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\Wf, "'". selecting. insulation lor the retract­
able roof and ceiling of the new National 

Tenms Centre In Melbourne, Chadwick 
Industries chose Bradford Tuff-Skin Multi 
Service Board. 

Tuff·Skin Mutti Service Board suits a wide 

:E:=~~~i~~~~~~~~:i~~erb-
The TenniS Centre acousll~ design. called for 

libreglass insulation 01 a particular thICkness 
and clensit)'. 

The flexIbility of the Bradford manufacturing 
process meant that a special order of over 
4O,OOOm1 of 58mm thickness and 18kglm3 
density fibreglass was easily manufactured. 

Bradford Insulation, backed by Australia· 
wide service and a commitment to product 
development, manufactures Australia's most 
comprehensive range of sound control products. 

The Bradford Acoustic Insulation range 
includes: 
• Acoustic Baffles - designed to reduce 
reverberant noise )'o'hare there is insufficient 
surface area, an eOOnomicforlT\of sound 
Insulation installed after construction. 
• Semi Rigid - used where good compression 
resistance and resil!ence Is required. 
• Unacoustlc - a lop quality ductllnar with 
a matt black surface, used where sound 
~ is required with medium to low 
air velocities. 

For free and comprehenSive techniCal 
service, including a wide ranga of technical 
I~erature, contact the Bradford Insulation office 
in your capital city or mail this slip. 

PieISOtseoomoreinlO4'mationaboul 
Acoostic lnsul'tlonD Th.rm"ln.~llllon D 
AirHlrtdllngProduct.D Indu$lril l lnsubotionD 
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NEWS============= 
EDITORIAL 

It is with pleasure that we wel­
come the toliowlng acltlitionstoour 
editorial team: 

NevIlle Fletcher, who will be co­
ordinating editor fOT special Issues, 
~, 

Dennl. G1bbings, who will be 
assistant editor responsible for 
articles, reports and technical notes 
lrom larger institutions and com­
panies. 

We also welcome Mrs leigh Wall· 
ballk, who has been appointed as 

trlbuting 10 the set of ertlcles.We 
hope to feature In future issues 
similar articles concerning the 
acoustical and vibrational activities 
01 some of our larger instltutfons. 

LETTER 
"GNY" Research 

HowanJPoIlard 
OhlelEditor 

Uke many other academics In 
Australia I am faced with how to 
maintain a viable research effort 

~r:~I!~': :0: ~=f:er:~n~9~~~ 
ales and a government which ia 
charging overseas post-graduate 
students $15,500 a year for the 
prlvllegeofactingesslaves. 

One possible solution Is for me 

13th ICA - Belgrade 
The 13th International Congress 

on Acouslicswas held in Belgrade 
from August 2410 31, preceded by 
an associated symposium on musi­
cal acoustics In Mlttenwald In 

Aaousll08A1.1strall. 

southern Germany and followed by 
satellite meetings In Zagreb on 
electroacoustics, and In Dubrovnik 
on underwateracDustlcs. H Is not 
clear just how many Australians 
ware able to attend the congress­
computer system used the same 
abbreviation for Australians and 
Austrlans-butthetotal of these 
two categories was eight, and I 
recognised three or four olher Aus­
trallens. 

-1,000% in 1988, currently 

:~r~h~~i~~~~~o~J~di1t~~ 
30,000 dinars during the week of 
the Congressll! was interesting to 

~;S:~:'~de:!:~i!r:rr~ 
In hard currencies. 

The 14th ICA is scheduled for 
BeI]lng during 3-10 September 1992. 
by which time it is hoped that the 
polilical situation will have returned 
to normal, and the 15th ICA for 
somewhere in Europe In 1995. 

NevO/eFlelchM 

Address Changes 
Acoustics Austral. 

The new postal address for cor~ 
respondence and business mattera 
relating to this publication Is 

Acoustics Australia 
PO Box 705 
SUTHERLAND 2232 

Urgent material and advertlslng 
copy can be sent by Fax to 
(02)523!637. * * 
Science Centre foundation 

All general business for the AU8~ 
Iralian Acoustical Society Is con~ 
ductedby 

Science Centra Foundation 

~~WCrN~':tt~ST 2010 

~:~; l~~:1 ~~ . . . 
AQ-VIB 

The Aq-Vib division of Aqu8-Cool 
Towers to 

SomethIng Free 
Copies of the volume "The 

Acoustics 01 StrInged Musical 
Instruments", published by the Un!­
versllyofWollongong, may beob­
tained free of charge tlycontactlng 
Abe Segal, Honorary Visiting Fellow, 
Acoustics Laboretory, School of 

~li!~~Pou~~:r~:'1<:ei~;n ~~3~ 
Tel: (02)6974575. 



POSITIONS AVAILABLE 

ACOUSTICS AND VIBRATION 

Applications are invited from senior con­
sultants for positions in our SYDNEY and 
BRfS BANE offices. Qualifications and proven 
experience in some of the fol/owing areas 
are required: 

ARCHITECTURAL ACOUSTICS 

ENVIRONMENTAL AND INDUSTRIAL 
NOISE 

VIBRATION AND STRUCTURAL 
DYNAMICS 

BLAST DESIGN, MONITORING AND 
EMISSIONS CONTROL 

Preliminary enquiries (in confidence) may be 
directed to RiChard Hegg ie on (02) 805 0144 

RICHARD HEGGIE ASSOCIATES PTY LTD 
22 GIFFNOCK AVENUE (PO BOX 148) 

NORTH RYDE NSW 2113 

Fax (02) B05 0356 Phone (02) 805 0144 

Digital Waveform Recorder 
and 

Evaluation Analyze r 

- Up to 12 channels of simuHaneous onoloQ 
data recording and ana~sls 

- Data oompling rate to 2CXv1Hz (50 nanosecond) 
- Sompllng resolutiOn to 12 bits 
(10 bits at 10 MHz and 20 MHz) 

- ReSident signal analysis software 

ETMC TECHNOLOGIES 
6 Pound Rd, 
Hom$by2071 
(02)4171164 

ROYAL MELBOURNE INSTITUTE OF TECHNOLOGY 
MELBOURNE. AUSTRALIA 

SENIOR LECTURER (PERMANENT POSITION) 
DEPARTMENT OF APPLIED PHYSICS 

S.I. ry R. ng.: A$41,459-AS48,088 

Clol ingO. I-= I 21h Janu.ry, 1990 

App lic.lions are Invil.d lor a I~II-tlm. posltlo~ 01 Senior 
leclurer in lho Depar1menl 01 Applied PhYSICS wilh a 
specialty In the Ileid 01 acouslics. The Department provides 
an undergradualeprogram leading to the degree 01 BachelClr 
01 Applied Science in Applied Physics and pClst-graduate 
programs In research leading tCl lhe degree, of MaSler 01 
Applied Sc ience and Doclor 01 Ph ilClsophy. Tho Deparlment 
also provides .... rvice subloclslor otherdeparlments. 

The acouslic lacllilles ollhe Oepartmenllncl~de a re~r­
berallon room and a pair ClI sound transmission room •. 

Applicants shCluld hold a posl-grad~ale qual iflcalion. preler­
ably a PhD in physics or a relaled di, cipl1ne. and ~hClw 
:~~~~r:;~~1 induslrial or research uperlence In l he field 01 

The succe'51ul applicant will be expected 10 participate In 
bolh the research and teaching activities 01 the Departmenl 
The appointment Is a permanent CIne. II approprlat&, the 
appointment may be made 8t lectureship level. 

~~:;'R COOK,s.nior l&Ch"e r,o.PI ClIAPPl ied Phy1:Ic' 

GPO BClx 2476V. Melboume. Victoria 3001, Au. tralla 
Telephone (03)6!0 2139 Or (03) 860213S 
Telex AA36408: Fu (03)6632764 

/\ AUSTRALIAN 

I1lff\ METROSONICS PTY. LTD. 

37 BE NWE RRtI DR . BURWOOOEAST. VIC.SI!I TEL (02) 233-57" 

p~s~ 

db-3100 METROLOGGER 
Satisfies Industrial Hygiene, Safety and 

Commmunhy neads 

Performl a a a:- Unln raa l No l .. Dollme"r _ T11T111 
Hillory Prolllin ji Doalmatar _ Integratlng/An r.glng 
Sound L..v. 1 .... t.r " Tnu. P •• k Sound Leve l Meter 

Simple Three Button Operation - Pocket Size light­
weight Design " conyenlent Detachabkl MicfOphone 

Generates FuUy Formaned Reports and Graphs 
Interfaces with IBM Compatible PC's 

P.O. BOX 120. MT. WAVERLEY, 3149 VICTORIA 
TELEX 152333 "METVAl" FAX (03) 233-7585 



MEETINGS 
Acoustic Emission 

The 10th Intematlona.l Symposium 
on Acoustic Emission will be held 
in Sendal, Japan, from 22 to 25 
October 1990. The purpose of this 
symposium Is to bring together all 
who have had sslgnlftcant Involve­
ment in applications, research and 

=~~rcm:~~ss:'~ standards lor 

The symposium will be followed 
by two workshops to be held in 
Kumamoto City from 29 to 31 
October 1990. One workshop will be 
on Acoustic Emission In Civil Engi­
neering and th~ other will be on 

"Acoustic EmiSSIon and Rock Frae­
tureMechanics. 

SW listing In Future Events (In­
side back cover) for the contact 
addresses. 

Tactile Aids 

ad~c~~ t::vetec:fcnrl1 r:rJ~ 
provided by profoundly hearIng Im­
paired people. The advent of multl­
channel cochlear implants, Improved 
high powered hearing aids and 
wearable lactlle aids have all lad to 
improvements In the communication 
potential of the profoundly hearing 
Impaired. Although there have been 
a number of international confer­
ences on cochlear Implants and 
hearing aids there have been few 
opportunities for tactile researchers 
to meet as a group to pl1isent their 
research ftndlngs and discuss their 
work. The National Acoustic Lab­
oratories Central Laboratory Invites 
all th<.lse interested In tactile re­
search to attend an International 
Conference on taclile and other aids 

~~ w'l:rtb~P:~~~. tJh: mrrn~~~~i~ 
encourage attendance. The Confer­
ence has been timed to coincide 
with the 1990 Audiological Society 
of Australia Conference whiCh will 
be held in Thredbo, NSW, from 
Thursday April 26 to Sunday April 
29, 1990. These two Conferences 
offer participants a unique oppor­
tunity to gain an overview of Audio­
logical research in Australia. 

Researchers and clinicians wort­
Ing with tactile aids, hearing aids 
and cochlear Implants are invited to 
submH proposals for presentations 
at the International Conference. 
Applicants sh<.luld send a detslled 
summary (250-500 words) of the 
presentation to the Confsrance 
Organisers by November 30,1989. 
For further Information see Future 
Events listing (Inside back cover). 

Metropolis '90 
Metropolis '90 will have threa tiers 

- plenary, concurrent keynote 
addresses, and - the heart of the 
Congress - a tier of seminars, 
round table meetings, workshOps 
and field trips. 

The plenary speakers will set the 
scene. They will speak from a 
global perspective and a position of 
acknowledged authority. 

ttJ~II~1~gt~h:=ers will cover 

Patterns of Growth 
Metropolitan Economy 
Housing and Population 
Environment and Health 
Political and Administrative 

Orgenlsation of Metropollses 
Transport and Infrastructure 
Australian Matropolltan 

Development 

The 1989 Annual Conference has 
been postponed because otthe air­
lines dispute and will now be held 
In Ptlrth on 19-20 April 1990. The 
can for papers has now been ex­
tended until 31 January 1990. 
Authors of papers already accepted 
need not re-apply. Details sre given 
on Ihe Future Events page (Inside 
beck cover). 

The subsequent Annual Confer-

Firstly Gary reviewed the role of 
the NCDC In acoustic studies and 
control measures associated with 
towncentrasand urban areas. Then 
he apoke about the role of the 
NCPA regarding acoustic control 
expressed concern about the future 

While the number attending the 
meeting wes small, there was a 
stimulating discussion on the im­
portance of the conslderetion of 
noise Issues in futura planning and 
on the need for acoustic criteria in 
the ACT. This dlacussion continued 
duringlhe dinner at a nearby Italian 
restaurant. 

eacca e noise levels at'ICI the 
g.uidellnesestablishedbylheen_ 
vlronmental agencies in Australia 
and around the world. This was fol-

~~~~Yor ~~~~~~~ ~fb~~o~a~~ 
railways and the methods avaflable 
Iorlhe raductionofthe noise. Refer­
ence was made to some typical 
Ireinnolseljlignaturasandtopredic_ 
lions for llie proposed Very Fast 
Train. 

took a closer look at a few conven­
tJonallnstruments and showed Ihat 
Ihe sounds they produCQ contrive to 

e:n~~~iC J~~glh~~~I~~~~I~~tel~ 
some instruments, however, particu­
larly In targe shallow gongs and 
cymbals, nonlinear effects go much 
further than this and producefre­
quency shifts. energy cascades and 
vibrational chaos. Neville demon­
strated some of these affects and 
discussed the analyais In tarmsof 

Vol. t7No. 3 57 



limitcyclelil,blfurcationsand!rtrange 
attractors, 

Following the success of these 
joint meetings It Is hoped that more 
will be arranged in the future. 

MIIrionBurgess 

NSW 
September Symposium 

On 20 September there WIlS a 
good attendance for a symposium 
on "Assessment 01 the effects of air· 
craft noise on people". This topic is 
of particular intarest In light oftha 
consideration being given to the 
construction of a third runway al 
Sydney Airport. 
Fourspeekerspresentedpa~rs, 

, 
~~:a~ "~~7~,nl~~ ::I:c~~~n~~ 
Tonin and Associates) presented a 
discussion 01 the Interpretation of 
ANEF contours In assessing the im· 

pa~~ 11~~~aftd~~~~ Pj~~e~ted 
the interest and enthusiasm of the 
audience. 

VICTORIA 
AGM and August Meeting 

Keith Porter were elected to t e 
6i:Immittee for the coming year 
while Simon Leverton and Mike 
Hartley stood dOwn. Thank you 
Simon and Mike for your contribu­
tion to the Society over the last few ye.,. 

Th. 
entitled 

by the various manufacturers of 
Intens!1y equipment end we have all 
wondered whether these claims 
could possiblY be true. 

The sound intensity users, Mike 
Snell, Dave HoakiM and Paul Walsh, 
discussed the SUCC8SSOS and lrus-

trations encountered during thalr 
use of equipment and softWare. 
There were many frustrations, par­
ticularlylnunderstandlngthetrans­
mission paths 01 noise Into vehicles. 
However, the claims for measure­
ment of sound power of sources 
in-situ and in the presence of back-

Hffed~ ~gi~tI:r::~I~ewe~~I~~ 
sound power measurements to be 

:ca:rdi~n to ~~Ii!~g~~n~~~ 
facturer's recommendations. 

The draft standards for sound 
intensity meesurement recommend 
the use of "quality" indlcators,gen­
erally based on the differencebe­
tween sound pressure end sound 
Intensity. The use of these indica­
tors should show when measure­
mentsare close to.lhe limitations of 

SA 
1988 Conference 

The 1988 Annual Conference 01 

Nlnetlas. 
The Conference Organising COm­

mittee received an overwhelming 
response to Its call for papers wittl 
more than 25 being received by the 
due dalB. Eventually, 18 papers 
were selected and poster sesslone 

rm~!~o~~~~~~~ ~:i:~~: 
The Presldent of the Society, Mr. 

BobBoyce,openedtheproceedlngs 
lor more than 70 delegates who 
then listened to papers ranging from 
traffic, helicopter end atmospheric 
sound propagation 10 hearing loss, 
Intensity measurements end statls­
tics over the two days. All delegates 
attendlngtheconferenceappreci­
ated Ihe high standard of the papers 
presented es well as lhe excellent 
hosting 01 the event by the Apollon 
Motel. 

People 
Re-:~aIU~~:a;:rs ~~CI~rt:.!~:~ 
mania and SOuth Australia for Bruel 
and K1a:r Austral~a. 

Chartas Rouiter has recently 
Joined the consulting firm of Ron 
Carr Associates tn Melbourne. 

COngratulations to· Stephen sam· 
:ath~~i:~::HtI:;T!~: ~e::!t:g~ 
of Road TraHic Noise under Inler­
rupted Flow Conditions". 

Membership. 
NflwSouthWa/as 

Mr J Alekna, Mr S Connolly, Mr 
P J COrdine, Dr K S Jrelw, Mr C 
McKieth, Mr M PoDn, Mr G Tanos. 
Sou/hAustra/ia 

Mr P A Heinze, Dr J Pan. 
Victoria 

DrPAlabaeter • 
• Graded 

We welcome the following new 
members whose gradings have now 
been approved. 
~uclen' 
New South We/&s 

MrPKarantonie. 
Subecrlber 
New South Wales 

Dr J S Lal (ACD. 
Mamber 
Naw South Walas 

(A~fi, Js LA~I~c:~~-~:a8ltn~ 
say, Mr B H Meldrum, Mr Nan Hung 
Pan. 
QU88l1siand 

MrR B Brennan. 
Victoria 

Dr M COrrigan, Dr A J Cramond, 
MrCSenese. 

Student Awards 



The State of Acoustic Standards at 
the National Measurement Laboratory 

Sunanne Thwaites 
OMslon of Applied Physics. CSIRO 
P.O. Box 218. Lindfiekl NSW 2070 

ABSTRACT: T1Ieplllr~hNbIIfIn IIIIfntwutingonefortfle CSIRO. filJedbothwifhUllCflttllintysumJUndingitJI 
~8IIdwithanllllllCCUSfOmedprom/rJencelntMmedIa~wlthtfle/ncnltJ89d/BwJIofpubk 
debt1tr11IboutsdrlnrifkiIiSU8G..MosrDivbJotlahallefound~r&fotmedundflr_lW1I8II,.with_ 
pIforitiNlHIdnflWconstnJints.SuqJrlsJngfy,wumepetfodhulHltmatimBoflnt:reaudacdvltylnr/lelltlOUBlit:lIIId 
~&IMIdwd3_with.numbfNof_flfld_~urvictlBb&ClOl1ling8W1i1l1b1& Thi/Jartir:M 
ItJok1J at the cumIIIt position of the IltlOU8tIc mnr.hItdtJ It the NlrkmI/ MeHuremenr Labt,nllOlY. 

1. INTRODUCTION 
According to the Seience and Induny Research Act of 1949 
it is the responalbilJty of tha CSIRO to astabIish, davelop and 
malnIBlnstllnderdsoflTl888Ufe1'l'1entforphysicalquant/tlB$,to 
promote their use and to PIIrticipahl in the dev8Iopmentof 
calibfatlonwllhraspacttotham.ln1heNetionaIMeasuremam 
Act of 1980 it is fyrther stated thatme CSIRO 

"shllil malnlilln, or causa to be maintainud,such standlll'ds 
of mee8U1'81llE1ntas_ner::esawyto provide rnaans bywhlch 
musuremants of physical quantities, for which there.", 
Australian legal unllS of m8llSU'8lTl8nt, may be made In 
terms of those units." 

A unit is an "Australian legal unit of mBIISurament" whan it 
Is so defined to be by vlrtua of baing mentioned In the 
regulationB to this sct [1]. Of immadiata im.rasttoti1a acooatics 
communlty.istl1e fect thet the regulatlol'lG under this act went 
amendad in 1986 to includellOUnd preIIure leveI,sound power 
Ieval and sound Intensity laval asdasignatad quaRtities for 
whlctJ there are Iwwallan legal units (dB as it happensl. 
Consequently, tha usa of these unlt$ now implies a1raceebility 
10 some nlltioRIIII atIIndlllrd. 

2.. STANDARDS POUCY 
Tha Division of Applied Physics. now a division of thalnstitute 
oflndIl8trlaITeehnologin.i.ch8rgedwithfulfllingthaatlltUIOry 
obligations on !he CSIRO contained in thatG two Acts. h 
belll8the dlstlnc1lon in a reYlllTlped CSlRO ofbalng ona of only 
II few Divisions not 10 &xparience a RIIImti changtl. h is stili 
loca1edat1tleNationaiMBBsurementLaboralOlyinSydneywith 
branches in MeIboufne and Adelelde and, more Importllntly 
given the matamorphoaas aurrounding !he CSIRO in thII past 
yeal, 11$ Interpramlon of these obligations rernllins unehllngad. 
They are 

• maintenance of standards 

• ealibration 
• Sl8l'ldardsreB8llrch: 

eblliel'Hllllrchonprimarystandards 
e development and updating ofmndlllrds 
eregionelendln1erRlll1lonallntereon'lp8risons 
e improved m8th0d5of di&s&mination of standards 
elndustrlal maasuramentresaarch 

• represanunlon of Australllll as I slgnatOl'V to the Metric: 
Treaty. 

Acoustics Australia 

TheCLmlntgroupema'gedfrorntherwrgenlaatlono:l19B8 
astheAcoustiCilfAcceIamion Standerd\I Project and comprilel 
about four paopIe althoughthllsltutltlontandstobafluid 
dapanding on demand. Undtir the naw organisational 
philosophy. groupi. In! project-orierrtad and staff may 
distribute their time amongst stlndllrds and IndUWIIII maasura­
men! prOjacts according 10 In1erBBl: and/or damand. 

It is Divisional policy that, In general.onlylhe primwylavel 
callbl8t1onsbaundartak9natthalabortltDryendth8ttrace­
ability to the national stlndards. that Is. malntananca oI1h11 
calibration h~hyintha community barNliHdvleeecondary 
aanderda held bystlte tIUlhoritles. Thlslaprovldedfor in th& 
National M-..remant AI:t Howavw, it 1..110 recognised that 
teehnologiceidavelopmentaraqulrlngllllWClllibretionservices 
1118 continUIIl1y evolving end the Division Is also 81C1J11C1&d, 
within reason. 10 dlMllop II nawlll8ndardorlO undertakeanv 
IIIIOOI'1d-vlewlor.dhoc:dutlesshouldthlnbathademand. 

3. ACOUSTIC STANDARDS 
AcouIItiClil mlUUrement begins with II microphone and 
acousticsl activity IIItha National Measuramant Laboratory 
commenced In 1972 with II prOject to 8stIblish a mlcrophona 
ealibration facility basad on the intemBtionlllly acc&pte(I 
principle offBdprodty. A unique thrlHl portcouplar was 
daveloPtld,1tIti benefits of which lint l1li11 being dlscoverad. 
Withthia. microphonltltll'llithlltywas~red III 250 Hz with 
an uncertllinty bellaved to ba IllSathen 0.05 dB [2]. In 1979 
a S8tofthrea 1w B&K type 4144 mlerophonas wasdaslgnll1:ed 
the PrlmeryStandard Sattobamaintalnad 81 the AustralIan 
stlnderdl. Thasa are kept In the threa port eouplar and SurvNe 
tothl$day.TheyarecalibBtedagooddlllllmDIefrequantly, 
c:arIIIinly more quickly and oodaragr&llt8rvsri8tyofcondltlons 
than ten yeal8 ago. Thi,hes been possIbIa notthlilaastbeca..-e 
of tile V9lWtllity of the orIginlil dasig", 

Outside tha reeiprocltycouplar. m1crophollllB Ir. routinely 
cailbl8tsd over the range 100 mHz tt:I 20 kHz byevarlltyof 
matl1odt.ln BBch case In IlUxilillry"'dwd microphone Is 
caUbratedbyraclprocityfirstly.ageinstthaprimaryllandlrds. 
Then the standard mey be 1I'8na'&mId 10 the naxt lavel of 
calibfation by comparison with the auxilillry mlcrophona. At 
the vary lowfn!qu.,cies, mlcrophonasare compared with. 
low frequency standard micrcphona in II vibration isolated 
vessel. OWIrtha mid ranQII. 16Hz 10 1000Hz. pressure 
responaa may be rTltllllUrfld In a mIcrophona c:ornparlson 
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couplar. The electrostatic actuatottecllJ1lque measuressensi· 
livity over the ,ange 100 mHz to 20 kHz and ffee field SBnsitivity 
IS ma"sured by comparison with a free field stand~,d jn an 
anachoic room from 300 Hz to 20 kHl. Quoted uncertainties 
range from +0.5 d8 at 100 mHzto ±0.1 dB from comparison 
coupler and electrostatic act'lator meaSUf8111ents up to ±O.SdB 
lor a free field meaSurement at 20 kHz. These are consesvativG 
uncenaintyestimate5,thati~99%confH:lBnceV8Iues. 

4. RECENT EVENTS 
The results of th~ latest ml9mll"tiooal intercomparison of 
microphone sensitivity moosuremools held by the Nationsl 
Phvsical L9boratory in the UK are due to appear in Metrologia 
thisyear[31.Theintercomparisoninvolvedreclprocitycalib'ation 
of standard microphones fQf frequancies up to 10kHz, arath ... 
unusual thing to do. A large number of countries participated 
and a summary of some of the results, including thos~ from 
NML, are displayed in Figure 1, In the AsiaiPacific region the 
laboratory calibrates both the acoustic and vibration standards 
from New Zealand and vibration standards from Singapore 
151 SIR), Under the AIOAB scheme it has recently hosted a 
guest scientistffom Malaysia on a three month research progr~m 
preparatory to seitJng up an acoustic starldard at the Scientific 
and Industrial Research Institute of Malaysia ISIRIMI 

A flurry of aetivity in the group over the past couple dlyears 
has considsrably extended the lab<)ratory's capabilities and 
details 01 some of these projects will be described in the 
follOWing articles The development of a calibration service for 
the low frequency blast-overpressure microphones attachad to 
ground vibration monitors is an eumple of this. These micro­
phones can be c;allbrated down to 100 mHz. Another exampla 
IS th~ current research and development program set up to 
establish a facility to me~sure oll!pUl powel and beam profile of 
ultrasonic transducers, ConSiderable effort has also gone ,mo 
automating the primary sta"dards calibrations, IWhilst on the 

subject of new facilities the Vibration laboratory can now 
calibrate accelerometer. oown to 0.1 Hz. The high frequency 
end is also eX'erded witi' the obillty to measure oaciHlltory 
dlsplacemsnt.8slowas2nm[411 

Whilst the ~se of dcoustlcdl stilndards In the community 
and in industry has always been desirable, therecentchangea 
under the National Measuroment Act mean that the CSIRO 
now ought to eXl9nd Its responsibility in the "disseminstionof 
standardS". thaI is, the promulgation o~ the calibration chain 
reillfing measur~m9nts in the community to the first level 
stendards hald by the DiviSion To thiS end we have been 
("Iking to people in an attempt to find out where acoustical 
measurament in Australia stands with regard to traceability 
The answer has been confusing but the result is that, in 
conjunction with NATA, it is proposed to hold an Australia· 
wide "round robin" involving single frequency calibration of 
some microphones and pistonphones. All interested parties 
may participate, at II minimal cost, lind details will be made 
availijbl6 soon. Enquiries may be addr9B56d to B.H. Meldrum, 
at the National MeasuromentLaboratory. 

Work is continuing on the prohlema of calibrating of 
community noise analysers, particularly the statistical analysis 
features which arB now commonly available, FirJally, there is 
the problem of sound power and sound intensity in relation 10 
the National Measurament Act 

REFERENCES 
1 National M""surement Act 1960, repnntad as 8t 30 September 

''''. 2 D.L.H. Gibbing. and A V Gib.on, "Contributions to the Coupier 
FleciprocltyCalibratiQnsofMlcrophone.,"M"troicgill,I7.7(1981). 

3 G.R Torr and D,R, Jarvis, "A Compariwn of Nsti0f\81 StandarOi 
ofSounoPros .. "e."Metrologia{1989liinpr@osl. 

4 N.H Clark, "An I~t"<f"rometric Method to M..-n Oscillatcry 
Dls~lacamB~t', 2 nm to 255 nm," Metrologl8, 26, 127·133, (1989). 
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Low Frequency Microphone Calibration 
at the National Measurement Laboratory 

B.H. Meldrum and K.J. Hews·Taylor 
Division of Applied Physics. CSIRO 
P.O. Box 218. Undfl&ld NSW 2070 

ABSTRACT: ThfIII8fId frx /ICCUIlII8 and rracHbIs r::sI/bnltion oflht1low fr&quem:y miaop/IDnB t:hanrIeI U$ed In 
modtImBlutmonirorshasl6dfOrhtJt:BtringupoflilfacillttartfMN¥ttions/MtJasuramentLBborstoty.\oWththb 
fIlCiIItyltlsposslblefDcsIibftltadownlO~HlownO.'2SIh.Ellldtochflck8/1lfllitUdeIlneeliryuplO 
SourIdFtemnLewIs ofl40d8. 

1,INTRODUCTION 
BIai9tovarpressurerasultingfromexplDBionshaBbeanacceptad 
asan Important factor In theaiUlrlaforpredlctlngem:lool'ltrOlllng 
structural dllmllI8. Modam Blast Monitors have an acoustic 
channalas well as <:haoo. for meuuring 3 orthogonal 
componentaofgroundmotion. 

Thera has been growing community awaten_ of the need 
for calibration oft/wacouslic channel EI!Id tha poselbllltyof 
Iagalchallenlistott!avalldityofab!astoverpressuremeawre­
ment,Thia hal led to a IlIII!lbW of appnWlChes being mlldato 
thaNaticnlltMllllSUf8lTlllntLaboretcryforthasattingupof. 
fedllty to calibrate the spacial law fraqueney mh:rophonee 
used. The foIIIWing deleriptlon outlines the facility that ha 
baansetlJPtofllltt.tneed. 

AII'IOI'IIiIIt th •• pproachas for IlllillllnceW88 one from an 
Aunallan manuflll:tUrer of monitoring equipment. Micro 
Inl'KllllltionsPtyLtd,anupondollar8llmefwitnallUbstIntiai 
endlilrowlngdomesticrnarket,ltWilfeltthBtauchlCIIlibnltlan 
facilltywaa IrnportIInt, not only as an aid to qual1ty88SUl8nca 
In mlnufllctln,butaisotoprovidaa tlac8IIIblaCIiIibndionfor 
domestic PUlp08l1Sas wall asa reealibratlonservlce. 

The lmpllcatlol'lS of the National Measuremel'lt ~ revisions 
hlYtI bfIIn eli!IbanIted ellewhere in thle inu. 111 MKI it IMmS 
ul'lWieetoullltaquipmentthatlsnotproperlYCillibrelBdlnClllllt 
DflitigltiDnarcontentiolaergurnel'lt.Therehas,neresuit 
been subBbmtilll UIIIt mada ofthefacility at NML 

2. REQUIREMENTS OF A LOW FREQUENCY 
CAUBRATION SYSTEM 

It_datafmlnedthettlneperamatarsshouldba~rad 
dlaingaCIIlbl'llion: 

IlII AbaoluteSansltlvlty 
(biFtequencyRelponsa 
k:IAmplltudal..ir.-ity 

It Is obvloUll'(not poIIiblato calibl'ate at all IevelsenclaB 
fraquanclBII 110 a compomisa WfII ruchlld. The proposal was 
tofl"'t~aberJkne...,Bltlvyat250Hzwhk:hIBregerdad 
... l1IfIrencefrequency.Therewereailea<tv8lblblished 
procaduresatNMLlorthieteatformicrophonnthltcouldnot 
be callbtated dlrectty by redproclty. 
it_thin detll1'I'IinId thet the facility Ihould be able to 

WOIkfromtheNferenoefrequancyof260 Hz down to lit IaaBt 
0.1 Hz In Ofdlrto ecclftlllly rlll)l'Oduce thatranslent nature of 
InlMlrpftlBBUl8pulaa. 

Amplituda Nnearlty 18 lmp0rt81l1 bacauaa • bIIIBt monitor Is 
required to operata in allllfYwidI rI" otcond/tlons, Thlscale 
forllllBrywldadyrwmlereriga,parhI!painlJlOllllof80dB. 
Upto1.odBSPLcoukibeencountel'edlnneerflaldrnaasure­m_ 

AcouBtlcaAuslralla 

3. ABSOLUTE SENSITIVITY 
This mlllSllrlrTllll1 is CIIfried out by comparillOrl at 260 Hz, 
efraquencyllS8datNML",estandardrafereneefrequencyfor 
recip'ocityealibnrtion.ThefiratBtlpisaealibritionoitwo 
sulCillsrystenderdmlerophoneebyraciprocltyl2l.Th86El_ 
6N8I & Kinr type 4144 cond_ microphonas, Next, tha 
tast mbophone is eompered with each standerd In tum. 
Farthecomparlson.alOllnd~relevelof104dBllulld 

inanaCOlllticcouplar.ThiBdavlcahaBacyllndricfllC8\/ityinto 
which the I8B1 and referenca mlcropttone. ere placed facing 
each othet. The microphones ... ICCUrataIy \ocated In CHing 
seal8.ndthallOUndlsintroducadfromaloudBpBllkarvitle 
eenttel l\oIa. A lit of lldaptor rings allowa the cellbredon of 
many diffarant typaa of microphona including altha' of the two 
common Io!N frequency typas: the Sennllelser typa MKH110/1 
orth.CirruatypeMKl82LF. . 

The Instrumantlltion lIS8d for microphona sansitivity 
oomparl8on Is shown In FIgure 1. The signal Ie lnVoduced to 
thatest channel prIIImplifilr'lie adummvmicrophone match .. 
to sknulete 1M type 4144 m1aophona reference cartridge. 
ThIs ensum thet the tell: m~ II compared whh the 
opancin;ultlleRsltlvltyoftheraferencacertridlle,obtainadby --. AtatIotnlneformer in IIIIChchennalisedjuatedto make the 
8ignaithesamaln aach channal. The tea mlcrophonesenlltMty 
Is then obulln&d from the "rItIoofthel'lltlo8"expressedesa 
difference in dB from theS8fl!lhMtyofthe "cartrkIga" of the 
rafereneemlcrophone. 

Typical-*tivitiaa for tha common typBII of low frequency 
microphones _from 2.5 to 5.0 mV/Pa (-52 to -46 dB re 
1 VIPa). This leNtcan be lIiwnwith lInuncertaintyof ±0.1 dB 
lit 250 Hz. 

4. FREQUENCY RESPONSE 
WharaltlBnotpoaalbletoerx:esstheteatmlCfOPhonedlepivegm 
wlthllnelectrolletlcactuatortodhctlyMtlblilhthefJequency 
reeponee. the m-.rement bacornBII ona of comparison 
betweenthatell:.ndrefarencemlcrophoneeateachfrequency . 
The major probIama of BmHlglng a comparison frequency 
reepor188 te8I down to a frequency of 0,' Hz are a) how to 
lIBrIarateth8aoundflelcl1(!Dwtlattouseese!8ferellC8mlcro­
phone with known frequency' r8IpOIlIII to such low 1requencl8s1 
end 010 how to 8COJrately mllllBlnw RMS voltage of the 
refarenceandblltmictophonesl 

ThegenntionofthalowfrequancyllOlllldfleidwaa 
lIecompkhed by adapting lin exIIting PfMSUre -' 8hoWn 
in Figure2.ThiBll8llSalhesBC8pIIIlltyof2BlltnlBaldlsof 
masailleCHtsteal constNCtion.ltiavbatlonillOlet8dendii 
normeIIyueedformlcrophonapraasuracoefflolent~and 





determinlltiollSofthe noisefioor levels of instrurnents. its use 
brlngBtwoVfIIYgreetbenlillits:fimJy,thatthatwomlcrcphonas 
are isoIIItad from lowfrequancy prGIIln fluctullion5 such II 
thoIaduetoelrcondlllonlng,dooropanlngsllndwindbuffe1lng 
of the building, and ucondfy,thatthewhole mlerophooe Is 
lubjllCled to the soond field, tharllby mol'll cIoIeIysimulating 
the conc:ItIooB of usa. For the comparlaCJn, the test and 
reference microphoo .... clamped facing eachoth. in the 
cantreofthaV98BBlwithllsepal1ltionoflcm. 

AatheSQundfieidbelow250HzIs_ntialyapreesurefieid. 
II loodspeakar is used IS II pump to modulate the pr88SlMlI in 
thavassel. The 210(lm diameter rofi-eufround loudspeekarha& 
been modifild to minimise OOnlt poroaity, and is lTKlIJntBd in II 
slHllsd housing madIed to the removable top of the ~re -. Fc:lrtherefefenl::e(lhannel.s BrueI & KjaB" type 4147 li Inch 
Microphol'lll Cartridge [3] Wfli cholen. The 4147 is II pressure 
microphone with elllW9r -3 dB fraquancy below 0.01 HI 
acI'IIaved by II long tinMM:onstant of the b&ck venting prnssure 
aqualiBlllilln. 

Thenormlllpreamplifierilno!ulllbleatsuchlowfrequancies, 
SQIIBruel&Kjaartypl2631 CarriarSystem[4Iwaachosln. 
Tha2631ulfithacapacilanceofthamICropMne(lartridgelllil 
pan of the r&IIIIflIIr1t drcuit of a fraqllBrll:Y modulatioo dllhlctor 
mol.U'lled In tha preamplifier 011IIII. This Is sttachlid to the 
control unit by a cabla.The IIrrllngementslklwathe hllSdplUl 
microphone to be moonmd IllIIidsthepr&SStJra lI8IISIIIend the 
control unit outside whel1l it Is actelSlblll. 

The frequem:y responsa of the 2631 isfrorn zero to 150 kHz. 
Averillcatlon of the low fraquency response of the 414712631 
combination W8S ca"iIId out uSing lin electru.tatiCllctulltOr. 

The usual methods forths m&llsuramantof RMS voltage, 
BuchsaractiflardlltllClOrorth&nn&lconvanarbllC(lfnllllllU$8bl& 
It such Iowfrllquanciel. A viablll altemattvethat has b&come 
awilablawiththaadvantofmodarndlgltalWllllBformanalysars 
is to use digital sampling of the waveform and to calculata the 
RMS voItIIge from the digital SIImpias. This mGthod iaatlJtK:liv& 
It low ftequeneI&s where VfIIY accurate analogue to digital 
oonvartars with wide dynllmic IIIngS are lMIilllbla. 

Fc:lrthlsappllcatiofle Data Precision DATM100Wsvaform 
AnIIIyserW8llchosen.Th&instrlllTlllntWflsIIVlliI8b1ewithan 
Input module that atlows Bimul!aneouadlgltal SIImpllng of tha 
list and rafetence (lhanl'lllls with 14 bit (1 in 163481 resoIutIoo 
01 full scale ranges of 500 mV and 6 V. For _ell IIlUBI.Iramant, 
26 to 50cyclas oIthetwochannalssracapturad simultaneously 
andstoradininputbuffera.. 

A Fast fourier Transform of the maximum number 01 
compjllhlcyelainthllinputbufferforeacl'tchannell5cak:uiated 
and the ratio of theamplitudlllil of the SIIfIIG spectral lina in 
each Isobtelned.FromU.ratlo,thedmer..cabetwaentha 
raferanceandtastmicrophol'lllMl'llilMtleslsobtalnad.Thls 
technique, of coherent aampllng and limiting tha FFrlDtha 
88mll number of compilltll cycles. ciI'cumvenI5 the IIIlICCUracllllil 
.tslngfromthelinitafraqllBncyreaolutionoitheFFr. 

The instrumentatioo layout used Is shown In Figwe 3. The 
maasuramant ill carried out undB" oomput. control via lin 
IEEe-48B tnterfaca ~Ing an '1BM compadbla" PCJXT computer 
as the oonttol1er. The control softwarahas blllll'l wrltter1 using 
!he IIIIIndard GWBASIC intarpratar lind Is clImmtly baing 
rewritten ulingtheTRUE-BASICcompiler8ylltllm. The freqllBn<:y 
rasponBll1BStlllkas26 mlnutas a the data acquisition at the 
lowerfraquanelnmeytakllupto260seeonds. 

Th&unCllltllintyquotedforthelTl88Sllrementls ±O.2dBfOI' 
frequancias from 260 Hz down to 16 Hr. rising to ±0.4 dB at 
tha Iowestfnquencyol 0.125 Hz. 

5. AMPLITUDE LINEARITY 
TheaoousticcouplerdasalbadinSactlon31salaousedfortha 
amplitude lineartty maallllament. A freqUBncy of 18 Hz was 
choasnforthemeasurBlTlllnt:lhisiBwilhinthefraqllancyband 
ofl~forllnoverpressurapullll,andIs8fraqllBncystwhlch 
thaconvantionalloudspaakerusedlnthellOOUstklcouplercan 
raach 140 dB SPLwhhacoeptaille distortion. 

ThIs mllfJSUrBment, uaing instrumantation shown in FIgura 4, 
is II compariSllll bMwaan the t&Bt microphone and a reference 
B&K type 4144 microphone of known ampitudlllin_rtty. The 
B&IC rafannca microphooa preampliflB"typa 2639 istakan 
diractlytothll "pre-amp" Input of II B&lCtype 2636 M8I8I.Iring 
Amplifier. 

The attanuator of tha 2636 has been well calibrated lind 
sliowstha 2638f~1 SCfIIe IIInga to be steppad In known 10dB 
Increments. The IIOIRI pnlBBlMlIlevlIi is Incra88ad in 10 dB 
steps from 74 dB SPLto 134dBSPl,thena8dBstaptakas 
thelev&ltothameximumoll4QdB.Thlstachniquellllowsthe 
rafelllnce ch8nnel of th. mlllSl.lrament syatam to have a naarly 
constant raference voltage, which is maasurad at the AC 
llUIputofthe2638.Thaonlyvarlationisduetosmall_in 
th"drive.y8IIm&tl8nu8lor,orduetothastepfroml34dBto 
140dBwheratha2638rangaramelnsuntouchad. 

The comparison oftharalerencewllagaoutpUlfromtha 
2638 and thaoutpul fromthatast microphone is mede ualng 
theDATA-6100Wflvafo!rnslllllyserend1hetechnicluadHCribed 
IlOOveinSection4. Thu'byincralllllntingtheSPldrlvalaWl. 
In 10 dB steps; Incraasing the fuil scala IIIngll 00 tha 2636 
measuring amplifiar snd complll'lng Its AC output siglllli with 
that 01 the mlcrophona under test. It Is possible to lIatermlne 
hoW the tlllt microphone ISIIRIitivily VIIries with ampitudlIMB 
Rgura61. 

AtthetflTleofwriting,softwarelsbalngwrillllntollllowtha 
lin&llFitytestIlISQlDbeCllrrladoulundlll'~utarcontrol.ThII 

unCllfllllnty of massuremantfor this tIIBI(lurrantly ranges from 
±O.2 dB ID ±O.3dB. . 

6. SOME TYPICAL TEST RESULTS 
The Il8IId for frequency respon .. """"UJemanhiiallRlply 
demOlVilllallid in Flgln 5 where the rasults of me CIIIIbratIon of 
fiVIIdltferentmicropttonasoflheeametypeareahown. Th_ 
rnllits showtha .xtrarnea oftha WIriation in freqUIll1CY 19IPQ11B11 

obaarved: a IIIIIlIlmum IIIII'bnIoo of ±10 dB from an IdaeI 
rasponseatO.126Hz,andIlVilrillionol+1to -3dBat1 Hz. 
Without knowledge of or compensation fOI' theIIII variations,. 
II mIIIIIilUramentoo~d ba conaidarably In error clepllnding 00 
thafreqll8ncyconlBntofthaovarpreBlllMllpulH. 



An ~mplitud9Iin&arity measurement for the same five miCro 
phones is shown in Figure 6. This shows t~t the sensitivity of 
Some individual samples can vary by as much as .. 0.3 to 
-0.5 dB as the amplitude of the sound field increases to 
140dBSPL. Whilst these errors are not as great in magnitude 
as thOSll observad in tha frequency response tests, the meaSure· 
mant does give an assurance that the microphone does not 
bacomehighlynonlinearorstartto'"clip"asmaximum9xpected 
lavels are reached. A performance such as that of Sample '"C' 
shown in Figure 6 should be investigated further before the 
microphone is used 

In the thraa years since the facility was set up, some 40 
microphoneshavebeencallbratedthussuggestlngfairdemand. 
It is known that there ara mOre than this number of Blast 
Monitors in use in Australia so we must conclude that there 
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are some that are either uncalibrated or have calibrations thai 
are not traceable to Australian Standards, ThiS laavas the 
measurements made with Ihese Instruments open 10 challenge 
In cases involving litigation. 

The service has not been in operation long enough for uS to 
see many racalibrations of microphones, It will be informative 
to monitor these microphones 8S they are recalibrated to 
determine how the aging process affects their performance. 
The facility is being further devejopedas time permits,and it 
IS expected that the uncertainties of the frequency response 
and amplitude linearity measurements will be lowered. 

7. CONCLUDING REMARKS 
By responding 10 expressed community needs with regard to 
calibration services, the Nation<ll Measurement Laboratory is 
able to contribute to the advancement of Australian meaSure­
ment technology. By USing the system described above. 
practitioners ot blasl effect measurement can be assured that 
the microphones used with their blast monitors are performing 
correctly and thai results quoted are more likely to sland upto 
expart scrutiny if technical argument ensues 

k; has been Illustrated. the chera~teristics of some low 
frequency microphones of the types commonly in use <:an vary 
widely and the only aSSuranCe possible for a user is to have 
the device calibrated as a matter of course. 
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Accelerometer Calibrations 
-Who Needs Them? 

N.H. Clark 
Division of Applied Physics. CSIRO. 
P.O. Box 218, Undfleld NSW 2070 

ABSTRACT: WhlJlfaseaing rMUllCWtJlimraf.tnS8SUrflmBnttnll<l&w#hlHl~. the~ which 
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1. INTRODUCTION 
Aooslerometel$ have almoet oompletely supplanted other 
typaoftnlnsducericrmllll8Uremamsofvibnllion.EKceplians 
to this Include special UIlIS of IlIlative-mation ditplllcumll1Tl 
transducers, IIfId very sensitive seismometers. In some appli· 
cationa, UBsraare not lmarestad In 1ha absolure value of 
acceleration rnllllSUremants, for eJIIImple when dominant 
componantB of a vibration spectrum ale IlDUght, or when 
seekine a qualitativa evaluation of '1sAmuchgreat1lrthan B?", 
both being measured with the SIImB lrattumant. 

Thars8re manycasea,OOwevar,whare It Is not only useful, 
butcruclal,that the eb90lute value is known within calculebla 
limits of uncertainty 1''fiduciallimits''l. This will ba 80, for 
example, whare It lTItlit be shown that 8 legal limit h88 not 
baenexoooded,orwhere8m8llchilrlllOllofvibrotionOWl'time 
must be distinguishad from posaible transducer drift. 

In calculetlng uncertalmyllmltB,eys!ematlcenorlsoftanthe 
mOSldifficultwa_,perticulllrlytheerroroompollllntdue 
to c:alibrillion error. The lICCelerometerllnd other componants 
of a meBeuring system may have bean calibrated bV the 
manufacturer, but &veJ1tulllly it will be nec-.y to re&alibrm. 

2. CAUBRATION 
FDI'CIIlibrlllionin thefield,oneofthell8SieBleccelerlllioo 
referenceato usa is ths III!IrIh'sgrevitllliDl'1. Ifen8CQIllll'Omll'!8r 
h~lfrequBl'1cyrelij)Dl'lSllextendingdowntozerofrequancyO.e. 

infinitetime-oonBlBnll,itcanbecallbnnadbyslmp/ymndlng 
Itonssurfecewlthltssensltlveaxlsvenlcallyup,fors +1 9 
input. Than it can be inverted,fora -1 ginput.Servo-acceler· 
ometer& and some stralnil8uge typeS, for example, can be 
calibrated in thisW8V,andthel'llllulta extrapolated at least up 
tolowfrequenclll8lMthmaybBtwopBl'Olllltuncertelnty. 

3. THE AUSTRALIAN ROUND·ROBIN 
In 1988 NML and NATA conducted a round-robin of aOOBler­
omslBl'comperiBDl'l ca6bratiolW, using two donllhld working­
gradeaccelerometer8andtwochal'geampilflera.Flveof1he 
nine pIlrticipeling lebonltorieewere registflredwilh NATA for 
calibration of vibrlllicm nnaduC8l'S,lInd for thBBII thB round­
robin was pan of the NATA proficiency testing program. For 
NML,lhemain interost lay in obtaining nHlliaticlllltimllteaOi 
IheuncertalntystthlsllnkofthBcalibratlanchaln. 

Pilltic:ipents were IIIked w ca6bral<l $iI~h accelerometer/ 
pl'llllmplifier 1181: for voIlBge aansitivitv, by oomPilrison with 
the~ own reference lICCellI/OlTlIIUI' BBIB. Two laboratorlll8 alBa 
chole to callblllte the aocelerometel't alone, for charge 
aensilivity.Between88chofthelaboratori8e,thaaIflllWBl'B 
aenttoNMLandrecalibrated,ISBatBbllltycheck.Laborawrles 
WIlI'Gidenlifiecl only bynumbers,lnanalVSlng Ihe results. 

Agure 1 shaws IndIvidual reaulta In mV/m.a-2 from elx of 
the I8boratoriel. for one of Ihe aocelerom8lllfS. The solid line 11 
fittedtothairma&nateochfrequency.thBd88hedlineraprBB8nts 
lhemeansoflhsNMLcallbratJons. 

AJso in common use 8fS portabls calibratore with which an 
ecceloraltionmeeSuringsystemcanbecheckedatoneamplibJde, 

~~ili~~a::;:~~~~br:~~ ue~ ~~~;~~~: i~ t~~~ ~ 
be checked periodically 10 ensure thattha emplibJde is whal 
the ular thinks it is. Gemnllythesacalibrators CIIn be reliad on 
to within eboul fiIIe percent. 

o 0 

OrganisatiorlSwhich USII many accelarometera often find il 
corwenlent to set uptheiruwn oomparisonClilibretion5)'lteITlli. 
Such evstams commonly include lin ellICb'odynamicshaker, 
drlllll ampllfler and (lllClllawr, with possibly a compressor 01' 
other controls, a rsference transducar end some meens of 
measurlngvaltaga ratios. Often theseOl'genlsationsal80 provido 
a commer<:ial calibrillion 811fVica to other UBlil'S of BCCaler· 
omBlBra, meybe with NATA IICCredltatlon (In AUBlralllll. The 
referenca transducars of such 8'(BIBm88fe recelibrated at 
reguler inlBl'Vllis by some standarde laboratorY, which In 
Au8b'alle 16 the National Measurement Laboratory (NMl). 

FigureI:AuWil.lfllnRoundRobintell/#r$lt!Hn 
1Iix~lJ1IdtlrtlirtII8BII/SDld1lrleJ. 

TMdWJlIdh,..",.....msfheNMLcaI/tinI*-



TtlerourHkoblnreportl1lconcludeethlttheuncertlllintyfor 
II CIIIibrationofthistyptlCllfl baexpectedtobe " ... of the order 
of ±3%,from 40 Hz to 5 kHz for InstnJmenbi of quality com· 
parable 10 those in this series (sea Appendix. EJ. At smaller 
acceierlltioll8 (10 m.s-2\and at lower frequancles \20 Hzlan 
lnaaase 11"1 unoartaintyofanything upw 10% allnbaaxpacted. 
Howewr, II has also bean damansll'eted that. whare dUll Cllre 
helnotbeentaken,hfspOllSibflttobainemlFbyas mudl as 
500%". 

The "duacare"main/vIlIfarlIto gross mlatakesWith instru· 
mentation or docurnentatlon,whioh oocurred morefrequemly 
than BXpItCted by the OIglnillllllI. ThIISII milltllkes were nI­
sponaibleforefllwW/l'flerge wrors.ApartfromthltseCIIBIIS 
taxduded from Rgure 1), results ganBrlll1y were within the 
IIbove uncerminties,and within the parlicipants' own estirnates 
ofuncemintyexc8pt8lthlthighel"freqUIIFICillS. The lIIIIura of 
deviations in the latter casea BUIIIIBBted that sufficient care 
had not been axercised in ensuring cioseCOl.lpllng between the 
t8steccaiarometereFldthereferenoaaccelllfomeler.ltisworth 
noting thatslmllerly lerge lIITOI"Sin high frequancy componenbi 
could be expected whet1 makingfillid ITIH8UralTlllntB,licloae 
attention Is not paid to mountingcondiliona.. 

4. CALIBRATION SERVICES AT NML 
At NML 8&YItRIl refef8rICG accelerometers ere maintained as 
standards. Theae are frequantiy intawompared, end lire 
regulerly recelibmed at the IaborIItory by mathods using 
optical interf.-omeuv. ThIlSll ere refElrred to as "absolute" 
callbretlons.1n wtJld1 strict trace8billty is maintained to the 
primary IIlIndards of length, timeendvnltagB. EachSUlndard 
ICCtlleromBlerisLlSlldllwayswithltscornmittedprellmplifier, 
end the combination ia CIIlibmed in terms of volts par miter 
par second per aecond. al each 01 e numblll" 01 emplltudes and 
frequllflcieswhich span the oparltting rllnge l21. 

ThffleottMNML&tlllnGllrdsarecallorllteaoverthefreqll!ll1cy 
renge 20 Hz to 10 kHz, with amplitudes from 10 m.s-2 to 
5000 m.s-2. Another four are calibrated from 2 Hz toBO Hz, 
with amplitudes from 0.4 m.a-2 to 5 m.s-2. Theuncertaitlty Itt 
the ISO referance frequency of 160 Hz Is eboutO.25%,and 
ebout 0.5% over !he rest of the renge. 

AccaIeromlllBfS submitted to NML, eomplete with their 
empllflars. are calbreted bycomPllrison with OnB or more of 
the ebow slllIldllrds. Ganerelly the least urn:ertalnty quoted is 
0.6% for most of the renga. Veloelty transducens can also be 
caUbreted In e similar way. At frequencies from 20 Hz down to 
eboutO.1Hz,accalarometersal8calibretedbyrotatiooinl 
veniclllplene,usingesestanderdthelocalvelUllof"g",whlch 
Is known with en uncertainty of aboot 5 parts per million. The 
uncertainty of IheaeVilry low irequencycallbretion& isabollt 

• 0.5% or mQffl,dapandlng 00 8CCelerometur IIIInsitillity. 

5. INTERNATIONAL INTERCOMPARISONS 
Australia conducted possibly the first illUlrnatlOllllllntaroom· 
parisen of absolute 8CCelerometer caIIb.etions in 11176, with 
PTB ithe German $t8ndards IBboretoryl. Over the frequancy 
range 120 Hz to 1.2 kHz the results egreed wlthlntheuncer· 
minty of 0.5% cle1med by each of the two laboratories. Since 
than the range end eoouracy of NML ebsoluta calibrations 
have been improved by new techniques developed in the 
Iabomoryl3,41. 

Since 1984, NMLhesbeanpartir::lpating In en interrllltionBl 
round-robin of absolute callbrlttionll,whld1 involves 14eceelllr­
omatars end 22laborlltorillll in 19 QOuntrlsB. This hits bean 
organllllld 011 behelf of the ISO by R.M. Sarbyn of NBS tttle 
USA stendards lllboratory. now NIST). The third statulI report 
\5llndlcatesthat,sofar," .•• 86%ofellvalLIBSfellwithin±1% 
of medlen. TIla percentage within the ±O.Ei% limits 1$ also 
vary high, 73%". MOISt IeboretDriee claimed ebout 0.6% 
uncertatrrly,butitianotcl_whetherlhesewereelletthe 
same confidence level. From whet dll1ll WII hove bOOr"l8bleto 
get, it seems that thll Cllilbretion f8ctors obtained et NML are 
consistantlyneerthemedlen. 

6, THE fUTURE7 
Meny culflnt eppl)cetlona of eccalerometer8 could more 
suitably be tackled USing Doppler vel4:!clmetars, which era 
epparll!ltly betomlng chllllptll and better end whictl mey not 
require fraquent recallbrlttion. 

Much cheaper accelaromlltarS heve reo::entIy oome on the 
merket, using piezoelectric polymers. ThllSe make multi· 
chennal Instrurnantation more practical. but ItS thBy seern to 
ler:k thIl stability of plllZOCElfamics, mora fl"eqUllnt ntClllibmlon 
ITIItYbenllCElBSllry. 

The calibration of ecceleromBleIll which are used for 
measuring impacts Is not elwavs satisfactory, in lhat It is 
difficult to essign uncertainty limits. Current practice is to 
dBlermlna the SIIfISitivlty end ttlefrequancy respGII$EIuslng 
IItaIIdy-sllltu linusoidal axcitatlon. If the amplitude range 
requireti axceeds that which can be provided in this way, the 
line!lrityextrepolation Is dona uainghawraineBXCit8tionfrom 
impec1S,with the relatiYe 8COEI1eret1on found from the total 
valocltychange.AmIJIhodcurrantlybelngdevalopadlttNML 
seekstoprovideemQffldintctcalibrlltionusinghaversine 
axcitetiononly,suppilmented bye IlPNfraqll8ncy response ..... 
7. CONCLUSION 
TtleeboverllYlewshouldsarveaseguldetoullllllIofacceler· 
ometera, inusesaing the contribution wtUch callbtetion error 
can make to IJIlcenainty of ITlIIDlUremtrit. Even broed estimates 
! ..... oh,let'ssay plus or minus 30 percent, to be on lheaafe 
side ... ~I~havatobabackedupbycalibrationtreCB8bleto 
stendarda, plrticularly if there is the possibility ofe IIIgll 
challenge. O!courae,it is recogl"lisedthetthareere still egraat 
numberofepplicationswharacelibrlltionmaybeofnolntarest 
etelto ItMuser. 

It should bementionad that the uncertaintleequotadthrough­
outthl$dlsc:lISSionara at the 99 percent level ofconfidanoa, 
which is usuII for standards work. 
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ABSTRACT: T~ Plstonphonl!! now;" common U5eSS(l pOt'Ulb/B ~ freqUMCY r.,er.nee for Sound PrtJUIJI't IeV61 
cllliiNation is fI cost effer;tj~eand (f1ficiflm ItI9lIfIS of m8imaining tr8Ct/llbl7ity W Ntlrion-' StandMds. Wh.!re the ~ Inch 
microphoM is usMi, there is polenMifJlTOf if th6 pistonp~ flu fIOt bHI! C#I;brtlt~ 'Of the ~ inch MiIlPtor. 1M 
di$cv$$ionn/l1ll!!s I!!qJeri=II(d18N.rioflfllMlHISuremflfJlL8bort/trNyof lh#possi~erroninvolwd. 

1. INTRODUCTION 
The Pistonphone, or Reference Sound Pressu.el.evel Calibr8l0l. 
1\8$ been in.creMlngly used over the lasllew d8c3des 8$ B 
means of maintaining an "Interl\lll St<lndsrd" for Sound 
PrO$$ureUovelalonefrequencylnmanyorganisatIOflSwh6f8 
Sound level M8191"$81e in use. Tlveefactors have b,ought to 
lightep<>tentialsourceoferro,lnonemQdaoftheuseoftha 
pistonphone. 

The first is the incrollSing emphasis on the need for B 
"ttflceeblecalib<ation" by usel'$ who have.eslis$d Ihe Impllca· 
tions 01 the .8";siool to the National M&!Isure menl Act 88 
di.e ... $$ed in the public:etion III elsewhere in Ihisissue. This 
MS led 10 an inaeasing demand for ealib..,lions 81 NML. The 
second factor is the increasing us& of the )(, inchmiaophone 
aSlllransfer st<lnd~rd, and also as a working microphone on 
many modem SLMs. The third facIo. is the decreased un 
certainty in piSlonphone c:elibralion al NML associated wilh 
decreased uncertainties in lhe ' eciprocity calibratlon of tha 
miCrophones U$fId as the uensfer standards d ... rirog a piston· 
phone calibration. 

2. PRINCIPLES OF OPERATION 
1hecrilicalelernenlforthisdiscussionoflhepi'tonphoneil 
the volume 01 tne c:evity. This cylindric:el (;lIvil)' i$ "",led 
except 101 lout openings. Tile first i,eo eKiIIl pott on one end 
oftna instrumlWlt into wnichtnemicrophone isinsatted to be 
s&eledbyanQ.ringandtolocateagainlJt eshoulde.thus 
acc ... rately determining the positioo of tha diapnragm when a 
BErK pattern microphone is ... sed. TIleS8COnd isa k>ng·time 
COl\8I8nt../)leed thal allows lhe pressu.e 10 equalise to ambient 
aiteremiaophoneh88booninserter:t. 

The other two openings 81e cylindric:el holes Iocatoo .adillily 
near the bllse of the cavity and having in them small teflon 
pistoos whicne.e spring loaded iowerds against . carlllllwft on 
tne end of a small moto.lying on Ihe axis 01 the Irl$uument, 
but outside Ihecavity. AS lhe camshaft tums,lne lobes ITlOII8 
lhe pi8lonsin e sinusoidal mo1ion in antiphase against Ihe 
spring. and the volume 01 thecevity is Inereby mod ... lated by 
the SW(lpt voI ... me of the pistons. The SPLresulting fl"omlne 
pressure \I8.iation is determined by the '81ia of this swept 
volume to the to181 volume, 

3, SOURCES OF ERROR 
The variable5 thai determine the SPLoutput 81e,ln the main, 
COfItrollable or can becorr8Cled lor. such as ei. denelty d ... e to 
lIr:mospnerit pressu.e,fo< which the make. will us ... ally supply 
• small aneroid berometer marked in output eorreetlon versus 
iocal atmosphric pressura. Theothef variables,such as (;lIvity 
vol ... me, adaptors wllicn compensate for change 01 volume 
due 10 diffltrenl microphones end (;lImshsft stroke, are the 
province of the manulactl.lel but can be "calibrated out" 
efter manufacn.e by determining the correction oecessal)l. 

The IMler factor should remain constant if euffidem (;lI.e ie 
btkon In design, and Ihe instrumertt is properly meintDined. 

Two other variables th~ are not carelully controll ed by 
many users are the health of the O .. iog seals which, il albwed 
10 harden or deform, can allow leakage pest tile microphone 
or .deplor thereby lowering the output by an ... ndetermined 
amount,endwheninuse,thecorreclinsertionofthemlerophone 
intotne output pott so thai it Iocatos firmly on the melal lip. 

4. UNCERTAINTIES 
Pest practice has seen mos1 pistonphonncelib'aledonlywilh 
II 1 inch mlaophooe in order to cneck the maker's figure for 
output SPl,and then ...... dwitn theadaptorsupplied with the 
instrumlll1l whentheneedarisestocalibrate a)(, incnmiao-­
phone. For the Bruel & Kjaer type 4220 pistonphone, shown in 
Figure I , whicn a ppears 10 predominate In Australia, the maker 
8bttesOO tne calibration card inside the box lid an unceneinty 
of ±.2dB lor correcrca/ibrtltion. 

Rgur.l:A8IwI(jKiM<,..".~l'IrtotIpho<Mmawnwith 
alinchand)S/nchrn/ar)plloftalOf/8fhtlrwirhluaddpmt. 

In tha literalUre sopplied [2.3Jwittl the piflOnphone, mention 
ismadethat IilJthecalibrlltion ... nceneintyistO.2 d8 (t O.15dB 
in recem literature) In OUtput SPL, and that lbJ for B&K 
pattern mierophones, Ihe supplied .daptor",re m&de to correct 
fo< cnlnge of Iront YOIvma when e amalle. microphone ie used. 
Thelerm front voIIImei'definer:t to include both the . 1r IIOlume 
between the prolectill9 grid and the dillpnragm, and the 
component due 10 tile equlva{ent volume. The effect of 
change of aqrJiv8kN>t voium.wilJ be dleeuMed below. 

TheO.2dB figureiscon88fVetive, asthe8cie nceol,eciprocity 
c:elibfallon has marched on and lnaea...o aCC\l.sey lias lowered 
the uncert8inty in theseneitivityofmiCfOphoneswb.eted by 
this method [41; W(I q ... ote to.02 dB 81 NML for in -hO\OS8 
c:elibration ol our own micro¢1ones. Th .... the Uncerlllinty with 
wnich the pistonphone output can be calibrated al NML lias 
belWl catculatedto be ± O.05dBlll the99%confideneelevei. 



Thtl towering ofslllt8d uncenatntyfromthamBkar'sfigura 
hasuncowradanincorwistentyerlslngfrom(b)above,whersby 
a plstonphone catlbrlltad to an uncertlinty" of ±0.05 dB wilh a 
1 inth mitrophone and then U$8d wtth tha adaptor supplied for 
a ~ Inch mitropoona may hllvaan ootput SPldiffel'8nt by, in 
lKImacaaas.tnaxoaseofthraatimesthaunc;enaintyBtBted. 
CIaarIy In thMa caua the claimed unc:el'ttlinty cannot ba 

-"". 
&. CALIBRATION OF PISTQNPHONES AT NML 
At NML an """rt voItaga techntqua" US811 the cetlbreted 
mk:rophonacartridga .. naitivitybyi~ngllnlltCurataly 
~redACvoItageintothamicrophonaprallmptifier8llrth 
clrcuit in such a w.yatto simu!ate tha output of the mler<r 
phonaeartrtdga.ThlshasthaadvantBgathatthapl8llmptm. 
gIIinlfldloldingduatothamitrophonaCllrb'idgearaaCCOUl'lt$d 
for and 1ha uncartaInties nnnIItnthallllmafQrsll microphone ..... 

ThamathodUlllldlstofiratcal1brat8IMtofmiaophonesby 
reIliprocltytboth 1 Inch end ~ trdlto ±O.02 dB uncanatnty) 
lind byUllng at IeIIIIt two of our own pIstonphonas, eondueta 
round-roblnwlth1h8teIJt plstonphona. ThecaltbrlltloosaqU8fIQEI 
IIthanto~ratheoutpUtofaltpistonphonestnCQmbination 
wtthatlrnk:rophonaB,lndwiththapIBIonphonavertieal,f1Icing 
both up and down. Ustng this method _ can provide an 
uncartaintyof ±O.ll6dBin8lalBdootputSPLuthara_at 
Iaalltfour~ramantBparpllMnphonelm/aophl;lneeomtJi. 
MtionfarlgiwlnmicrophoneliN. 

Aaal8llllmonytothepractlcallyofeuehlltCuratacaRbratkm, 
racofdlof1h8ca11brat1onoi'twophnonphonesoveraCOl'llltderabta 
time pariod. liken from ow fitaa. lra.oown tn Tabta 1. The 
stllblltytnoutplnleYalnaadlnofurthereomment. 

Totllllltmltha pah: about the difference betwean 1 Inch 
and ~ Inch CIItitnllons _ hIIva shown In Tabla 2 tha results 
of --.t cattbmlone of a number of Brual & lqaer type 4220 
plllOnphonlBatNMLwhanlthlp~hona_Clllbratad 
for bo1h. The dBaI Il.IIID8StSthatthadlffaranees In OU1put have 
a.,..tlY8*nlticeornponentofupto -0.17dB. 

T1lb1a1-
CltIlbratIo hl.to of two ty 4220 PiItonphon .. n .., .. 

C.lllntlonDMII BPL ut1dB) 

PIItonphoneE 

".." 
I 

, .... 
OllllnB ,,,.. ,.,,'" ",., 

PIItonphonaA ..... , 
I 

",., ,,- 123.98 ,.-
~::~ '''''''' " .... 123.96 

TabIaZ-
Dm.r.nc .. In &PL ollb: tor 1 Inch and Mo Inch 

PIItonphone 1 lnch SPL % inch BPI.. Differe_ 

NM_ 
NMU'8II3IilII -..... _. _c --, 

vor.17No.3 70 

dB dB dB 

" ... 
~= 123.n ",., ",., 

'23.14 

'''''' , ..... 
,23." 
'23.00 
,23.,. 

0.11 
-0.17 

:~fs 
-0.13. 
-0.17 

6. IN SEARCH OF THE DIFFERENCE 
Theraarasaveralpotentielsourcasofthediffaranoa.Thaftrst 
Is mat caued by the dtffefanea tn equ/w/entvoluma between 
thalinchlll1d~inchmicrophones.Thasquivsl8ntvolumaor 
8coustiermp!idencailmacompllal\C!lofthadtaphiagmunder 
dynamic PRlliSlJIGII which wilt chan911 the effective cavity 
volume. From tha B&KmIcrophol'llil hendbook 151lhe equivalBnr 
voIiItI'MVoqofltypicat 1 Inch mierophone 8nd two typeS of 
~ inch microphona lIN shown In Tabta 3 

in which4SPLIs calcutatad from 

ASPL - 2OIog,gIVl(V+lI..V)) 

where V isllla BtBted 131cavltyvolume of 19.6c::m". 

ltilclearthatthesapClllitlvadifferancaadonotuplakltha 
apperent nagetiw dttfenntn of Tabte 2. It may banoted in 
passing that tha type 4165 has a higher IIInIItlvltythan tha 
type 4133 and this Is reflM:ted In the highar Veil Ind implies a 
morellexibktdillphragm. 

Thellllcak:uI8tion8 show us {I) that the effaetdue 10 
equivalent votume alone should be en lnaeaae tn outpUt 
rltharthanthaobMrVeddecraasa,lnd{ii)thatthaoutputSPL 
roraptstonphonacal1bnnadwlththahighere8l'uiltMty4166 
wouIdbehigharbyO.013dBwhanlllllCltocalbratatheklwer 

"=:::::''::'~d;. difference b~ tha 
1 inchilld ~ inehoutpuIBmaybaerrorslnthavolumachanga 
Introduced by the adaptor. Tha manufacturer supplies the 
aclllptortocompll\Slt81'orthafrw!tvolumechangllntroducad 
when a smatter mIaophone type II callbratfld. However, .1 
lhown in Tibia 2, thara is I 0.1 dB variation tn 'this dlffenn;a 
batwaanthalllllllPlaofslxplstonphonallldeptorCQmblna1klna 

-"'. To try to oomato IIIrmIiwiththil..-iation we GIIrriadOlita 
sarles of rountkobln caI1brat\ons. by our normat method,but 
ualngone ~lrdlmlcrophone,onapietonphonalnd5dlffarant 
1 tnch to ~ tnch adaptors. Tha ra8UIt8, in Table 4, show a 
8t8ndard dllYlation of 0.025 dB from the mean, certainly not 
enough toupkltn ~dIffarencas,ofTabla2. 

Elcpel'tencehasIlhownUlthatthahllllthofthflQ.ring_1s 
playllTlljDrparttnunaxphrlnadVllrlation,andthatthavarlatlon 
InllRChto~lnchoutpUtbetweenplatonphQl'laendadlllptor 
combirationaahWd be documlll1led bypropal' caI1bratkln. 



7. CONCLUOING REMARKS 
A plstonphoneo1thetypetestedlnthise>I&<Ci$elsahowntO 
bs •• tableendaff&ctivesirog Je hequenc:ySoun(lPressure 
Level reference i1 used end maintained withCllre. TheeaUBe 
01 the variBtioo in outpu t batween the pistonphonewhen lned 
with ~ 1 inch microphone. and thBt when...sed with the adaptor 
l or ~ inch microphones remains unexplained, as does the 
varietionbetweeniooividuslpistonphone adaptOfcombinetiQns. 

HoweV8f, one Imponent finding 8mefges: that if the low 
uncertainty In the NML cal ibrstion o1a pistonphona is to be 
effectively used with othe< than a 1 inch micrOPhone,thentha 
piSlonphoneahouldal$(l be CIIlibrat&d with thesppropr.iete 
adaptor rirog that will be usecI during tha microphoneCIIlibr81lO<l. 

REPORT 

REFERENCES 
IS.Thwa~ ... : TheStllao1AcousticS_rdl.tt""NII"""'1 

MMsurementLllbor.IOty.A<:oustaAus1. 17. No. J. Dec . 1989. 
21",\IUCIIonI.ndAl>Plicllionaforlhetypec 4220Pistonphone. BrUIII 

&Kja'.I .. uuSopt_t962,Octobet I9R 
J Insu""IionMII"....l lort .... typec.220Pistonphone.Bruel&Kj_ 

Se!>t_I979teYision. 
4 D.L.H. Gibbinul Inti A.V. Giblon: Comributionlto !he Reciprocity 

c.librlOOn 01 MicrOPho ..... Melrolog .... 77.7·16(1981). 
6~.icrophon"o.taHendbook,BrUel&KjHrSe!nember 

Traffic Noise Barrier Development 
Phil West 
Roads Corporation 
60 Denmark Stree t 
Kew Victoria 3101 

Traffic noise amelioration has become a major com­
ponent 0 1 new arterial toad costs. The community 
directty i,nlluenced by a road proposal expects the 
construction authority to provide noise barriers 01 
some form to protect their residences trom the antici­
patedtrafficnoise. 

')"he Roads Corporation, in Victori a, previously built 
norse bamers using trealed timber. but these barriers 
have limi ted application arid life span. The need tor a 
tresh approach to barrier design came about when it 
was necessery 10 ameliorate noise along a new road, 
th~ South Eastern Arterial, by installing bsrriers 
adjacent to the carriageway as well ss at the right-ol­
way boundary and along bridge structures. It was 
necessary 10 consider three major inputs to barrier 
design 

• Acoustic performance; 
• Barrier material; 
• Aesthe1ics. 

It was ~Iso necessary to consider from an aesthe1ic 
point of Ylew 

. ' Road users' perception; 
• Residents' perception; 
.landscapingopportunl,ties 

A reasonable approach 10 material chOice isdelailed 
below, and closely tollowsthe process Ihal developed 
for the choice of barrier along the Soulh Eastern 
Arterial. 

The barrier material finally chosen was glass-libre 
reinforced cement , ORC. This material is compatible 
with other concrete struClUre~ , like bridge parapets 
'and New Jersey crash barners, while also being 
moulded in to acoustically useful designs. 

The planned toad. Ihrough a creek valley, with 
adjacent residen tial areas, made it necessary to con­
sider installing absorp1ion as well as retlective barriers. 
The rellective barriers would be made from GRC. 
allhough an initial section ot barriers was made trom 
treated limber, Invesliga1ions of absorption barriers 
manufactured locally and overseas indicated that most 
barriers did ~ot meet some criteria, although this was 
:i~ecled, while mosl proved to be excessrvely ellpen-

Developmenl of Ihe absorpljon barriers was basicelly 
almed al achieving the best acoustic performance 
while using GRC for the panel support material. Acous­
ti c .consultants. were engaged early on to design the 
baSIC absorption components. These were lested 
inilially in an impedence lube then in the605m' rever­
bera1ion chamber at CSIRO's Building, Construction 
and Engineering Division. HigheU, Victoria. In all, a 
dozen tesls were completed to obtain the optimum 
absorplion coefticients at various trequencies by vary­
ing the absorpl ion components. Also, tasls were con­
ducted to oblain Ihe barrier transmiSSion loss. The 
lollowing gra~hs give the absorption coeffiCients and 
sound transmrsslon loss Irom the CSIRO laboralory 
tests. 

../' ----- I'--
"---
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(Conllnued on page 73) 



"EPOOT 
Program for Determining the Effectiveness of Hearing 

Protectors in a Given Noise Environment 
Dr Greg Aah 
GPO Box 2683 
Canberra 2601 

Introduction 
'There are two acx:aptad ways of determining the 
performance of a given hearing protector. The first 
uses the SLCao method,l and the second uses octave 
band 

Th. 
nol8& 
values 
(NAL), 
the SL 
In-ear 

Th. 

the noise environment n octave ands,and use of the 
attenuation figures supplied by NAL. or the manufac­
turer. This method provides a more accurate U;988S­
men! of protector performance. Unfortunately. there are 
many calculation steps which must be repeated for 
each selected protector. 

This report delKlribes a program, claslgned 10 run 
on an IBM (or compatible) personal computer, which 

~~~~~I: J~crFt,~~Sth~ NX~~~bm:eatl:~ave band 
Program Overview 

The program requires Ihe user 10 Input Ihe measured 
octave band levels for Ihe noise environment under 
consideration. 

The program then prompts you to input either your 
own hearing protector data, or to uae a search proce­
dure which automatically check$ the more than 200 
protactors liated In the NAL publication against the 
messul'9dspectrum. 

Ihdividual Hearing ProhK:tors 

pr!'te~rs°FsI~~o!~n:~~~t u~~ir;d~~m~~~ :~rln~~~~~~ 
appropriate attenuation data. Tha expected In-ear dBA 
level IS calculated, aswellulhedBA noise reduction 
lIfId the SL~u for that protector. 
Search Procedure 

If the Search Procedul'9 is epeclfled the program 
then prompts you for the type of hearing protector 
r~qulred: 

. ~: ~:~ :::: :Z: 
8. Helmet mounted muffs only. 
4. Combination muff and plug only. 
6. Communication h&adaat only. 
/J.N/devices. 

wJ~~all~~~:J~~gr::n n~ksd~~~ ~:I ~~:Ie~\~-: 

desired In-ear level might be 75 dBA. Thls step can 
help eliminate "Qverprotactlon". 

The program then tests each Individual protector 

~~~~ :~~~et~4-DP~:~~~~~gn~e~~t~~=~ 
against the selected criterlQn, calculates the expected 
In-ear dBA for each protector and a1110 calculates the 
?r:m~" dBA level associated with the selected epee-

The program In operation 
To demonstrate the effectiveness ot the program, 

~~ri~~II::;:I~~e~~~g~ ~r~tr~~leW;~I~e~~~:~re: 
oompal'9 the two methods of assessing hearing pro­
tectors. 

63 Hz? eo 
125 Hz? 67 
250 Hz? 71 
SOD Hz? 82 

1000 Hz? 95 
200D Hz? 97 
4000 Hz? 101 
8000 Hz? 110 

~~~~}::[h~:let~~~:~~~:~;:~~~~~ 
dBA between the methocls, are presented below. 
Protector Oct SL~u Olff 
Bllsom2452 76.9 84.8 -7.9 
Hellberg 26041 17.6 19.8 -2.2 

17.6 84.8 -7.2 
17.1 79.8 -.2.1 
17.9 83.8 ~9 
18.1 84.8 -6..7 
78.6 79.8 -1.2 
79.4 84.8 --6.4 
79.4 89.8 -10.4 
79.5 84.8 --6..3 

$ can e seen the octave band method produces 
results that 01'9 mol'9 accurate, by more than 10 dBA 
In one case. 

Fortunately, this example shows that all tasted muffs 
were underrated using the SLC90 method. It Is lust 88 
likely, and 01 more consequence, il the SLCso over-

~~:ecWgn ~~~r:~nc~~~ ~~o=~o~ar:ne~~:Ct:e the 
An example of this uses noise measured in the 

engine ro9m 01 a small ocean-go1n9 vessel. 
63 Hz? 111.3 

125 Hz? 115.0 
250 Hz? 124.0 
50D Hz? 106.8 

1000 Hz? 110.5 
20DD Hz? 108.6 
400D Hz? 103.6 
80DD Hz? 94.7 

Protector Oot SLC80 DI. 
Reeal Safety Sonomulf 95.1 94.0 1.1 
Protector EMH 12 .M 95.0 1.0 
Racal Ampllvox-Ampllvox .. , .M ., 
EAR 3000 97.1 95.0 ., 
Bllsom Viking 2318 Mk II 97.9 94.0 a. 
Exel OY Ellenta Super 98.1 96.0 ., 
BUsom Viking 2421 Mk III , .. 94.0 ~. 
Protector EMM 11 , .. 97.0 1.' 
Bilsom Com-Impact .... 94.0 5.S Viking Stereo 2892 
Hellberg 26041 ".S ".0 0.' 



Conclusion 

~::~eth~e::';.s~ :~~:!.a::~:a~e a:I~~:~Niy.and 
The program Is availablE! from the author at a special 

price for members of the Australian Acoustical Society, 

_~M 

The octave band method provides 8 more reliable 

1. Waugh. R.,lnvestigatlon of Sound Level Conversion as • 
means of rating ear prolllctor performance, AllIer Inri Hyg 
AssocJ37, 239-245, 19re. 

2. National Acoustic Laboratories, Ath!nulltion 01 Hearing 
Protectors (5th Edltlon), AGPS, 1987. :et~Tv: :'~I':n~~~.rrn~ap~~:I':P~~beer~t~ a.lbld. 

i·~~+--4--~--+--+-4 
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Puhlications hy Australians 
We are grateful 10 Dr Richard REtsen­

bIIrger, Unival"$ily of NSW, lor Ihla up­
dating of publications by Australian 
aulhEtrs.Wllhln each yearlha IIGling la 
alphabetical by first author. 

1988 
TMPredlcllonendM ..... remantDf 
Aoou8llclntenlJtylnthltNlMo,FJ.IdDf 
• VlbrallngStuf_ 
(1) RJ ALFREDSON. 
(2) I J PHELAN 

J AQOIIfII Soc Am 83(5), 1828-1832 
(1988). =re= .. r::~~:'!'nnd~mw 
:pos/le8I88dIn Medical AppllC11-

I 

AQOustlcs Australia 

Satoled, Clon·FlnIng, Mechlne-Mounled 
AcDIIstlcEnc,,*,,-wllhPNdlctabll .......... ~ 
K PBVRNEelal. 

School 01 M(W/rafllclll Ilnd/ndutArllll 

~~e'W:r~, T~ g~:ar'7<8l/~:' 
NSW2033. 

NoiseC Eng J 31(1),7-15 (1988). 

Calclllllllng lhe Acoutflcal Proparllll,of 
F.brk:CollllrllCllDnl 
K. P. BYRNE. 

School 01 Uechlllllc81lllld IndU8l1Ja1 
Eng/rlfler/ng, The Unlverlilty of New 
Soulh Walu, PO So)l 1, KenalnglOll, 
NSW2033. 
JSoundVlbU3(3),423~(t98B). 

CDChlUlnellntarlennoebelween 
PolnWo-PolnIUrb.nMIc .......... .... ...-
(1) W E DAVIES. 
(2) o WENDE. 

(1) TelecmnAustrailaResDflpt,CJay­
ton N 3168. 

lEE Proceedlng~ - F Comm, Radar 
and Sign Proc t36(3}, 225-232 (1988). 

The Vn_oI Decay RIhot III 
LDwFrequencies 
J L DAVY. 

/lI~ of Bulldltlfl ReS8IlfC/r, elS/RO, PO 
So)l68, Hlg"'ft, Vlo 3180. 

Appt Ao23(1), 63-79 (19B8). 

An AIgDrlIhm 10, Adaptln Augmentvd 
Arr.yB .. mlormlng 
11) L C GODARA. 
(2) D AORAV. 

(1) D9Il1 01 Eland EhtctronIc Eng, 
AUlIIrlllian DefMCe Force Ac.dllmy, 
NorthcoltDrIIlll,CampbeIJ,ACT2611O. 

J Acoust Soc Am 83(8), 2261-2287 
(1988). 
CMiIIl.I8f8dMambrilne 
H P W GOTTLIEB. 

School of SC1IflflCa, Grl1tltlr Unlvanlly, 
Nal/rlln, Qld4111. 

JSoundVlbUg(1),167-173{1988j. 
An Explll"lmentllil ..... fItIgaIIDl'IIntan.. 
IntaractlonblhraanaSoundFilldand 
IlaBoundarlllll 
PJIE, DA BIES. 

Dept of Mech Eng, Un/VeI'~ 01 
Adelaide, SA 6001. 
JAcoustSClCAm83(4),1~1444 
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BOOKREnEWS~====~ 

on this complex central sense. Any 

:~~nt3.~esllr:e :lVon~a:dg~~~~ 
::~ml~nft;lsh~::. ~=lan~~\1y8: 
vised and updated work. 

The overall plan of Pickle's 
second adition is the same as hIs 
fll'8t, namely a discussion In tha first 

~~nd~ m: ~~~ ~~~heml~r:~~:!~ 
the cochlea, and the auditory nerve. 
The second half of the book Is 
devoledtodiscusslonsottheaudi­
tory brainstem nuclei, the auditory 
cortex, the centrifugal pathways, 

~~~~~'1.:rl~~0foZ:1C;r~~d ~n~~ 
perapectlve I found these propor-­
lionato be a little unbalanced inso­
laf as the cochlea is dealt with in 
ferQrealercletaillhantheneuro-

~~~:r~~i~fis ~nn;~~g~fo~S:~ 
and as such the reader Is well 
aervedwith Information at all levels 
of tha system. 

There are several features 01 
Pickles' book IhBl deserve high 
praise. The first Is Its meraIY style. 
As e text for undergraduabi or pol3i:­
graduate students,lecturers and 

r. rofessionala, this book is exemp­
ary. Each chapter is prefsced by a 
brief description of Its alms and is 
suffixed by a summary and recom­
mendations for further reading. The 

:'n:!::ery p~~lt~r!ar':' ~:':vt 
dence that has led to the formula­
tion of theories and hypotheses is 
well described and the original data 
hes been preS10lntedwhere relevant. 
At several points In the text well 
developed principles or sequences 
of events In complex processes are 
presentedlnnumeratadparagraphs 
that leave no misunderstanding of 
the Icglc In the arguments. The 
genUe, guiding hand o'aneduclltor 
Is elso evident In parts of the text 
where phrases such as "II we add 
••• " end "Once we have obtained 
••• " are used. 

edition published in 19B2. By far the 
majority of the eddilional references 
have baen published between 19BB 
and 19B8. Weare In debt to Pickles' 
dllIgenceandenthusiasmlnproduc­
ing such a modem text. 

Above ell, this book has been 
written by an expert In auditory 
physiology. His leadership In the 
erea of cochlear physiology and Its 
implications in auditory psycho­
physlcs is a very firm base upon 
which the book Is founded. The 
combination of expertise, attention 
to detail and easy literary style 
make this book essential reading 
for all who have an academic, ex­
perimental or professionel Interest 
in the auditory system. 

Alan Peltlgrew 

NOISE CONTROL IN 
BUILDING SERVICES 
Alan Fry (EdUor) 

Price$(A 105. 
This book has been written by 

the Engineering Staff at Sound Reo 

:~~rci~ ~~~to:tes J.~~~ll~~:~e a~~ 
engineers who have e need to be 
involved with, or to be conversant 
with, noise and vibration control. 
The practical approach to the lopics 
makes It e very readable book and 
shows the wealth of experience of 

Ih~~ 3r~t:~II~~a~rc:~r:over the 
basic concepts of sound, noise and 
hearing. Chapters five and six daal 
with sound insulation and vibration 
isolation. While this type of informa­
tion Is included In many other 
books on noise, the examples used 
by the authors ralate to real prob­
lems whIch may be encountered In 
planl rooms or other building ser­
vlcesappllcal1ol'U1. 

Chapters seven to nina cover the 
three aspects of ductbome noise, 
I.e., tranBmlsalon, now generation 
and breakout. Plenty of charts, dla-

grams and graphs are used In Ihe 
step-by-step explanations of the 
calculations. A blank SRL calcula­
tion chart and examples of its use 
are given. Noise from the room 
unIts Is dealt with In chapter 10, 
which concludes with a trouble­
ahootlngilowchartandsupplement­
ary noles. 

Noisl to Ihe exterior Is covered 
inlhe next chapter and includes the 
effects of barriers (including un­
wanted reflections) and the Blmo&-

techniqueaintroducedlnlheprevi­
ouschapters. 

The chapter on laboratory testing 
COV81l1 the normal range of acoustic 
and vibration tests whiCh can be 
undertaken and, where appropriate, 
outlines the standard test proca­
dures (primarily BriUsh Standarda 
with some references to ISO, 
ASH RAE and E!Jrovent). Ph<rt9-

; 
e evators. coo ng towera, etc. 

Thla book certaInly contains a 
wealth of material and mesta the 
expeclations of the Editor of being 
a reference book of useful englneer-
1'19 9u1da'lce and data. The exten­
sive uss of phctographs assists the 
raaderlnunderstandinglhepolnts 
madgln the text. However, there Is 

~~da~~O~~~o areC'o~~~I:: d':~r. 
sian was made to provide a list of 
further reading and not specIfIc 
references. A preferable compro­
mIse may have been the inclusion 
of a reading list for e8(lh chapter 
rather than a general reeding list 
for the bookasa whole. In that way 
a reader seeklng1urlher Inlormation 

AoouatlcB AUBlralia 



on a pllrticulartopic could consoli 
bookS most likely to be relevant. 

This is certainly a valuable refer­
ence book for all consoltantsand 
those who may be involved with 
noise and vibration control in build­
ing services It is also an es~ential 
addition forengineenng libraries, in 
particular Ihose associated with 
educational Institutions_ 

Marion Burgess 

ENGINEERING 
NOISE CONTROL 
D A Bies and C H Hansen 
Allen & Unwin Awn, 1989, 414 pp, 
ISBNo-04-62Q022-3; 
Dlstflbutor: AHen & Unwin, PO Box 
764 Napier Street, North Sydney, 
NSW 2059, Paperback, Price $49.95. 
(Thjsraview rirst appeared m Engjneafs 

mechaflical engineering at Adelaide 
University and was my e<.Jorw tutor 

~~~ f~~~!~W:d~~~e B~UJ:~~~s~~ o~~ 
Gf the contributing authors in Ber­
anek's NOise and Vibration Control 
Ohe purple bible). Since tl19 1,!Ie 
1970s he has single-handedly 
mGulded the acoustics group In 

Adelaide into one of the wond's 
best. Colin Hansen was one of hiS 
stUdents and, I'm proud to say, my 
room-mate at the university Up until 
1978 

The authors have unique inquisi­
tive minds and are expert at dis­
covering the englneenng reason for 
what makes things happell. I can 
recali David telling me of some of 
his latest work in the cnlJpllng of 
acouslio and structural modes In a 
reverberation room-the Ideelogj 
~Ias Iresh and controversial. I can't 
rem~rnberthe number of times that 
Cohn lias told me "you're wrong 
Re~zo·' because of this or the other. 
And so this book reminds me of 
these discussions. 

Chapter 1 discusses the now obli­
galory fundamentals-plansr and 
spherical propagation of sound. The 
philosophical chat-like approach is 
refreshing, departing lrom the usuaJ 
te~tbook rigour which can be like 
munching Jatz biSCUits without a 
dripk.Forexampie, It Is nice to see 
tlw comparison 01 plane flnd sphen­
cal ""aves from the point of view of 
the ratio p/u and the propagated 
sound intensity. Too bad the authors 
did"t do something new With ex­
plaining the addition of d8s (yawn). 

The discussion on the mechanics 
of the human ear in chapter 2 from 
a. mechanical engineer's pOi!"!t of 
view is certainly unusual and mter­
esting. On the other hand, the sub­
sequent treatment of the measure· 

ment of loudness is only likely to 
i"lcrestZwicker'sdevoleas Itls not 
likely to be of interest to profes­
sionals 

Chapter 3 gives a general view of 
the type of instrumentation avail­
able for measuring, recording and 
analysing noise. 

The highlight of chapter 4's dls­
CUssiononcritenalsthepresenta­
tion of the author's recent research 
into heanng risk criteria whkh con­
cludeslhatthe3dBtrade-offrule 
used in Australia and Europe rsco[]­
Rervalive and that the 5 dB used in 
the US Is closer to the mark. A 

~~\~~~~t~~~mfo~l~o~n~n~~~~~lb~~~ 
external environments presented In 
this chapter is a useful camo:lntlon 
of Australian and US standards 

Chapter 5 Includes an extensive 
collation of sound radiation from 
many types of Idealised sources as 
well as sound propagation In the 
atmosphere. The deSCription of the 
ground effect tS particularly weH 
done. 

Chapter 6 IS a thorough compila­
tion of the measurement of sound 
power of sources in a div€rse rang'" 
of .onvironmal"lts. The sound Inten­
sity method Is not covered atall due 
tQ lackofsuitabfe standards-I'm 
sure this will be rectified Inthenext 
cd\fon. 

Sound In enclosed areas IS hal"'d­
led in textbook fashion-atypical 
treatment of room modes, absorp­
tion.reverberatlonandmatenalpro­
parties. David·s interest in porous 
materials shows through here-in 
fact an appendix IS devoted to 
acoustic properties of porous mat­
erials. Sound transmiSSion through 
panels (including compositepanelsj 
and the attenuation provided by en­
cl(l~ures and barriers IS presented 
In detail. This material IS a compb­
t:on of current methodology The 
tGplCS in these chapters are es~en­
fallythebreadandbutlorolacolls­
tiC consultants. It would be wonder­
fullf more effort could be devoted 
hare 

Colin IS an expert in sound radi~­
tion from panels- it's a Pity this 
subject didn't get a thorough airing. 
Structure-borne sound is one of the 
least understood topics in the pro­
lessional field of acoustics. Also, a 
lot of research effort In Adelaide 
wasdevoled to sound radiation from 
pipes (Rennlson & NOlton). and this 
w~uld have been a handv Incrusron 

Reactive muffiers arc analysed in 
terms of lumped elefTIents - a 
5m~le-and a2-chambef muffler are 
s:lJdiedin detail. Practical design 
curves for dissipative lined ducts 
are presented and Include the 
effects of flow and liner flow resis­
tivity. I! the curves are accurate (no 
experimental data IS proVided), and 
if they can be used for both ducts 
and short silencers,thispresenta-

tron could be extremely useful for 
the practising acoustic consultant. 
It's noted that work by Fuller and 
Jones (also from Adelaide) IS not 
included-maybe it's too compli­
caled. 

The chapter on vibration controi 
includes the customary single de­
gree of freedom system and treat­
ment of isolation of a rigid mass. 
A diSCUSSion 01 types of isolators 
and the effect of dampnig treat­
ments/ollows. Theeo tOPICS are not 
discussed in depth but would SUit 
lhestudenl. 

Chapter 11 is a compilation of 
useful formulae for prediction of 
sound power levels of a variety of 
sources-fans,motors plpenois€', 
gears, etc. This Is good data If one 
IS caught with no proprietary onfor­
matlon. 

The final chapter Is a survey of 
mathematical techniques which are 
likely to lead the way in source 
noise prediction schemes In the 
future. More of a philosophical pre­
sentation, the reader is referred for 
more details to the relevant refer­
ence. 

A set of problems for each 
chapter Is presented Inan apPp.nd,x 
The questions are thJughtful and 
practical and obviously idlOal for 
course work. 

In summary, this IS an excellent 
t~xtbook for use in undergraduate 
and post-graduatecoursework, hav­
ing just the tight level of complex­
Ity and a good mix of theoretical 
and practical topics. While the book 
may not be speCialised enough and 
does not contain lots of experi­
mental data for the practising 
acoustlcconsultanl, its pnce makes 
it an attractive purchase regardless. 
I must confess, in the short time 
I've had it for this review. I"w had 
occasion to refer to It Highly 
recommended. 

ULTRASONICS FUNDA­
MENTALS, TECHNOLOGY, 
APPLICATIONS 
2nd Edition 
Da!e Ensminger 
Mafr;el Dekker Inc, New York, 1988, 
pp580, Hard Cover, 
ISBNO-8247-7659-S. 
Allstrallan Distrrblltor: DA Books 
(Aust) Pty Ltd, 11 Station Street 
Mileham, VlcS132. Price $(A)158 

This second edition of Ultrasonics 
has much to recommcr.d L! 10 any­
one needing en Intraducllon to any 
~fthe many and various Hsper.ts and 
applications of ultrasound. As a 
general reference it seeks to cover 
both the theory and practice 01 
generation, propagation and detec­
lion With a special emphasis on 

Contmuedon pagen 



Vipac 
Techslallons - Dala Logger 
Speclrum Analyser 8386 Laplop 
Combined 

The Techslallon is the first Instrument 
that Incorporat .. s the lunctlons of dala 
logging, spectrum enalysi~ and a l ull 
function 386 compute, Into a machine 
that w .. ighs only 7 kllog'ams, 

The luncllons a,e lulty Integrated by 
Onsi\e's menu driven software and an 
801S6 AT class microprocessor allows 
users tocolleCl,analyseandplotdata 
without programming. The second 
microprocessor , an 80386 In Techsla­
tion. contains lull mathemat ical soli· 
wa'e that makes data reduction quick 
and easy. 

Features Include: 16,320r more Input 

processors 
Further in/ormarion: Vlpac Ply Ltd, 

275 Normanby Road, PorI Melbourne, 

Vic 3207, Tel (O .. 'J;;:~="_"_"._....". 

Bruel & Kjaer 
Noise Monitoring Systems 

Bruel & Klaer Introduces an entirely 
new concept in environmental noise 
monitoring with two new syslems it has 
rec .. ntTy d"'ffllop&d. Oata processing 
now takes plac .. In , ;!(I by outdoor 
Noise Monitoring Terminal ' , Thefo,me, 
costs 01 a central computer and te le­
phone line renalls have been reduced 
respectively to 10% and 2%. Both sys­
tems make use 01 Inte lligent outdoor 
Noise Moni toring Terminals Type 3543 
whose major componeMs are a Noise 
Lovel Analyz .. r Type.435 and a Modem 
ZMoo86, housed in a W .. atherproof 
Cabinet with Internal climatic cont,ol, 
and a Weatherprool Microphone Unit 
Type 4164. 

The Noise Monitoring Terminals, 
pfaced around alrpo,ts, motorways, 10-
dustrial sites, residential a,easor any 
other noise-sensitive spots, measure 
noise level , accurately and process 
them In sllJl. These data are then trans­
I .. rred routinely to a central IBM PS/2 
SElriaa PC for further processing and 
management by Bruel & Kjaersoltw8re 

The two systems diller mainly in th .. 
way the software expects the computer 
to recoive Ihe noise data. For this two 

correspond ing software packages are 
a.ailable,vlz,theType7617 /orNoi ... 
Monitoring Terminal . moved Irom aite 
to site and the Type 7618 tor Noi.e 
~eon~~;;;~~~ Termill8ls placed at perma-

The Type 7617 sollwar .. reCl'li""s Ih .. 
data from a diskol1e via the computer', 
floppy disk drive: the diskel1e was pre­
viously u • ....:I In a portable computer to 
gather data manually from each Noise 
Monitoring Termin al. 

Th .. Type 7616 soltware receives data 
via the computer's mod .. m interface 
which is th .. lirst stage In a direct link 
with the Noise Monitoring Terminal. 
via standard modems and pub'ic tele­
phone lines. Thls tink Is established 
aUlomatically only while data are being 
transterred, I.e., once per day, which 
~~~r~u~l.ephone renta l costs down to a 

Once In the compll1er, the data are 
sorted out and stored log ically In s 
database, ready for Imm....:llate accesa 
by the u&er. The contenlS 01 the data­
base co" .. r Noise Events, CsJibra/lon 
Reports, PeriOdic Statislica' Reports 

~;,!: ua:~j:~~;~re~~::~I!::.~ ~~~~;~ 
Cardioid Microphone 

Bruel& Klaer's Type 4012 Studio 
Microphon .. i~ a prepolarlzad conden­
ser_microphone wllh aflrst-order direc­
tional pal1ern, and is powered from 
Brue l & Klaer Dual-channel Power 
Supply Type 2812. Type 2812 supplies 
130V to th e preamplifier of the TyiN' 
4012, whiCh enables th .. microphone to 
handle up 10 166 dB SPL beror .. clip­
pingoccuro. 

Nor have other pertormance par­
ameters of the 4012 been neglected 

~~e"d o~;a~ ~~u~i~f!n~~s~n~l~t mf~~~ 
40 HZ 10 20 kHz (+1. - 2 dB),and the 
combination of this wilh smooth ofl-3l<is 
responsea gives a microphone 01 the 
high .. ,t tldellty. Each microphone Is 
individually calibrated to ensuro excel­
lent agr"",ment and continuity with the 
impressive publish .. d specificat ion, . 

As well as increased headroom, the 
4012/2812 combination offer. other ad­
vantages Over traditional phantom­
poweredmlc.ophones.lthasahlghout­
pullevel (allowing th .. signal path to be 
kept as slmpia as possible by di,ect 
connection to the record ing medium) 
and the abi li(y (0 drive very long cables 
without noticeable deterloralion 01 th .. 
signal. The Power Supply Type 2812 is 
elso used with omnidirectional micfo-

~~~~ ",r:~~r:OOo~ ~~~ :~&s .. ~~ 

Room Acousllc Module lor 2231 
Bruel & Kjaer's Room-acoustics Mod­

ule ~Z7109 suppl .. ments the renge 01 
applrcation modules alr .. ady available 
10' Modula. Precision Sound Level 
Mete r Type 2231. It Is an aavanced vcr­
sionol ReYerber8tion Processor Module 
BZ7104. Tho addition of dedicated com­
puter sol1wa, .. adds flexibility by enab· 
ling data to be t.an.lerr....:lto a com­
puter lor calculation of room-acoustic 
paramete", and storage of decays and 
results on disk. This ma~ ... it pattlcu­
larly suitab le lor applications sucha. 
;::'1rs~u,ements in audltorla and concefl 

The module uses the Schroed .. r 
Method to calculate the reverberation 
times EDT, T(2O) and T(3O) in \1:- Or 
J.Yoctaye bandwidths, thus giving highly 
reproducibler .. sults In a soort measure­
menttime. In addition to the tully anno­
tal....:l decays and tabular rosult., several 
Important room-acoustic param .. ters­
Early-to-Iate Sound tndex (Clarity), 
50 ms Early Energy Fraction (Oeutlich_ 
kelt), Centre Time and TOI8I Sound 
Leve l -can also b .. calculated. 

All resu lts and decays can 00 dis­
played on the computer screen. An 
averaging ftlutine In the application son_ 
ware enables , .. sulls Irom a s .. ries of 
points In an enclosure to be averaged 
together. The applioallon sonwa, .. also 
enables hard-copies to be taken of all 
graphs and tables 01 results ona.tao­
da.d dot-matrix prlnt .. r. 

UnderwalarAcceleromatar 
All watery environments ar .. the natu­

ral habitat of Underwater Accel­
erometer Type 8319, the latest accel. 
erometer Irom Sruel & Kjaer. Con­
structed In UHB904L stainless steel end 
encssed in polychloroprene rubber with 
all lO lntsei.ther welded or moulded,the 
Type8319"notjustwalar-reslstant _ 
II's waterproof. With lIS Integrel cable, 
protected by a polyurelhane jackat, 
Type 83t9can operate fer extended 
periods und .. r water _ and that In­
~~~~~ sea wate, - to a depth of 400 

Attach It.to the hull ola boat, to the 
leg 01 an 011 platform,ore'fflntoa sea­
bed pipel ine a~d II will C<lntinue h!lllP11y 
to .ernoethev lbiationolth .. stru·cture , 
Fit it to an industrial maChine where i t 
!s constantly sprayed with coolant, or 
Install il on a brldgo In the monsoon 
s .. ucn-Itn .... ds no umbrella 

For performance, Type 8319 Is un­
rivalled. II, O .. ltaShear®piezoelectrlc 

~j:::r~~~~n -=- ~~s~;~~ln:~~r~!lnst 
tlVlty, accuracy and rehablti\y. In addi. 
tlon, e'fflry Typ .. 83t9 Is artificially aged 
and Individually calibrated 

Th .. buill-in line-driVe preampllfl .. r 
enab les 8319 to be used with cable 
length.s up to 1 ~m wlthoul noise prob­
lems. You do not need an external 
preamplifi .. r_just connect up to Our 
special Llne-Dri'ffl Power Supply Of 
even beller directlytoa Bruel & Kla .. r 
~:~~a~n~7alyzer, and make your meas-

Acoustic. Australl. 
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Davidson . 17 Roberna SIreel. Moor/lb· 
bin, ViC 3189. Ttl; (03J55572n. 



PEACE ENGINEERING hu special ised 
e.clus,vely in the field of engineered 
noise control products for ovel 15 years. 

In that timewe have developed a vast 
ratlge ot jlrOductstocater fOt lOOsttypes of 
notse probtems. 

cc f}{] ~ ~)(tJj W [p) 
~®llIJ!i[E1ID UOO ~1l.9.I(t1E 

(G1i'~$1llI1illil 

,;~;-,;; !i@(ID!F 1ID1Etl:1J({$ 
CHADGYP Roof Deck Systems provide: 
_ Versati lity of design _ A monolithic 
high sound transmission barrier . Excet­
lent sound absorption (particularly al 
low frequency) _ Effecti ve thermal insu­
lation • Speed of installation • Total 
composite roof and ceiling system _ Fire 
resistance ratings. 

For more Information phone 

THE CHADWICK GROUP 
Melbourne (03) 560.2422 Canberra (062) 80·6333 



New Publications 
JOURNALS 
App:ied Acoustics 
Vol 27, Nos 2, 3 4 (lSS9); Vol 28, No 1 
11989). 

Vol 27 No 4 includes "A new way of 
measuring the latelal €oergy fraction" 
of Irc cady rellactiu'l pn~\orn of II room 
by M Kleiner Qf Sweuen 

Canadian Acoustics 

Archives of Acoustics (Poland) 
{In English) 
Vol 13, Nos 1-2 {1938j 

Content.' include: H W Jon"" II< H W 
Kwan, Review of the tl ansmission of 
sound from air to waler; R G Mayev, 
Scan~ing acoustic microscopy 01 poly. 
meric matenals and biological sub­
$larGe,: R 5 Mitchell at ai, Real Hrr,e 
sigcQ processing l~Ghn'ques In a 6uel 
bea,,, ,<lOar system I,,, fish stOCK 
"..,c",ment; E Terha.dt, Intonation of 
17onnessca'es psychoacoustioconsldera-

New Zealand Acoustics 
VOl 2 No 1 (March 1989) 

REPORTS 
ISVR Technical Reports 
Unlveralt~ of Southampton 

No 169, Jan 89, J M Ma.on & F J 
Fally, Th .. acou,tic calibration of ai,· 
craltfuselagestructules:Partl,34pp 

No 17~, Jan 89 (L C Chow & R J 
PtnnJnglon, Development of dam~ing 
ire8t"lent suitable for high temperOlurG 
.>nvlfonment, 32 pp, 481'gs, Stables 

No 175, June 89, R YJohn, An analy­
sis of the timo variation olthe frequency 
re,pense 01 the LMS d~"pt've line en 

ha~3°~ /f~ ~a, 8S S M MOllS et al. A 
stUG\, or "e effect of stimulus upon ;he 
reflex responso as elicited ~nd recorded 
by the tympanic membrane d,splace­
ment measurement device, 44 pp 

No 178, July ~9, J R Nedwell, The 
pressure impulse from shallow under 
waterblai.Mg, 19 pp. . 

No 179 Jul, B9, A E P Malzumoto " 
FJFahy, NeartJeld acoustic halography, 
107pp 

Quarterly Progress and 
Status Report 
Royallnslitute of Techn010gy,Slockholm 

2f1989,\pl,IIn 
Includes Gunnar Fan1 & Anita Kru<:k­

"nberg, Prel,minarlos to the study of 
Swedish prose reading and reading 
style BOpp. 

Publications by Australians 

Calculation 01 Elaslic Conatanhl for 
Crystalline Acenaphlhylene, C'2H" 
~~~tfa~~I-Empl'ical Atom-Atom 

H NE. T R WELBEf{RY. 
Rea Scoool of Chemistr)', Australian 

~:6~onal Univ~rsity. Canberra City, ACT 

J Phys Chem Solids 411(4), 421·424 
(t988) 

Eleolro_Acouslic EffeCb in a Dilute 
SU8pensiQn cf Spherical Particles 
R W O'BRIEN 

Dept of Speech and Hearmg, Univer­
sity of Queensland, Sf Lllci~. Qld 4087. 

AJA 10It), 38·42 (1988) 

Chlld,en wllh Hearing Aids: 
Clinic Relale<! Delay. 
L J UPFOI D 

NAL, 125 Grevllle Slre"l. CI,afswood, 
NSW 2067 

AJA 10(1), 1-6 (1988) 

Simulation and Opllml.afionol Mulfi­
way Loudspeake,Sy.'emS using a 
Perlonal Compurer 
W WALDI'.'AN 

W. HeidelDerg, Me/bot/me, VIc 3Q18 
J Audio En9 Soc 36(9), 651_653 

(1988) 

The Size and Specl,al DJ~r'ibution of 
Conductive Hearing Loss in an Adult 

~~!~~;n 
NS~Lio~~~ Greville Street Clm!swood, 

AJA 10It), 25·29 (1988) 

Canberra Acoustics -
New Joint Venlure 
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FUTURE EVENTS -
• tndlGlltea an Australian Conference 

1990 

February 13-15, LEIPZIG 
4th CONFERENCE ON HYDRO- AND 
GEOACOUSTICS 
Details: Dr Wendt, Wllhelm-Pieck-/Jnlver­
sitlitRostoclr, Seldlon TlIChnl'1Che flek­
Iroink,AlbsttElnatelnStrIl88e2,Ros­
took, G~R-25OQ. 

April 3-6, ALBUQUERQUE 
IEEE 1990 
ACOUstics, Speech & Signal Processing 
DetaUII: Prof Ettel, EECE Dapt, Unlver-
31ly N6w Mu/co, AlbuqUfUqulI, New 
Mexico, USA, NMS7131. 

• April 19-20. PERTH 

• May 1-3, SYDNEY 
TACTILE AIDS, HEARING AIDS AND 
COCHLEAR IMPLANTS 
Delalla: Nllt/onal Aco!lStk:a LabOflitory, 
~~7.Grl1vllll1 Slreet. Chatawood. NSW 

May 21-25, PENNSYLVANIA 
MEI'ITING OF ACOUSTICAL SOCIETY 
OF AMi:RICA 
Delalls: Murray StrasllerQ, MA, 500 
Surm~lde Blvd .• Woodbury. Naw York 
11797, USA. 

June 6-8, BRIGHTON (UK) , 

New Address for Sodely 
The Science Centre Foundatiori, 

whiCh provides secretarialsarvices 
and a mailing address for Ihe COun­
cil of the SOCiety and for the NSW 
Division, has moved from Clarence 
Street, Sydney, to the comer of 
Womerah Avenue and liverpool 
Street. Potts Point. 

The newpo.1 addr .... is 
Private Bag Number 1 
DarUnghurst, NSW2010 

wlthtelephonenumber{02)3316920 
and fax (02)3317296. 

AAS Ties and Scarves 
Ties and scarves Incorporating 

the AAS logo are now available 
from the Victorian DIvision of the 
SOCiety. Samples are available from 
your Division Committee. 

TIes - $20. Scarves - $30. 
To order write to: 

Vlctorla Division 
Australian Acoustical Society 
191 Royal Parade 
Park-ville 3052. 

June 19-23, LEUVEN 
SYMPOSIUM ON PHYSICAL 
ACOUSTICS 
Details: Prot Leroy, KalhO/leka Un/ver­
sll611 Lauvun GamplI~ KorlrlJ/<, E-Slb­
b9J1I1lfl, B-8600 Kortrljic. BllIglum. 

August 8-10, GOTHENBURG 
~J~~~J~~~l TIRE/ROAD NOISE 

De/lllla: Intern. TirelRoed Nolu con­
i&rence, C/- Sandberg. swadlsll AIled 
and Tratfie Re8earoh Iflillf!ute, 8-5/l10f 
L/nicoep/nQ,Sweden. 

Augus113-15, GOTHENBURG 
INT!';RNOISE 90 
Drtpf Applied Ac. Cha/mer8 Unl-(er31ty 
TflChnology.S-41296 Goteborg,SlI'IIden. 

• september 18-20, MELBOURNE 
VIBRATION &. NOISE CONFEREtoU;:E 
1')91~f/$: L Kou, Dept Meeh Eng, Monash 
¥,nl:a~r$Ity, Clayton. Melbourne, Vic, 

• October 15-19, MELBOURNE 
METROPOLIS '90 
Dflllllla: Sscrllillrlat, 546 Allya/ PllIllde, 
ParkvlNe, Vie 3052. 

October 22-25., SENDAI 
10th INTERNATIONAL ACOUSTIC 
EMISSION SYMPOSIUM 
D8IeIl8: Prof Nlltauna, Englnefllrlng, 
To hoku UnlYera/ty, ArlllllakillZlI Aoba, 
Sendal980,Japan. 

October 29-31, KUMAMOTO 
INT!,;FlNATIONAL JOINT MEI'ITING 
WorkshopS on ACOI,Istio Emission in 
Clvli !';nglneerlng and Aeousllc Emission 
and Rook Frllctura Mechanica. 
Del.al/a: Dr Oh!8U. Dept CIvil " Env 
Englnuwlng, Kumamoto Unwllrs/ty, Kur­
Okllllll2-39-f,Kumamoto8flO.Jllpln. 

I November 21-23, BALLARAT 
AAS ANNUAL CONFERENCE 
Detlills: Sfflphrm SlIIIIuela, AARB. PO 
BOlC'156, Nooawedlng, VlcS131. 

November 28-30. SAN DIEGO 
MEETING OF ACOUSTICAL SOCIETY 
OF AMERICA 
Delllla:FI'ldr/r;kFlahlR,Marln"Phylllclll 
Lab. MOl, Scripps lnat/lute Oc9llllO­
grllphy, UnIY GIl/lorn/a. SIlIl Diego. La 
Jot/II, GA92093.c701, USA. 

1991 

MI)' 509, BALTIMORE 
MEETING OF ACOUSTICAL SOCIETY 
OF AMERICA 
08111118: MurrllY SanbefQ, ASA, 500 
ff;;¥.8'g;A,Blvd., Woodbury. Nlw York 

November 4-8, HOUSTON 
MEETING OF ACOUSTICAL SOCIETY 
OF AMERICA 
DIlIIlIIs: MurrllY SlTasberg, ASA, 800 
Sunnysid& Blvd .. Woodbury, Nliw VOIk 
11m. USA. 

I November, BRISBANE 
WESTERN PACIF1C REG10NAL ACOIJS­
T!~S CONFERENCE IV 
Dl1lal/s: Un/search UtI. PO 80>: I. Ken­
s/n~ton. NSW2033. 

• December, SYDNEY 
INTER.NOISE 91 
DfItlll/S: Un/aearch UtI, PO Box 1. Ken­
s/nglon. NSW 2033. 

1990 AUSTRALIAN ACOUSTICAL SOCIETY 

CONFERENCE 

Date: 19-20 APRIL 1990 

Venue: COTTESLOE BEACH RESORT, PERTH 

Theme: INTERIOR NOISE CLIMATES 

Details: AAS 1990 CXJnference Seoretary 
PO Box 5077 
C/o/stersSquare 
PERTH 6000 
Tel: JDhn Macpherson (09) 327 8818 



~--------~------~------------------------

RUSTRRLlRN RCOUSTICRL SO[fET':J 

President Mr S E Samuels 

Vice-President Dr R J Hooker 

Treasurer MrWD Renew 

General Secretary Mr R A Piesse 

Faderal Registrar Mr R A Plesse 

Archivist Mr P Oubout· 

Chairman of Council Mr K R Cook 
standing Committee 
on Membership 

SUSTAINING MEMBERS 

AO-VIBE DIVISION BRUEL a KJAER AUSTRALIA 
AQUA-COOL TOWERS PTY LTD PTV LTD 
67 PRINCES ROAD PO BOX 177 
R1VERSTONE 2765 lERREY HIUS 2084 

ASSOCIATION OF AUSTRAUAN 
ACOUSTICAL CONSULTANTS FOAMUTE "USTRWA PTY LTD 
SCIENCE CENTRE FOUNDATION PO BOX 331 
PRIVATE BAG 1 SUNNYBANK 4109 
DARLINGHURST 2010 

BHP STEEL, INC CORPORATION PTV LTD 
COATED PRODUCTS DIY1SION 22 CLEELAND ROAD 
SHEET 8. COIL PRODUCTS OAKLEIGH SOUTH 3187 
PO BOX 77 
PORT KEMBLA 2505 

JOYCE AUSTRALIA 
aORAL AUSTRALIAN GYPSUM 5-9 BRIDGES ROAD 
678 LORIMER STREET MOOREBANK 2170 
PORT MELBOURNE 3207 

BRADFORD INSULATION NAP SILENTFLO PTY LTD 
2 DIND STREET 51 NORFOLK STREET 
MILSONS POINT 2061 GLEN WAVERLEY 3150 

PEACE ENGINEERING PTY L TO 
2120 MARIGOLD STREET 
REVESBY 2212 

RICHARDSON PACIFIC 
SOUND CONTROL 
PRIVATE BAG 
WEST FOOTSCRAY 3012 

SOUNDGUARD 
A DlvlllonolPyrotekPl,Ud 
147 MAGOWAR ROAD 

::~:~:D::I~ESTD . 
52 MANDOON ROAD 
GIRRAWEEN 2145 

THE CHADWICK GROUP 
292 BURNS BAY ROAD 
LANE COVE 2066 


