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AUSTRALIAN NEWS —

AAS 1985 CONFERENCE

Approximataly on hundred delogates
participated_in Confer-
ance o Motor Vehicle and Road Trfic
Noise held on 24th-26th November. Tho
venue was in the Blue Mountains west
of Sydney although the rather damp
weather inhibited _enjoyment of the
spectacular views and bush walks —
However It did_encourags attendance
at the technical session:

W, S
Commistion  kindly
presented the Opening Paper on behalf
of the State Minister for Environment
and Planning, the Hon. Bob Carr, whose
planned arrival by helicopter was un-
fortunately _ cancelled.  Th

peaker, Ariel Al

.D., Paris spoke on the topic
of Sirergthening Molor Venicle Noise
Avatoment Foliies. Ho_ poinied out

ough the | nroduction of more

andre suggested three necessary com-

ponents in traffic noise reducﬂon
* more strin noise limits
o Eopressve action “seamer noisy
driving behaviour
« local measures (route restrictions,

Incentives for low noise vehicles are
2 promising means of nolse reduction
e form of preferen-

nal nemmenc {allowing low noise trucks
as), government

Toteronce, Bubi. Iorma:
tion campaigns, etc. The O.E.CD. is

management and building attenuation,
exhaust_systems, passenger car_and
truck noise, and legislation and motor
vehicle noise controls.

Hvoly discussion foliowed the presen-
tation of most papers an
tiniod foss. formailyauring. e ‘colioo
and meal breaks. An interesting techni-
cal exhibition wae mounted adjacent to
one of the meeting rooms and it was
well attenc

it was a little disappointing that the
Gonference was ol better supported

members, although it may have

been thougnt by some to be a il oo
specialised — what was more alarm-
ing was e absence of al bt a handiul
of delegates from the motor vehicle
industry (dare' one 'say "from Ostrich
Insurance?)

e hard-working conference organi-
sing committee was ably supported by
aficers of the N.SW. State Pollution
Cont ission 1o whom-sincaro
Sanks. ace. e
Anita Lawrance, Convenor.

8
o3

SOUTH AUSTRALIA

August Technical Meeting
On 22 August, 1985 Dr. S. A. T. Stone-
tmantom Univrsiy Gollege Siansea,
on an experimental mvesﬂ-

galion of vibration causes
axciied acoustc fields i an axial flow

compressor.

therto._unrecognised source of
otor blade vibration has been observed

waves propagating_circumfer-
entially around the annulus. The source

g
g
a
38
s
2
8
S

undertaken of this ph
a low spocd, single stage axial flow
compressor tost 1

pulor programmes as boen dovelo

fo record, Wanstorm ang  present iest
ata.

September Technical Meeting
and AGM

Peter Straughton presented a_visual
and audio feast of the architecture of
great churches and tho music which
has been recorded in t regards
a"graat church & being a. work. of
architacture, a work of arl and a musical
iscussion  includ

s of England,
France, Spain, Netherlands and Aus’
tralia_with recorded music

Handel, Couperin,  Mozar

ons.

ach,
Tallis and

This meeting was held on 19 Sep-
tember, 1985 and was followed by the
Ninth ‘Annual General Mesting of tho
South Australian Divsion.Fol
retirement o 00k the Divisional
Commitiee remains the same and now
has three vacant places.

VICTORIA
November Function

e End of Year Function of the Vic-
torian Division was a held, once
again, at the popular Rumpoles Ginema
Restaurant on 15 November, 1985. The
members were_delighted with the con-
genial (and noisy) atmosphere.

WESTERN AUSTRALIA
November Technical Meeting

lary, Trades and Labour Gouncll, W.A)
presented short addresses. These were
followed by fime Tor audienc participa:
tion and discussion,

56th ANZAAS
CONFERENCE

his Wil be held in Palmerston Nortr,

Wil g, an opporunly.tor
MmUch interdiscipinary a5 el 33 2pace
iscussion and will_convey a
strong impression of the contribution of
science 10 so
is s e imporant sspect of
ANZAAS 'Congress and is_especially
vald in the present difficult times for
scientiic ondeavour.
Sectional programmes will be mainly
scheduiad durehe momings. of My
s of “Interest
Jor pro-

gramming purposes
o Physical and Msmemailcal “Sciences
. nd

cienc
fological Sciences
jealth Sci

$5it
z
H
H
&

The organisers have placed emphasis

on an intr-disciplnary approach to pro-
ramme content. the

for the first part of cach aftermoon will

gonsist of a_number of concurrent

General Symposia presented by iny

speakers of high

ing, from Auslrulzsm an
Further detail

sotn ANZAAS Congress.

Eamegaton North,
New

Exchange Agreemenrls

Society has received information
on Exchange Agreements. artanged by
e Academy of Science. The date for
appiications Yor 1965-1967 has passed (1t
s Tst Fabruary) but there s pienty
of time for 1

e excntnqa programme s with the

for the Promotion of

Sce | Dmvldes support for short.
term visits b s
post-doctoral fellowships, which
to twelve months. The other " Sregranme

Occupational Medicine.
objectives of the meeting wer

1o incroase e awarensss of the docu-
ment and to encourage practtioners i
Hoaring conservation (o submit wel o
sidered comments on the .equuuou
Three members of the Commissi
Wr. P. Shaw (Executive Diroctor, Dopart:
ment of Occupational Healtn, Sfety and
Welfare), M. y, (Manager,
nustint Retatons.  Gontaderad
WA Industry) and Mr. R, Reid (Secre-

s

scientists of groups (max. ) who have
a specific programme or project.
Further details:
International Relnllons Section

The Australial Jemy of Science
G.P.O. Box 783
Canberra, A.C.T. 2601
Noise Labels

From 1 March 1986 all new air-condi-
tioners with ol
than 12 kW will be requi K
noise label specifying the output sourid
o

Acoustics Australia
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Australian News (Continued)

Environmental Noise
Control Manual

‘This manual has been released by the
Member for Planning and Environment
Mr Bob Carr. The manual out

ty for

to help theso
Tuss o tha ncreased rospom:
jpon them. Caples

(at $30 each) are available fror

State Pollution Control
mission
157 Liverpool Street
Sydney 2000
(See Book Review in this issue.)

Australian Standards

The following Australian Standards
have been released recently.

AS 2824 Non-Destructive Testing
Ultrasonic Methods — Eval
ation and Quality Classifica-

Metal Bearing Bonds,

This standard specifies six classes of
quality and sets out methods for the
assessment of the quality of the
he bearing and its backing

AS 1710 Ultrasor
and Low Allwy Sl

ing of Carbon

is a rovision of the Standard
covering the non-destructive testing and
quality grading of steel plate. It sets
out the methods for ultrasonic_manual
testing of steel plates of uniform thick-
ness, in the range 5 mm to

AS2822 Methods of Assessing and
icting _Speech _Privacy

Shosch ntaligiolty
This standard appiics 1o speech com-
munication in various !ploes (such as
ia, class rooms,
conference rooms and offices) and to
Shecen privacy. conditions. n various

5

spaces (such as offices, conference

rooms, hotels, motels, dslings and

schools). also be used to assess

mwmgmmy "ot 2, yolce " reinforcement
in an au

AS2021 Aircraft Noise Intrusion
Buiding Siing and Construc-

This mna-m Jelates o guidelines
ther the “extent of
arcrait nolas Iniuslon. Mmakse: rdoor
spaces unacceptable for the activities
© be, or_bein

ceptable noiss

e aetiion. and o fpe ol bunalng
construction necessary 1o provid
necessary noise reduction.

FROM THE PRESIDENT

There have been two letters pub-
lished recently in Acoustics Australia
expressing concern that the Council is
y 10 its published guide-
00 as re-
2 icants_ without
recognised teriayy qualication to
grade Mem lember who was
Samited through the above “gate" |
n assure members that | have care-
fully “watched membership. orading. 16
ensure that the overriding requirement of
an adequate understanding and experi-
ence of the applicant’s chosen field of
acoustics s assessed, rogardless of
whether the appiicant has a degree or
diploma or nof
"oy suggsstion the organisers of
the Toowoomba conference are arrang-
for a bush barbecue in lieu of the
normal formal conference dinner. The

idea is to_provide a better opportunity
for delegates to mix, folax talk.
This, first " onference in Queensiand,
needs e support of all members, 55
start organising n

" araeme Harding.

NEW MEMBERS

have pleasure In welcoming the

runowmg new members whose gradings
now been approve

Subscriber

Victoria

Member

Nzw sculh Walos

Mr. J. W. Searle.

Dick, Mr. A. C. Stewart
- st i . St
Queensland  Mr. F. H. Kamst.
Western Australia ~ Mr. A. Zaknich.

At Peace.

We kinow noise.

PEACE ENGINEERING has specialised
exclusively in the field of engineered noise
control products for well over 10 years.

Inthat time we have developed a vast

range of products o cater for most types of
noise problems.

We are ready to share that knowledge with you. A telephone
callto our office or one of our gsene it you ntouch with

na
Vide an obligation free, writen quotation.

Custom built press enclosures,
control rooms, pulsation snub-
bers, fan and blower silencers,
retumn air vents, acoustic louvres
— no matter what your require-
ments, we have the products
‘whenit comes to noise control.

PEAK 'I\:lgll\?'FHElL |
=——===—= EQUIPMENT -~

PEACE ENGINEERING PTY. LTD.

2720 MARIGOLD STREET, REVESBY 2212 (02) 772 4857, 772 4858, 774 1595

TP1.929

Vol. 14 No. 1 — 4

Acoustics Australia




EDITORIAL—

It is with pleasure that we announce
the official - formation the ne:
Queensland Division of the Society.
Now that the preliminaries and the for-
malities are over, we look forward to
receiving a stream of regular news con-
ceming - acoustical _activities in
northern state. We wish all the office-
bearers and members the very best for
the future.

2

A number of articles relating to the
use of compuers in ac has

are greatly indebted to our
consuiting editor, Dr. Rabert Harris, for
organising this set of ar

iing ot aticles
the

for Abassics ‘Auswalie

Including disgrams, Occssionally we re-
2 manuscript that is considerably

fongor than, his. In- order

print 3 or 4 articles sach issue,

try to live within our budget, the s

committee has decided not to accept
Chieres tonger than To priniod ‘pagse
unless exceptional circymstances war:

printed pages, the author or his ins!
tn il b asked to boar the costof the
an

ber of our advertisers then all our prob-
lems would vanish!

Howard Pollard

LETTERS —

Tho “Grandfather” Clause

 have been two letters rocently
in Aoustes Australia discussing” he
so-called  “Grandfather” clause for
sston 1o 1hy orada of Mamber of
e Australian Acoustical Society (A
13 No. 2 and Vol. 13 No. 3).
“Ino clause rfered o s Cause 16(d)
of the Society's Articles. It states that

suitabls for eloction a5 @ Membor by
roason of his verified practical or theo-
retical experience In the field of acous-
tics”.

been interpreted by the
Council of the Society in s “Guidelines

82 memberstip gate M
Vol. 11 No. 1 pp. 28-30).
tines. the- follow

g:

‘been actively engaged in
the science or practice of acoustics ot
a professional level for not less than
five years”.

Applicants under the most used Mem-
bership gate MA are required to hav
recognised _educational _ qualification
which is a degree or diploma compris-
ing the equivalent of at least three
years tullime study (usually more), and
to_have been actively engaged in the
science or praciice of acoustics at a
professional level for not less than two

ars. Even if the Members degroe is

d of Acoustics it has taken
o least e years (io. two

in
him or her

3

in the lveld
of Acoustics I wil take longer 1o-co
plete satisiactory experience. at a pro-
fessional level. Hence, the requirement
ive yoars under gate MD Is not un-
foasona
erson’s experience in Acoustics
under all gates is discounted for time
ent on work ef 2 non-scousica
nature, a'long perlod of work m:

d to accumulate the requued
Saariance, i o per cent of a
Gpplicant's tima i spent. w
Acoustics at a professional level, then it
would take ten years to qualify under
the “Grandfather” gate MD (Clause

this account alone,
fficult to- satisfy the
requirements of gme MD.

g Committee on
Membership (GSCM) had existed for
many years iy ariey of rames a3

‘e man advisory committee to Coun-

In December 1982, the Council
confirmed that the correct name was
M and appointed a chairman and
two members.
“to act for and make

spplications for membership grading

following the recommendation by

orwaraing dwisin Any Giarences o

opinion baween CSCM and the dvision

are resolved before a final decision is
CSCM.

Forgus Frickle (AA Vol. 13 No. 2
)

ing attempts to_brin
using Clause 16(d)".

inde
while consulting the Council Mint
concerning the reorga-
nisation of CSCM it was noted that two
embers were  electad undsr  Clause
16(d).

CSCM welcomes debate in this
very diffcult aroa. If membors of the
society are unhappy with the current
admission policies they should suggest
changes uide-
fines for atmistion and ‘grading of
members” and, if necessary, the Articles
of Association of the Society.

en Cook

Chair
on behal of the Council Standing
mittee on Membership.

nuary, 1986

Noise: Problems and Remedies

guriously, he also makes
o unsubstantiated stajom
{ fofer 1o e first: "Notso,
tors have proved plays @ Subsiaonal
part n causing fatigue”. Proved?
he second needs oven closer scru-
tiny: “A leading ear specialist has said
hat by ihe lme the average teenager
of today reaches the age of 21, ten
gent o their hearing capacity Has beon
ost because of isg 1o which they
have been subje cent?
[Cwouta 56 helprul if ho wold bring
to our notice the studies on which
these opinions are basec
Volney Bulteau, D.L.O., F.R.A.C.S.
RP.AH. Medical Centre,
Newtown.
9 December, 1985

Author’s reply

Thank you for your comment that the
references | made

“are there in o
anybody can conveniently 100k them
". | agree with you it i

important that all referonces should be
available; and, in all my publications,
whether “The Town Planning and Local

you, advert were bax
made by doctor:

s doctors have proved plays a sub-
stantial part in causing fatigue”) refers

, evidence of noise-
s given and accepted.

Tre ‘second sta (A leading
ear_specialist_h id that by the
the average teenager of today

reaches the age of 21, ten per cent of
their hearing caplc(y has been lost

because o which they

ubjectod) is exactly what
it ement ‘made by &
leading ear specialist. It Is an obser-

vation based upon his own experience
as a leading specialist over many years.

Kenneth H. Gifford, Q.C.
Editor, the Town Planning

and 'Local Government
Guide. 22 January, 1986

Cordless telephones
cause of hearing loss in
us.
New York specialist has reported
s of permanent hearing loss due
to cordless telephones.
The ear dama caused in most
ases by the telephone's loud bell which
rings directly into the user's ear when
the flip switch is not mar moved
from the standby to talk position.
In all cordless lalephnn!s excapl one
model the sound device for
coming Calls and tho nmen:um "ot pege,
ated in tha ear
. Anumer repoll!d causu of permanent
hearing loss we cracking noise
like a gun ahot which 1a belioved to
have been caused by some kind of radio
interference.
Australian Safety News October, 1984.

Acoustics Australia
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R Ll WiNDows & DOOR

* MADE FOR DOMESTIC AND COMMER-
CIAL APPLICATIONS WHERE NOISE IS A
PROBLEM.

INSIDE GLAZING DRAMATICALLY
REDUCES OUTSIDE NOISE LEVELS

e NO ALTERATION IS NECESSARY TO
EXTERNAL APPEARANCE OF EXISTING
WINDOWS AND DOORS.

THE CHADWICK GROUP

Sydney (02) 428 1388

Melbourne (03) 560 2422 Canberra (062) 80 6333

CHADGYP

POURED IN PLACE
GYPSUM
ROOF DECKS

CHADGYP Roof Deck Systems provide:
o Versatility of design e A monolithic
high sound transmission barrier e Excel-
lent sound absorption (particularly at
low frequency) e Effective thermal insu-
lation e Speed of installation e Total
composite roof and ceiling system e Fire
resistance ratings.

Vol. 14 No. 1 — 6
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PEOPLE —

Marshall Smither is acting Director at
NAL while Ray Piesse has been sec-
wplore. tho possibiies of
alternative arrangements for the
hearing ai
Saoregraup Sommies of seven

{his group and thelr frst mesting will bo

fck Godson has loft BMI and joined
Richard Heggle & Assoc. in January
1986. .

“Lowrence who has been in-
volved with many of the SAA commitiees
has recenly been elaciod 10 the Execu-
tive Board o )

From 11in February 1985, the NSW
$PCC Noise Branch has moted location
from- the loor of the
Uoton Sarbide Bulding. (157 Liverpool
Street). This downward move has

upward_aspect a they are now loser
1o the Executive Sute!

Greg Ln Mnnwln is now ensconced
in wi nning the recently
apensd ofice of the Gueensiand Noiss
Abatement Author

rofessor Graeme Clarke who has
spont 20 years doveloping what has
bocome known as' tho-pionic. sar has
again bean honoured by his receipt on
Australia Day of the Advance Australia

Andy Hede has moved from his posi-
tion of Chiet Noise Contrl Offcer a the
Environment n of Vie-
toria, 1o the Victorian- Public. Sery
B fe_has advised me that *
iniends 1o maintain his interest in acous-
tics, and will be on the lookout for
reseavcn wpor(unmes in the future
ndy Hede's move from Vic-
orlys EPA. Imuch specuiaton has besn
genired on’ his replacement. We now
know_that is has been ap-
Doiniad 15 the pestion. Ner hae bocn
Tith the EPA Noise Control Branch vir-
tually since its inception and was, prior
to his new appointment, a principal noise
control officer in the branch.

urie Nelms has retired from his
position ot the NSW. Wo
Bopaimont. amours sbout is succes:
or abour

Graeme Moss. It is with deep regret
that | advise that one
gentlemen in acoustics d
in Box Hill Hos,
Graeme's dealh s a significant loss 1o
Watson Moss Growcott Acou
Ltd where cen"a principe
acoustical consultant through ihe suc-
cessive chan

o
3
g

to join
ago. The tuneral
nearly every

Vielbourno: ail told
of the Vi

al
about 20
ictoria Division paid tribute to

‘mem!

Andrew Middiin has recently returned
to Queensland after three years work-
with Vi Andrew
whose special area of interest is the
effects of low frequency vibration on
humans joins Vipac's Brisbane office.

an Sheppard, of quiet lawnmower
s last year at
Staniord University whare h examined
the_stapilty

pard during a si
bourne supported by the Unversiy o1

Melbou

Shearer, crmelly of Shearer and
Garamer " Ko ! S moving

around the world. - After some time in

has now joined Wilson, Ihrig and
Assoc. in the USA
1 Gibson, head of the Diision of
Engimboning Technaiogy a0 0 spent time
averseas last yoar including atignding
en week courss a on “Man-
ent o Fesearch and Dovelopma
and Technology based. mmovationr. The
course was run foan School of
Management for practising R na-
Parterants. 80 wore
erganisations! Do
howed graphically
Where Don Gibson aid wiong'

Graeme Harding

Industry and Govts resist
lower noise levels

A leading hearing researcher with the
Nl ional Acoustic Laboratories, Sydney
State Governments and industr
huve failed to reduce noise limits
commended by the Nanonal Health und

Medical cil. In

article in the sss ‘Nelvvng Toch:
logy Revie ugh says the

T el of Sxposus, 8698(A

per eight hours, h: pted by

most states in legislation, but they have

ailed 1o progressivel levels as

NH

he council said in 1973 in its model
reguistions that  the_ exposure _level
Id be reduced to 85 dB(A) per eight
in all new premises and pro-
vely over a period of five years in
I workplaces. The article points out
ot Conmpance win sate noise regu-
lations Is “far_fror
may el Incustnes 1 Simost nom
existent.

Waugh also points out the difficulties

aused. by the variations e
states and the fact that regulations are
limited by the Act under which they were
introduced. “For example, in Queens-
land the regulations fall under the Fac-
tories ar ps Act, thus many nois

exposed workers in the agricultural,

entertainment - industries.
are excluded,” he says

The ACTU has consistently argued

for an immediate reduction in noise

levels to 85dB(A) and for B0 dB(A)
within three years.” This call has been
supported by i earing

committee which said: “The estimated
risks associated with exposure to noise
levels of 85 AB(A) and 90 dB(A) over a
working lifetime lead to an incidence of

ich is ~unacceptable on
long. erm

P eats for a more

clearly dofined method ‘o measuing

impulse noise, more determined enforce-

ment of regulations, a review of current

medical

widespread but asily

preventable occupational n

inated national strategy will be

one of h sarly tasks for the Nationsi

Occupational Health and Safety Com-
mission.

Occupatlonal Health Newsletter

Conlerence Pmceedlngs

INTER-NOISE 85, the 1985 Internat-

ional Conference on Noise canlrol Engi
h Fe d

tember, 1985, Thare were 351 technical

engineer-
ing, including aircraft noise, road traflic
noise, machinery noise reduction, sound

intensity measurement techniques, mod-
e instrumentation for noise_control
and noise requlations. The Pro
of INTER-NOISE are now avai
o volnme sel for $80 (US). There is
1 $30 for overseas air mail
Wsluge

2 Socond, International Congress
on Roousss Intensil

niques (CETIM) in
2 September,
subjects covered were msunmemanon,

vector acousics, sound radiation, nfon-
o ow. miensty
flow in siruchures, techniques for doter

mination of sound

t ower, noise source
localisation,

impedance measurements,
monts and_sound
transmission moasurements.

ce have been collected and published
in'a bound
pages of technical papers;
English and 20 are
English abstracts and figure captions.
ost for this volum
it an  edditonal 327 Tor oversoss.
mail p
Pay ymam luv either of these Proceed-
ings must be mads In U.S. funds through
which has cor-
Tespondent relationship. n U.S).
Orders to .
Noise Control Foundation, P.O. Box
466, Aringlon Beach, Poughkoopsie,

Acoustics Australia
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Introducing . . . sou“D-SORB

o STRAMIT

STRAMIT BOARD or EASIWALL faced with pre-finished
perforated vinyl-clad semi-rigid fibreglass - providing -

Roof/Ceiling & wall constructions tested to perform

in excess of STC 49 whilst also having NRC 0.70
K. H. STRAMIT LIMITED

A National Company using 100% Australian products

SYDNEY CANBERRA MELBOURNE
(02) 6315222 (062) 80 5921 (03) 320 7611

DECIBAR —

A complete range of noise control materials:

ABSORPTION — BARRIER —

DECIBAR AF  — piain acoustic foam ggg:::z m — loaded W‘Y'I
— i — loaded vinylffoam
DECIBAR VAF — perioraied vinyl faced oaded winyltoom
absorber

DECIBAR MAF — melallzed polyester f0ced  DECIBAR LVM — loaded vinyl matting

N —giines  DAMPING —

DECIBAR TAF — textile faced acoustic foam DECIBAR DC — vibration damping
compound

Suppliers to Major OEM’s & to industry DECIBAR DS  — vibration damping sheet

INDUSTRIAL 7 Levanswell Road,
@ ) NOE Moorabbin, Vic.
CONTROL Australia 3189.
pty. limited Ph: (03) 555 9455

Designers, manufacturers and suppliers of noise control products and materials.

Vol. 14 No. 1 — 8 Acoustics Australia



Computers in Acoustics

Manfred R. Schroeder

Drittes Physikalisches Institut
Universitaet Goettingen, F.R. Germany
ATE&T Bell Laboratories

Murray Hill, NJ 07974

ABSTRACT: A number of applications of computers to acoustics are described ranging from early simulation studies
to recent work on speech and speaker recognition. Among topics discussed are problems encountered with the
Philharmonic Hell in New York: the “clouds” leading to destructive wave interference at low frequencies and
further low frequency attenuation caused by the “seat effect”.
Goettingen, reating the physical parameters of concert hals and their subjective qualty, enabled listeners to make
instantaneous comparisons between different halls, the results being evaluated by a Interaur
dissimilarity was found to be the most important parameter governing subjective preference. Other topics d»scussed
include experiments with lateral sound, the design of reflection phase gratings to control ceiling and wall diffusion,
the acoustic camera, the use of on-line computers and computer music.

Extensive work performed at the University of

rence test”.

INTRODUCTION
Computers arose very early in acoustics. Already in 1958,
crucial problems in both h coding and room acoustics
were hmng successfully attacked by computer simulation.

T

e main hurdle in compressing speech signals for more
efcont s torage and s he complexity of the
it roquird for

the necessary operations. There were no
but their implementation far exceeded the
capabilties of soldering iton and wire spool. It was primarily

were the beginning of digital simulation that grew and grew,
until it became nearly unthinkable in many fields — not just
acoustics — to proceed without it. (See (1] for early velerencas
up t0 1968)

DIGITAL SIMULATION
In the early dawn of computer simulation, a single sentence of
speech meant a trunkful of computr cards, hand-delivered
from Bell Laboratories to IBM headquarters in New York City.
(No.magneti tape mputioutput he: and sven the lrgest
machine at Bell Labs was inadequate for our jobs

One of the main benefits of digital lrmulunnn, s the
rapid progress it engendered w jously — rather
unexpaciod. Whic befor dighal simulaion many urworkable
ideas were never exposed for what they were — inadequate
implementation was much easier to blame — proper digital
simulation left lttle room for cheap excuses. One of the main
advantages was indeed the very fact that it allowed people to
fre themselves from their pet projects (“if my idea could only
be implemented the way | conceived itl") in order o focus on
the workable [2].

* Manfred Schroeder is the Diroctor of the Drittes Physikalisches
foaiut ot the Unkversty of Gostingen Gemany and seo coines

is research n with the ATET Bell Laboratories in Now
Jerso. Tha il wes spaciehy wition for o Gurent sarios on T
use of computers in acoustics.

=

ARTIFICIAL REVERBERATION
Not long after the first simulation in speech, the author saw a
resounding opportunity for tion in room acoustics.
He hed us heard abour the wful spactal dstrtorsthet some
artificial (“spring”) reverberators were then (ca. 1958) producing
end it occured 0 i that sl rverberaton shouid be
produced by electronic all-pass networks. And what was more
nawral than to_simulate the “natural (sounding"  artical
(

of astonishment and disbelief on the part of our computer
colleagues when symphonic music — reverberated on their
umerical machines — emerged from the digitakto-analog
converters (31.)

CONCERT HALL ACOUSTICS

mputers in acoustics

itial
instalment of New York City's Lincoln Center for the Performing
Arts, first bowed before the world of music under the baton of

its first chief tenant (Leonard Bemstein), i

expectations were soaring. But the elegant new hall on Upper
Broadway, carefully designed by ustical consultants on
the basis of encompassing data, meticulously collected by
L. Beranek [4] in concert halls around the globe, left something
6 bo desired. The high hopes held for the hall were soon
dashed.

In nontechnical terms, there was a lack of “warmth’” and

mythical past of perfect musical balance, but of  harsher orgin:
the rear of the hall. The musicians, 100, did not remain silent:
they could not always hear each other well enough, thus
making ensemble playing difficult.

George Szell, the most vociferous of the leading conductors,
called for more “microdiffusion” and derided the overhead
acoustic panels (untranslatably) as “schwangere Froesche mit
beleuchtetem Bauchnabel”.
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In this cacophony of complaints, Lincoln Center sought
technical help from a resourceful neighbour on Lower Broadway,
the American Telephone and Telegraph Company. AT&T in turn
asked Bell Laboratories, who appointed the author 10 join a
committee of four “experts” chaired by the eminent physicist
and former Chancellor of the University of California at Los
Angeles, Vern Knudsen, to see what could be done (without
building a new hall.

PRECISION MEASUREMENTS

Bell Laboratories charter in this rescue mission was to ascertain
— by acoustic measurements — the physical facts and their
potential subjective significance. As a first step, new measure-
ment methods, based on computer-generated test tones and
digital filtering, were developed, aiming for high precision in
both temporal and spectral aspects of the hall's acoustic

[5)

Reliable subjective evaluations of the acoustic quality of
different halls had become possible because of a new method,
invented by Bs Atal and the author and further refined by
P. Damaske, B. Wagener and V. Mellert, that allowed the
faithful repvudu:mn in a suitable anechoic chamber, of music
played in different halls [10]. For this purpose, two-channel
Kunstkopf (“dummy-head") recordings were made at “strategic”
locations throughout the audience area in each hall to be
evaluated. The musical “input” for the was a recording
in an anechoic environment of Mozart's Jupiter Symphony,
kindly provided by the BBC Orchestra [11]. Similar tests were
also performed with five (but of course not completely re-
producible) music by G. Plenge, H. Wilkens, P. Lehmann and
R. Wettschureck from L. Cremer's Institut fur Technische
Akustik at the Technical University of Berli

The recordings, made in some 20 different halls, were

in such a way that the original dummy-head

of musically important low frequency components
reflection from the overhead panels or “clouds” (6]. This effe
was also found in model experiments performed by E. Meyer
and H. Kuttruff at the University of Goettingen (7).

The clouds were introduced into Philharmonic Hall by the

cnergy. But the cloud size and shape was inadequat

crystaattioo-fike aray in which they were aranged along the
ceiling led to destructive wave interference at adjacent low

frequencies.
This lack of low frequencies in the rm overhead reflection
jiscovered by

8). (This “seat effect”” must exist in many other halls in
which the main floor is insufficiently raked; but it is usually
masked by the presence of low-frequency components in the
early overhead refiections.)

result of these various attenuating circumstances, the
low notes in the range from 100 to 250 Hz, compared to the
higher frequencies, were depressed by as much as 15dB in
much ol the main seating area.

e was at least one excellent seat: “A 15” on
ho Second Temace (o style, the number system has since
been changed several times). Before the measurements we
begun, the ushers (students of the Juillard School of Mosio
had pointed out this seat as optimum in their opinion. And,
o and listen, in the measurements, too, “A 15" emerged as
best by far: the gap of 15dB between low notes and high notes
was narowed to less than 2dB.

SUBJECTIVE EFFECTS
ik It s o eaggaraton 0 ea sha ory s proceon cf
digital signal generation and processing made these results as
accurate and reliable as they were. But there was another,
fes prcicabl, ofoct o the ovehisd panels: what roflctions
they interpolated arrived at two ears almost simul-
taneously. The subjective coﬂsequam:s of this lack of /ateral
reflections is a sensation of “detachment” from the sound
generated on the stage, rather than a desirable feeling of
envelopment by the music [9].

In order to elucidate some of the fundamental problems in
concert hall acoustics the author in 1969 petitioned the German
Science Foundation (DFG) to support basic research on the
interplay between the physlcal parameters of a concert hall and
its subjective quality. The work was performed at the Drittes
Physikalisches Institut of the University of Goettingen with the
collaboration of D. Gottlob, K.F. Siebrasse, U. Eysholdt and
Y. Ando from the University of Kobe, Japan, who joined the
Goettingen group as a Humboldt Found

i
ear lngrula are reproduced at a listener's ears when he was
seated n o gven posilon in ront of the speskars Litsnes
were thus able to make repeated instantaneous comparisor
tween cifforent halls. In this, manner. such pronounced
differences as exist between the Vienna Musikvereinssaal and
the Royal Festival Hall, London, become overpowering. But
even very subtle acoustic distinctions are easily perceived in
these direct comparisons. The wide spatial separation between
ifteront el has fnally been overcome;they are sl rought
ogether for a grand rendezvous in the same test chamberl
Fo avod Dasing the subjectve resls by mislacing
of illdefined adjectives was religiously
cschowed. This was achioved by recucing the evel
each pair of seats (in the same or different halls) to a simple
o

inimate” o th ke istanes
1o state solely whether they. rotaned condiion A or B, Many
crod such praforance. judgments were combined by
tidimensional scaling technique (invented by J. Douglas
Carroll at Bell Laboratories (12)) and used to construct, on a
digital computer, a three-dimensional preferenc . The
two main dimensions of this spatial representation of the data
could be identified as “consensus preference” and “individual
dlﬂuvu"cﬂs in preference”, respectively. (The third dimension
s essentially “noise”). Thls space then represents listeners’
acoustic prferences without semantic bias, while iving full
‘weight to their ditferent musical tastes (13].

INTERAURAL DISSIMILARITV
elation of the preference data with the physical

o time and oher wollnown sffects, inroual dssimilriy

st important  parameter governing _subjective
preference. The greater the dissimilarity between the two ear
signals (as would obtain in oldstyle narrow halls with high
ceilings) the greater the consensus preference, independent of
individual tastes [13).

Most moder wide halls showed up with a low preference
ranking, confirming the above interpretation that narrow halls
are good because they provide earlier arriving, and therefore
more intense, lateral sound. The importance of early lateral
reflections was also stressed by AH. Marshall and M. Barron
in earlier, i X
of laterai sound leads to a greater (prefefred!) interaural dis-
similarity, which in turn results in a feeling of being “enveloped”
by, rather than separated from, the music (15).

MORE LATERAL SOUND

‘This then was the main result of the subjective tests conducted
over several years at Goettingen. They were supplemented by
numerous other experiments involving sound fields created by

Vol. 14 No. 1 — 10
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both analog techniques and digital modification of existing
concerthell. In the et method, the impuise responses of
wide hails, deficient in lateral sound, are modified on the
Computer by the adition o simulated atoal reflections. These
modified responses are then convolved with music and
Subjectvely evaluated. Inthis manner the comnecton botween
early lateral reflections and plelurence was settled beyond
nable doubt. In fa verything remained
Unaltred, oxcopt for the sdion ! e etoctons 0.

NUMBER THEORY!
remaining nontrivial question, now that the causes of prior

falings have peen idrtie, s how o avold cosly misakee
in the future. Wide halls with relatively low
unfortunately, here to uuv high buiding costs ] quI :s
larger (and wider) audiences will see to that. se,
detrimental ceiling reflections could be eliminated by sound
absorption in the upper reaches of the hall. But, especially in a
frge macem hall vhows vokums bas to be e by o snge
instrument or voice, every counts; there is no surplus
acoustc energy avaiabie t b wastod

The solution to this dilemma came in the 1970s: surface
structures for ceiling and wals that diffuse the sound as widely
as possible over the entire frequency range of interest. The
desig ciples for such “reflection phase gratings” (as the
physicist would call such structures that diffuse sound, but do
not absorb it) came from the unlikely mathematical field of
number theory [17).

Thus, a symbiosis of methods from a wide spectrum of
scholarly disciplines — digital measurement methods, sound
field reproduction and computer simulation,

anumber
By solving the so<alled “inverse diffraction problem” on a

Soundiied, in turn, defnes the shape of tha diffracting object
and its surface impedance (hard, soft, etc). The appli
this method in nondestructive materials testing and especially
medical diagnostics, is obvious. Again the digital computer was
crucial, because the kind of precision that is required in solving
inverse diffraction problems could ot be realised with analog
methods.

ARTICULATORY STUDIES
A related application of digital computers is the derivation of
vocal tract shapes {tongue positions, etc) from the measured
sound pressure or acoustic impedance at the lips [24]. This
od of monitoring the motions of the articulatory organs in
the haman vecal et avoids the dangers of excessive
exposure that goes with the previously used cine-adiographic
me

ON-LINE COMPUTERS
One of the most important uses of computers occurs as on-ine
computers for research in speech and hearing [251. In contem-
porary psycho-acoustic work, test stimuli are prepared by
computer and presented to listeners, whose responses are also
evaluated by the computer. Furthermore, the computer can
select subsequent stimuli “on the run” based on the subject’s
current responses.

In on-line speech research the vocal tract model cannot only

scaling on the computer, and number theory — has finally
elevated the art of concert hall acoustics to the level of a
reliable science (18].

In ths mosrine nusarheoratic sourd fusors (bosad on

“quadrsuc mmm or ro0ts") have been installed

ow halls fond numerous. sound. studics) with,

sppysnlly, areat suceess (19, In fact, s 1 what one shouid

expect, given that such drﬂumv: break up solid specular

reflections (that can also e to unpleasant echoes) into

broad lateral pattors of minifioctions hat amve at  istener's
ears laterally rather than from straight above.

Perhaps the ultimate use of computers is the simulation of
concert halls while they are still in the planning stage. The
programming of o computer on the basi ofarchitecurel plans
s of course far from easy, but considering the financial (and
othe) takes invaved, no effort spoud be spared 1o promats
progress in this direction (201,

RANDOM WAVE INYERFERENCE
One of the early uses of digital c in room acoustics
was the author’s smulation of randomly mleﬂevlng waves and
their effects on (sound) transmission responses. In this manner
his theoretic prediction based on complex Gaussian statistics
above a critical “large-room frequency” could be validated by
“computer experiments” (21]. In the last decade this theory
has taken on a new importance in the interpretation of laser
speckle statistics.

REVERBERATION TIME

Given the fact that reverberation time formulas can only give
an approximate idea of the reverberation process, one has to
rely on solving the appropriate integral equations unless
something can be done by digital calculation. Some progress
in this direction has recently been made (22).

ACOUSTIC CAMERA

Another noteworthy use of computers in acoustics is the
realisation of an “acoustic camera”. In the acoustic camera the
sound field diffracted by some unknown object is recorded at

ut the model's
can also be made immediately audible for subjective evaluation
by the experimenter — who is then free to change his model
parameters untila satisfactory speech quality is obtained.

CDMPUTER music

M.V, Mulhevws, who Inrocucsd digital simulation to scoustica
signal processin the use of

(26). me umulalmg traditional instruments to composmg and
synth unds, both off. eal time, from
candu:llng an “orchostr’” of computer voices, 0 the testing
of new musical scales, the place of the computer in the future
of music is firmly established (27).

SPEECH AND SPEAKER RECOGNITION

Aunomatic speech recogiion and spesker veriication e

among me mnst challenging problems of modern man-machine

interaction. Among their numerous useful ay apmicatios are 8

future “checueloss” society m which all inghcil ransactons

aro executed over the elephone and "signe” by vico. Access
data car

Gthr appiications ncludo voies mlovmallnn and reservation
systems covering a wide human activities from
travel and study to purchasing and parln!r matching. In these
applications, spoken requests (over the telephone, say) are
understood by machines and answered by synthesised voice.
Voice control of computers and spacecraft (and machines in
general whose operators have limited use of their hands) is an
aspiration of long standing. Activation by voice could be
particularly beneficial for the severely handicapped who have

t one or several limbs.

The surgeon, in the middle of a difficult operation, needing
the latest medical information, is another instance wheto only
the acoustic channels are still fully available both for requesting
and receiving the urgently required advice. And finally, the
editing of “manuscripts” by voice may supplement much
present paper-and-pencil pushing or mouse play at the graphics
terminal. (See (28] for a recent “snapshot” of the state of the
artand further references.)

3
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CONCLUSION

In the last 30 years, digital computers, both large central
installations and small “dedicated” on-ine processors, have
proven powerful research and design tools in many human
endeavours — including : acouuics, from which digital simula-

parallel computing rising on the horizon, the past will prove
only a beginning.
(Received 22 October 1985)
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TECHNICAL NOTES —

Early diagnosis of
deafness

new compact portable instrument
that will enable deafness due to mal
function of the cochlea (part of the inner

Audiometric and Acoustic Equipment
division of Meditech International,
under licence from the British Tech-
nology Group. The AP200 Otoacous-
tic Emission Processor has been de-
veloped from work done on ‘cochlear
echoes’ by Dr. t the
Institute of Laryngology and Otology
(based at the Royal National Throat,
Nose and Ear Hospital, London).

The AP200 records, analyses and

coch-

impuises that are processed and inter-
preted by the brain. When a healthy
ear receives a sound, it has been found

I as absorbing
the sound, sends a weak echo of it

back to the ear can: is results in
an otoacoustic emission and, for this
to be pro a near normal degree

of cochlear acfivity is needed.
cochlear function is impaired sufficiently
10 cause a hearing loss of as little as
20dB, the power of these emissions is
greatly reduced at the frequency of the
hearing los:

OCO

With an earpiece containing a small
loudspeaker to _produce
“clicks’,

the
electronics separates the cochlear res-
ponse from noise and middie ear re-
actions. The echo is then broken down
into_frequency components.

Because 1o two persons’ echo res-
me the cochlear echo

H
€
H
H
g
3

of ‘cochlear funciion of people al risk
of progressive deafness due to pro-
longed exposure to high noise levels.

Analysis of otological emissions with

Physics Bulletin
12 December, 1985.

Lasers and Guitars
Sydney scientists and musical instru-
ment-makers have joined forces in an
Unusual Migh-technology research. pro-
ject aimed at building a better guitar.
Although _the _instrument’s _musical

pedigree can be traced back 5000 years,
no-one knows for sure - apar from ar
ex just_what_construction

vea«ms dvslmgmsh a good guitar from

Basel, Switzerland: Karger.

But the research project, details of
which will soon be published in the
ANZAAS Journal “Search, shows. that
with a little help from laser holography
and ‘sophisticated computer
some of the secrets can be unloci
Holographic images of guitar sou
boards (the upper wooden figure-eight
gortion ofthe guitar) have beon mads by
the
Shpied phyeice, o Lindiie.
how the distinctive vibration
p in the soundboard at

g

sound from the body of the instrument,”
Dr. Oreb said.

By comparing the way the sound-
boards_vibrate, Dr. Oreb and Sydney
uitar-maker Mr. Simon Marty, a PhD
student at Sydney University, are trying
to establish the best characteristics for

The results have been surprising in
some cases: a $4500 Spanish guitar, for
mple, vibrates in a_distorted ‘and
iraguiar pattern, while cheaper guitars
shuw a pleasing symmetry.
b says it may be that the
ot gunar hay-a mor Homplex v
tion pattern giving it @ richer, more
complex
Itis hnged ma the scier proach
can be appiied s wall [0 the making of
other _acoustic _instruments, including

violins, for which a potentially  large
export’ market exists.
Bob Beale
Sydny Morning, Herald
13 December,
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Computer Control of the Acoustic

Impedance Tube

John 1. Dunlop

School of Physics, Unrvwslly of New South Wales

0 Box 1, Kensingtor

The acoustic sbsarle\y of many materials may be
conveniently measured using the acoustic impedance
ube. This comprises a long heavy-walled tube in
which acoustic plane waves are induced by a loud-
speaker placed at one end or in a suitably designed
side- 3 sample of the material under
investigation is fitted into a heavy, end cap attached to
the end of the tube. The sound waves propagating

reflected by it. Measurements of the acoustic pressure
in the sound field in front of the sample will yield values
for the reflsctivity of the sample and hence s specific

acausllc impedan
the ccnvsmlunal apparatus — as described in
Auslrallan Standard AS 1635 (1976) or the Bruel and
— Ihe sound field in front

moved through the field and the magnitudes and posi-
tions of the pressure maxima and minima determined.
rements are then related to complex

reliectiviy, R, of the sample viz
[Rlexp(j#),

Rl = (SWR —1)/(SWR +1)

¢=[xi/(x:—x) — 1]
where SWR is the standing wave ratio or the ratio
of the pressure maximum to minimum and x, and Xz
are the distances of the 1st and 2nd pressure minima
from the sample face

This technique is time consuming and not readily
automated (Dunlop 1976) because of the mechanical

of the operation. An alternative technique
is that explored by Seybert and Ross (1977) which
e of two fixed microphones placed in the
reflection sound field in front of the sample. The
reflectivity of the sample may be determined from
measurements of the pressure ratio Pr: and phase
difference ¢1: between these two positions viz
R = (P12 exp(— jkxz) — exp(— jkxa))/
(exp(jkx1) — Pz expjkxz))
where x. and x» are the distances of the microphones
from the sample face and k the wave number of the
sound waves. This technique is more suited to com-
puter control, the arrangement shown i Fig. 1 having
been operated successfully for some years in the
Acoustics Laboratory, Schod! of Physics, UNSW.

As shown in Fig. 1, the impedance tube is acoustic-
ally excited using the band limited noise output from
2, specirum analyser (Hewleli Packard type 35624)
The signals detected at x and x. are then passed
thiough this analyser to give values of Prs and ovs at

Fig. 1. Schematic ol acoustic impedance tube
arrangement.

each of 128 discrete frequencies within the pass band
used. The analysis is repeated and averaged over
number of scans (32 being a convenient number). The
spectrum analyser is controlled by a computer (Apple
1l or N.E.C.) through an LE.E.E. interface card and the
258 data points (128 each of Pus and er) resulting
from the averaging are transferred 1o the computer for
plotting

acoustic property. A typical result of the spemﬂc
acoustic impedance of a sample consisting of 1

of open cell flexible.polystyrens foam is shown in

Fig. 2

R/PC

Fig. 2. Plots on the complex impedance plane of the_
specific acoustic impedance of 150 mm of open cell
polystyrene foam with rigid backing (solid curve calcu-
lated _ points; dots, measured points; *frequency
markers in Hertz).

The specific acoustic impedance, Z, of a length, /,
of absorbing material placed on a rigid backing may
be, descrived by the equation (Zwikker and Kosten
b

Z = Weothyt

where W and y are the characteristic acoustic impe-
dance and propagation constant of the material being
related a:

W = oCl1 -j8/2)
and y = j2xfIC(1 -j8/2)
where C and ¢ are the sound speed and acoustic

density in the material and & is the lag between the
phase of the pressure and condensation waves indicat-
ing dissipation of eneray. This formula may then be
fitted to the experimental points, stored in the com-
uter, using a curve fitting algonthm (e.g. 1BM Share
roaram EID-NLIN No. 3094 the acoustic
parameters o, G- and s obiames. Sedh a curve fiting
has been applied to the results shown in Fig. 2.
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Experimental Studies of Acoustic Resonant
Phenomena in Turbomachinery

S.AT. Stoneman

Department of Mechanical En,
University College of Swansea
West Glamorgan, U.K.

M.C. Welsh

Di n of Energy Technology
CSIRO

Highett, Victoria, Australia

ABSTRACT:.

at the University College Swansea) is described and discussed. A further
in @ wind tunnel, as & model of the turbomachinery blade rolis (conducted at CSIRO, Melbourne, Australia) is

ntal investigation of tandem plates

prasented. This is done both in terms of a new phenomenon which has been identified and siso i terms of the
the the

and the wind tunnel.

INTRODUCTION

Acoustic resonances in turbomachinery have been known and
studied for a number of years [1]. Latterly, in collaboration with
Rolls-Royce, Parker and Stoneman have been investigating the
nature of acoustic resonances in a single stage, axial flow
compressor test rig to identify the parameters which are a major
influence on the_generation of circumferentially propagating
acoustic waves. The callaboration arose from the identification
by Rolis-Royce of unacceptably high rotor blade stresses in a
research compressor for the RB-211 aero engine.

“This article briefly re-states the main conclusions of the above
work 2 to 51 and reports the results of wind tunnel experiments
conducted at the Division of Energy Technology, CSIRO,
Melbourne, to investigate |hs Scoutc pmpemas of andem
plate_configurations, of v whic
anded 1o model the o i vane V) and rotor blade
gcometry of th turbomachine.

TURBOMACHINERY TEST RIG AND RESULTS,
University College Swansea
Figure 1 is a half-sectional elevation of the single stage axial
flow compressor test rig at the Department of Mechanical
Engineering, University College Swansea.

Figure 2is a pamalry assembled view of the test rig showing
the major components.

pha
of the work, .. vortex shedding from o33 o wtagger, sab.
sided, rounded trailing edged IGVs and (b) 33 and 66 zero
stagger, airfoil sectioned IGVs subjected to.incident flow
produced by an upstream row of pre-swirl vanes. The results
from the slab-sided test were representative of all the results
cbtained and the following 1 theretora Imited to 8 descrption
and discussion of this geomet

Figure 4 shows the frequencyflow velocty rlationlip ot a
stationary microphone at mid-chord a 1GVs.
Thess resuts are for an 1GVirotor axial spocing of S3mm

2The mateil i this arice nchudes werk conducte il by Or
‘work conducted jointly whi

Giveion o Energy Technology. Melboutne in Auguet 1985,

which, non-dimensionalised in terms of the thickness of the
vortex shedding IGVs (5mm), is a space to thickness ratio of
6. It can be seen that the resonances manifest themselves
a series of locally approximately constant frequency lines over
small ranges of velocity, with the mode number varying from
7 10 16, propagat etimes with and sometimes against
the rotor direction of rotation (indicated and positive and
negative respectively). The range of Strouhal numbers over
which the resonances were generated being 0.229 t0 0.292.
Figure 5 shows the relationship for a space to thickness ratio
of 1.04 where the long series of resonances has been replaced
by just two resorarces. modes 15 and 16 which ro fraquency
locked over a very large velocity range, corresponding to a
range of Souhel mbars rom 0.262 19 033,
the space to thickness ratio was an intermediate value
of 268 (Figure 6) two series of resonances were generated.
s the flow velocity was decreased the modos changed in 8
series of steps from 16 to 12 whereupon the mode number
jumped to 16 again (at approximately 42 metres per second),
decreasing to mode 8 with decreasing flow velocity. The
Strouhal number ranges  corresponding to this s

ies of

resonances were 0212 to 0.260 for the high velocity series
and 0.316 to 0.363 for the low velocity series. It was to provide
an explanauon of the means by which two very different
inces can be excited at

imilar flow velocities as a result
at an experimental
ith CSIR

TANDEM PLATES IN A WIND TUNNEL, CSIRO
To simulate the geometry of  vortex shedding IGV positioned
upstrearh of a rotor row, two plates were mounted on the axial
centre line of a wind tunnel in a tandem configuration (Figure 7)
such that the axial spacing between the two plates could be
varied from 0 to 20mm (space to thickness ratios of 0 to 25).
The vortex shedding and the acoustic field were monitored by
a probe microphone located in the wake region of the upstream
plate and a 3582A Hewlett-Packard Spectrum Analyser.
Figure 8 shows the now familiar result for a single plate in
wind tunnel where over a limited nge the vortex
shedding excites the duct acoustic resonance which in turn
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becomes locked to the acoustic resonant frequency. Figure 9
shows the results obtained with a second plate installed 30mm
dowrmuum of the hm plate (space to thickness ratio 3.75)
wher n the vortex shedding frequency
oo 1o ho acaustc resonant frequency, the vortex shedding
s locked to it, as with a single plate. Over and above this, there
were a number of other flow velocities at which an acoustic
resonance was excited which were found to occur when the
vrtex sheding frequancy was an inger submulipl of the
acoustic resonant frequency, e.g. 9:8,
particular value of the integer submultiple was a function of the
axial spacing between the plates. Work s in hand at CSIRO to

results indicate that the essential character of the pham)menon
can be predicted.

n the flow velocity was set at a constant 22 metres per
second (such that in the absence of the second plate a strong
acoustic resonance would have been generated) then varying

the plate spacing from 0 to 200mm caused the peak sound
pressure level to vary as shown in Figure 104 The peak sound
pressure levels obtained corresponded af tely to those
found in me absence of the second pats. However, at the
intermediate the acoustic resonances were effectively
destroyed balng some 30 to 50 decibels lower than the peaks.

DISCUSSIO|

N
Itis not known at this time whether the low velocity series of

The 1GVirotor spacings from which the turbomachinery

resonanc:
spacings of which the tandem plate resonance was effectively
destroy may indicate that the phase relationship of the
Vortex arrival at the rotor favoured the excitation of the
‘multiple resonances at the lower flow velocities over those at
the higher flow velocities.

CONCLUSIONS

1 The results of turbomachinery experiments and those from

suggesting that modeling the acoustic properties of turbo-
machines with stationary plates in a wind tunnel has a
contribution to make in expediting investigations.

2 Two plates in tandem in a wind tunnel can excite an acoustic
resonance when the vortex shedding frequency s an integer
submultiple of the acoustic resonant frequency.

3 The presence of a second plate in tandem with a vortex
shedding plate in a wind tunnel can destroy the presence
of the acoustic resonance normally associated with vortex
shedding at the acoustic resonant frequency.

(Received 3 December 1985)
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Paul Dubout

Interview by John Davy

Paul Dubout was born in Melbourne where he spent
all his childhood. He obtained a Bachelor of Science
in Physics and Electronics from Melbourne University
and joined the CSIRO Division of Building Research
in 1951. The acoustical research had been under way
for about two years in the Acoustical and Thermal
Investigations Section led by Roy Muncey together
with two other acoustics researchers: Arthur Nickson
and Werner Lippert. Werner worked on sound trans-
mission in ducts, the rest of the team on auditorium
acoustics.

Worl jan on subjective acoustics when Paul
arrived, The first item of interest was the perception
of echos. Haas, in Germany, had worked with speech
and a single artificial echo. The work at DBR extended
this to music and ultimately showed that similar under-
lying parameters applied to all sounds. A paper
doscribing this work' 18 referenced by Kuttrft in s

on room acoustics.
1953 DBR was asked if it was possible to use the
Exmbmon Hall for the Melbourne Film Festival, The

an
Broposed to scat 1800 people, Shortly before
this St Paul's Cathedral in London had been equipped
with a speech reinforcement system using loudspeaker
columns and time delays for the more distant columns,

that it_could also be done in the
Exhibition Building. An EMI 1ape recorder using a tape
speed of 30 in/s was modified to run a continuous
loop. This provided the delay for loudspeakers half
way down the hall.

“The evening on which we conducted our main com-
parative tests on four variations of our system, with
full audience opinion poll, was a disaster. Of the two
main films on that night, one turned out to be a silent
film and the other was an Irish film which was sup-
posed to have a sound track but it was defective and
completely unintelligible. You can imagine the remavks
we got on our 1800 questionnaires.” However,
the ofher sessions were all Successful and soon after”
wards similar equipment was used in the same build-
ing for the Royal Ball during the Queen’s visit and for

a Melbourne High Sci

(00p equipment built at DBR for the echo-percep-
non mvestlga ions.

The work on subjective auditorium ncousncs was
wound up in 1959. About this time Paul spent some

even langerous apparatus which used
hydrogen. “Thankfully, we never blew buildings,
but on one occasion a colleague acc:denla( released
excess N:O, with laughable results.”

Paul then worked on community noise and trans-
mission acoustics. Arthur Nickson and Paul both
became interested in the nolse oi Tain on steel ro0fs,
which was pressed on them by a “flood” of public
dissatisfaction with the new steel tmugh roofing. Arthur
developed a miniature tapping machine for roofs
using “Meccano” 5/32 in. rods, but it did not correlate
Very well with rain noise, Meanwhile Paul set up a
shed on which real rain noise was measured. Paul also

worked with Kelth Mariin on evaluating two diferent
rain noise damping treatments for steel roc

By this time Paul was project officer |cr the con-
struction of the DBR acoustical chambers, and the
services of Roy, Arthur and Werner were soon to be
lost to the acoustics group. Meanwhile, some other
earlier staff changes should be mentioned. Paul met
his future wife, Val, at Melbourne University, where she
was §(uleng physics and mathematics. Val was already

le and Val was
transferred to Roy Muncey's Where she woi
on acoustic and thermal Investigations before leaving
in 1954 to raise a family of

In 1955 Anita Greens|ade (Lawrence) came at first
as a guest worker doing a Master of Science with the
University of New South Wales, and then for a while
as a temporary staff member. "That was quite a
memorable period. We did subjective and objective
appraisals of the acoustics of Vitorian concert halls

unscathed,
got wetted.
Bill Davern joined the group in 1957. Roy Muncey
left DBR in January 1966 and Werner Lippert became
group leader in acoustics. Unfortunately he took ill a
year later in January 1967 and never fully racovered.
lickson took ill during 1967 and died in Janu-

0 within a period of two years the leading
fights” went_out." These lossas occurtad during. the
construction of DBR's acoustic chambers. A lot of

improvement in reproducibility sorption
coefficient measurements, so DBR decided to conduct
an Australian and New Zealand “round robin” in this
area of measurement. The last paper analyzing these
results was only published in 1985, How's that for
spinning out a project?”

After three years of pleading that if they could not
have the lost staff replaced they needed automatic
measuring equipment, the acoustics group obtained a

$30 000 grant in 1971 to purchase a real time analyzer
and minjcomputer systom which was delivered in June
1972. The system was used initially with machine
language programming and the reverberation time

Continued on page 23
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Microphone Sensitivity Calibration at NML

Dennis L. ngs and Alan V. Gibson
National Measurement Laboratory
CSIRO Division of Applied Physics
Sydney 2070 Australia

substitution in free-field.

ABSTRACT: A figure for the ratio of “voltage-out” to “sound-pressure-in” is the fundsmental piece of information
required for any measurement microphone. With the completion of development work at the high frequency end of
the audio spectrum, NML can now determine the response of microphones at frequencies in the range 31.5Hz to
20kHz. The range 31.5H;z to 1kHz is conveniently covered by coupler techniques, and from 200Kz to 20kHz by

1. INTRODUCTION

Instruments for measuring sound pressure invariably begin
ith a microphone to convert the sound pressure signal into an

electrical voltage signal, and for quantitative results it is

necessary to have numerical values specifying the relationship

between these two quantities. Nowadays, it is customary to
express these numbers in the uns Volts per Pascal, though
one still relics of the
in dynes per sauare centimetre.

may, of cou

with respect to m- mnput froma muna calibrator, without any
wiedge of microphone sensitivity, but this merely
postpones the need for such knowledge, since the calibrator
fmif must have been calxated by rferenco o 8 calbrated
microphone. There are, moreover, serious difficulties in using
the sound calirato tochniaus st flequencias above 3 fow
kilohertz.
As clmodlan  of the natonsl systam of unis for physica

of mlcmvhona unmwuy in the frequency range 31.5Hz to
0kHz.

250 Hz to 1 kHz where, for one inch microphones equivalent in
design to the Western Electric 640 AA that can be compared
directly with the primary standards, the uncertainty is believed
to be less than 0.05.dB. For other microphones and frequencies,
the uncertainty is estimated to be 0.1dB plus 0.02dB times the
frequency in kilohertz, i.e. 0.1dB up to 1kHz, 0.2dB at 5kHz
and 0.50B at 20kHz These estimates are meant to be
conservative, 99% confidence values.

2. CALIBRATION TECHNIQUES

2.1 Coupler Reciprocity

The frequency response of a respectable measurement micro-
phone characteristically begins with an extensive more or less
flat region at low frequencies, growing more imegular as the
frequency rises and ending ultimately in a steep descent into
oblivion. The sensitivity in the flat portion is the number
usually quoted as the microphone sensitivity and there is
universl egreemant ot the best vy o deermine s by tha
reciprocity method in a closed coupler. The method has been
hallowed by the issue of an IEC standard, Publication 327 n,
and one can buy an apparatus for carrying it out. Various
standardising laboratories have described their own versions,
NML amongst them (2, 3, 41.

The reciprocity method owes its success to the circumstance
that a mechanically suitable microphone will act not only in
the forward direction as a transducer of sound pressure to
voltage with sensitivity M, but also in reverse as a transducer
of el cuman 1 vokums vekcty, nd thet the anadcion
coefficient in the second ca the same as in the first.
Accordingy, one couples two mictophones of seniivies M,
and M, lown acoustic impedance — which at low
frequencies is a dignified way of saying by & hole of known
volume — and passes an electric current into the first. A sound
prossuro proporional o My s gonersted In the couping
impedance and a voltage proj to MM, is generated
by the second microphone. Having obtained a measurement of
M,M,, the remaining tick is to camy out the operation
three times on a group of three microphones taken in pairs and,
by taking the product of two results and dividing by the third,
to obtain sensitivity values for the three microphones
individually.

The sketchy account of reciprocity calibration given above
has of course glossed over a number of subtleties. Anyone
interested in going further should consult Delany and Basley
51. NML's contribution, apart from the relative sophistication
of its electrical measurement technique, lies in the idea of
making the acoustic coupling impedance more complex than
the simple hole to minimise the physical msﬂlpulaﬁon required
in measuring three microphones two at a

The NMIL 3 perture couplr s shown in Figure 1. Because
the microphones can no longer face each other co-axially, the

Q@-

Figure I: The WML 3apertrs rciproci coupler,
‘one microphone removed.
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useful high-frequency range for precise calibration is limited to
1kHz, but this merely means that the problems arising in all
coupler methods when the wavelength becomes comparable
with the coupler dimensions, and the inevitable changeover to
acoustic field methods, must be faced at a lower frequency. In
compensation, the 3-aperture coupler permits the calibration
by substitution, with reciprocity accuracy, of a rang
of microphone for which the method is not ordinarily available.
After the standard group of three has been calibrated, the
unknown is substituted for one of them, leaving the mairing
pair to monitor, by their change in apparent
change in the measurement parameters caued by the ntoduc.
tion of the unknown.

SETE—

Fgure 2 Comparison coupler showing two
ch microphones installed.

The device illustrated in Figure 2 is a comparison coupler for
comparing microphones over a range of frequencies up to
‘about 2kHz or more dubiously, to 4kHz. The loudspeaker in the
fower section introduces sound into the periphery of a coupler
same dimensions as the 3ml IEC design, whilst the two
‘microphones to be compared are introduced axially from either
side. Levels up to 124dB are possible to 1kHz and 11408 to
4kHz. Measurements of the relative sensitivity of, for example,
a standard microphone and an unknown can be made with a
precision of 0.01dB by the technique of including a precise
gain control in the output fine from one microphone and
adjusting it to achieve equality with the output from the second
pared alternately. By this means it
becomes unnecessary to know anything about the measuring
amplifier o the sound source provided they are stable over the
short period it takes to switch between outputs, and a digital
voltmeter can be used to expand the resolution available in a
measuring amplifier meter scale. For the most precise work,
the two microphones are compared by substitution on the same
side of the coupler, a fixed microphone on the other side being
usad simply to morior the tanafer
The coupler may also s what is, in effect, a
moniored sound cafbwatr, cu establishing and maintaining
soun y and level.
of lovel s monitored by a microphone on one side of the
Coupler, whilst the oter side s evaable for the Invoduction
the microphone of a sound level meter or other instrument.
The callbraion of a portable sound caliator ¢an thon b6
checked by comparing the response of an instrument to it and
to the known sound pressure in the comparison coupler.

2 3 Reciprocity in Free-field

rt from the assumption of reciprocal behaviour in the
m.aopn nes themselves, one of the basic requirements for
coupler reciprocity is that the dimensions of the coupler should
be small compared with the wavelength s that the driver and

ditvn ictophones can be sssumed to expeionce the same
proteure whhout sercus ene. At 20 e the

sbout 17 mees, there 1 n

umwmp hia condition, but 1 i clar that, 1 any sont of

required, trouble will be experienced long before a

froauency of 20kHz is reached. In a coupler of simple shape

\rv in

“wavemotion” corrections, or one can il the cavity with
hydrogen rather than air and take advantage of the high velocity
f sound to aciave o grestr wevelength o s given fequency.
but all these expedients are merely paliatives, and sooner
later one must abandon coupler for

in a real acoustic field. Quantification of the response of the
‘microphone to some type of acoustic field is, after all, what the
calibration exercise is all about. At NML we have chosen to
make the change sooner rather than later and have had thereby
t0 confront a unique set of problems.

‘There is no fundamental difficulty with reciprocity theory in
free-ield [6]. Given a high-quality anechoic space, one sets up
a pair of microphones in some such arrangement as Figure 3
and proceeds as before to measure the voltage output from
one when the other is excited by an electric current input (7).
One endeavours to keep the space anechoic by excluding
reflecting supporting structures, relying for alignment on a
system of cords.

brick
lined on all surfaces to a depth of 600mm with 25mm thick
layers of absorbent materialin four graduations of density. The
deeper 300mm consists of 12 layers of Wawn’s “Innerbond”
which is made from bonded acetate fibres, whilst the front
300mm consists of 3 grades of bonded acryiic fibre from the
same supplier. The least dense layers (nearest the surface) are
of a grade of material normally intended for garment padding;
the two deeper grades were manufactured especially. The
recipe for the number of layers of each density was adjusted
by measuring the absorption of a 600 mm plug of the composite
material, 100mm in diameter, in an impedance tube. The

Figure 3: Reciprocity calibration in free-field
f Tiinch standards.
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material is supported by a system of wires and fishing net, the
trickiest surface being the ceiling where the denser material
above must not be allowed to crush the flmsier materiel
below it.

The capacitor microphone has many virtues as a transducer,
but high sound output for any feasible current input is not
among them, 5o that the achievement of an adequate el s
always a problem in fres

results in a ratio of voltage-out to current-in that varies with the
frequency squared, and the signal to noise ratio is at least 100
times worse at 1kHz than at 10kHz. The NML measurements
aimed to extend the free-field results as far down into the
coupler reciprocity frequency range as possible to minimise the
‘magnitude and uncertainty of the difference between pressure
and free-field calibration, and it proved possible to get down to

15 Hz before the difficulties became prohibitive. The coupler
results from 31.5Hz to 1 kHz could then be combined with the

wideband calibration for the three BEK microphones type
4145 designated as the NML Primary Free-Field Group (81.
Since reciprocity calibration in free-field is an oxcessivly
arduous undertaking, small drifts in sensitivity with time are
monitored by maans of he slecrastelc scato, i the
three years since their reciprocity calibrations were completed,
the free-field standards have been found to have drifted by
amounts of the order of 0.02dB at low frequencies to 0.1dB
at high. Note that we are only making small corrections to a
reciprocity calibration by actuator measurements, not deriving
the free-feld response by adding a very large diffraction
comecion 1o sctutor resut, which s 8 very difrent

prop:
rder of rosoltion aan bo achioved by the e of the samé sort
of precision gain-control technique as was described for the
comparison coupler.

24 Subnitutian In Free-field

Given a set of cal reference microphones, unknowns
may be calibrated bv ‘substitution in an arrangement such as

that dopitad n Figur . Theloucepeaker s caused to it
jes of covering the required frequency range at
approximataly constan level, and the outputs from the first

Providing one is content with a fairly low sound pressure level
{e.g. 74dB) one can cover the range 200Hz to 20kHz with a
single loudspeaker that is not impossibly directional at the
high end, and avoid the nuisance of changing the source in
mid+ange. In the figure, the loudspeaker is of 76mm nominal
diameter mounted in a rigid aluminium sphere which acts as
an iafinin”bafle. Msssroments have shown that f the

substituted microphone replaces the standard with a posi
Uncertainy not greater than Smm, the uncerainty in sensitty
will be less than 0.1dB over the whole frequency range, and
itis not difficult to achieve this.

3. CONFIDENCE IN THE RESULTS

Itis of some interest to try and gauge the accuracy achieved
in the measurement of any physical quantity, though metrolo-
gists are notoriously optimistic in this regard. The evidence that
the uncertainty in NML's primary coupler calibrations is not
more than 0.05dB has a number of sources: (1) It tums out
that the most likely source of error in coupler reciprocity is the
measurement and reproducibility of the coupler volume itself.
Assuming dimensions can be relied on to +0.01mm, the
uncertainty in sensitivity is of the order of 0.01dB. With the
addition of a number of smll uncertainties, a figure of 0.02dB
looks realistic, and determinations of sensitivity of the same
microphones in different couplers have shown a range of this

SabRs ke s

i
}
Figure 4: Substitation caiibration of %-nch
microphone in free-field.

order; (2) A determination of microphone sensitivity by Taylor
19] via the totally dissimilar route of the Laser-Doppler measure-
ment of particle velocity agreed with the reciprocity results to
this order also, as did an intercomparison with Corney at the
Physics and Engineering Laboratory, New Zealand. NML hopes
to take part in an International Intercomparison at present
being organised in which standaradising laboratories in Japan,
USA, Canada, Europe etc will submit calibrated microphones
to the National Physical Laboratory, England. If all goes
according to plan, the various national laboratories should at
least get from their peers an opinion on the soundness of their

respective guesses at their own systematic errors.
As an indication of the consistency of our coupler results,
the most stable 4144 from our primary group has maintained
its calibration within +0.01dB since March 1979 when the

The uncertainty of free-ield calibration is more difficult to
assas, though iy 10 bo worso than coupler calbraton at
low frequencies and to become progressively orse as the
roquency increases. Tho figune of .58 at 20kHs s based on
the observation that differences of the order of 0.2dB are
observed when the same microphone is calibrated with the
loudspeaker or with a second microphone as the source. The
reproducibility of a given calibration is better than the latter
figure by a factor of at least 2.

‘As an example of the results obtained for a quality modern
microphone, the frequency response curve for a BEK high-
sensitivity half-inch microphone type 4165 is shown in Figure 5
with the NML calibration superimposed upon an enlarged plot
derived from the makers’ chart. It will be seen that with the
exception of the extreme high-requency end, the on-axis
sensitivity stays within 0.50B of flatness, and that the NML
calibration generally says that the microphone is actually better
than the manufacturer claims. Results for this particular
mlcrophans type are consistently good. Results for the older

inch type show  discrepancies of 0.5 to 1.0dB above
Skt but sinco ou specmens are 5 10 10 yeors o, It s
possible that the current frequency response is no longer
‘adequately represented by the calibration at manufacture.
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4. CONCLUSION

By a suitable selection of techniques, microphones can be
calibrated at NML over the frequency range 31.5Hz to 20kHz
with a precision sufficient to verify the tolerances for a type O
instrument as specified in AS1259 — 1982. Because of the
range of wavelengths involved, the complete frequency span
‘must be calibrated in two parts, but the free-field measurements
extend down to frequencies low enough for overlap between
the parts of the range not to be a problem.

L e e IR H‘
10
go =
§ -05| {—
@ —8 & K Chart |~——NML
" !
T
1250 2500 5000 10000 20 000
Freauency (Hz)
gure 5 Comparison of NN s mtar's caltraton
‘microphone 4165/1159169.

REFERENCES
txamational Becttectrics Commin
n of onedach sandwd

: “Precision method for
‘condenser microphones

Y techniaue.” Publcation 327 1971,
RC. Comeyr c.p-mmr Microphone  Reciprocity Calibration”.

Metrologia 11, 25-32 (1975).

G8K. Wong and T.EW. Emtleton “Arangement or grecidon
reciprocity eaioaton of condonser microphones”. J. Acoust. Soc.
Am. 66, 127580 (1

D.LH. Gibbings and AV. Gibson: “Contributions to the Reciprocity,
", M

o o

v eciprocity
Calibration of Capacitor Microphones..." M«mmm 20, 8594

(1984).
D.LH. Gibbir

s and AV. G!bwn “The Wide-Band Calibration of
jia 20, 95.99 (1984).
Abaches ullhmnn of ‘microphones by a laser-
. Acoust. Soc. Am. 70, 939-945 (1981).

J. Taylor:
Dovphv techniqu

(Received 17 September 1985)

OO0

A 5-year strategy for CSIRO

A new focus for CSIRO's research with special
emphasis on high-technology industries and work more
closely attuned to commercial benefit are key planks
of a 5-year plan to strengthen the organisation’s posi-
tion as an effective, dynamic and flexible research
institution.

The plan was issued in the form of a booklet entitled
“Shaping the Future—a Strategy for GSIRO 1985-
1990" on 29th September, 1985.

The strategy, which was formulated from the recom-
mendations of five executive working parties, has the
following objectives:

to develop more systematic procedures for identi-
fying growth areas and assessing the balance of re-
search across economic sectors;

 to concentrate CSIRO’s research effort into fewer
programmes focussed on fewer national objectives;

« to introduce more systematic evaluation of research;

* to improve the two-way communication of results
and information between the organisation and its
user groups; an

* to develop better management practices and more
flexible stafling policies.

Of the current top five priority growth areas, the
four which have particular relevance to manufacturing
industry are as follows:

. m-
puter-based Cintormaton lechnolwgvel o Sectors
of industry and the community;

* developing technalogles that are widely applicable
in manufacturing industry:

* encouraging the development of an Ausiralian space
industry; ai

oly .
to_improve Ausushan agvlcullura and create new
manufacturing opportunities.

Criteria for recognising growth areas and for assess-
ing sectoral balance include factors such as the poten-
tial of an industry to generate weaith and employment
and to be export oriented.

The strategy notes the importance of strengthening
CSIRO's interactions with industry, government and
the community.

It calls for close contact with potential customers
in the setting of research objectives and in evaluating
the results of research. Also more day-to-day contact
between staff and potential customers, more second-
ments between CSIRO and industry, and more user-
oriented seminars and courses will be encouraged.

Copies of the free 11-page booklet may be obtained
rom:
csmo Industrial News Service,

x 225, Dickson, ACT 2602
Phane {052)43 4639

OO
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System Matching

Infinitely Variable,
Economical, Efficient.

‘System Matched' attenuated air systems are
more efficient, more effective and more
economical because you only pay for what
you ni

The variability of our Rectangular Attenuator
configuraticns is aimost infinite so a very
special computer programme is used to
accurately align required performance to
delivered performance.No over-compensations,
no extra costs and optimum efficiency.

If your next air delivery system isn't ‘System
Matched' you've wasted time and money.

Some projects that have ‘System Matched' performance:
o Vic. Riaito Hotel - LaTrobe Universi
cinema Complex : » N.S.W. Inter
State Bank Head Office (35t « A.CT, New Parlament
Boodall Sporting Compiex : 200 Mary Street

fost) Merl!nﬁotel -sA Aa larae

SRR )
© Tas. Tasmani
Art

uunuv Vic: 051763 5055 o NS W 0218197655
16 ) 507 5
Anenuamrs &l? bk

Ausuana,

Conrolpocple. L

942
2727266 » Tas.: (0021 23 1604
N Tavior dichardson Lt

‘Auckiand 276 9128.

Sound Attenuators Austalia are Designers and

Manutsctirersof
DO0rs + AP

scoue
o
ror

(Continued from page 18)

measuring program developed by lan Dunn, who had
ipined the group in 1963, was the firt published in
ihe world, In 1674 John Davy loined the acoustios
group and soon began making the signifcant contr-
butions to acoustical theory on the statistics of rever-
berant_sound fields which have continued to the
pmsent
aul has been very active in the standards area.
Hig ®involvement started about 1986 when ho was
in AK/2. Then Paul inherited the role as
DBA ropresentative on AK/4 and AK/1. “This was a
very badly chosen time 1o join that commmse It was
being driven, and | mean driven, onnor at
that time, and | was appalled at my st moeting there.
it went all day and at six o'clock I thought, well it
Tust bo going to wind up soon. | foolishiy said that |
had a document or a reference in my ofice which
would clear up a certain point, Ken said, ‘Could you
bring it along please? | said, ‘Csr\amly % it bring it
to the next meeting.' He said, "No, would you min
getiing it now? My office being i Highett and the
mesting at Clayton, | thought he ing,
s ek Bacalish he mealing went on uhil cléven that
night. There was ho worry about my disappearing for
an hour or so while | went to get the doc
ool Is algo on the méin AK/- acoustics  sandards
committee. The 1977 standard on aircraft noise is the

of these have been fixed up in the

1585 revision
A significant proportion of Paul's time is spent com-
menting on dralt standards, partcularly infernationa!
es. as been told that Standards Association
keeps “onding. drais 1o him becase ha is. the only
person who ever writes back. “Perhaps they say that

to all their contributors?”
as been an assessor for NATA since about

for me too, because | had to fail the applicant, Look-
o6 Back I think that I may have been a bit 100 fough."
Paul also sarved five years on NATA's Acoustics and
Vibration Registration Advisory Committ

Bill Davern and Paul also handled most of the
acoustics enquiries to DBR. In the 1960s these totalled
per year which grew to about 600 before

jry service was severely restricted in the
early 1980s. “In the early days there was only
Saorstioa) sonsutant in Ausiralia with whom we could
bo sald to compate. We used to do quite substaniil
ield
and semi- guvemment oo | Tk} 1 e ‘good thing
for people in a research laboratory to keep up some
practice in applied acoustis.”

| was a foundation member of the Victoria Divi-

sion of the ‘Acoustical Society. The first meeting of
interested poople In Victoria wias held in November
964. arden was the chairman and Ken Connor

untit

“I don't think there was much real growth in the
acoustics profession after the mid-1970s, but the
Acoustical Society continued to grow for another few
years. It still has an important role to fulfil in the

Acoustics Austral
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BOOK REVIEWS —
THE PHYSICS OF THE

|h C

(lranslaled by.l S. Allen)
MIT Press, Cambridge Mass. and
London 1984; 450 pp. Review copy
from Book & Film Services, PO Box
226, Artarmon, NSW 2064. Price
$82.50 (Aust.)

The violin, more than any other
musical instrument, has attracted the
homage of musiciars and the rospectlul

inguished _scientists.

2
8
32,

ﬂ

de-
yoted much of his later working life —

is now 80 — tudy of the
physics of bowed-s ving netuments,
and s book, first puhllshsd In Germeri

was done by Helmholtz and Raman,

but the book concentrates on
tecent advances, many of them made
by Cremor and his ‘co-workers. and
Rinerto avallablo_onty ‘in widely scal
tered parts of the 3 sclen(lllc erature.

‘about physical

e Fooor
Gbout the violin 35 2 musical instrument
of of the
are devoted 10 a_careful
hich th
tion and
s the detalls of it motion, 150

s of the inst

wi of
rent ‘body excied. by the siags, and
the final 100 or s0 discuss tho radiation
of sound from the instrument Into the
room, "The " approzch throughout is
careful and detailed, with
quate amount of mathem; there
is nothing more demanding than -
Gccasional - ifferential equation,
Those who preler 1o.skip tho detall wil
still be rewarded by a very consider-
able insight into me  sublisties under-

rhaps unusual set
spects of Acous!lcll

it does discuss many elagum experi-

t
violin, rz

Vibralon crescape 1o modem holo:
graphic photography, and there is also
a detailed account of computer simula-
tion of the whole nonlinear bowing
process.

This book is & must for anyono seri
ousl ted in the physics of
Dowsd sttng matrumente. g
think, at least in the English r-nguuge
unique, and it complement
the few available works on th
struction, hstory and playing techniaus

instruments of the violin family. It

Vi "5e Tany yaars: befora ihe- siow
advence of ol undarstanding reculres
ificant extension or revision of

m.m is bound to become a standard

NEVILLE FLETCHER

ACOUSTIC AND
VIBRATIONAL
COMMUNICATION

IN INSECTS

K. Kalmring and N. Elsner
(Editors)

Paul Parey, Berlin and Hamburg
1985; 230 pp. Review Copy from
D.A. Book (Aust.) Pty Ltd, 11-13
Stafion_Street, Mitcham, Vic 3132.
Price $55.00 (Aust.) (soff covers)

International Congress
eld in Hamburg in August
provenance immediately defines _the
sort of book itis — a sollection of 26
ort papers aimed at ressarch biolo-
mus working in the field, and generally
S euter experimamta 1o

Sufe. The"book Is dvided into two

broad communica-
ion communication
respectively — and sach section begins

more general

papers before plunging Into detal. Even
these general papers are written, natu-
vally enough, for he Intlated.

Nearly all the papers “deal with

of surface-wave signals by the fishing
spider. Presumably’ this_concentration
reflects the current emphasis in the sub-
ject, thor
because
anatomy and their active singing be-
haviour.

emphasis in most of the papers
is neurophysiological rather than acous-
tic, as is indeed to be expected, and
comments on acoustic matters in Some
pavers are somewhat naive e
introductory paper by Axel Michelser
properly makes this point. But equally
one cannot but be impresse

then, this is a publication
for bmleg\sls working in the field of the
osia who need to read the pub-
fiéhed procesdings and are.proparcd. o
y the rather high price. Bm‘oglcﬂ
I\bmrles should have a copy, but | can-
recommend it for the gﬁnerul
acoustlcally literate reader interested in
survey of the field.

NEVILLE FLETCHER

ENVIRONMENTAL
NOISE CONTROL MANUAL

NSW State Pollution Control
Commission

SPCC, 157 Liverpool Street,

Sydney, 1985. Price $30 (Aust).
1985 saw the culmination of an ambi-

will prove an invaluable resource for

all_involved in solving neighbourhood
noise problems.” It was being issued,
50 the statement continued, to author-
ised_officers of local councils, police,
and the Maritime Services
Although there was a qualification ors
that it would

avuy xé hose planning compliance with

cmeve its aims the manual is
subdivided into as many major parts as
there are half the number of fetiers in

alphabet with each of these parls
further subdivided into chapters. Each

its obvious omecnwe of enabling quic!

, pol
autnority resporsibily for noise

r horns, ultra-light aircraft,
ficensed premises, or any of a wide
variety of sources. The likelinood of a

always be kept up-to-date and continue
as a useful reference.

it is aways possibie to be critial
with most texts and this one is no

nd types of de Inevi-
tably, dB, dB(A), and Hz enter into_all
thisalthough it is not until a later

to note such precautions as_apply
the hearing ability of noise enforcement
ift, but the danger exists that such

reference sections appended to the

Part G, entitled “Assessment Proce-

e for this type
of insirament. Howeer, thers are many
other important aspecis such as_the

sence of the obser
proximity to the meter, and from making
measurements in even moderate wind
condions. At 'the _least, reforence

might have been expect
TeZhon B 8 hes 7t T Hetoa in Ghap-

Continued on page 25
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Book Reviews (continued)

fer 302 of gonoral reference material
but ‘botter still_would
gummarised version of o 16 watch:
me of the sources of error in_ the
use of the meters are, of course, called
up in Chapters 82 and 84 in regard
to measurement for control purposes.
Observations such as those above
can be ‘continued, but by so_ doing
there is the danger of appearing to

deprecate an admirable eflort on the
d be

dicative that this is a firm commitment.
Clearly readers and users should take
4p tnis ofer and fetun to the Comie
sion such suggestions as they believe

ould mprove. the.presentation. To

them, perhaps rather than the Gommis-
said to bear in mind

most value in

in the guidelines which the

Commission has set out to be followed

in its efforts 10 provide the communi
ith the desirable environment it would

like.

Ted Weston

NOISE AND VIBRATION

MEASUREMENT: PREDIC-

TION AND MITIGATION

W. A. Redl (Editor)

American Society of clvu Engi-

New York, 1985. Review

ook
111118 station sxreer Mitcham,
Vic 3132. Price $29.25 (Aust.) (so!t
covers).
This is a publication from the American
ngineers and com-

be loosely grouped into three main
noise areas — construction, transporta-

tion and stationary sources.
In the first area there are four papers
highway  con-

struction bla:
assessment and vehicle sound power
urements using the acoustic  in-
tensity metho
The second area includes o papers
on highway noise — one on

requirements and the other on the pri
standard for measurement of effective-

ness of barriers. The only paper speci-
fically dealing with aircraft noise is a
summary of the plans for noise miti-
gation at one U.S. airport. The noise
alternative _ transit
iscusse
r. The accomplishments
of the Federal programme to_control
ail wbrauon and noise are summarised.
maining five papors deal gen-
erall with Ingustral noia, s meas
ment and control. Two of theso papors
deal with designs for minimising viora-

As_these are ail contributed papers
to a Symy

g

Therefore, except for those who are
working in one of the fields specific:
cnvsred by one of the papers, my
recommendation is that this publica-
tion would b a useful addition o a
rary collection.
Marion Burgess

NOISE-CON 85
PROCEEDINGS
Computers for Noise Control
Noise Control Foundation, PO BO
3459, Arlington Branch, Poughkee
N.Y. 12603; $48 US (lncludes
Sutace mal, exira ST250 Tor sir
mail)

Noise-Con 85 was sponsored_jointly
the Mechanical Engineering Dept of
Ohio State University and the Institute

Noiss Gontro

odsin d
Testing, Office Equipment and Envron.

ment, * Computer-Aided  Design

Noise Cnnlml

and Disghostics, Piant a
Noise, Personal ‘Computars and Spre
Shoots,  Intensity Megsurom:
Bloporiors/Fans/cut

The majority of me papen are six to

eight pages long and while most are on
fopics'clearly wihin the aroa dsseribod
y e others hay tenu-

the results!). There are interesting
papers in all as f Noise Control
and one value of Conference Procead-

ings is that, usually, the findings which
are. presentod rolate fo Tocent Work,

deluyed lr\iclm in journals.
rs for the Distinguished Lec-

tures are quite short (4 to.8 pages) and
the topics nt-Noise by J.
Ffowcs  Williams,  Asym, Vodsi

plo
Analyms and Statistioal Ereray Andlyss

. H. Dowell and Y. Kubota and
Machrns Diagnostics and Noise Gontrol

mmavy, this volume would be
use!ul addition to reference libraries.
Marion Burgess.

THE EFFECTS OF NOISE
ON MAN

Karl D. Kryter

Academic Press, London, 1985,
2nd Edition, pp. 688.

Review copy from Academic Press
Australia, P.0. Box 300, Nth Ryde,
N.S.W. 2113. Price A$79.60.

s stated in the preface, tho material

of assessment of
noise in the United States.

Chapter 1 noise and n
are briefly described and it is
out that the I a political

roblem as ientific matter. The
next_chapter
sound and n

of the definitions (of “impulsive sound”
for example) whist laymen will be be-

by the detals of ‘ho method of
et PGB from 24175
band lovels, comple1= with a table of
noy values. 10 be hoped that non-
acbustically verseq Ieglsla(cvs will not
pick up such terms as the “A-weighted
loudness level” or the “A-weighted per-
ceived noise level""

Considering the title of the book, the

physiological
of the ear end mesiing is
disappointing as it provides only a cur-
sory description of the ear's physiology,
accompanied by a very poor_sketch.
lowever, here is a good desaription of
masking ‘an

cal bandwidth. Kryter also

about 1sec. and at suprathreshold
lavels this reduces to about 300 msec.
his seems o conflict_somewhat with
people’s abilities to perceive short dura-
tion signals that occur in speech and
music. The aural reflex is also well
discussed.
h communication s the topic of
2 separate chapler, presumably because
of the author's assertion that “the most
common complaint about nolss s that
it inerter

h communication is import-
ant are fully discusse
In Chapter 5, Kryter once again raises
the jssu of loudness versus noisiness
loudnes;

Jective inton
Si°any moaning the ‘sound might ave™

Continued on page 26
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Book Reviews (continued)

oisiness” is “the subjective im-
not pro-

ke pain or fear” (definitions not quite
in line with the SAA Glos

impuisive
inds is presented, although Kryter

acknowledges the
ing for this purpose.
The author next deals with hearing

e use of the C-weight-

2
sounds and noises of everyday living

and “nosocusis” — resulting from com-

mon pathoiogical canditions of the ear

er causes. He discusses many

Studies dosignod to detarmine “normal”
hearing levels of populatior

Following this is a mnyor chnptlv on

hearing loss and its pre-

will not cause a measurable hearing
loss (beyond that due to aging) in the
undiseased ear typical of the general

industrial noise exposure will
measurable hearing loss in_fac

workers. One- interesting _statment is
that _industrial workers have greater

calculatingNoise
inducod Permanont Theshold Shift, but
although this may well have greater
validity than current methods, the input
data required would be extremely diffi-
Cult 0 optain in the average workplace.

Nearly 150 references accompany this
chapter.

offered 100 references for further  in-

Another major chapter explores non-

auditory system response to noise and

mic response, sleep studies,
heslth-related effecs in Wworkers. mental
noise-affected communities
and physiological i
annoyance.

>
e}
q
s

occurring
hours_rather
n 2200

Guidelines for assessment and con-
trol of noise are strongly related 1o the
. context and although Kryter is fairly
critical of many of the systems in use in
that country h finally supports an out-
00" Lur O for residential areas,
Sor i agjustmonts for Simate. an
building attenuation.
claim in the final chapter that
“these findings and concepts allow for
the specification of quantitative predic-
tive relations _between | meas-
res xposure to noise and the
people” is

perhaps a little ambitious.
— recommended as an

excellent_sourc k for those with

good background knowledge in_the

field, not recommended as an introduc-

tory text book.

Anita Lawrence

E€ Acoustics

AUDIOMETRIC TEST BOOTHS

Noise Isolation Class 39

ACOUSTICSPOO

RS
'C 36, 38, 40, 43, dB

SOUND FIELD ROOMS

® Installation Service available
® Certified by Commonwealth Experimental

Building Station, Ryde, N.S.W.

® Basic Construction — Composite Panel

Timber Finish

® 100% Australian Content
Manufactured by

Kell & Rigby (Builders) Pty. Limited

8 Dunlop Street, Enfield, NS:W.
Telephone: (02) 642 5999
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NEW PRODUCTS -

BRADFORD |NSULA‘I’ION
THERMOFOIL

Limited, its Bradford

xnmugh

festing telephone ransmitiers and closa

talking _microphor A1 signicant
characteristics n

7 offers a  sound pros-
e o Do ity e

sponse.
INDICATDN uNIT

s 2433 uses a light nmmllnn

r-type display

ents to
st of ran-
dom signale vﬁmh frequency components

8 psu nmwmcs PLOTTER
Kisor have introduc
araphics “plokior Typo. 2315 10 o
high _quality  multi-colour
measurements made with 1
Channel Signal Analyzer Type 2032.
The &-pen plotter accommodates metric
r US A-size piain paper or over-

headrajection. fansparencis, an
features |EEE-488

-GL_compatible instruction set.
large, 7-Kilobyte Input buffer allows fast,
affiiont dataransfor, quickly freeing
the sending device and the Interface
bus for other duties. Using front-panel
control or graphics language instruc-
tions, plots can be drawr
in any position within the plotling area.

The Type 2319 can be used with any
instrument with an |EEE-488 interface

SPEECH TRANSMISSION METER
RASTI (Apid Speech
Transmnssmn Index) method, the Ty
can moosure a speecti tran

Slon ind T fosa-than T
method 1 currenty being standardised
By the IEG. " Applications ‘include- the
assessment of speech intel

auditoria, lecture
without speech  reinforceme!

inellaibilty contours.can be, drawn.

& measarement the Trans-
mittr is placed at
occupied

out a speci
the built-in Iond peaker.
consists of

NEW PUBLICATIONS —

PUBLICATIONS RECEIVED

The following publications have been

00l of Physics, University of
Thoy aro availabls for inspection
members o in
contravention of copyright conditions)
y be ordered by contacting Cronulla
Secrotarial Services (09) 527-3175,
holocopying and. postage

i

REPORTS

Acoustically Compat Transient Sources
for Underwater Measurement a
o, Nodwel VA Taghmeal
Report No. 129, April 1985, pp. 42.
On the Prediction of Loss Factors Due
{0 Squesze Film Damping Mechanisme
L and R. J. Pinnington, ISVR
Technlcz\ "Report No. 130, October 1985,

Bower Transmission of an_ idealised
Gearbox, R. C. N. Leung, ISVR Technical
Report No. 131, November 1985, pp. 45.

JOURNALS
Archives of Acoustics (Polish Acoustical
Society), Vol. 9, Nos.
Rovue D'Acoustique (Groupement des
Acousllclens do Langue Francaise,
GALF), Vol. 18, No. 74.
Applied Acovﬂ:cs, Vol.
Vol. 18,
Chinoso Sournal of Acouslrcs (Acous-
Heal Sockey of Chine. Val. 3, No. 4
Vol. 4, Nos. 1, 2, 3.
Anales ~ Otorrinolaringologicos
Americanos, Vol. 12, Nos. 3, 5.
Acta Acoustica (Acoustical Society of
China), Vol. 10, Nos. 3, 4, 5 and 6.
Aust. Journal Audiology (Audiological
Society of Aust), Vol. 7, No. 2
Journal of Technical Physics (Polish
Acadomy of Sclances), Vol 16, Nos. 3, 4.
Canadian Acoustics, Vol. 13, Nos. 3, 4.
ST GSR Royel Insuiute of Tochno-
logy, Stockholm), 2-3 October, 1985.

18, Nos. 5, 6;

Ibero -

ADVERTISER INDEX

Bradford 2
Bruel & Kjaer i
Chadwick 6
Industrial Noise Control 8
Kell & Rigby 2
Peace Engineering 4
Sound Attenuators 23
Sound Barrier Systems 6
Stramit - 8

Readers are asked to mention this
publication when replying to adver-
tisements.
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FUTURE EVENTS =

@ Indicates an Australian Conference

1986

April 7-10, SALFORD
SPRING CONFERENCE — ACOUSTICS
8

Noise Control, EEC Legislation, Under-
water Acousfics, Physical Acoustics,
Building Acoustics.

Details: Mrs. C. Mag)

tics, 25 Chalmers St.,
7HU, ‘Scotland.

April 811, TOKYO

INTERNATIONAL _ CONFERENCE _ON
ACOUSTICS SPEECH & SIGNAL PRO-
SSi

nzie, I. of Acous-
Edinburgh, EH1

Dslarls me A Fulisak), Ganeral Ghalr.

n of SP 86, Dept. Electronic
ng., Umversrry o Tokyo, Bunkyo-k,
Tokyo, 113 Ji

April 10-11, ROsTOCK, DDR

V. SYMPOSIUM ON MARINE ELECTRO-
NICS

Includes hydw acoustics.

Details: Schommartz, Wilhelm-
Brackimarsitai Rostogk, Sextion Tech-
nische _Elektronik,  Albert * Einstoin
Strasse 2, DDR-2500 Rostock

@ April 14-18, ADELAIDE

1986 ENGINEERING CONFERENCE
Details: 1986_ Conference  Secretary,
Instiution of Engingets, 11 Bagol St.
Nth. Adelaide, S.A

Aprll 16-18, CHINA

ON ACOUSTICS, SPEECH
& SGRAL PROGESSIN

Details: Inst. Acoustics of Academia,
Sinica, Beijing, China.

May 12-16, CLEVELAND, U.S.A.
of the Acoustical Society of

9
America.
Chairman: Arthur Benade, Caso Wes-
tern Reservo Universlly, ‘Physics Do-
partment. Cleveland, Ohio 44106.
26-31 May, GDANSK, POLAND
3rd International Spring School on
Acoustoopics and Applications.

Details: from: Dr. A. dewicz, Uni-
wersytet Gdanski, Instytut fizyki Dosw.
ul. Wita Stwosza 57, 80-952 Gdansk.

June 25, YUGOSLAVIA

XXX ETAN CONFERENCE

Joint meeting with Greece.

: Prof. P. Pravica, Electrotech-
nicel Faculty, Bulovar Revo/ucua 73,
Belgrade, Yugoslavia

June 3-6, SZEGED, HUNGARY

5th Hungarian Seminar and Exhibition

on Noise Control

Details: Optical, Acoustical and Film-

technical Society Budapest, Anker koz
H—1061 Hungan

June 3-7, CHINA

ACOUSTICS & SIGNAL ‘86

Large scalo exhibition of equipment.
Dotails: P.0. Box 784, G.P.0. Hong
Kong.

July 9-11, SEATTLE, USA
AIAR AEFOACOUSTICS CONFERENCE
inst. Aeronautics & Astro-
1633 Broadway, New York,
19, US.A.

July 15-21, BRAZIL

4th BRAZILIAN ACOUSTICAL

SYMPOSIUM

Details: Braziian Acoustical Assoc--
wenida Ataulfo de Paiva,

1078 Grupn 405, Loblon-CEP 22440,

RIO DE JANEIR

July 17-19, MASSACNUSETTS

INCE SEMINAR

Advanced Techniquss for Noise Cortrol

Seminar " Malcom Grocker.

Details: wcs, o0, Box 5208 Arling-

fon Boach,” Poughkeapsie, NY 12603,

USA.

July 21-23, MASSACHUSETTS
INTER-NOISE

Progress in Noise Control.

Details: Inter-Noise 86 Secretariat, MIT
Special Events Office, Room 7-111,
Cambridge, " Massachusetts, 05139,
U.SA.

i
July 16-18, HALIFAX
ICA SYMPOSIUM.
Underwater Acoustics.
Dotails: See 12th ICA.
July 21-22, MONTREAL
ICA SYMPOSIUM.
Units and _their
Speech Recognition.
Details: See 12th ICA.

Jnly 24-Augus| 1, TORONTO

i

Representation  in

Delsr/s 12m IOA Secrotariat, Box 123,
n ‘Q', Toronto, Canada MAT 2L7.

Auguu 4-6, VANCOUVEH

ICA SYMPOSIU!

Acoustics and Thea(re Planning for the

Pertorming

in 1oa.
[

i

August 6-8, NEW HAVEN, USA
1st_IMACS SYMPOSIUM ON COMPU-
TATIONAL ACOUSTICS

Details: Dr. Ding Lee, Code 3332, Naval
Underwater Systems Conter, New Lon
don, CT 06320,

August 20-22, DENMARK
SCANDINAVIAN ACOUSTICAL MEETING
Details: NAM-86, Institute for Electronic
Systems, Strandvejen 19, Aelborg, Den-

August 24-28,

August 24-28, CZECHOSLOVAKIA

XVIll INTERNATIONAL CONGRESS ON

Dotet 5. & Purkyns, Vitezneha unora
. 120 26 Prague 2

September 26, HUNGARY

6th FASE SYMPOSIUM.

“Subjective evaluation of objective
acoustical phenomena.”
Details: 6 FASE-Opt. Akuszt. Filmt.,

Anker-koz 1, H—1061, Budapest.

September 19-28, LONDON
ULTRASOUND SYMPOSIUM

Details: M. J, Ullman, Medical Semi-
nars in. Inc., 22135 Roscoe Bivd, Suito
104, Canoga Park, CA 91304,

© October 1-3, TOOWOOMBA
CONFERENGE ~ ON  COMMUNITY

Detals Ms Nola Eddington, Diviion of
Noise Abatement, 64-70 May Street,
BRISBANE, Q. 40

October 7-9, THE HAGUE

2nd INTERNATIONAL SYMPOSIUM ON
SHIPBOARD ACOUSTI

Details: J. Buiten, /nsmule of Applied
Physics TNO, P.O. Box 155, 2600 AD
Dolt, The Netherainds,

October 7-10, BASEL

XIV AICB CONGRESS

Traflic Noise and Urban Planning
Dotais; Dr. W. Aecherl, Hirschenplatz
7, Luzorn, Switzerland 6004.

October 21-24, TOKYO

8th INTERNATIONAL ACOUSTIC EMIS-
SION SYMPOSIUM.

Details: Prol. Dr. K. Yamaguohi, Insti-
tute of Industrial Sclarice, Gnlvaty of
Tokyo, ' 22.1 ongi-7,  Minato-ku,
Tokvo 106, JAPAN.

November 3-6, CZECHOSLOVAKIA
25th ACOUSTICAL CONFERENCE ON
ULTRASOUND.

Details: House of Technology, Ing. Vani
Skultetyho ul. 1 832 27 Bratislava.
November 17-19,

WILLIAMSBURG, USA
ULTRASONICS SYMPOSIUM

Details: Inst. Elec. ctronic_Eng.,

Conterance Cors ordination, 545 € 47t
w York, NY 10017, U.S.

December 8-12, CALIFORNIA
MEETING OF THE ACOUSTICAL
SOCIETY OF AMERICA

Chairman: Alan H. Marsh, DyTec En-
gineering Inc., 5092 Tasman Drive,
Huntington Bauch CA 92649, US.A.

Continued on inside back cover
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1987 -

January 26-30, NEW ZEALAND

56th ANZAAS
“Science in a Changing Society".
x 5158,

Details: 56th ANZAAS, Bo;
Palmerston North, New Zealand.
March 24-26, AACHEN

DAGA '87

otails: H. Kutruff; Inst. Technische
Akustik der RWTH, Templergraben 55,

May 11-15, INDIANAPOLIS
MEETING OF ACOUSTICAL SOCIETY

nmr/s. Mu. s Goodfriend, A.S.A., 335
East 45th St Now York, NY 10017,

May 19-21, POLAND

TERNATIONAL QONFERENCE.
“How 10 teach Acol
Dotals: rot. br. e Shinon, Univarsity
of Gdansk, Institute_of Experr

Physics, 80 952 Gansk, Wita Swosa

June 1-4, YUGOSLAVIA

XXXI ETAN CONFERENCE

Prot. P. Pravica, Electrotech-
ulty, Bulovar Revolucije 73,

Belgrade, Yugoslavia 11000.

June 19, MADRID .
ACOUSTICS AND OCEAN BOTTOM

Details: SEA - FASE 87, Calle Serrano,
144, Madrid 6, Spain.

June 23-25, LISBON

5th FASE CONGRESS

Details: SPA - FASE 87, Lab. Nac Engen-
haria_Civil, Av.” Brasil, 1799 Lisboa
Codex, Portugal.

July, ANTWERP, BELGIUM
1525, SUMMER SCHOOL ON INTER-
NAL FRICTION PROCESSE

27-30, CONFERENCE ON INYERNAL
FRICTION AND ULTRASONIC' ATTEN-
UATION IN' SOLII

Details: R. de sullsr, S,
Boeretang 200, 2400 MOL, lewum,

September 1517, CHINA
INTER-NOISE 87
“Noise Control in Industry".

Dotals; Intor-Noise 87, § Zhonggvancun
St,, P.0. Box 2712, Beljing, China.

November 16-20, MIAMI
MEETING OF ACOUSTICAL SOCIETY
OF AMERI

Details: Mn. B. Goodlrend, A.
East 45th St, New York, N
U

1988 .

May 16-20, SEATTLE
MEETING OF ACOUSTICAL SOCIETY

Betals s, 8. Goodirend, AS.A, 335
Eoat 45ih St New York, NY 10017,

August 20 September 1,
EDINBURG!

7th FASE SYMPOSIUM ON SPEECH
Details: Mrs. C. Mackenzie, 1.0. Acol
tics, 25 Ch! bers sl” Edlnbulvh EH1
1HU, Scotlant

November 14-18, HONOLULU

2nd JOINT MEETING OF ACOUSTICAL
SOCIETIES OF AMERICA AND JAPAN
De Irs. B. Goodfriend, A.S.A., 335
East 45th St, 10017,

New York, NY

1989
May 22.26, SYRACUSE
MEETING OF ACOUSTICAL SOCIETY

OF AMERIC)
e, 5. Goodmond, A5, 335
t dth St.

November 6-10, ST LOUIS
MEETING OF ACOUSTICAL SOCIETY
F AMERI

Betal: Mrs, B. Goodltiend, AS.A, 335
East dsin York, NY 10017,
USA.
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RUSTRALIAN RCOUSTICAL SOCIETY

COUNCIL
President Graeme Harding General-Secretary Robert Boyce
Vice-President Robert Boyce Treasurer Anita Lawrence
Federal Registrar Ray Piesse Archivist Paul Dubout

CONFERENCE ON COMMUNITY NOISE

Date: .. Theme:

1-3 October, 1986. Effective noise management through a
multi-faceted approach. Participants will
include planners, legislators, physiol-
ogists, psychologists, architects, occu-
pational health and administrative per-

* Venue:
Darling Downs Institute of Advanced
Education, Toowoomba, Queensland.

Co-Sponsors: N Technical Exhi :
The eg\l:;eensland Division  of Noise An’ exhibition of acoustical equipment,

products and literature will be held con-
jointly with the Conference.

Further Information:
Mrs. N. Eddington
Secretary, Organising Committee
Division of Noise Abatement

The Australian Acoustical Society.

Guest Speskers:
. Walma van der Molen,
e Ne(herlands Plenning
for Noise Contr

(s Suthartana: US.A. 64-70 Mary
Formulation and Application of Com- Brisbane, Q.
munity Noise Assessment Procedures. Tel.: (07) 224 "608 or 224 4157

SUSTAINING MEMBERS

CEMAC ASSOCIATED LTD.
DOOR DIVISION, PRINCES &
CHISHOLM ROADS

AUBURN, N.S.W. 2144

CMA FOAM GROUP

1 HEATHCOTE ROAD
LIVERPOOL, N.S.W. 2170
THE CHADWICK GROUP
292 BURNS BAY ROAD
LANE COVE 2066

FOAMLITE AUSTRALIA PTY. LTD.

NAP SILENTFLO PTY. LTD.
P.0. BO;
CLAVTON VIC 3168

AQ-VIB DIVN. OF AGUA cooL
‘TOWERS PTY. LTD.

UNIT 7, 2 STANTON ROAD

SEVEN HILLS 2147 PEACE ENGINEERING PTY. LTD.

P.0. BOX 16

ASSOCIATION OF AUSTRALIAN FvESoY, RSW. 2212

ACOUSTICAL CONSULTANTS
C/- SCIENCE CENTRE
35 CLARENCE STREET
SYDNEY, N.S.W. 2000

PITSTOCK PTY. LTD.
ACOUSTICS DIVISION
5-15 COTTAM AVENUE
BANKSTOWN, N.S.W. 2200
AUSTRALIAN GYPSUM LTD.
G.P.O. BOX 4325
MELBOURNE 3001

P.0. BOX 331
SUNNYBANK, QLD. 4109
INDUSTRIAL NOISE CONTROL

SOUND ATTENUATORS
AUST A 1A
P.O.

X 757
7 LEVENSWELL ROAD GiaToviooD, nsw. 200

BRADFORD. INSULATION,
C.S.R.LTD. MOORABBIN, VIC. 3189

SOUNDGUARD PTY. LTD.

BUILDING MATERIALS DIVISION
G.P.O. BOX 483, SYDNEY 2001

BRUEL & KJAER (AUST.) PTY. LTD.

P.0. BOX, 120
CONCORD 2137

JAMES HARDIE INDUSTNES LTD.
G.P.O. BOX 393!

SYDNEY 2001

JOHN LYSAGHT (AUST.) LTD.
P.0. BOX 7

PORT KEMBLA, N.S.W. 2505

P.O. BOX 64
DEE WHY, N.S.W. 2099

K. H. STRAMIT LTD. :
52 MANDOON ROAD
GIRRAWEEN 2145




