem lill$i n d..mning.nd
uOOon tandingthe coagulationpoi l'lla nd lllaindustrialprob\em
isinqu.lilYcont.ol.TheonsetofcoagulaliDn lndthequalitative
nature 01 lila coagulum vary cOl'llideolb ly (some would say
from cow to cow on lila onI'Ifa'm l. and _ sma ll va riations
in protein and I. t COfIl*'Itrations p<oduceaignlflCl l'llchaogll$
in the coagulatlOl'lproces$. Bovine milk contail'll 87'l1o wat ...
with milk fat , laetOM casein. lactalbum iroand other proteins
the other corAtituant'a. f'tiof to homogenisation, the glollules
in the emulsion range "om less tharo I I'm to 20 I'm in diam..,t"",
but l'iomog8f'lit,alion prod llC8S a relatiVlMY un;lorm globulSl
distribut iDro .-ag inl! l ..mdiamal... . lnfigure ll._ll9& tl'l8t
homog enised m~k and 20 % reconsti tuted milk ha..... different
absorption opectr., espec ia lly ,n thalow " equenc y (len than
25M Hz),ange. We ..e Cllffilntlyrnoditying our apparatusto
inveslilll tethes . lower "equencies,which seem to highlight
th.., difler""""" In prot.il'll ellClmay p<ovid. the key to under·
. tand ing the coagulation proc.I!$$ in milk.

Jelly,thell miliM edibl. gela lin, is typ;ca l of p<oteo:n
CO/tgulation. which _up ath.ert-dimen.ionaI. ~culated

roatwork orpolymer .. ttiee .ln addition lOthIlllbove reaM rd>
on milk, w.lI&vedonasim~arWOfkonjeHy(whicll ilp<elerabl.

10 wort< with lor many .lIIll<lf\&) end w"beH...... that ultr'lOI'lic

~ " : alf __ , '" /'Jr>moi1M'ua ffIJIk _ 20% neom,irurad
poowlMMmilk. c R.I. {l 2J.

teen rliq......e well suited 10 reeotv&some 01 rhe phyI iel . The
RBC deIorma b'i ty which hes been OIJr p<incipal research
interest refies on a simil. r p<otein r......lJlIniSlflion.the mejor
ptotein . pec ieaofthacyto.kel eton being spectr'nand actin
A.ec~difcu$$ion [ll j 01 eell. that erawl. a gtoup that
includes some wh ite blood ee lll, amoeba . nd &lime moulds.
explain. the membrane deformabil ity ,n terms 01 alfamaling
g.la tiorolnd d ill ssern bly of Actinp<O I.in chaina. Tkabio
chemi stry underlying 1heIle Pfooeasea is quite eomple K.
iflllOlving eelcium ions and olh&r proleins which promo1e ll'oe
Il"lation, l~bIIisation and aolution of the actin filaments.
Ae!in,lOgeIhM' with myosill, is irwolved in mltSCla eontraeti\l; lity,
a~ which has much in common with what we ha~

discusaed. Anoltler important .rea 01 blood rheology research
is thtlek>1tOngp<oc_.in wh ieh the pl8$ma prolein. librinog en,
med illttld by calcium ion and. proteiro. nzym" called tt1fombin
IOfm. a ttwee.<JilTllll'llional fib.ironetwor k. W. ....~ just com·
menced looking.tthiapfOC8Slj .Wh il••pplicatiol'llofu!tra sonics
iro bioplt l'l lcal and biomedic. I ._ rd> have bee<l stressed
he,e. much rema i.. 10 b . dona in cha,ae:teriaingand met ering
mineral suspansiona. 51......... engi neMing .nd I>ydrsuliclrarosport
..e vit.lly imPf,lflanl to"" Austr ..... miner&l industry. Ultra·
sonies will ,*,y. variety 01roles in muIIi-phese Ilow measure ·
men! and in the control of sedim.nllllion .nd flotation
p<CK:ff5lleI ,n- .., applications wh ich mull b. underpinned
by 1tJndanIema11lud"_ 01 lcattering. the topic w~h which we
eommenced this discussion .
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DR WILSON REPRINTS

In the IaSI issue (April 1991 ) 01 Acoustics Aus tra lia . FIg 2(a) of the art icle "Recent Dev e lo pme nts in
MedICal DlB.g llOSlic ~ltra5OU~' by Dr L 5 W ilso n did no t re prod uce w~h su ff,cen t de ta il. This has been
corrected In .the rep nnt 9 wh ich are av ailable on reque st Irom Dr Wilson at the UltrasonicS Labor a tOfy
C5 1RQ DIVISIon of Hadopttyelcs , 126 Grevllle 5 1. C HAT5WOQD 2067 . '
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Some Applications of the
Sound Intensity Technique

J.e.s. Lal
Acoust ics and Vibrat ion Centre
Department of Me chan ical Engineering
Untver sity College, University of New South Wales
Au stralian Defen ce Force Acad emy

ABS TRACT:Almost .~d.ha' ilUpud8ince r:ommerciMround intwWtytl'lMSU'lI:I'tIMt s~tem. ~.vatJable.

Thtl sound in rtfflSity tfIChniqu. "'s found increMing IIpp!iuDon$. In /hi. p6PM, llJUItTI(JItd... gMn ill whicJllOUfld
inlmUity f1lHSlHtNntlllh'" 1I,~!Dr dtltermintltion of 6OUmJ power, ooiH SOIICe IoaItion M>d /NIk/8O<JIId tram·
niuionlou.

1. INTRODUCTION
Although the firr;t device for IOUnd lm_irv InNsur ementl
_~enl&d byOboo 111in 1932 , itWtl' not umil1 9n. when
F. hy 12J and Chung [31 independ enlt'/' applied digital sigl\8l
procDUing lec hniquea to !tle .aund intenlitylheo<y, h t
commerc ial syst ems beca me 8V8i1eble. The il'Q'eased interes t
in thll .ound lntanslty lee1V1iqUlli. rtf!ected inRgure lwhictl
showathe d's ll'ibution ofpepelipublilhtldonthesubjKlin
Englilh language journa ls , inc. 1973. A breakdown of. totlIl
number oll 3S plIP6"S ;nlotwo gen",al areas. th80ry and
lIppliccl1ion._ls th"lIenertil trendIlKpected ln any ,_rch
MId Ihat the number of "Ipplic"~" plIJ>11f'increl 5<lll as •
blm", understand ing ofthetheoty iaobta ined. Aecently a who le
;...., 01 Acoustics Austral ... _ devoted 10 II coverage o1lt1l1

IllChnique 8nd ltlee~enee ol usir.g lt fao V8riousilpplic8tiool

14L A11houghat P'll$Olnt, thllle •• no Inllltnation8l Sta nd8fdl
OIluai"lilthesoundinttnSity~.Ihey ...ebeingdrllfted
and it i. expected Ihet an Interl'lllliona l Standard 011mHaIf.
menuolthe so undpo_ .....ngtll. lOUIldint9f\litytlChniQUe
will be finished sometime In 1991 15L The sound inl...-.itr'
technique enabk'l" sou nd power mealuremlll'ltS to be made
dirllCtly inst ead 01 by tradi60llai mlllhods cond UCIlld in
conIrolllld 8COUSIC anvifonmen ta Iluch all anachoi c. -'1i
anechoic Of .everllmant .oom el via sou nd prauure !evil
~enta.lt alsootlerlother8dvantl\leS SUCh 8s axt8rnel

noiHauppresslOfleapabHity.noiMlIOUrcaidentilieatiOllllll d
noiM .anlUng

In thilt paper, some IlPPlical~ 01 !he sound intllOlity
techniQue underteken al!tle Acouatica & Vibration Centre in
lhe Austra lian De! tlnO' fofce AI;tdemy will be d8s1;rib.,;ll<l
illuetrate the range 01 Ilfoblemathelean be laClr.llld wi1tIthe
newtechniqUII.

2. THEORY
AI the tIlOOf'sl 01 the sou nd lnlensl ty IllCIv1ique has t-1
dncfibed in dellil in the lite.a lUta lIee lOfexampl e. Fahy l611.
itwil only be b.ieflyoutlinlld herel<lhighr>ght lOO1e 01 itl
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(6)

(5)La = 1010g10[1 ± 100.1ILK-LKO)]

3.1 Sound power
The sound power W of a sound source is related to the
component I,ofthe intensity vector normal toa hypothetical
surfaceS enclosing the source:

Traditionally, the sound power ofa noisesource isdetermined
by measuring the sound pressure level in particular acoustic
environments (suchas anechoic or reverberantrooms) bacause
under such conditions, the sound intensity level can be inferred
from the measured sound pressure level. The international
standards ISO 3741-3746[8] cover methods in this category.

According to Gauss'theorem, if there is no source or sink
within a measurement volume, then the sound power W as
given in equation 16)is zero. This property offers a significant
advantage in using the sound intensity teehnique for sound
power determination as external noise will not contribute to the
sound power of the noise source under test provided that the
external noise is stationary and there is no absorption within
the measurementvolume. Thus "in situ" sound power measure
ments with high accuracy can theoretically be achieved. In
practice, the accuracy is limited by the dynamic capability
of the system as discussedin section 2.2 above.

SoundpowerspectrawereobtainedforaB&K4205reference
soundpowersourcebyusingtwomethods,nameIY,measure
ments in an anechoic room and sound intensity measurements.
The B&K 4205 sound power source was set to produce a sound
power level of 80 dB in octave band noise (centredfrom 125 Hz
to 8kHz) and wide band noise (covering 100Hz to 10kHz).
Sound pressure level measurementsin an anechoic room (with
a lower cut-offfrequency of 150Hzlwere made over a hypo
thetical hemisphere of radius 1 musingaB&K2231 modular
sound level meter (with filter set 1625) with the sound power
source placed on a reflecting plane made of 3.5mm thick
aluminium sheet. The procedure used was according to Inter
national Standard ISO 3745 [8]. The sound intensity measure
ments were madein a room with a volume of 85 m', a reverbera
tion time ofO.8s at 500Hz and a background noise level of
about 55 dB(A). The hypothetical measurement volume was

It can be seen from equation (5) that for an accuracy to
within 1 dB, LK has to be7dB less than LKO'The dynamic
capability Lo of a sound intensity measuring system can,
therefore, be defined as ILKo-7) dB. Hence, it is important to
monitor LK during measurements to ensure that it does not
exceedLo·

2.1 Errorconsiderations
Possible sources of error in applying the sound intensity
technique have been described by Gade [7]. Basicallythey are
mainly related to the phase mismatching between the two
microphone channels, which determines the low frequency
limit and the finite difference approximation in measuring the
particle velocity u"which determines the high frequency limit.

It can bashown (see (7)) that for an accuracy to within 1 dB,
the phase change of the sound field over the microphone
separation distance 6r has to be greater than 5 times the
phase mismatch and the wavelength of the highest frequency
ofinteresthastobegreaterthan6ill.

2.2 Pressure-intensityindex and
dynamic capability

The pressure-intensity index LK is defined as the difference
between the sound pressure level Lp and the sound intensity
level Lland is related to the phase change 4>over the spacer
distance 6r for a given wavelength. LKgivesan indication of
the type of sound field in which the measurementsare made.
For example,the more diffuse the sound field or the larger the
angle between the probe axis and the intensity vector, the
largerthevalueofLK'

Owing to the phase-mismatch between the two channels,
the intensity measured is not zero even if the two channels
receive an identical signal and the pressure-intensity index
measured under this condition is known as the residual
pressure-intensltv index LKO' The error La due to phase
mismatch between the two channelscan be expressed(see[7])
ln terms of Le and Leo as:

(31 3. APPLICATIONS
In all the measurements described here, the sound intensity

By substituting equation (3) into equation (1) and taking the measuring system comprises a Bruel & Kjaer (hereinafter
Fourier Transform, it can be shown [6) that the active referred to as B&K) 2032 dual channel FFT analyser and a
intensity spectrum I,(w) in the r direction is related to the sound intensity probe madeupofa pair of B&K4181 phase-
imaginary part of the cross-power spectrum GABbetween the matched 0.5 inch microphones mounted in a face-to-face
microphone signals: configuration. Most of the measurements were made with the

microphones separated at a distance of 12mm, covering a
(4) frequency range from 125 to 5000 Hz. There has been con

siderable debate in the literature regarding discrepancies
between measurementsobtained at discrete points and those
obtained by the scanning technique. Our experience indicates
that as long as scanning is performed properly, the difference
between the two tachniques is insignificant. All measurements
described here have been obtained by scanning the sound
intensity probe over a number of small segments. The narrow
band sound intensity data were processed and synthesised
into 113or 111octave bands with a Hewlett-Packardseries300
microcomputer.

wherew = circular frequency (rad/sec).

The pressure gradient may be approximated by finite
differencing so that in practice, this can be determined from
the pressuredifference (PA-PB) detected by two microphones
closely spaced at a distance 6r along the direction r. The
pressurepinequation(1)canbeobtainedfromtheaverageof
the two microphone signals. Integration of equation (2) yields
the particle velocity u,:

Since Im(GAB)is related to the phase change of the sound
field over the distance 6rseparating the two microphones, a
typical sound intensity measuring system comprises a sound
intensity probe made up ofa pair of phase-matched micro
phones and a dual channel signal analyser which could be
either based on fast Fourier Transform (FFT) or on digital
filtering techniques.Usually, the two microphones are mounted
ina "face-to-face" configuration separated bya distanca Ar.
The responseofa sound intensity probe follows approximately
a "cosine" law (that is, maximum along the axis of the probe
and minimum normal to the axis of the probe). Hence a sound
intensity probe basically indicates the magnitude and direction
of the net intensity along the axis of the probe. For sound
incident to the proba axis at angles less than 90 degrees,a net
positive intensity would be measuredwhereasat incidentangles
greater than 90 degrees, a net negative intensity would be
indicated. This directional property is often used as a quick
check of the operation of a sound intensity measuring system
when doing field measurements.

Acoustics Australia
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Figure 2: Devietion L.L W of meesured sound power level from the
setvaluefofareferencesoundpowBfsource.

Figure 3: Variation ofMwwith the pressure-intensity index L/(.
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Figure 4: Intensity map (in dB) for two lOUdspeakers (numbers
aroundthegridindiceteoverellintensitvindBforcontoursl.
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rectangular (0.2xO.25xO.2m). Only 5 faces are measurement
faces as the bottom surface coincides with the reflecting plane
on which the noise source is placed. The intensity probe was
swept over eachmeasurementface (that is, scanningtechnique)
to obtain a spatial-averaged intensity for that face. Figure 2
shows the deviation ""Lwofthe measuredsound power level
from the set level of SOdB for the octave band noises and
wide band noise. The accuracy limits of the reference source
B&K4205,asspecifiedbythemanufacturer,arealsoplotted
in Figure 2 for comparisons.The results indicate that the sound
intensity measurements agree with the anechnoic room
measurementsto within 1 dB and both sets of measurements
fall within the accuracy limits of the reference source, thus
supporting the use of the sound intensity technique for "in
situ" sound power measurements.

In order to assesssystematically the effects of background
noise on sound power measurements, a loudspeaker was
placed at 0.5m from one measurement face to produce
external noise. Measurements were made with the B&K 4205
source producing 250Hz, 500Hz, 1 kHz and 2kHz octave
band noise, and wide band noise, each of which was set at
three different sound power levels,nameIY,65,75andS5dB.
Corresponding to these noises under test, the loudspeakerwas
made to produce pure tones of 250Hz, 500Hz, 1 kHz and
2kHz, and white noise respectively, each of which was set at
three different power levels, namely, approximately 70, SOand
SOdB. Figure3 shows the variation of the deviation ""L w of the
measured sound power level from the set level for the B&K
4205 source with the pressure-intensity index LK. Although
there isa considerable scatter in the data especially for large
LK,a curve of best fit subject to the constraint that ""Lw = 0
forLK = ohasbeen obtained:

""LW = 1010910(0.94S+ 100.lILK-AI) (7)

where A ee 12.S6dB.
HereA can be interpreted as the external noise sound power

suppression level. Considering an accuracy of ±1 dB insetting
the sound power level with the B&K4205,the data in Figure 3
indicates that for measurementswith an unknown source using
this system, the sound power measured would be accurate to
within ±1 dB for LKless than SdB. It must be pointed out that
an attempt to use equation (7) asa universal correction curve
could be erroneous; it merely indicates the range of LK for
which one can establish the confidence limits for a particular
system and is, in fact, related to the dynamic capability of the
measuring system, thus indicating the importance of knowing
the dynamic capability of one's sound intensity measuring
system.

3.2 Location of a noise source
Owing to the directional response of a sound intensity probe
as described in section 2.0, the sound intensity technique has
often been used to locate a noise source by the "null-search"
method; that is, the intensity probe is swept in a direction
parallel to its axis pasta suspected noise source, the location
of the noise source being indicated by the reversalof the sign
of the intensity spectrum as the probe passes the source. The
sound intensity technique can be quite useful in identifying
airborne noise transmission paths, particularly in building
acoustics as demonstrated bv Lal Isl, In such applications, the
sound intensity probe is pointed towards the suspectedpartition
and if the sound intensity spectrum is positive, then it can be
inferred that the dominant noise is propagating through this
partition. However, great care must betaken in monitoring the
pressure-intensityindex LK in such applications because if the
sound field is diffuse, then measurements may approach or
even exceed the dynamic capability of the system, thus
invalidating the useof the technique under such conditions.

Another method of locating a source is to perform an
intensity mapping. Figure 4 shows one such application in
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EXCELLENCE IN ACOUSTICS
AWARDS 1990 NSW DIVISION
In November 1990the NSWDivision of theAcoustical Society heldits
second Excellence inAcoustics Awards presentation nightintheelegant
surroundings of Bilson's Restauramt nestled in the harbourside at
mosphereof Circular QuayWestinSydney.

ThefirstAwards nightwasheldin December 1988theyearin whichit
had beenconceived as a Bicentennial Projectwith the aim of rec
ognising, promoting and stimulating the pursuitof excellence by in
dividualsandorganizationsinthevarietyoffieldsundertheacoustics
(andvibration) umbrella.

NormCarter, Chairman of theNSWDivisional Committee, madea brief
officialwelcome thussettingthe toneforanevening shortonspeeches
andlongonlaughter andlivelyconversation.

Thereweremanyfamiliar facesamongst theguestsandtheirpartners,
representing thebroadgamutof members of the Society. Somenew
faces(ontheNSWscene!) included GaryWoods, recently arrivedfrom
Perthto headuptheNSWPublicWorksDepartment Acoustics Group,
andSociety President, Stephen Samuels, having madethemovefrom
Melbourne toworkwithenvironmental consultants Mitchell McCotter

Representatives were also presentfrom the threesponsors without
whosegenerous financial supportthe1990Awards wouldnothavebeen
possible. Theseincluded CSRHebel's JohnKlune, DavidLinakerand
PeterCummins; Bradford Insulation's, ClydeParsons andKeithDavis
and,fromNewcastle, Michael Johnson andJohnRussell of Hudson Pa
cific,a construction firmspecialising innoisecontrol.

Especially noteworthy wereguestsrepresenting thelay judgeon each
adjudicating panelfor the twoAwards categories. TherewasJeffDo
bell,executiveofficeroftheSydney Division of the InstitutionofEn
gineers, Australia, standing in for national chiefexecutive, Bill Rourke
andPeterWalsh, Director of the Standards Association of Australia,
standing in forChiefExecutive, Stewart Horwood. Alsoat handto ob
serveandreportonthisoccasion wasRobert Jackson, a journalist with
the Institution of Engineers national publication Engineers Australia
Robertsubsequently reported ontheAwards inEngineers Australia'sna
tional1990Awards ofEngineering Excellence.

Notforgetting the entrants andthe Awards themselves, whenit came
timeto announce thewinners TonyHewett, Chairman oftheExcellence
in Acoustics Awards Committee, madea concise and information
packed speech. In CategoryOne,Architecture, Manufacturing or Re
searchandDevelopment, thewinnerwasSydneybasedacoustical con
suitingfirmPeterKnowland& Associatesfor its acoustical designof
theMainAuditorium ofthe AoteaCentreinAuckland,NewZealand.
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9 Lai,J.C.S. Application of the Sound Intensity Technique to Noise
Source Identification: A Case Study. App. Acoust., to appear
119911.

10 Lai,J.C.S., Burgess,M., Narang,P. &Mikl,K.Transmission Loss
Measurements: Comparisons between Sound Intensity and
Conventionel Methods. Inter-noise91,SydneY,Australia,Dec. 2-4,
1991,tobepresented.

11 Halliwell, R.E. and Warnock, A.C. Sound Transmission Loss:
Comparison of Conventional Techniques with Sound Intensity
Techniques. J. Acoust. Soc. Am. 77t61,2094-2103119851.

12 Lai, J.C.S. & Burgess, M. Application of the Sound Intensity
Technique to Measurement of Field Sound Transmission Loss.
App. Acoust., to appear (19911.

13 Lai, J.C.S., Burgess, M. & Mikl, K. 09911, Application of the
Sound Intensity Technique to Measurement of Acoustic Properties
of Light Weight Penels in an Anechoic Room. Intar-noise 91,
Dec.2-4,SydneY,Australia, 1991,tobepresanted.

This2300-seat hallisdesignedasamulti-purpose auditorium cateringfor
eventsranging fromoperaandballetto chamber music, fromsymphony
orchestral performances to popular concerts. A clearlyelated Peter
Knowland waspresent to receive an elegantly framed certificate on be
halfof hisfirm. Thejudges notedthat"Peter's entryinvolved theresolu
tionofdifficultproblemsbyunusualandinnovativetechniqueswith theat
tainment ofa highqualityoutcome".

Alsohighlycommended inthiscategory weretheentries of RobertFit·
zell AcousticsfortheArchitectural Acoustic Design of Brisbane Airport
DomesticTerminal,involvinginnovativedesignsolutionsforexternal and
internal noisecontrol andsoundreproduction, andRenzoTonln& As
sociates(the1988Awards winnerin thiscategory) forttsworkonNoise
andVibration Design associated withthe construction andoperation of
thePerisher SkiTuberack-ran transitsystem. Theadjudicating panelin
thiscategory consisted of Richard HeggieandDickGodson, principals
withRichard Heggie Associates, BarryMurray,principalofWilkinsonMur
rayGriffiths, BillRourke, chiefexecutive of TheInstitution of Engineers
Australia and TonyHewett, Chairman of the Excellence in Acoustics
Awards 1990.

ThewinnerofCategoryTwo,Engineering Reports,ProceduresandSys
temswasDr.QunliWua projectengineer withVipac,forhistreatise,on
theDetermination oftheSizeandLocation ofanObjectina Rectangular
Cavityby EigenFrequency Shifts,arisingfromdoctoral research carried
outin Architectural Science Department of Sydney University. Anobvl
ouslyproudDr.Wuwasathandtoaccepthisframedawardcertificate.
Inthiscasethejudgesnotedthat"...theresearch isnovelandadvances
acousticknowledge ...theideaspresentedclearlywork...". Highlycom
mendedinthiscategory wasRobertFitzellAcousticsfortheirreporton
theElements andApplications of Integrated Systems forNoiseandVibra
tionLevelMonitoring andDataCollection. In thisAwards category the
adjudicating panelconsisted of Dr.JohnDunlop, SeniorLecturerwiththe
Department ofApplied Physics attheUniversity ofNSWlandalsoanAs
sistingEditorforAcousticsAustralia),Dr.RenzoTonin&Associates,
Stewart Horwood, chiefexecutive of the Standards Association of Aus
tralia,andTonyHewett, Chairman oftheAwards Committee.

Withtheformalpartof theevening overtheconversation returned to its
previous cocktail partylevel,it wascertainly clearthe1990Awards had
beena successful eventrepresenting a brightspotinthistime0feconom
icdownturn.

OnceagaintheExcellence in Acoustics Awards Commilteewould Iiket0
extend its congratulations to thewinners andits thanksto all whopar
ticipated in the success of the 1990Awards. Hopefully the 1991Ex
cellence Awards willcontinue andimprove uponthesuccess of its pre
decessors. Intimeit is hoped, inthespiritof excellence, theAwards will
evolveto include a broader rangeof judging categories andwillattracta
widerrangeof entrants possibly including individualsandorganisations
fromthecommunity atlarge.
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Acoustic Impedance Calculation
FromImpedance Tube Data

R.J. Hooker
Department of Mechanical Engineering
University of Queensland, St Lucia 4072

ABSTRACT: The expressions for Rs and X., the real and imaginary components of the specific normal acoustic
impedance Zs of the surface of a material, as given in Australian Standard AS 1935 are incorrect. Correct expressions
are developed in this paper. The chart Figure 3 of AS 1935, which purports to represent the expressions given, is
in fact correct. However, since experimental results are now normally based on computation rather than charts, it is
important that the correct expressions be used. The errors are significant.

1. INTRODUCTION
The acoustic impedance tube lor standing waveapparatusl has
a long history of use for determination of acoustic absorption
properties of materials. It was referred to at least as early as
1902 and a commercial version has been available since 1955
[2].

The impedance tube in its usual form enables the exper
imental determination of absorption coefficient and acoustic
impedanceofa material for sound waves at normal incidence.
Often the acoustic properties are required for some form of
random incidence, in order to simulate wave behaviour in
enclosed spaces. This is done by reverberation chamber tests;
refer, for example, to AS1045 [3). However, the impedance
tube method is much faster and cheaper and is often used,
especially for comparing many materials quickly, in basic
research and in pre-selection of arrangements for more
extensive study.

The impedance tube apparatus, its limitations, the exper
imental technique and data reduction are described thoroughly
in ASTM C384 [4Jand AS1935 [1].

InAS1935,expressionsaregivenlp.9)forthecomponents
of impedance, Rsand Xs' These expressions are wrong. The
correct expressions are developed and given in this work.

2. STATEMENT OF EXPRESSIONS
For notation see Appendix 1.

The expressions given in AS1935-1976 (p. 91are:

Rs _ 101..0120[1 + tan'21r(d,!h-0.2511

- - 1 +10LoI20tan'21rld,!h-0.251

x, _ [101..oI20-1]tan 21rld,!h-0.251

- - 1 +101..o110tan'21r(d,!h-0.25)

The correct expressions are:

Figure 3 in AS1935 is a chart which is stated to bea compu
tational chart for enabling RslQc and Xs/Qc as given by
Equations (1) and (2) to be read directly. In fact, the chart
represents Equations 13)and 14)and thus will give the correct
::~~~/or RslQc and XsIQc, whereas Equations (1) and 12)

3. DEVELOPMENT OF
CORRECT EXPRESSIONS

Consider incident and reflected waves represented as follows
(see Appendix 1 for notation).

Pi = Aei!wt+kxl

Pr= Beilwt-kx+OI

Acoustic pressureat surface = p = Pi+Pr

Particle velocity at surface = u = ui+ur = (l/Qcl(-Pi+Pr)

Normal surface impedance Z, = -plu (since surface velocity
is taken as positive inthe negative x direction)

. Zs _ IPi+Pr) _ Aeikx+Be-i!kx+OI
"--~-AeikX-Be-ilkx+81

A + Bei8

A - Bei8

A + B(cosO + isinO)

A - BlcosO + isinO)

Rationalising, and substituting Zs = Rs + iX s,

Rs _ 10La/20[1 + tan'21rld,!h-0.251]

- - 1 +10La110tan'21r(dl!h-0.251

x, [10LaII0-lltan 21rld1!h-0.251
- = 1 +10La110tan'21r(d,!h-0.25)

(3) Rs A' - B' 1 - (B/AI'

QZ = A' + B' - 2AB cos 0 1 + (B/AI' - 2(BIA) cos 0

(4) Xs 2ABsinO 2(B/A) sin 0

QC = A' + B' - 2AB cos 0 = 1 + (B/AI' - 21B/Alcos 0
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Rellection coefficient <>, = IBIA)' = (S-I)'{(S+I)', where
standing wave ratio S = (A + BillA - B).

Substituting and simplifying, and noting that
11-cosO)/(1 - ooss) = tan'10/2),

Rs _ S(1 + tan'lO/211-----
1 + S'tan'(0/2)
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SUPPLEMENTARY NOTE
Since submitting this article a private communication has

(S) indicatedthattheerrorsweretypographical.ltisalsounderstood
that corrections to the Standard are in progress.

~ = IS'-I)tanlO/2) Appendix 1 - NOTATION
1 + S'tan'IO/2) Zs specific normal acoustic impedance'

Rs specilic normal acoustic resistance
Standing wave ratio is the ratio 01 maximum and minimum Xs specilic normal acoustic reactance
pressures in tube. lithe level difference between maximum l1c characteristic impedance 01air
and minimum is La (decibels), then La true value of difference in decibels between maximum

and minimum sound pressure levels in the standing wave
La = 2010gS, pattern

d, distance lrom lace 01 specimen to nearest minimum in
S = 101ol20 standing wave pattern

II wavelength 01sound at test frequency
II d, is distance from specimen face to first minimum pressure, Pi,Pr sound pressure of incident and reflected waves
then lrom the expansion 01 [Pi+Prl, A,B arnplitudes of p.and p,

o phase angle by which reflected wave leads incident wave
d, = lh/4111-0/,rI at face of specimen

2..-f,wheref = test frequency
012 = 271"(d,/h-0.25) IB) k 271"/ll

t time
Substituting (7)and IBlin 151andIB)gives (3)and (4). distance

x = oat face of specimen
Standingwavepatternexistsintheregionx~O.

For0.25< d1/h < 0.5,use lO.5-dllh) andattach - signto 6

4. ERRORS AND CHECK VALUES
The errors which arise Irom use of the incorrect equations can
be large. For example, il La = 20 dB and 6 = 0, the result
given by Equation (1) is 10 times the correct value, and the
result from Equation (2) is less than 0.1 times the correct value.

For checking programs or for obtaining a rapid estimate
from Laand d, values, a tabulation of Rsand X. is given in
Tables 1 and 2. Comparison of these tables with Figure30f
AS1935 will show that Figure 3 is correct.

5. CONCLUSION
From the above development and from independent calculations
based on other sources it is considered that the equations for
specific normal acoustic resistance and specific normal acoustic
reactance as given in AS1935-197Bare incorrect. Amendment
is necessary.

For0.25 < dl/h < 0.5,use(0.5-d,fh) andattach - signto 6
and + sign to X./Qc
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STANDARDS
StandardsAustraliahasrevised itsregister of
thosestandards whicharereferred to in Com
monweal1h, StateandTerritory legislation. The
newHandbook, HB4,recognises the needto
provide a comprehensive up-to-date reference
forallthosewhoneedtodetermine compliance
requirements underlegislation in Australia.
Thehandbook dealspredominantly withformal
referencestoStandardsinActs,Regulations,
BylawsandOrdinances.

AdraftAustralianStandard,DR91095,on
"Ground transmilted vibration fromairblastex
plosions, part1" is available forcomment. The
standard proposes maximum levels per
missibletoavoid human discomfort andstruc
turaldamageto residential andindustrial build
Ings

ThoseStandards whichare available through
theStandards Secretariat oftheAcoustical So
cietyofAmerica,arelisted in a newcatalogue
10-1991. AnAmericanStandardon "Audible
emergency evacuation signals" has recently
been released. The Standard specifies the
procedures for determination of the spectrum
andthepattern on"on"and"off"times.Further
information fromASA Standards Secretariat,
335East45thSt,NewYork loo17,USA

CONFERENCES
• WESTPRAC IV
Westprac IV is the official Conference of the
Western Pacific Regional Acoustics Commis
sion.ltwillbeheldinBrisbanefrom26-2BNo
vember 1991(theweekpriorto INTERNOISE
91)andtheaimsare:

• toprovide a meeting groundforpersonal
contact withfellowacousticians from
Western Pacific region

• topromote greaterinterchange between
member courmeaassocietions sndn
dividuals

• toconsult, discuss andexchange tech
nicalinformationwithinthetheme
Progress inAcoustics

The keynote speakers will be Prof Toshino
sone(Japan), ProfWannYu (Korea),ProfJi
QingWang (China) andProf YuanLing Ma
(China). A total of 127 paperswill be pre
sentedduringtheconference. Furtherin
formation Irom:Conference Convenor, West
prac IV, P.D. Box 155, North Quay,
Queensland 4002.Tel(07)2276802,(07)227
6422Fax(07)2277677

NOISE WORKSHOP
Theaimofthisworkshop is to achieve a prac
tical understanding and application of basic
noisecontrol principles and practices. Itis
sponsored by the WortdHealthOrganisation
NoiseReference Centre forlhe Western Pacif
ic Region andthe Department of Environment
andHeritage, Queensland. Thefivedaywork
shop,from1Bto 22 November 1991,is de
signedforpersonnel involved in environmental
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noisemonitoring andcontrol. Thecourse will
beheldin Brisbane andthecostwillbe$650.
Further information: GregLeeManwar Tel(07)
2276436Fax(07)2277677

• INTERNOISE 91
I ampleased to reportthattherehasbeenan
outstanding response to theCallforPapers for
INTERNOISE 91, to be heldin Sydney from
Dec2t041991.The2ndCircular-lnvitation
to participate-hasbeendistributed andlists
thetillesofsome460abstracts (about BOfrom
Australian authors)

TheCircularindudes detailsof thevarious as
sociated acfivnles. Technical toursinclude vis
its to BHPColliery and SteelWorksat Port
Kembla, NationalAcousticsLaboratoryandNa
tional Measurement Laboratory in Sydney,
BHPMiniSteelMillat RootyHill,noisemon
itoringsystem at SydneyAirportandtheSyd
neyOperaHouse. Mostof thesetourshave
beengenerously subsidised andasplacesare
limited,earlyregistrationisrecommended.

Registered accompanying persons (fee$A35)
maytakepartin a number of special toursin
cluding a complementary 2-hour harbour
cruise. Onefull-day touris to theBlueMoun
tainsandAustralian Wildlife Park andtheoth
er is a city tour. Half-day toursinclude city
sightseeing, visitsto theArtGallery andAus
tralianMuseumorawalkingtourinlhehistoric
Rocks areaofSydney.

The socialprogramme includes the Opening
Ceremony whichwillbeaddressed bya prom
inentAustralian andinclude musical entertain
ment,a HappyHour,a conference banquet
andafarewell party.A TradeExhibition isalso
beingorganised. Blockbookings havebeen
madeat special conference ratesata rangeof
hotels, motels andUniversity Colleges

lamsurethatthoseofyouwhowerefortunate
to participate in the 10thICAin 19BOwili re
member themanyopportunities theyhad,not
only to discover the latestresearch and de
velopmentwork beingcarried outin acoustics
in manypartsoftheworldbutalsotoformand
renewfriendships withacousticians frommany
different countries. INTERNOISE91 promises
to beanequally interesting andexciting event
albeitconcentrating moreontheareaof noise
control engineering. I encourage everyone
whopossibly cantojoinin-rememberit islike
Iy to be the lastmajorinternational acoustics
evenlinAustralia inthe20thCentury!

Further information: Christine Bourke, Confer
enceSecretariat, IPACEInstitute, University
NSW, POBoxI, Kensington, NSW2033,Aus
tralia

InternoiseBrochureCorrection
pl1 "..(1 nightJbed)..n shouldread"..(1 nightJ
room) ..n
and "Savoy apartments consistof a double
bedroom witha convertible doublebedin the
livingroom.Extrachildbeds,kitchenandlaun
dryfacilities areavailable. Suitable forfamilies.
$110/night"

Air-andStructure-Borne Sound and
Vibration
TheAustralian Acoustical Society hasbeenin
vitedtobeacooperating societyfor.the Second
Internalional Congress an Recent Develop
mentsinAirandStructure-Borne Sound andVi
bration to beheldMarch4-6,1992.TheCon
gressisbeingsponsored byAuburn University
in cooperation with the Acoustical Society of
America andthe Institute of NoiseControl En
gineering. Theannouncementandcallforpa
pershasrecentlybeendistributed.
Furtherinformation: Congress Secretariat, Dept
MechEng,210 RossHall,Auburn university,
AL36849-3541,USA

~ ~ ~

Overseas Exchanges
TheAustralian Academy ofScience supports a
number of scientific exchange programs which
offerfinancialassistanceforAustralianre
searchers to spendsometimein oihercoun
trieson appropriate projects. Somecountries
whicharepartoftheexchange programareJa
pan,UnitedKingdom andChina. Further in
formation: International Exchanges, Australian
Academy of Science, GPOBox783,Canberra
ACT2601 Tel(06)2473966

Various other international fellowships and
scholarships are available and information on
these schemes can be obtained from: De
partmentofEmployment, Education andTrain
ing,POBox9880,Canberra ACT 2601 Tel
(06)2767708

BradfordInsulationhasintroduced atechnical
service viaa OOB number (notavailable in WA
or NT)for immediale information onalldesign
andspecificationqueries·Tel00B011301

Singaporean manufacturer Acoustical Ser
vices(1989) isseeking distributors foritsrange
ofultrasonic flawdetectors andthickness gaug
es. TheEchope seriesrangefrombasicunits
for universal applications to unitsw~h varied
rangeoffunctions forspecial applications. Fur
ther information: C S Chang, Acoustical Ser
vices(1989)PtyUd, 209-212InnovationCen
tre, Nanyang Crescent, Singapore 2263, Tel
2660242,Fax(65)2660665

~ ~ ~

ReinforcedEarthPtyLtdhaveanewaddress
POBox742,Gosford2250 -Te1043721566
Fax043 721590. Marketing Manager - Mr
GaryPower

~. ~

REQUEST FORINFORMATION
Would any former students, research as
sociatesorfriendsofthelateDrRWBSte
phenspleasesenda briefsummary regarding
theirjointactivitywithDrStephens to:
DrRCChivers,UniversityofSurrey,Guildford
SurreyGU25XHUK
whois making a collection ofpapers relating to
DrStephen's activities

Acoustics Australia
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ScteeningAudiometer
The CAL 602 i$anlla$y·lO-\Ise. llinaural
ScreenI1\l AudiClmetefh.iIyIXl'll~..thlhe

IEC64S(,peciOCationforClass4 1¥1its. 11P'O"
viOesa $imple means0185tah1isning hearing
IIlWIS llan ~'$ "'ilialmedlcai cllec*;
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FutthfNinfonnalJon: Oavidson, l lRobemaS(
Moorablm. VlC3189, TeI'(03) 555 12n F~'

(03) 555795$

BRUEL &KJAER
Noise OOseMeter
The noise dose meter, lype 4436, prOleClSllle
microphone wrthJ1Iha casing, A rubbeftube
altllclledme 10 tile user's ear acts as a
'Wa'la-gUoe' and ensures aCQJrate measure·
ments,Themeter cooforms'Mlt1 intematonai
standards,ca n be used as a lyp&2 inlewating
me:l.'fandhas latgedata slofage capaci!y.

HydrophoneCalibrator
The~ CaI'tlfatO(, lyp9 4229, is a

~, ba:tto:yoperated, hlQlipreci:sion

souMSOtJ"re andcomescomplele l'lllhltlree
IXlUpiers antla1 adaplc.-, bcalibrationinair.
ThelMllal (r1Ominaly) 250 Hzis hlQhllrlOUgh
toalk:wca'ibrationstotal<eplace&<en inM<sy......'"

PortablaSound lntensily Analyser
Thel)'p&443T,portatlIesouodintensi!yanal·
)'S8fllllllSUressound l1tensily,soundpr8'5'
sure <n:ipartldeve1ocit1levelssimlitaneously
nl calcUal8'5tre pressoxe-int8f1S11y index
The",.ernory saves I(l 10 4200 measuremenls
i1 140 posIions. The probe, type ~47,has

bel.'flspecia'lyee. eloped b' use -..iltllhe 4437
ancIil'dur:lesal$TlOlaeonlrolhandle

ReverberationProcessorModule
Tte type BZ noernod~,is used W'lh lhe

iIOUI'ICllMmetef, lype 2231 ,tocala.Ute~

ve<bl.'fallOn1IT,es~s.'ng!he lfnpul5e-l'l'5p0ns8
method. El\hl.'f arJ OI"dioarySliVll'1g pisloior
eeSW'I(l eccce. type4224. canbe used ", ~n.......
MachineMonitoring System
COMPASS· Corr9J:erise<l f'fecXlIonN\;iy.
sis and SaletySystem · a a tmllynew rna·
chl\el'l'lOl"oilomg i5)'5ll.'fllwliche>:plabthe lilt·
est aov<lt'«ls in nllstry ~ ptIlgfeS$lW

teetmlogoes, COMPASS" ~ i1d~

c:on1iglKed systemUSlllg$/anda<ll.oW·the-$IIef

buildingbloeks, Tlleseare lXlmected toa
cenl,a1Uni>;worllstatioovia Elhelllllt to slave

~:a~heap~I.~:',"~~~~1s
used In monllo~nQ ..-.d analysIS modules
Adaptive Mon~o'ing Stral8QY is used to auto
matically selectan opl"oommoMOnng tech
rwqUll loractualmat:luroe opl.'I"atlnglXlOdltlon.

~~s~~oor:~ff2r~~~,:·'7dlJ
4502379

SENSIMETRICS
~r::~8~ ~~t~~e::~:e~~~eloped
alI,U T./II'IdismwavaJabllI to resnrch llrs in
ltlespeechcommuni!yand t~aled~ds The
pmciplesollwarepaekagefor VAXCtw been
adapIell~albw~~lII1 on IBManoMaClltmh
per»'lal eompulen and 01'1 aSUNworkslabon

FlJf1'Il.'f irllb-maflOll:~' K8f'ldlli{
$qIa'e, &.liIctng HIQ, ClImttidgt. Mas·
s.wrusetts02r39,USA

CSRGYPROCK
Acoustic DesignManual
CSR G."wck I'Iave reeenll)' lLnched !heir

~~~~~::
over 180dl/le'erlIp'asIeIboardwall/ll'ldceiling

~:n=,~~~v~
cunponan~.alorlg-..iltl1heteslrepotldetais.

Thedata shows NI h91 vakl&s 01 SOUnd
lfa/ISmrssilJldassClWlbeoblaonedwilnpMi
lion$t:OII'¢singGypIQCil.lor~ilII STC

~a~~~-;"'~~adstud
FUflheril b'ma!ioll: CSR Gyprock M {()2J 609
9633, (rJ3}688 7422, (Ol} 2l7 J.l21 {tl8} 34/l
l400or/09}35I4444

Don't be
a noisy
neighbour!
CHADWICKTECH NOLOGY
specialisesin thedesignand
constructionof lightweight
highsoundtransmission
loss roofsandhigh
acousticabsorption
ceilingsystems.

For morBinformation con/act
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TELEX
Ear Prot&ctlonforMusiCians
nls welestalllshe<ltha1somernuSlCians,bcCh
ill 1M popand orchesll'al fields, doso.ttefloss
oI lleamg~_ " is essenlial ltlat ear
pro!eaklrlWOfTlby~doosOOl a'lecl

1hei'atlItylOheattlemusi<:alquat;tieosotlhe
S(lI,njpt(l(lK:l!dbylheuown~andlha1

oflheirrolleagues. Two new earP'I9 models.
fmmElyrnotic Researdl, hlWebeendesigl8<l
IOpIOYiOemusicians,.;ltIbalancedearpm.
tection TheER15 usesa <iaphrag" silTiarlo
a passiVeSOlea'ar conelilted 10a soII,n
dividllallyfllOlJded earplog seali'lg deeplyir1
ee seeee eee et ee eer cerer The EAR
HIF!usesa tcoedresonalo<and OCQUslicfll
sistor.

Furr/16t inlorm8tio1l:Tele x IAustraho!$iI) Pty
Ud;GPOBoKI09981acMtown,N$W2148.Til
(02)8312666.Fax(02)8J13029

DIARY

CONFERENCES and
SEMINARS

1991

September22·25,lllAMI
13TH ASMACONFERENCe ON MEOiAN·
ICALVIBRATIONANDNOI$E
Delails: Prof T. C. HuNlg. Depl~

Mevc/wlics. UniWrslly cI WI$COI'lSirI. 1415
Jo/lIlsonDnve,MarJisctl,W/53706.USo\

Oclober&-10, THEHAOUE
3rdINTERNATIONALSYMPOSIUMONSMlp·
BOARDACQUSTICS
Details. Ms MeN/d!, rNO Corporale Com·
mlnicatlom DflpI,P,O. BoI< 297, 2501GDThe
Hague,TheNe/hsrlllnd5

Novtmbt r 4-8,HOU$TDN
MEETING OF ACOUSTICAl. SOCIET't OF
AMERICA
Oe/ail$: Acou$tiea/Soc~of America,500

~8M1. W!:IoctJuty. NY I 1 791, USA

• HCMlnml25-29. MELBOURNE
ASIA- PACIFiCVIBRATION CONFERENCE

"~ConferefIce ConYetJor.Cemrllb'Ma·

ChifIe~~ Monash~.

(XIyIDrI, VlalN31611

' N<mImber 26-28, BRISBAHE
WESTERNPACIAC REGIONAl. ACOlISTlCS
CONFERENCE IV
Deta~:Qlnlererlalcenwnor. P.O. Ba.>: 155,
NorltlOt.r.ly,~4002.
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·0teImber2-.4,SYDNEY
INTER-NOISE91
Details: IPACf, P.O,Box I, KfItlSinQtoll. NSW

"'"
Dtcl mbtr . 13, HONGKONG
POLMET91
D8tads:~~t.lry.HotIgKonflI'"

S/IMICIIl (J/ E!JginHts.Room IOOI IM I. ls·
~~, ' Gmrt G«itge Sl, C0iu5eway

8ay.HongKcng

'Dtcember lQ-12, OOLDCOAST
9Ih BIENNIAl. CONFERENCE ON MOD
HUNGANOSI~LlATION
Det.1Jls: DaVJJ Ma,.-. 8iometryBtilfldlOeplIn
du$lrieS.POBo.Y46.~,Q4001

1992

MBfCh4-6, AUBURN
2ndINTERNATIONALCONFERENCEONRE·
CENT DEVELQPl,lENTS INAl R· &.STRIX:
TURE-60RNESOUNDANDVlBRATlON
Delails;CMQress Seal taria!.DeptMIlCh Eng.
20r RossHan. AubumUnivefsity. Alabama
36849-3541. USA.

May11·1S,SALTLAKECITY
MEETING OF ACOUSTICAL SOCIETY OF
AMERICA
De!aiJs:AcousbcaISOCiely of AmM:;a. 500
$ootlysido!Bil<!.WOo:ldbu/)', NY l t197.US4

May2~2lI,GANSK

5lh SPRING ececc, ON ACOUST().
0PTlCS ANDITSAPPICATIONS
DelaJs: AS~~ lnsli!uteof Experimen«
f'tIyPcs, LWvetsity of Gcmsk. Wita SfIIow!
57,80-952Gdanslt;Pr;;and,

Stp~r 3-10, BEUlNG

ltt!ICA
DelaiIs.-14I/1ICASecretdnaf./rlsr'lu1e (J/
Acoustics, P_O,Ba.>:27f2.~ loo:lIa

"""Octobef 12·16,ALBERTA
1992 INTERNATIONAL CONFERENCE ON
SPOKENLANGUAGE PROCESSING
De1ads_'ICSLP·92,CateriJgllfld~

Setvices,lJniversilytJfA.t>e<la.U}3Uslflf Hal,
Edmonloo,AIbeIta, GanadaT6G2H6

· OIcember 14·18,HOBART
11th AUSTRAUASIAN FLUID MECHANICS
CONFERENCE
De1a.Js. Il AFMC Secrelarial, DeptCivil&
Medl Eng, Univelsily of Tasmania. GPOBa.>:
252C. Hobal1 7001

COURSES
!he tlen'lan.cllor a si>OOal lislingoI1tleCOUl'fie$
Illlhea rea rJ aoousllCSh.u arisel1f,omlht!in·
Cl'easedreoJg'Utionollheimpoltaoceolcon
li'luing educalior1_ Detailsot iW1Austra';an
cwse . f1!hestanelar<lformat.wiIlbe Jldoold
at noCOSI. Addilionalde!dscanbll rldoold
~:~ilIlhenonnaiadvo!l1lsing

1991

Oclobll28-31 ,CANBERRA
Basics01Noise arldVib'il1ionControl
De1ai1s: M. 8IJrgess,Aco<Jslic:sarldVibralial
Cenrre, Ausbalian De/ef1ceForceAcad6my.
Campbell ACT 2600 T9I(06) 2688241 Fax
(06)2688276

Novembef1a-22,BRISBANE
N~Works/v;Jp

DeIaiJs;GLee Manwar.Depl E~r &

Hen~,POBoxI55 ,Nor1fl<Miy . 4002 Tel
(07_ 227~ F8X (07) 227 7677

Decembers-6,MELBOUANE
Sourdlolens.ilyCoursll
De1ails.·DrLL.Koss,~EIIfI'lI8'IIlQ

DsptMmlsh l.ltWmdy. Cta)'bl, vt.3f68
TeI/03) 5653551 FaJI (03j 5653558

Deeember t-12, ADELAIDE
AClIYe Control 01NOISe andvtJra/lOll
Detai/$ · M.HesJoAOepI M«Il Eng, UWtir'sily
AdeIaidtl. GPOBa.>: 49/1. AdIIIat<»,SA5001
Tel108l2285-f59
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TheNew Wave for Tomorrow's
Audio Measurements

The '50s brought usautomated swept sine measurements '"
The 7 0sbroughtus FIT analysis ..,

NowBniel & Kjeer bringsyou SEPA
(SerialExcitation - Parallel Analysis).

Designed to help you
T he 1012 is designed 10 help you in your work. You can create autoseqnenced measurement routin es, which
run jo ur measurements autom aucallg saving you time and effort during repetitive measu rement tasks. And
the 2012's multi-tasking design means that you can be performing new measurements whilep~jng previous
data , and printing results, a ll at the same time. .

A completemeasurement lab
The 2012 is packed with facilities to make your measuremen ts easie r than ever before"
• You can display time and frequency responses in Magnitude, Phase, Real and Imaginary Part, Group Delay,
lr rstantanecus Frcquency, Reverberation Decay • You can manipulate da ta using bl ock arithmetic.poles, zeroes.
windowing, editing , smoot hing · 3Ylw MSIPC DOS co moatibk disk-drive for ~ lori ng data. set-ups and
au tosequences • IEEE-488 and RS232C interfaces, with IEE E bus controller runcnon• Full on-screen help
facility . 12" high resolution colour monnor » Hard-copy of screens to printers or plotters

Bruel& Kjcer~ NEW SOUTH WALES WEST AUSTRALIA VICTORIA QUEENSLAND
arLMI&KilerAu.t,.I~Pty.lId . (02) 450 2066 (09) 4810189 (03) 370 7666 (07) 252 5700


