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The restored, old Jam Factory building in
Prahran, Melboume, has high, mutti-angled
ceilings. RIPPLE SOUND was selectedas an
attractive ceiling system which effectively
absorbs unwanted noise. RIPPLE SOUND also
has the virtues of being lightin weight, and is
easilyinstalled as a ceiling lining in areas with

RIPPLE SOUND

manufactured andinstalled by

diffcul angedcorformators. RENHURST PTY. LTD. 1o
Inaddftion tos abiity to absorb sound, S RO USTRES LTED
RIPPLE SOUND also provid tthermal

and maximun reflection of natural
light. Itis a maintenance-free surface.

‘The RIPPLE SOUND Ceiing Systém
oompnses comugated, perforated aluminium
with polyethylene and bu\k insulation above.
Available in natural aluminium or in selected
colours.

RennurstPy. g
h St Mulgrave. Vic. 3170.
PI lease send me Test detaits 0 & fterature

bout RIPPLE SOUND orphone
Melb. 5603055

Name. Syd. 7096022
Bris 2657777

Company. Adel. 2522111
Address Perth. 4515666

: Post Code. masrew
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AUSTRALIAN NEWS —

NEW SOUTH WALES
March Technical Meeting

n 20th March 1985 Ken Willis, Town
Plannor with Homsby Shire Counci, and

er of James. Maddon,
Cooper, Atkihs. PY. Lid. discussed ton
years experience with Hornsby Coun-
cil's” Code for Sound Insulation of

requires that, before
bulting. applicaton s approvedtor 3
residential flat or home ui i
an acoustic_consultant submit details
ofthe nolss controls that may be neces-
mpletion of the building
ato ust bo Jodgo
consultant to show whether compliance
with the performance requirements as
specified has been achieved. Among
the requirements t0 be satisfied to pro-

of the floor area of the room) the afore-

mentioned values shall not exceed
S0dBA. The council has the authorlly
to nominate the X ested for

e purboss o praparing the coriicate
roquired on_completion, and may re-

other than those at boundary mid-points
as stipulated in the code. Measure-
enis 1o determing conformity wilh the
levels laid_down d to be
made during the period 6 p.m. to
on Monday, Tuesday, or Wednesday
evenings, although the council reserves
the right 1o require them to be m:
at other times and under different con-
di

For the control of internal noise, Part
52 of Ordinance 70 is, of course, relied
on, although an assurance of com-
pliance is required from the acoustic
consultant based on inspection of the
project during its construction.

April Technical Meeting

e meeting room was crowded
171 Apri, 1985 when dohn Clear dis:
ussed the format and areas covored
in_the Environmental Gontrol
produced by the State Potlution Control
Commission.

The control of

noisefrom non-

ther, the control of noise from vessels

the responsibily of ne Maritime. Ser-
vices

o order (o standarise the approach
to noise problems, to show clearly the
delineation of responsibilities, and to
demonstrate the changes to the Noise
Control Act the manual has been pre-

pared and is expocted to be avallable
v

5

for up-
Gating and for changos In future years.

May Technical Meeting

On Wednesday, 20tn
members of the i
vied t0a ‘"pissectin
Laboratory _at oy ummsm,

Sydn
Dr. Forge Fricke was the host an

Emronmontal A arci
(€A ratory at the Department
of Architectural Science. This laboratory
has recently been constructed and in-
cludes a Reverberant Room and
Anecholc

To supplement the tour of inspection,
a_number of the students_presente
short reports on thelr current projects

QUEENSLAND
March Technical Meeting

tay, 17th March, 1985 a group
of approximately twenty-five. mombers
and interested persons was escorted
on a guided technical tour of the Per-
forming Arts Centre.
roup was shown through all
he Centre (excopt for plant
fooms) by the Controller of Techni
1.7, Evetingham, Acsuvical
features ‘of ihe Lyrlc Thoatre,

all and various service areas were
detalod. In- adaition, M. Everingham
highlighted several short-comings in the
acoustical performance of some archi-
tectural designs and in the acoustic
environment of some spaces.

Of partioular interest 1o the group
were the acoustic louvres ceiling
Suetng 5 e Lyne Theatre ‘which

were oenable to change the room re-
verberation time by exposing various
amounts _of _absorptive _lining _held

ing of the electronic sound reinforce-
ment system.

" the debi side, verious problems
were elaborated u

May Technical Meeting
The Acoustics of
Flexible Polyurethane Foam
Mr. Ken Smith (Chief Chemist, CMA
Foam Group), i assistance from N,
ichax ies (Managing Director of

ol Ile)ume polyurethane foam on May 1

Kg Smith briefly traced the history
of foam from its “accidental” invention

in 1849 through its early use for cush-
ions, carpet underlays and cable wrap-
ping. In addition he outlined the divers-
modern polyurethane

i8ars a3 iers, reservoirs spplicalors,
carriers, seals, separators, _wicks,
Sponges, coalesents, surgo mitigato -3
well as in noise control applications.
Discussing the physical properties of
polyurethane foam, Ken Smith turned
his attention to the way in which foam

Wit Moss.of iiregiass. and mineral
fibre. 'In_dealing with manufacturing
techniques, he discussed the way in
which hole size can be regulated and
how closed cell and open cell (reticu-
lated, 6., no windows) and unret

important to the subsequent al:cusslon
of scoustcal propertes, As @ result
cirulated a wi

ong. the. audience for

their pa orsal.”

Having introduc-
tions, Ken Smith offered the following
general guidelines regarding the sound
absorption properties of foam —

Coefficient of sound at

ber of cells per !m:h (Oovoslty)
+ low for closed cel

Mr. Smith musuama hoe guidelines
with plots of absorption coeficient vs.

and briefly_the

efect on tho cosfficlont of protoctive
facings on foam. Michael Coates took
the " Giscussion "ol sound_ absorpy
further by elaborating upon the rorion:

Taod . omyarcai plupemes i foam

with fibreglass and mineral fibre. Fin-
ally, he doalt with some Common acous.
ions of foam — silencers,

appl
archit wall coverings and in the
electronics industry.

Gauging by the questions asked by
the audience the topic proved to be
tnought provoking. A volo of
thanks, em; ng our apprecietion of
e Shemmare™ hasing " v
interstate, was moved by Dr. Bob

Queensland Division Progress

The relevant paper work assoclated
with the formation of the Queensland
Division of the Sociey is stll with tho
SW. Corporate Affairs Section.

the Organising
very 'anxi

terested in memnmmp
Bacinsiond Gro

aduiss any persons you know who may
be _intereste air sttampis ‘1o
establish a Divi e Society in
consiand. “The urent sddress o

Acoustics — Qld. Group
P.O. Box 333
Toowong, Q. 4066
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RUSTRALIAN NEUS

(Continued)
VICTORIA

April Technical Meeting
Site Visit to the GMH Noise and
Vibration Grou

The Suporvising Engincer, M.
Joachim,
developren 4
Vibration Group i’ QM- Port Melr
Soume. n addion o schieving passse

oise_and
Joration, |he group must zlso meet the
requirements of A.D.R. 28A for p:
olse ‘and the, EF A" stationary neiy
ia.

Under the guidance of Cliff J
we were able 1o view

anized. Signaure snaiysia and mode!

analysis are used to pinpoint particular
Rolse. sourcesand 'structura)

ances. Sound transmission_paths can

sion and sound absorption by more
radiional method.

Our thanks to GMH and the demon-
strators for a most informative ovening.

May Technical Meeting
eeting was in the form of a site

viit 10 the Australian Government Aero
telbourne

F/A-18 Honet fighters supplied
1o Royal Australian Air Force are
assembled and tested at the Common-
jon and Gov-

s in Port Mel-
y CAC, the

ondary air intakes
and Exhaust Section wore open for

inspection, together  engine test
area ‘and  proparation "and " contro
fooms “of iy ntake,

Exhaust and Test with
acoustic panols and ftied with acoustic
splitters designed to alleviate noise.

coustic Con-

Administration _Building_prior to
inspection of the Test Facility.

WESTERN AUSTRALIA
May Technical Meeting
On 2nd May, 1985 Lynn Kirkham
from the Dept, of Mechanical Engineer:
at the University of W.A._spoke on
Reosicar Probloms in the Design and
Building of Pipe O
Organ builders (nday are heirs to

o design and building of a success-

ful organ relies heavily on that store
of knowledge but also the application
of modorn- acoustic and engincering

ome areas may hel
Duitdor design for a paricular rosut,
or anticipate and avoid (or allow ra
to_manoeuvre aroundl) many problems
that may o

Kiriham  described the var-

fables, invoived in the design, bi
finishing of a pipe organ which

fine adjustment of the pipes, the layout
the sections of the organ relative 1o
themselves and to the room, the acous-
tic response of the room and
listener, the dynamics of the organ air

theoretical knowledge can he used 1o
juce a successful pipe

Noise Abatement Regululkmt
e Western Australian Noise Abate-
ment (Hearing

duced In October 1983 after extensive
Glscussions wih ormployer and omplcyes
groups, They are regulations made
under the Noise Abatement Act 1972-
1984, Amondments 1o tho Rogulations
ro published in the W.A. Govarnment

Gazetio of 12th Getobs
The Regulations, with nmendmems,
21st October,

gazettal and commencement was given

to allow time for the necessary orgar

sational measures to be taken, in par-
and aporoval

Gazette No. 77 of 26th October, 1982,
As the Requlations are of necessity
witen in a, dot
Guidan
help the many poople affected by the
Regulations 1o _understand
tholr Sbllgations and. igpts. " The At
Regulations b
referred to for details or for any legal
atter. second edition of the
Guidance Notes, January 1985, in-

cludes the amendments 1o the Reguls-

brought about in July 1984 when the

Public Health Department was amalga-
mated into the Health Department of
Westorn Australa, The list of approved
people, equipment and procedures has
been reproduced as Appendix

Further information or advice on any
aspect of the Regulations and applica-
tion forms for approval as noise officers,
audiometric _ fficors. _and _approved
medical practiloners, can
Mo e Noiso Seciion: Oecupationsl
Ko Branch, Health Department ot
P.0. Box 6004, Hay Street East,
Perth, W.A. 8000, Phona (08) 325 7911,

o assist employers In meeting the
the Occupa-

obligations of empl

tions interested in_providing
onservalion sarvices: The lits for thg
firt_ediion wer

n
dvertised. Persons and or-
ganizations are included solely the
basis o! Ihau applying for I\sllng in
the dire

Thoas Imerseed In being _Included
in subsequent directories should obtain
an application form by writing to the
of the Occupational Health
at the above address, quoting
I\Ie numher 51/79/4.

8
2

Dr. Norton returns

Dr. Michael Norton has just returned
to the Department of Mechanical Engi-
neering at the University of Western
Australia after a six-months study leave.
Whilst on leave he (i) attended Inter
ioise I

specialist seminar seri
Diagnostics and Con

organised by professor F

search, University
Whilst at' the

an experimental 'pri:aéamme to_study
the correlation between high frequency

Continued on page 45

FOR SALE

well
Industries, Coal Min
and Coal Mines) to Gunnedah.

gemand for our services.

measurements and data analysi

partnership as a w.i..0. lumj

Acoustical Consulting Practice

established business centred on Newcastle, serving
ines and Commercial Developers from Gosford
to Taree and beyond and through the Hunter Valley (Vineyards

Accelerating growth and_expanding potential with increasing

Guaranteed excellent return for effort.

ting Instrument Schedule caters for all noise and vibration
is.

This exciting prospect is available for experienced person or
mp sum purchase or by gradual take-

over 1o ensure client retention. Experienced and genuinaly iner-

ested parties may write for more details t

P.0. BOX 306, TORONTO, N.S.W. 2283

THE PRINCIPAL
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vibrations in fluid filled cylinders (asso-
cisted with dispersive bending waves)
Stross levels on the  pip
Statistical ~ expressions  to
stress and strain from mean
spatially averaged pipe wall accelera-
tion levels were also developed. Some

additional work was also done in con-
junction with K. rown (structural
dynamics group at S.V.R) t

Shmo" 61 the “Tactors” sssociated “with
experimental_errors often_ encountered

imental determination of
ies and internal loss fac-
sm stcal Energy Analysia

New Exchange
Arrangements

The Australian Acoustical Society
endeavours to keep in touch with other
acoustical institutions

societies | and
through a regular exchany
ions. Recen!

contacts include the Catgut Acoustical
socla\y and the firm of Kilde in Noi

The Catgut Acoustical Society is a
most_active, American-based _societ
whose members
research and development Telating. «a

musical _instruments
[mpvovemems to existing In:lrumonla
Founded by
ond msaamner, or.
ext

tuging, Rusvala:. T socion b
fishes a semi-annual journal.

develop  prediction methods
rovide_translations of technical
reports. Some  recently Issued reports
are listed under new

1985 Conference

This forum will provide an op-
porunity for ail these groups to

Society
Motor Vehicl_e and Traffic

The rslueu, qulen and refresh-

ing ra_in the Blue
Mountains to the west of Sydney,
ne sense will be a g

lace to escape the subject of
discussion at Society's

wusel Contorence in Novembor
— traffic_and vehicle noise.
conference will

are recognised

throughout the world as the most
ce of communit

noise in urbanised societies. The

@ of issues to be covered at

the conference indicates that the

solutions to the probl

g
2

vehicle designers, urban planners,
architects, engineers and le
lators.

s the. inthei
Tespeciive faids.
The conference will cover:
© Community reaction to traffic

noise
 Vehicle design and mainten-

® Traffic management and noise
control

Urban planning

Design

d prediction
Road design and maintenance
Legislation and control
* Economics

The keynole address wil bo
given by Dr. Ariel Alexandre of
the OECD, Paris. He is a well-
known researcher and author on
topics of the economic -nu socla
effects of road traffic n

Further details can be obl ained
trom AAS Conference Information
Service on (02) 265 8916.

.o

.. Fo Some
PEACE AND
Quier >

No, For A
CONFERENCE
ON TRAFFIC
Noise /

FROM THE

Due to the economic constraints im-

being made in the areas of education,
science and technology, to name a few,
o teasssss, rationaliss, innovate, o+
miine, amalgamate or co-
ordinate actities fo-gain tho maximum

mileage out of the mesgre funds avail-

National or private commities, edu-
cational institutions, professional socie-
os and many Individuals,
alarmed and frustrated by 1
financial support for helr activiics, are

devise new approaches
1o deal with the various “ i

on the move, which
may have implications for our Society
v members may not be

"Tho first deais with tho revitalsation
e nearly defunct Experimental
Building Station ot North Ry, Sycney
Early in M ‘ederal Housing and
Consiruction Ninister, Stewar West, ro-
ported that the Cabinet endorsed a

PRESIDENT—

- “to immediately revitalise the
Government's erime
Stati

g

will_be _renamed _ the
Nattonal Bulldlnq Technology Centre'
“will be given a comprehen-
sive charter to develop as g nationa!
centre of research xoall
hat “the

ipie, to mo stab
fshment”of  single building research
organisation over the nex

which wor

ct

the new-l
ant first step in our
u':xonalvse the nation's building research
ort”.
Media refese, Federal Mirisr Lo
ousing and Consiruction
The second dess with the proposed
formation of a Federation of
Scientific and Technological Societies.
In Novembor last your, the foads of
sightof Austali’s major'soc
enting “over 20000 profassional
scientists, met to discuss"a common

H

approach of scientiss to_ Australian
Governments”
Tl conoar ver e
and long tem effects of the negiact of
scignces”. (Professor Wilso

nomerous. mealings, an interim

establish the aims and objectives of the
Federation with an appropriate organi-"-
sational model and constitutional struc-
ture for the implementation of those
aims and objectives. The Federation
will have a strong voice as it will b
representing the views of societies
which have_approximately 90,000
vidual members.

The AAS at its last council meeting

)y the Federation which may affect the
activities of our Society.
—Tibor Vass

Acoustics Australia
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The db-307 Metrologger:
Three Sound Monitors in one!
1. Noise Dosimeter

2. Peak Hold Indicator
3. Sound Level Meter

Displays

* Current sound level from 45
to 140 dB(A).

 Highest continuous sound
level during test.

« Average sound level based
on selectable Exchange
Rates and Thresholds
including Dual 80 and 90 dB
Thresholds.

* Highest instantaneous peak
to measure OSHA impact
noise.

* Elapsed time of test
(Hrs.Mins./Secs.).

* Accumuiated and projected
noise dose
et gty Bxchange
Rates and Thresholds
incluging Dusl 80 and

90 dB Thresholds.

Versatile
With the db-307 Metrologger,
microprocessor technology and
Metrosonics innovative engineering,
unite to provide you with the most
advanced multi-measurement
Sound Monitor available. Just press
a button on its membrane keypad
and watch as it instantly becomes a:
. Noise Dosimeter—calculating
Dose and Average based on
DUAL thresholds.
* Peak Hold Indicator—capturing

A Step Ahead!

the

Compact Design

Rugged Construction

Water Resistant

Added are SEALS to

pressure peak up to 148 dB.

« Sound Level Meter—displaying
the current sound level over a
wide 95 dB continuous range.

As an added plus, the db-307

allows selection of Dose Criterion,

Threshold and Exchange Rate in

the field.

Rugged

Housed in a sturdy aluminum

enclosure the db-307 will withstand
the most punishing use in industrial

protect against humidity and dust
The db-307 may even be immersed
in water for a short period of time
with no harmful effect. And there is
a SECURE mode to prohibit
tampering and unauthorized use.

Dynamic

No other Sound Monitor combines
all these features in one compact
package. Versatle, relibly rugeed
and easy to use: the

Metrologger from Melrosomcs

y. Ltd.

AUSTRALIAN ' METROSONICS

57 Lorraine Dr. BURWOOD EAST VIC 3151 Ph. (03) 233 5889
Tix. 34644



PEOPLE —

Joe Hayes had to tender his resig-
o of

.
nation from the Steering Committe
the Queensland Di

a move from

fi
 nstrument ransduction sys-
tem, is now working for EAR Pty. Ltd.

o Ron Winderbank has recently re-
turned from an extensive business trip
in China and Hong Kon

 Professor R. H. Lyon is planning to
come to Austral March/April 1986
and it is proposed that a series of semi-

n on the to ton car
be contacted on  (09) 380 3118/6 for
further information.

r P. 0. A. L. Davies (P
lessm o Fluid Meahanics and Acoustics

interesied in organising se
s, sic, should either contact
PVoVessor Davies or Dr. Nort

* Dr. F. J. Fahy has just
new book which might be of interest to
thoso pooplo who are_interestedin
tr

15 tiloa “SOUND AND STRU
VIBRATION: ~ Radiation,

s published by

and Response”, and
Academic Press Inc.
(ISBN:0.12.247670.0).

o, We wero saddened to fearn of the

death of Robert Bruce Lindsa
1985), editor-in-chief of the Journal of

America. The high standing of the
Society’s journal is a lasting monu-
ment o his work over many years.

r .S. A T. Stoneman, who is a lec-
urer I mechanical enginering a the
University College, Swansea, UK.,
o prosent on leave in Australia af e
of Energy Technology,
ngheu v» oria. Dr. Stoneman's. field
relates 1o the acoustic fields
Broducing high- rotor
While in Australia he is willing to give
a technical talk on his subject to any
interested party.

o Demos, well known to many in
the N.SW. Division, diod during May in
tragic_circumstanc "lofed  the
Experimental Building Siaton o dot.
tihed to become the National Bullding
Techn Centre, back

2 ey as Wanciomed 16 the Acout:
tics Group in that organisation, with

which he remained associated until his
untimely death.

- He continued s studies
d, gaining his Dlplnma
eering
N.S.W. Institute of Technology.
rocant years he battied with recur-
ing finesses that, caused him long
sence: 3
with affoction for nis friendiiness and
Kind-heartedness, characteristics which
won him many
* With great sadnoss wo report that
John Motat MAA.S. died on May 10th.
iany members of the Victoria Division
atended the thanksgiving service. hold

exactly twelve months after it was con-
firmed  that

s
special thoughts of comfort go to Helen
and her three young children.

NEW MEMBERS
. Adﬂnnlanl
leasure in welcoming the
ollowing noh membets who have boo
admitted to the grade of Subscriber
while awalting grading by the Council
Standing Committee on Membership —
New South Wales
M. 8 . Dick Or. N. E. Holmes,
A. C. Stow
Queonsiand
M, A, W Kapitzke, Mr. B. L. Manser,
Mr. u 5

The allowing new gradings have boon
approved by the Council Standing Com-
mittee on Membership —
Atfliate:

Mr. P. McCormach, Queensland.
Member:
New South Wal

Mr. R. A, Gudson Dr. V. N. Nguye

Mr. D. N. Nicolai
Queensiang
A R. Brown, Mrs. N. J.
on W D, WO Fournier, Dr. ) 3
Hooker, Mr. P. D. Koo

r. G.
Lee Manwav el ensar, e . 7

Weslem Austrlla
Ronowski.
mearm
Or. A. Cabelli.

CMA Foam Group now a
Sustaining Member

MA Foam Group, a dvision of Cable
Makers Australia, are manufacturers in
Australa of Merracel a reticulsted paly.
urethane for acoustical purposes; thelr
admission to a5 a Sustain-
ing Member is most welcome.

Jim Fowler moves to
GEHA

Jim Fowler formerly of the Noise
Control Branch of the EPA has joined
e E. Hardi

for your People Columnist to
write this colum: e,

Standards matiers and to carry out my
Society responsibilities.

Louis Challis & CSR
Acoustical Laboratories
Louis spoke briefly with your People
Columnist whilst in Melbourne recently;
and whilst there was not time to get
all the details of how and why, | under-
stand that agreements have been con-
cluded whereby Lnul: now
leased CSR's acoustical

in ef
Iaboratoriee.

g
it_means that
room-to-room
partiion Ioss sound_transmission  loss
measurements.

Additionally of course

B.T.R.’s Singapore
Represenlallon

T por Brojocis P Lid 16
lievo Morry Jefferies AAAS. who with
his wife Pat and family have returned
to Melbourne.

Legal Issues
Whilst doing the cmssword m "The
Sun" recenlly 1 noticed or
page an entry in the law et lor ot
day in the Counly Omm under Emldlng
cases at 9.30 a.
le versus V\puc & Pumlers P\y. Ltd.,
at 10.: m. Insulation Materials &

of four companies involved 1o various
degrees in acoustics.

This Issue’s Joke
Various people spoke at the meeting
in the church hall; whllst me olﬂ rector
h at the

& you. pleass
speak up the agnostics in here are
terrible”.

Geoff Bames to thank for
the above acoustical joke.

Readers’ Response

Please send advice of new appoint-

ments, office of factory moves, new
products and similar to your Peopl
Columnist, Graemo E. Pyid

Tiaphone e on 8134555
Graeme Harding

Acoustics Australia
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INTERNATIONAL NEWS —

12th ICA

Toronto, Canada

July 24-31, 1986

A call for papers, and Circular 2, has
been issued for the 12th International
Congress for Acou: i

o or prosentaion & he Conpress
are invited in all fields of acoustics.
uthors should send a _prelim
abstra

issued for ach of the three specialised
associated_symposia will_focus
on narrower fields of scientific interest.
These symposia are:
Acoustics” which will be
ifax, Nova Scotia, from July
will focus on acoustic
e sea bed, signal process-
ing and beam forming, scattering at
rough ocean boundaries, sound pro-
pagelion, acouslics In the ofishors
and i

“Units Their Representation in
Speech Racogniton” wich wil 5o hold
in Montreal, Quebec, from July 21-22,

nd Wi s’ on _processes of
human spoech recogniton, the organ-
sation and_performance of automatic
speech rumgnman sy:(ems and repre-
sentation of the
Speeth. signal Tho Bascime ror roteipt
of pm.mmary 100 word_abstracts for
this_ symposium only is September 30,

“Awu:ﬂci and Theatre Planning for the
Performing Arts” will be held in Van-
couver, British Columbia, from August
46, 1986. This symposium will bring
together the acoustical design of per-
forming arts facilities and other aspects

Further detall
211 ICA Secretariat
0 o 3551 Slallon a
Toronlo, Cana

Underwaler Acoustic
Conferenc

The conlelenca Seismo
Acoustics was held at the ltalian resort

plete proceedings will be published by
Plenum Press, N.Y.
J. 1. Dunlop

WESTPAC I
Hong Kong
November 28-30, 1985

This_conference has the theme of

egion. The conference will
e held under the aegis of the Inter-
mmission on and

Py Hong Kon
the Hong Polytechnic.
sponsorad by the Ausiralian Acoustical

apan,
a and the
f Noise Control Engineering

rehensive social program has
been armanged, Including & cooital ro-
ception and a closing dinner. Sight-
seeing tours of Hong Kong, Macau and
China will be available.
Further detalls:
WESTPAC Il
c/- Division of Part-time and
hort Course
Hong Kong Polytechnic
Kowloon
Hong Kong

POLMET 85

Hong Kong

December 2-5, 1985

This is the first Asia-Pacific regional
conference on Pollution in the Melro-

politan_and Urban Environment. The
occasion will provide a forum for dis-

ng
Rsia-paciic Region: It wil provids also
an opportunity for the exchang

tween mausmznsea

ited
water, waste,

air and noise pollugion and in a special
stream invited speakers will address key
issues in_environmental management

Hong Kong Gov-

Insituion of Enginers. in
with Imperial College, London, and the
United Nations Environment Program.
Delegates to POLMET 85 are expected
from all parts of the Asia-Pacific Region,
it @ "strong contingent "rom
People’s Republic
Europe, United
United States of America.
o environmental management policy-
makers, academic leaders, industrial-
fof and emaironmantar angineors, plen
ners and_ scientists.
Further details

POLMET 85 Secretariat

¢/~ International Conference

15t Floor
& Wyndhnm Street

TGIephune.?iﬂsﬂslizmﬂ
Telex: 72500 PANSY HX

XVIIl International
Congress on Audiology
Prague
August 24-28, 1986
This conference is organised by the

Czechoslovak Oto-Laryngological Soc-
lety‘ T:M the topics to be discussed will
clude —

i

cation of Professional Personnel
in Andlolagy (Moderalor; Professor P.
Berruecos, Mexico Gity,
Neurochemistry of Henrlr\g (Modera-
tor: Professor J. M. Aran, Bordeaux,
France).
peach Audometry — phonological
sspects ang the theory of Information
(Moderator: _Professor K. Sedlac
muu- Czechoslovaki
ing in Old Age (Moderator:
Profescor o Flottorp, Gslo, Norway).
Further detail
Xith Internationsi Congress of
Audiolog)
Gaschasiovak Medical Sociaty

Vitezneho unora 31,
120 26 Prague 2,
Czechoslovakia

Noise and Vibration
Courses

ISVR, Southampton

September 2-6, 1985

The 1985 Advanced Noise and Vibra
tion Cot at researchers and
ginears in indusiry and
research establishments, and

equivalent, and shoul

knowledge of acoustics

The lecturers are from or are closely
associated with,

, ISVR; all are special-

for course is £42
which incrudes “Neissane v
{odioa by R. & wnue and J. G. Walker)

ather retovant mmxur
fresments at the
dinner; accommodu

ity daily; course
on from Sunday o
fay nights inclusive at a Hall of
Fosigonto  hitun walking Sistance of
the university. Some  non-residential
places aro available at £370.
September 23-27, 1985
Tl fve-day short course on Appled
Digital Signal Processing will inclu
demonstraions and  laboratory partich
pation. It is intended for engineers and

include lodging.
Further u-ul
. M. 2. Strickland
Tho Uniersity
Southampton S09 SNH
hire, UK.

Hamps!
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Sound Production and Hearing in

Diverse Animals

Neville H. Fletcher

CSIRO Institute of Physical Sciences
Limestone Avenue

Canberra ACT

ABSTRACT: The vocal signals by which communication is achieved between members of the same species show
remarkable similarity for animals as diverse as cicadas, frogs and humans. Likewise
animals, although superficially very different, are all variations upon a single basic design. Some of these matters are
discussed in detail and an explicit scheme for the analysis of auditory systems is given.

the auditory systems of these

INTRODUCTION

Although modern acoustics is very much concerned with the
behaviour of the human auditory system and with human vocal
organs, it is not often that we stand back and take a much more
generalised look at hearing and sound production in a large
class of different animals. Certainly much of the classic work
on human auditory systems relied heay studies of cats
and guinea pigs, but in those cases similarity is quite close.
What | would like to do here is to explore, much more generally,
hearing and sound production in animals as diverse as humans,
frogs, cicadas and crickets, | wil take a physicist's approach
and ignore biological niceties in order to present a coherent
picture.

First let us note a few unifying principles which seem to apply
to nearly all animals. The first is that sound production and
hearing have developed essentially as a means of communica-
tion between members of the same species. Of course hearing
also serves to give warning of the approach of predators or
other dangers and vocal sounds can be used to frighten off
intruders of other species, but that is not the primary evolu-
tionary purpose of these physiological abilities.

The consequences of this communication function among
members of the same species are several. In particular it leads
to vocal and auditory capaci which are closely matched in
frequency bandwidth and in time resolution. It also requires that
each species develop a coding in the emitted. sound which
rmakes recognition of the species simple, and a further coding
which conveys efficiently the desired information. There is
remarkably lttle variation in the way in which this is done
over the whole range of vocal animals.

Further, since a primary purpose of communication is social
contact, all auditory systems possess some form of directional

SOUND PRODUCTION

For our present purposes, animals — and we are thinking here
of land-dwelling animals — can be divided into two classe:
those with lungs and those without lungs. All the larger
animals, and i pariculr ol the veueb:axes, laH into the first
class, while small animals such 'y belong 1o the
Second class, which obtains t bodily oxy oxvgen nbods hv slightly
forced diffusion along a series of tubes let into the side of the

od)

An animal with lungs, though it may make sounds in a
variety of ways, always produces its primary vocal sounds
pneumatically by using air released from the lungs under
pressure. Animals without lungs do not have this option and
must produce sound by muscularly excited vibration. Let us
discuss this second class first.

There are two common ways in which sound can be excited
efficiently by muscular effort, Each involves a resonant structure
and g mechanism. In the first strategy the exciting
mechamsm isa sham pic which is drawn across the ridges of a

of reg
pulses It the Dm, o more usually me e, Is closely coupled

equal to that produced by the motion of the pic across the file
then a vibration of large amplitude will be generated and, if the
vibrating seture is ot (00 small compared with the wave-
length of sour ient sound production will occu

This: mechanism. whvch s used by crickets and similr
insects, already mets the communication needs of the animal.
The song is based on a well-defined carrier frequency, that of
the plate resonance, and consists of “syllables”, one for each
scrape of the pic across the file, as generated by a wing or
leg motion. The information content of the song can be varied

discrimination as well s an obvious intensity
At first sight the principles used appear to vary widely from
one animal type to another, but we shall see that, rather
surprisingly, most systems are actually variants of a particular
generalised acoustical design with some features exaggerated
and others suppressed

Acoustics Australia

ging ina “word” or by changing
the repetition rate of sylables.

The other common mechanism, used by cicadas and similar
insects, involves a ridged plate or tymbal closing the top of an
led cavity to produce a simple resonant structure. I the

ffort then it b
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in a series of pulses related to the ridge spacing. If the pulse
rate is equal to the cavity resonance frequency then sound is
generated efficienty. The same coding possibilties exist.
ical example is shown in Figure 1.

For obvious reasons of efficiency both these mechanisms
suggest the use of progressively higher frequencies for smaller
insects, and this is whal is observed in practice. For insects a few
centimetres long, the song carrier frequency is typically in the
range 3 to 5kHz, and the syllable repetition rate perhaps
200Hz. A remarkable amount of energy is often put into the
production of the song — a continuously singing cicada may
typically radiate 1 mW of acoustic power, which is comparable
with the power of the human voice.

In insects the song serves primarily as a mating call and
only the males have vocal organs. An interesting extreme case
is the green Australian hedge cicada Cystosoma Saundersi.
The male of the species has an enormous air-flled abdomen,
about 4cm long, which serves entirely as a resonator for the
song, which has the unusually low frequency of 800 Hz with a
40Hz sylable rate.

When we examine the production of sound by pneumatic
power we find that just one mechanism is used. If the air
passage is obstructed by a flap of cartilage, or by a pair of
such flaps closing together, aranged in such a way that air
pressure in the lungs will blow them open, then this simple
system constitutes a pneumatic oscillator. Its operation is
exactly similar to that of the lips in blowing a “raspberry”, and
the frequency of oscillation is just slightly above the natural
resonance frequency of the vibrating flaps. The existence of a

cavity on the air supply side of the system is crucial to the
aperation of the oscillator, as is the direction of opening of me
flaps — a system with a flap blown closed like the reed of
clarinet operates in an enmelv different and, for the pvesem
purpose, unsuitable w:

This pneumatic oscillator is called a larynx, and systems of
this type are found in humans, dogs, frogs and even (though
in a modified and dual form) in birds. Although the larynx
motion may be not too far from sinusoidal, the air flow through
it has a strongly pulsed character and produces an excitation
tich in harmonics.

Itis clear that, once again, we have a vocal sound based upon
a more or less regular carrier frequency, the basic oscillation
frequency of the larynx. In humans this frequency itself carries
valuable information — it is around 150Hz for adult men,
around 300 Hz for women, and 400 Hz or more for children.

Human speech obviously has a rich acoustic structure. Not
only s the Iy sound brckon up o syllablos and words by
changing air flow, but the distribution of energy in the upper
parts of the rich pulse spectrum is varied by manipulating the
frequencies of the first three resonances of the pipe-like vocal
tract leading to the open mouth, by changing lip, tongue and
mouth shape. The “formant” resonances are nominally around
500, 1500 and 2500 Hz as we would expect for the impedance
maxim: ical tube about 15¢m long, but can be
Shiea quite signiicantl 1 produce diforent vowels as shown
in Figure 2. Human speech also involves assorted hisses and
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Figure 2lal; A Sonagraph-type display of the formant structure of
L uman speach dhthong “O.EE". The Sonegraph gives &
° 5 10 time display with rcative energy in diferent spectra ranges coded as
blackness. Typically the Sonagraph /rlmh-s a bandwidth of 300Hz

Frequency ( kHz)

Figure 1: A typical insect song consists of a repeated series of
“sylables", each associated with a wing or leg motion or with the
contraction of a tymbal muscle, as shown here for the cicado.
Syllables may follow each other continuously, as for the cicada, or
may be grouped into “words” of three or more syllables. In more
x animals, such as frogs, the length of individual syllables in a

word may vary. The acoustic spectrum is sharply peaked around the
carer frequency characteristics of the species, about 4.5kHz for the

cicada shown
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50 that individual frequency components of male speech cannot be
sopacated, butthe incivicualpulss from e larynx are resolved in
time. The shift in frequency of the three major speech formants can

be clearly seen.

Figure 2: If the bandwidth of the analysing fier is made much

‘narrower, then time resolution is traded off for frequency resolution.

Puises from the larynx are no onger resolved in time but the

individual harmonics of the pulse frequency are clearly visible. These

vary considerably in intensity but to only a minor extent in frequency
in normal speech.
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clicks but the important part of the speech spectrum runs from
shout 300Hs 10 3kHz. There o no a greet e of raciaed
energy at thelrys undamertel and in any case it is por

0 deduce what its frequency is from the regular 1unu-ncy
soaclng between successive harmonics.

Once again there is a correlation between larynx frequency
and size in different animals but, since vertebrates change size
signifcanly during thei ives, this roquency i ot of dominant
. Instead, reliance is placed
oon iher fosunes. of the rch vocal sound. Some more

Coding. An example & the 05, some species of which have
two sets of vocal flaps, in series, one with a frequency around
100Hz and one with a much higher frequency, say 2kHz, giving
4 song sound quite closely related to that of an insect.

In humans, of course, the larynx frequency can be varied by
a factor of 4 or more in the artificial activity of singing, while
birds do this as part of their normal vocalisation. Other pneu-

by the interaction between an unstable air jet and a resonant
cavity, can be used as part of a song or speech but these are
generally not the basic speech sounds of a species.

AUDITORY SYSTEMS

The basic requirement of an auditory system is that it be
sensitive to sound pressure over the frequency range character-
istic of the song or speech of the species and that its internal
mechanism convert the air pressure variations associated with
the sound into mechanical displacement of some  intemal
structure to which nerve-cell transducers are attached.

‘Soma animals, such as catopilars, havo sensory nais which
perform a similar function in relation to the acoustic velocity
signals produced by the beating wings of predators, but
essentially all genuine auditory systems seem to rely upon taut
diaphragms as the primary transduction mechanism  from
scoustc prassrs to mecharical viration, The daplaegm or
tympanum may be assisted, as we see later, by v
s coupers or phase shifing netwrks depending upon

"the complexit of the mechanicahtonewsl ansducer
varies greatly with the sophistication of the vocal code of the
animal concemed.

The upper part of Figure 3 shows a generalised auditory
system from which we can consider all real animal auditory
systems to be derived by suppressing one or more features.
Interestingly all the features shown are present in the auditory
systems of higher mammals, including humans, but the
Eustachian tubes which connect the cavity behind the tympana
to the rest of the system are so narrow relative o the size of

!\

Figure 3: A generalised model auditary system from which most other

systems can be derived. In mammals the Eustachian tube i so narrow

that the system functions as two independent ears. In simpler animals

there is generally an acoustic coupling between the two ears but
of
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the tympana that effectively no sound energy wavels along
them and the system behaves like two isolated simple ears.
In Ihls and all other systems we assume that a neural trans-
ducer is connected to each tympanum to convert its motion to
nerve impuses, it v orego any consideration o detal

he isolated ear of the mammalian auditory system has a
simplo acoustic function, at 4ast in outlng, though 5 por
formance is fich in detail at higher frequencies. The pinna
provides an acoustic pressure gain of 10 to 20dB at frequencies
above a few kilohertz, depending on shape and size, but the
gain falls to not much above 0dB below a few hundred hertz
because of the ransmission behaviour of finite flared horns.
The tympanum itself is typically a tensioned conical membrane
with a resonance frequency around 2kHz, near the middle of
the hearing range of interest. The Q value is typically less than
unity, say about 0.5, so that its frequency response is broad.
Taking account of the performance of the horn-ike pinna we
therefore have a system with a fairly flat frequency response
from around 1 kHz to 5kHz, with a decreasing response below
1kHz because of the combined effects of horn cut-off and
tympanum resonance, and a decreasing response above about
5kHz because ve the tympanum resonance.
Actually the sensitivity of the human ear is much less than
would be predicted by this model below 100Hz and above
10Hz but this is undoubtedly due to evolutionary limitations on
the neural transduction mechanism rather than to simple
acoustic response.

‘The directional discrimination of a single mammalian ear is
inenced both by the geomerry of the pina, which tnds
emphasise_high frequency sounds incident from along the
direction of its axis, and by diffraction around the head, wh\ch
produces directional maxima and minima in a more complicated
way, though again favouring incidence from the ear direction.
On top of this there are other complications caused by the
convoluted shape of a typical mammalian pinna and, of course,
the subtle psychophysical correlations between the inputs of
two independent ears that are made possible by the sophistica-
tion of the mammalian brain.

COUPLED EARS

Inall the oth h

between the two ears are sumcvmﬂy open that we must
consider them in combination. It s interesting that this is me
situation in the lower animals whose response to auditor
stimull s much simplor than in. mammala, By evchronary
chance it proved more appropriate to rely upon increased
acoustic sophistication at the auditory periphery rather than to
undertake more complex neural processing.

The simplest auditory system is that belonging to the frog,
as shown in Figure 4(a). The tympana are simple extensions of
the outside skin of the head, and short wide Eustachean tubes
lead directly from the ears to the mouth cavity. By chance the
geomeny of me auditory system of insects like the cicada, as
re 4(b), is very similar, though in this case the
1wo ympand and the cavity ora 1ocated i the abdomen and
the cavity has no other function.

Acoustic analysis of this sort of system is quite straight-
forward, both in relation to frequency response and to
ditectionsl discrmination. Wik diftaction around the body of

compared with the effect of phase ioences between the
sound pressure at the two tympana for various incidence
directions.

Since the cavity is vusonably large, though small in
dimensions relative to the sound wavelength involved, it
behaves as a simple acoustic comnllanc:, and the tympana
have maximal response near their resonance frequency, which
we would expect 10 be tuned to the carrier frequency of the
song of the species, about 1.5kHz and about 5 kHz respectively
for these two cases.
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It turns out from the un!lvsns that two ears coupled by a
cavity in this manner can have a cardioid response with a
Giroctional discrmination of neary 2048 f ho G value for the
tympana is app(upnale\y chosen. For a typical frog-ike case
the value is around 4, which implies that the
bandwidh of the system will not be large. This is, of course,
exactly what is required, given the simple amplitude-modulated
nature of the frog song. An exactly similar conclusion is
reached in the case of the cicada.

Since the primary purpose of the song of both male frogs and
cicadas is to attract females while keeping males of the same
species at a distance, this directional discrimination and
frequency specificity has obvious behavioural importance. All
the female has to do is to respond to the carrier frequency,
check the modulation identification, and then hopin the general
direction of the ear giving the stronger signal

Birds are clearly more sophisticated ammals than frogs, and
most species have a complicated song which covers a
reasonably wxda ﬁsquency range, generally starting above
about 500Hz. eresting, therefore, to note the rather
simpls acousics of the auditory system, & design shared with
some repties, thus indicating their common ancestry. This is
shown schematically in Figure 4(c).

At the frequencies involved in birdsong, the length of the
auditory canal is not small compared with the wavelength of
sound and it is therefore necessary to be rather more sophist
cated about the acoustic analysis. Not only must wave propaga-
tion along the canal be considered, but also attenuation of
those waves through wall effects.

Once again it turns out that the response for the ear facing
the sound source is greatest near the resonance frequency, but
it also tends to be large near the frequency at which the canal
length is one quarter of a wavelength, so that if these two
frequencies agree the effect is maximal. It also happens that,
at this special frequency, the response of the ear facing away
from the sound can actually be brought to zero by proper choice
of the loss in the canal and the Q value of the tympana.
Around this frequency the response is cardioid while for higher
or lower frequencies the directional pattern is less asymmetric.
Of course we would not expect a real system to behave in
exactly this way, but the qualitative behaviour should be very
similar to that caiculated.

Finally we see in Figure 4(d) a representation of the auditory
system of the cricket. As in mammals it is associated with the

0o
Nostrls.

: Spaciised forms of the general madel sudiory system.
4.; in the frog the nirpana cannect drect o the [outh covy
tachian tubes; (b) the ci
but he nwry isin i ihe sbdomen;e) the bid has o simple consicted
canal conne una; while (d) the cricket has a tubular
Focheel yatom Wi tympine G the lga and open sabacie,
‘geometry of which varies from species to species.
52 — Vol. 13 No. 2

respiratory system but, since the cricket is an insect, this

very different structure. The auditory system is
located in the ﬂlst pair of Iags of the animal. Each leg contains
a large tracheal tube connecting to a more o less open spiracle
in the prothorax, and this trachea has a thin-walled tympanum
or rather a pair of tympana) in the leg wall just below the knee.
The two uacheseareconnected by 2 short e which generally
has a central sept

Ditornt specie of cricket have diferent aspects of this
geometry exaggerated. In some the spiracles are large and
‘wide open and the lracheae have the form of flaring internal
horns with litle interconnection. In other species the tracheae
are nearly cylindrical, the spiracles are small and partly covered,
and the interconnecting tube is short and wide with a thin
septum. Analysis of such systems with their multiple ports for
sound entry and multitude of unknown parameters is a complex
busines. In parcular the narrow uachese have considerable
wall
with me size o' the animal, the exact placing of the legs can be
important. Again howeve it scems clear that this system can
provide substantial directionality of respon:

‘As n man, i urms aut that he neural Tesponse of many of
these animals is much more restricted in frequency than we
would expect from simple acoustic analysis. Such neural
fraquency sslectty s by o mesns unexpectsd but it
mechanism is yet obscure to those neurophysiologists
studying the pwblem

CONCLUSION

‘We have seen that systems for sound production and hearing
in the animal world appear to have a common origin and a
common purpose, though the ways in which they have
developed show a great diversity. Understanding the acoustics
of these systems is, of course, only the beginning of the study,
and by far the greatest interest lies in the neurophysiological
and psychophysical aspects of the problem. Nevertheless an
examination of simple acoustics does give us an insight into

y

an essential

can be built.
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APPENDIX

For those interested in more detail, the analysis of frequency
response and directionality for two simply coupled ears can be
set out in a few lines. We choose a system like that of the bird
and idealise it to a model with two identical tympana coupled
by a uniform tube. The acoustic behaviour of each tympanum
is expressed by its acoustic impedance Zr — the ratio of
acoustic pressute p to acoustic volume flow U at a given
frequency w. For a tympanum of mass M, area A, resonant
frequency wo and damping R

= R+ MA@ - wgtlu). [

Description of the behaviour of the tube requires consideration
of quantities py,Uy and py, U, at its two ends a
directions for both Uy and Uy to be
we can wiite

P1 = ZnUy + Zily @

P2 = ZnUy + 22U, ]

For a tube of cross section S and length L it can be shown that
2y = 2z = (oclS)coth [l + jwle)L] @

217 = Zny = (go/S)cosech lla + jwlL]  (6)
where g is the air density and c the velocity of sound in air,
and « is the attenuation coefficient, due to wall effects, for
sound propagating along the tube.

we put the tympana across the ends of the tube,
noting that this means that the acoustic flow through each
tympanum is equal to that into the associated tube end. If
puUL and pg,Up are acoustic quantities for the left and right
ears respectively, then

= 2y + ZoUL + ZigUa ©

PR = ZnUL + (22 + Z1)Up. @)

If sound comes from a direction at an angle 6 1o the left of
straight ahead, then there is a phase delay at the right ear
given by

Pr = pLexp(—jlL/c)sin 6] ]
and, using the symmetry relaions in 4)and (5) in (6) and (7),
we easily find the response of the left e

U tzwzu—zzexpl—u..ummm ™
L @+ Lt - 2y

‘The linear motion of the left tympanum is given simply by

X = -iUllwA. i)
This response is greatest at the frequency for which the
denominator of (9) is smallest, which is a compromise between
the resonance frequency of the tympanum (Zr—R) and the
half-wave resonance of the tube (211 — 212 — (gc/S) cosech L ).
Diecionalresponsosgrostetfor sound ﬁom theleft (¢ = 90°)
rcy for sound
from the ight =~ 8051 by appropriate chice of the damping
coefficients R and a. In general there will be a response
minimum for the left ear for sound coming from somewhere to
‘the right of the animal (# < 0) but this not be an exact null.
Figurs 5 shows calculatons lor o eslst ¢ aso. Tho systom
therefore shows very useful frequency discrimination and
duecncnalll
actly the same analysis can be used for cavity-coupled
ears, cuth 23 those of ceadas and fogs, at fequences for
‘which the distance between the ears is only a small fraction of
awavelength. In this case

2y = Zip = —jeciVe

where V is the volume of the cavity. The frequency response
and directional are similar to those of the mbs coup\ed
ears provided the cavity volume is appropriately chos:

Rocerved 3 Moy 19561

Displacement (nm)

100

Frequency (kHz)

Figure 5la); Calculated frequency response

optimal damping, for psi
ar 91d8.
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for a tube-coupled auditory
system, with tube angth Z0rmm, tymotrum tesonance raquancy 4KHe and
116=30° and contralateral sound C

Figure 5ib: Colculated polar response of the
left ear at 3kHz and 4KHz. The straightahead
direction (9=0)is upwards on the page.

[From Fletcher & Thwaites 1979]
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Legendary instruments together at last

Let connoisseurs and _iconoclasts
argue the relative virtues of instruments
by Guarneri and the Amatis. Nothing
will ever supplant the name Stradivari
(popularly known as “Stradivarius”) in
the hearts and minds of the typical
string fancier.

Only 800 instruments by Antonio
Stradivari, the fabled 17th-century Italian
craftsman, have survived, but, collect-
ively, they have long since attained the
status of legend.

Now the Tokyo String Quartet will
participate in the first known perform-
ances on a matched, decorated set of
Stradivari instruments, originally created
10 be played together but sold separa-
tely before that could happen.

These premiere performances  will

take place in Finland on July 28 at the
Kuhmo Chamber Music Festival, on
July 31 at Temple Square Church in
Helsinki, and on August 1 in a gala
concert at the Sibelius Anad!my. The
Tokyo Quartet, now celebrati 15th
season, consists of the v\olvnms petor

un and Kikuei Ikeda, the violist
Kazuhids Isomura and the celist sSadao
Harada.

The two Stradivari violins, a Stradi-
vari viola and a Stradivari cello were
assembled over 20 years for a private
collector by a New York-based instru-
ment dealer, Jacques Francais.

Mr. Francais believes that the first
violin—the so-called “Greffuhle’ violin,
built in 1709, and named for the Vis-
count de Greffuhle who owned it from

1882 to 1910—is “one of the greatest
vlolms ever made.
Francais said ~ recently,
aqualy femous and ust a5 beastici
is the ‘Ole Bull' violin", dated 1687 and
named for its first known owner, the
Norwegian virtuoso and composer Ole
Bull. The viola, dated 1695, is particu-
larly rare, as only 13 Stradivari violas
are known 0 exist. A cello, dated 1688,
and known as the “Marylebone",
rounds out the quartet
Mr. Francais refused to put a price
on the instruments, but noted that
Stradivari violins can cost $1 mﬂhon
“As for a Stradivari viola, you
your own price. They are lam“ucally

mm Page in The New York Times,
26 June, 1985).

DECIBAR AF
DECIBAR VAF

— plain acoustic foam

— perforated viny! faced
acoustic foam

DECIBAR MAF — metallized polyester faced
acoustic foam

1E

Designers, manufacturers and suppliers of noise control products and materials

A complete range of noise control materials:

ABSORPTION —

DECIBAR LV

DECIBAR FAF — tough PU film faced

acoustic foam
DECIBAR TAF — texiile faced acoustic foam DECIBAR DC
Suppliers to Major OEM’s & to industry DECIBAR DS

INDUSTRIAL
NOISE
CONTROL
pty. limited

BARRIER —

DECIBAR LVF

DECIBAR LVM —

DAMPING —

7 Levanswell Road,

— loaded vinyl

— loaded vinyl/foam
posite barrier &
absorber

loaded vinyl matting

— vibration damping
compound

— vibration damping sheet

Moorabbin, Vic.
Australia 3189.

(03) 555 9455
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Hearing Conservation—
An Industrial Perspective

Barry J. Chesson

Alcoa of Australia Limited
P.0. Box 252

Applecross, W.A. 6153

also discussed.

ABSTRACT: Alcoa’s hearing conservation programme was initiated more than decadg ago. This paper describes
e .

ramme
Some of the benefits, practical difficulties and cost factors associated with a Iralrmp conservation programme are

1. INTRODUCTION
Alcos's sciviles in Westom Ausals focus on th producion
m Darling Range bauxite. The company has
st Jaheil, Del Park, Huntly and Willowdale and
refnerios at Kwinana, Pinjarra and Wagerup. Approximately
165% of the word' aluming production 5 defved iom thase
operations. A description of the Bayer Process, as applied in
Western Australia, has been provided by Sleppy, Buckett and
Sibly [1].
with any other heavy industrial undertaking, there is a
variety of physical and chemical hazards associated with the
kplace environment. Industrial hygiene programmes within
the Company span the recognition, evaluation and contolof
dusts, fibres, noise, vibration, gases, vapours, fumes, mists,
thermal stress, ionising und nonvionising radiation, gonamit
zards,

the commencement of operation of the Company's first refinery
(the Kwinana Plant). Early measurement activity wi
on noise emanating from calcination blowers, the powerhouse
besemens. the macharical werkshop, he rod mils snd the
digestion area. that time measurement work has been
extonded 1o o cpefalmq locations and covers a wide variety
of fixed equipment, mobile equipment and portable tools.
| plant-wide,

at Kwinana during 1975. The initial survey covmad ground floor
areas and was based on measurements taken at an 8 metre
grid interval.

Noise contour maps have proven to be useful guides in
studying the chang
men

2ar qual
chemicals (21, Noise matters are. therefore a small, albeit
important, component of the spectrum of health-related activity
that is carried out. The subject of this paper, hearing conserva-
tion, in turn represents only a portion of the areas of interest
that come under the noise umbrella. Nevertheless, there have
been considerable resources allocated in an attempt to ensure
that risk to hearing is minimised.

2. ALCOA'S HEAHING CONSERVATION
PROGRAMMI

The Company’s mnng conservation programme is based on

ine areas of activity:

noise level measurement

noise dose ‘measurement

rming signs

enqmwmq control measures

administrative controls

personal protective equipment

'g spec
audiometry
education, motivation and feedback initiatives

2.1 Noise Level Measurement

Noles lvel mossursment was cne of the fist dements of tha
programme to get underway. meter and octave
band analyser were acuulrud e mmaw;, shortly ater

Acoustics Australia

deploymem of warning signs and assist in the development of

However, for contour maps to be of any practical use, it is
important that measurements are taken under comparable
conditions. It is necessary to take steps o exclude noise of a
temporary nature (such as that from passing trafficl. It is also
necessary for the officer carrying out the measurements to be
cognisant of nearby vessel and unit down-time arrangements.
Clearly, if a production unit is off-ine for maintenance attention
atthe time of the survey there is potential for incorrect inferences
to be drawn from the apparent improvement in the acoustic
environment.

Papor presonted at the Ausralan Acoustical Socity WA. Obion
Technical meeting on 28 February 1985 by Mr B.J. Chesson, B.Sc.
Hons) Prysical Chmmsvy, Grod. Dip, Nat. Res, M.Ap Sl (Health

cel. e Chosson s the Cief incusrie Hygienist of Alcoa
Austials Limited. He is the Presidont of the Oceupationa Hoaltn

ety of Austala WA Branch, Charman of the Chamber of
Mines of W.A. Noise Committee, a member of the W.A. Noise
Abatement Advisory Committee and a member of the Occupational
Health Safety and Welfare Commission of W.A.
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A more sophisticated approach to contour mapping has
evolved since the mid-1970s. The problem of representing
noise levels in multievel buildings, catwalks, landings, etc.
has been addressed with techniques that include perspex-
encased three-dimensional representations. These systems
have an additional role in the educational area that is described
later.

2.2 Noise Dose Assessment
Assessment of the equivalent continuous eight-hour noise dose
associated with individual workers and with occupational
nced late in 1975. Since that time  several
thousand readings have been gathered and the exposure
patterns for most occupational groups have been characterised.
The process is an on-going one with a full cycle of measure-
ment usually taking 1824 months.

Results generated to date have demonstrated that main-
tenance groups tend to have higher exposures than production
groups working in the same area — a finding that is consistent
with exposure pattems associated with other types of hazard
and one which reflects the nature of the tasks performed, the
equipment that is used and the access that the latter group
has 10 quiet areas, such as control rooms, for substantial
periods of the day.

Noise dose resuits are used to rank the hearing risk associated
with various occupational groups, and as a major input i the
formultion of engineering rcie conyol pir

A will not operate successfully without the

the Department concerned and the full
moperatmn nl i members. Experience has shown that this

There are many demands on an organisation’s capital and

e
that will yield the greatest benefit. Priorities
ineering noise control may be based on factors such as:

» noise level measurement results
. nmse dose measurement results
. results

. Dubllc relations consldevallons

dustrial relations co
governmont reatons consideratons
economic factors
« operating factors
A number of systems have been developed to assist decision-
making on engineering noise control expenditure. One such is
outlined in Table 1. A few of the buildings in the Kwinana Plant
are listed together with the main local noise sources.
Table 1 —
ESTABLISHING NOISE CONTROL PRIORITIES
Kwiana Refinery Examples

with the Department and if a mdhack loop (for results) is
established. It was a request by a Powerhouse group in 1976
for further explanation of noise dns! Tosuts that 1od 10 the
development of the education programmes that are now a key
element of the industrial hygiene function at each site.

2.3 Noise Warning Signs

Noise warning signs have been in use since the la

However early versions were somewl + indvicualisic nnd
generally unsatisfactory by today’s sandards. An example of
this was one which had the wording:

Hasingprtecton must by wan i in tis srea
for more than two hous

Clearly, this had a degree of ambiguity and did not adequately
cover situations involving preceding or subsequent noise
exposure in other parts of the Plant, or situations where the
workin the area wes of an ntermitent nature

Prevention
s, particularly the 5% version, greatly assisted in the
proces: jonalising the array of signs that were in use at
the time.

Alcoa’s experience with the mandatory noise warning sign
outlined in AS 13191979 is that the message is more effectively
conveyed if the symbolic representation is coupled with an
appropriate supporting statement.

24 Engmeenng Control Maasures
‘The Kwinana,
in 1964, 1972 and 1984 respectively. Each plants layout
reflects the level of noise awareness and technology of its day.
Some millions of dollars have been spent in the older plants on
retrofit engineering controls, with action being directed at the
source of the noise, along the transmission path or at the
receiver. Systems that have been utilised include acoustically
igned enclosures, baffles, screens, slencers, vibration
isolators and sound absorbing linings.
Substitution of noisy processes and equipment with quieter
ones has also been used in some instances.

56 — Vol. 13 No. 2

Convibuion]
cost
v Sourse problem | diticury | 4
Bidg 8 | Starch product pumps 2 2 30,000/
[Bldg 25 | Rod mills 1 3 20M
Slurry. 1 3
Pan foeder motors 2 1
1Bldg 35¢| Descaling 2 3
[Bidg 40 | Prod 1 2
Evactors 2 1
[Bidg 46 | Vacuum pumps 1 3
r feed pumps | 3 2
ed pumps. 1 2
Hose water pumps 1 2
Furnace blower 1 1

The Location Industrial Hygienist assessed the relative
importance of the 's on a 1-3 scale (highest-
lowest] based on his knowledge of wo ondi

counterpart
assessed the lachmca\ mfﬂculrv in overcoming the noise
problem (also on  1-3 scale) and provided an estimate of cost.
Clearly, low cost, 1-1 matches would suggest attractive areas
in which to direct funds. On the other hand, 3-3 noise sources
might involve high levels of expenditure with no guarantee of
successful noise reduction, and little potential impact from a
hearing conservation point of view.
25 Administrat

e Controls

sometimes used to
to noise. Usually they take the form of modifications to work
patterns (ie. job rotation) or fegulating the on-off time of
noisy equipment or processes.

It is a common observation that when small work groups
operate in a harsh environment a form of rotation usually
develops. This is particularly so in situations involving work in
enclosed spaces where one or more individuals might act as
outside obssryers whll the remainder of the group work
inside. Also, it is sometimes possible to schedule a noisy
operation for weekends or afternoon/night shift periods when
the bulk of the workforce are not present.

Notwithstanding the above, there are several important
practical problems that serve to limit the lpphcl(lnn of this form
of control. Roberts [3] has described these as falling into the
categories n( lsbouv ngve«manu, safety consideratons, job
continuiity a ing. However, there is some prospect that
some of Xhase Gificttos wil bo overcome wiin the Company
with the trend towards multiskilling and the development of a
more mobile workforce.

' 5
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2.6 Personal Protective Equipment

Heatng protection has been availble 0 the warlorce ince
the commencement of operations. It is a form of control that
concantates on the recaner and of he foiss path. Alhough
not as desirable as the engineering or administrative noise
onrol shematives f s usel in cieumatics whare the
latt not practicable or are likely to be long-term

main calegm‘m in use are muffs (hat mounted and inde-
pendent) and ear plugs (adaptable and reusable pre-moulded).
Approximately 9% of the Company's annual personal protective
equipment outlay is expended on hearing protection. Of this,
about two-thirds is spent on disposable, foam earplugs. An
early concern, expressed in some quarters, was that use of the
plugs might lead to an increased incidence of ear infections —
as a result of deployment in the caustic environment of the
refineries and the dusty environment of the minesites. However,
this hasn't materialised and the plugs are easly the most
popular form of prot
During the past e Veirs a Wester Australan Operaton's
Personal Protective Equipment Committee has been active
svshating proposed fama of paricrel. protecton e in
ing uniform standards and selection criteria. This has
onablod mudu:a\, personnel, industrial hyglene, safety and
purchasing inputs to be made prior to a new item being
introduced to the sites. One important actiy o he smvng up
of field trials prospective items of equipment and the
colton of fesdbeck from user groupe on practical fearres

The I:sl of aspects to be considered priortoa choice being
made includes level of attenuation provided, compatibility with
the job, hygiene aspects, comfort, ease of fitting, communication
requirements, availability of replacement parts and cost.

27 Purchasmg Specifications

Purchasin ications have been used for over a decade in
an mempx 1 contol he impact of new, noisy equipment on
the existing acoustic environment at each site. This has tended
to be one of the most difficult parts of the hearing conservation
programme to implement. In the early days some vendors were
inclined to ignore the specification clause or simply reply that
the necessary data or technology wasn't available.

There has been considerable progress made in recent years,
however, with the development of a general purchasing
specification system in conjunction with other member
Companios of the Cramber of Mines of Western Australa 4

The Chamber's specification has been designed for use in
the acquisition of fixed equipment, mobile equipment and
portable tools, and is provided with a set of guidelines that
establish how it should be used. It has been developed in a
climate of improving awareness of needs and ‘mcreasmg

3 standarcised prosentaton of equirements s soon Va5 being
dvantageous o

abils sauipmant end poriabe tocs brought onto a site by

contractors may also pose a problem from a hearing conserva-

view. In recent years the Company and its

o Groups have. developed witien agreaments that

safety rules lincluding those relating to hearing conservation),

2.8 Audiometry

Audiometric equipment was first acquired in 1970. Since that

e it has been used vouxmelv for pre-employment and
wearing. T

in me macicalcantios of 6achof he three refneies and at the

Jariahdale and Del Park minesites. They are operated by

Apart from its primary use in detecting early signs of noise-
induced hearing loss in individuals, audiometry plays a key role
ishing the size of the noise problem within a plant and
how successful the organisation has been combatting t.

Broad trends arising from audiometric results have serve
define risk areas and to assist in establishing control priorities.
An aspect of audiometric testing that is sometimes not well-
recognised is that it provides the audiometrist with an excellent
opportunity to counsel the worker on a one-to-one basis, on
measures that should be taken to protect his hearing — both
at home and at work.

5

2.9 Education, Motivation and
Feedback Initiatives
As mentioned earlier, communication programmes in relation
to hearing conservation were set up in 1976. These were
g jecti i ion, motivation

and feedback to employee groups.

e educational effort was geared to convey instruction on
such items as the potential health impact of workplace noise,
proposed procedural changes and the fitting, maintenance and
use of hearing protection. The target audience was the whole
of the working community, from shopfloor to senior manage-
ment.

The motivational component was designed to encourage the
workforce to participate in the control aspect of hearing
conservation — including areas such as the wearing of hearing
protection when necessary and day-to-day attention to the
maintenance of control systems.

The feedback aspect was a two-way process whereby
employees were able to express their concerns and have their
queries answered, while at the same time bmng kem informed
about mposed chsnges to memodt or eauiom

Experience has shown n has a
benefical impact on e vndusmal Teltions climate within sn
organisation. Also, educati iatives are the most effective
ey of dealing with nem-eccupationa nose nduced hearing
loss.

Mechanisms that have been set up to achieve the above
objectives include presentations at Departmental safety

health and safety displays and provision of articles for location
newsletters.

3. CONCLUSION

Alcoa’s hearing conservation programme  consists of nine
interrelated component parts and encompasses aspects of
measurement, control and education. The programme is carried
out at all operating sites and covers all personnel potentially
exposed to a noise hazard.

Only by implementing a comprehensive programme such as
the one described can the serious social disability occasioned
by noise-induced hearing loss be addressed in a satisfactory
manner.

REFERENCES (Received 7 May 1965)
Sleppy, W.C. Buckett, LN. and Sibly, J.M. 1980, “Alumina

Austlssian Intie of Mining and Maalury, Parkuille,
ictor
2 Chessan, B.J 1984, “Industtial hygien iniatves a Acod”. n

papers from the Occupational Health and Safety Seminar, 13114
September 1984, Collie Federated School of Mines, Western
Ausialan st o Technlogy.

3 Roberts, C. 1984, “The effect of occupational and environmental
noise legislation mining industry”. Inpapers from the
Annual Conference of the Australian Acoustical Society, 1984,
Perth.

4 Chamber of Mines of Western Ausra, 1964, “Euloment ncise

Topic 1

f the Company's
occupational physicians.

Acoustics Australia

24 July 1984, Chamber of Mines of W.A., Porth.
Vol. 13 No. 2 — §7



TED WESTON — A Society Pioneer

An interview with the editors

ward T. Weston, otherwise known as Ted, is a
foundation member of the Austalian Acoustcal Society
and one of the early workers at the Experimental
Building Station, from which organisation he has now
retired. He was born in Perth, W.A,, attended school in
Kalgoorlie and York, went to High School in Northam
and then studied electrical and mechanical engineer-
ing at the University of Western Australia. After gradu-
ation, Ted worked with the Muniions Supply Labora-
tories in Melbourne during the

“I came to Sydney because lhere was a position
advertised at the Experimental Building Station. | felt
this was a heaven-sent opportunity for me because |
was always interested at the university in things rela-
ting 1o comfort conditions and general environmental

X was long before environmental engi-
Reoring was availabis ‘ot universities.

The Weston Era at EBS
Ted's interests in acoustics were triggered by
atempls to quisten his father's car while at university.
his initial work was concerned with thermal
pmm ms, a low-s wind tunnel and with day-
hgmmg Acoustics at that stage played a small part
but did give rise to an interesting court case con-
cerning the location of a ready-mixed concrete faci

“Having got caught up in this case | was horrifie
at what went on in cuurl in_deciding that lhls plam
could be built in a residential area.
consisted in showing what a degenerate nelghbour-
hood it was — terribly run down — terrible things went
on there — therefore a ready-mixed concrete plant
could only be an upgrading of the area.”

Later work involved the measurement of attenuation
down ducts and measurements relating to the design
of studios for the introduction of television at Gore
Hill. The work on ducts led to studies of fan noise, the
main outcome of which in both cases was to point up a
great need for further research into this aspsct of
acoustics. However, that had to be put on hold —
Where i remained thereafter except for minor forays

“While our main work at EBS was that of
measurement of the performance of building con-
struction in the laboratory, it was always nice to
get out and solve a real problem. There was one
classic case where a machine to count change
had been installed in a room between the offices
of two great white chiefs, the national director and
the state manager. The partitions were modular,
with no great sound reducing properties, but to
top it off they butted at one end rather imperfectly
against the glass of the windows, not even the
mullions. Surprise, surprise, there was an horrific
noise in both offices whenever the machine
rattled into action. A specialist firm was called
in whose approach to this noise problem was to
pull out the partitions, fill them with mineral wool,
put them back, and charge tens of thousands of
dollars. Nobody noticed any difference of course,
and at that stage we were called in. We could
only suggest an_ extensive remodelling or that
aither o executives or the mony machine be

ved.”

and inclusion in programmes of future work —
because of a growing number of requests mr investi-
gations into other noise problems in buildint

Changeing construction practices brought a depsn-
ure from brickwork to_curtain wall construction for
outside facades and to internal partitions consist ng ov
pleasant-looking plywood but not much else. “As
Fesult of a fow rather bad failures we becams involved
in making some measurements to try and provide better
construction methods from the point of view of cutting
down sound transmission between offices and other
spaces.”

“In one bank building anyone in the waiting room
gould hear wha the bark manager was teling a client
two door: lient who was refused an over-
drat stormed that the client before had recelved one,
These problems were attributed to the behaviour of
modular partitions — nobody gave much consideration
to the fact that sound went through the perforated
acoustic_ceiling, reflected from the underside of the
main slab and then came down two offices away. How:
ever, the inadequacy of many modular partitions and
built-up wall constructions set a pattern for EBS work
in the determination of the sound transmission pro-
perties of building construction from that time on.”

By 1964 much had been done but in a rough and
ready way, as there was little equipment, few staff, and
inadequate financing. For instance, $5000 was initially
allocated for the construction of two_reverberation

hambers. However, the rooms were built, although

to begin with there was a dearth of suitable instrumen-
tation which was_overcome by co-operation with John
Irvine, then of CSR Building Materials Laboratories,
who at that stage had instruments, but no rooms in
which to use them. Not too long after that the whole
act was got together and it became possible to devote
a staff member exclusively to the operation

1970 saw the foundations of a capable and enthus-
iastic team with the transfer of John Whitlock from the
thermal work and the appointment of Marion Taylor
(now Burgess). With them, and with those who joined

Continued on page 72
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Estimating Noise Levels from Petrochemical
Plants, Mines and Industrial Complexes
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ABSTRACT: Legislation in Australia requires that an environmental impact study be prepared for al large develop-
ments. Noise emitted by plant and activities is now considered to be an important source of pollution and so
adequate techniques must be used to predict noise levels associated with developments. The three principal noise
forecasting models used extensively in Europe are the OCMA, VDI and CONCAWE schemes of which the first and
last relate to noise from petrochemical complexes, but which of course may be used equally well to predict noise
from mines and industrial complexes generally. The algorithms used in these models rely for the greater part on
interpolation of experimental data, which is a valid and useful technique, but which limits their application to sites
which are more or less similar to that for which the experimental data was assimilated. In attempting to create a
somewhat more general model, we have extracted as much information as possible from these schemes and,
together with new algorithms, developed the Environmental Noise Model which is described in this paper. The
development of improved forecasting techniques s expected to continue for some time. We make use of theoretical
algorithms as much as possible but foresee that much work must still be done in the area of predicting sound

‘propagation for complex meteorological conditions.

1. INTRODUCTION
The need for accurately forecasting the level of sound emitted
by new or modified plant sites is a consequence of legislation
‘more or less of similar form promulgated throughout the world.
The government bodies incorporated to police the legislation
have a responsibility to ensure that best use is being made of
current technology for noise prediction. Giving the green light
for commencement with a “don’t-care” attitude of how specific
noise targets are to be met, as long as they are met, is quite
irresponsible. Similarly, the project developers must know the
likely outcome of their endeavours as, in the end, we must live
with each other, pollution and all,

The use of computers to perform the data analysis usually

with

‘with researchers and consultants alike. In all cases, the method
of forecasting is of the following for

Determine source power levels Ly,

~

Compute total atmospheric attentuation for a given environ-

ment scenario by cslculatlng the individual attenuation
iponents K;as fol

. Gwamvlnc sprencing

« Enclos

“Barers

* Air absorption

* Wind effects

« Temperature gradient effects

« Ground effects

« Shielding by vegetation and buildings

3 Compute the resultant sound pressure level at an environ-
mental point
og ain
L= T iy TK) i}
all sources

The complexity of the forecasting program s invariably
measured by the number of attenuation components K;
included in the calculation and by the complexity of the
algorithms used to determine the components. The simplest
of schemes used .-urms for geometric spreading only, perhaps
iin the form of an attenuation rate per doubling of distance (dd);
2 value of 4dBIdd is cormmonly wsed (@ take into account the
effect of all attenuation components. The algorithms are

and the other on an empirical approach. Use of theory to
completely describe the real world is the ultimate objective but
we must at present be content with a blend of theory and
empiricism. This principle should, nevertheless, be the goal of
all forecasting programs; that is, if the theory is available —

use

‘The simplicity inherent in Equation 1 is that the attenuation
components are functionally independent. In the real world
we expect that the sound pressure level at a point in the
environment is in fact more like

Ly = Fllw i @

in which all the individual attenuation factors i together with
the source power levels Ly interrelate in the function F. Some
of these inter-relationships have only recently been explained.
For example, in the case of barrier attenuation, recent work 1]
shows the effect the ground has on both sides of the barrier.
Wind and temperature gradients on barrier performance have
also been studied (2], The thickness of the barrier is also a
variable (3]. However, much of the work has yet to be done.
We expect it will follow the course of trying to unravel the
function F rather than improving on algorithms for individual
attenuation component
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Perhaps the best known of the noise forecasting schemes
are those of the Oil Companies Materials Association (OCMA),
the Oil Companies’ Interational Study Group for Conservation
of Clean Air and Water (CONCAWE) and, the German draft
standard VDI 2714 “Outdoor Sound Propagation”’. Presumably
private companies have schemes and computer programs
which are a variation of Equation 1 just as are the above-
mentioned. In some cases, measurement of attenuation rates
is performed and the results used to predict noise levels. This,
of course, is what the forecasting schemes are trying
emulate without the need for experimental exertion.

 Although there exists a plethora of schemes, there is very

le reported on their accuracy. In two cases [4,5] reports of
+2dB accuracy are quoted but in both cases, experimental
data was used 1o fine-tune the model. We expect that for
uncomplicated environments (open plain flat terrain and mild
meteorological conditions) that this result could be obtained
but that schemes based on Equation 1 will always require fine-
tuning in complex environments. Experience with OCMA [6]
suggests +50B accuracy.

question of accuracy is complicated by the fact that it
is qullu difficult to get good source power level data because
of the influence of ground effects, the choice of measuring
surface for the power area (spherical or box-ike), near-field
hydrodynamic effects (ISO 3744 allows measurements to be
made as close as 0.25m) and near-field geometric effects (for
large sources the microphone measures normal as well as
sideways intensity contributions rather than only the former,
which overestimates L. It is expected [7] that errors of 2-3dB
can result from L, determinations alone.

With logarithmic addition of sound levels, however, we are
saved from embarrassingly large errors for, while a + 3dB error
in the sound level prediction for one source may seem quite
high, the error for 100 such sources randomly combined would
be no more than +3dB also, but the latter seems a better
result.

This paper describes the Environmental Noise Model (ENM)
forecasting scheme which is based on the format of Equation 1
-but for which we have incorporated some inter-dependence of

algorithms
based on theory rather than empirical results. In addition, the
ENM concept. is to perform the calculations with as little

where

Ly = source power level re 10'2 watts

K{ = 10log 4afi) ~ 3d8 + atmosphercatenuaton

R = source to receiver dista

Kz = ground effects + hamev nielding efects +
meteorological effec

The constant K, is determined from Figure 1 and includes
the term 10 g (éxR) which acoouts fo sphericalspreacing
from a point sou dB which accounts for an infinitely
hard ground plane wncldmg with he souce, and amospheric
attenuation based in experiment and in part on th
moleculr elaation behaviour thoory of cxygen molecues in
the air at a l;mpemuve of 60°F and 70% humidity. The
constant Ky is on for ground absorption, shielding by
brrrs, i or lan bulings and metoorogea afocs an
average value is assumed to be valid for long data sampling
periods|. This data is based on noise measurements conducted
in and around two petrochemical sites. Ky is determined from
Figures 2 and 3. Note that OCMA recommend that ground
effects be reduced to zero if the source height is greater than
15 metres above ground. This in fact has been shown b
CONCAWE expariments not t bo s, In generl, s avident
that the OCMA scheme is based principally on experimental
cata and hence imitd to plont I sl emvionment 1o
that for which the data was taken. Computer programs based
on the OCMA scheme are described in references (9] and (101

63,125, 250

500
1k
Lk
8k

2k

“hands-on” as possible. That is, once the

scenario s nput,
including sectioning through contour maps and bulldlnws and
keeping track of the ground cover.

Tollowing sections review the OCMA, CONCAWE and
VDI schemes, for comparison with the ENM, followed by a
description of the algorithms used for the ENM and program
flowchart.

2. REVIEW OF SELECTED NOISE
FORECASTING SCHEMES

21 OCMA
In 1972, the British member companies of the Oil Companies
Materials Association (OCMA) published a revised version of
the OCMA Procedural Specification NWG-112/3 [8]. Part 3
contains the recommendations for sound level calculations.

sound pressure level at a point in

DISTANCE FROM SOURCE, m
N

4“0 50 60 70 80 S0
K, ATTENUATION dB

DISTANCE FROM SOURCE,

is calculated from the following:

o9
L= L (Ly-K-K) @
alsowrces
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Figue 1: 0CMA dgarit for determinaion of
d air absorption attenuation K1.
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Figure 2: OCMA algorithm for ground attenuation
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Figure 3: OCMA for ground attenuation
for the case of significant shielding.

2.2 VDI-2714 3

In 1976 the VDI Draft Code 2714 “Outdoor Sound Propagation”
was issued by the VDI committee on Noise Reduction (11,
The sound pressure level at an environmental point s calculated
from the following equation:

log
LodBA) = T i, + Ky - 10log (4xR?) +
all sources

3B - K - Ky - K¢ — Kg = Kg — K9] @
The calculations are performed in units of dB(A) only, not in
octaves as for the OCMA scheme, and where
L= source power level re 10-12 watts
4 = source directivity index
~10 log (4xR?) + 3dB = geometric spreading term including
infinite hard plane coinciding with the source
R source to receiver distance
= atmospheric attenuation = 10 log (1 + 0.0015R) dB(A/
attenuation due to meteorological conditions
(12.5/R?) + 0.2 dBIA)

Ks = ground effects = 10 log (3 + (RI160)] ~ K, ~ Ky dBIA)
Ks = barrier effects value 0-10 = 10log (3 + 20} dB(4)

d = barrier path difference

Kg = attenuation due to woodland areas

K7 = attenuation due to built-up areas

Acoustics Australia

Meteorological effects are taken into account using charts
which allow one to take into account three broad scenarios:

1 Maximum downwind sound level unlikely to be exceeded.
2 Sound level in light downwind conditions, and
3 Long-term sound level for all weather conditions.

Noise breakout from buildings is described in VDI-2571
[12] and this calculation may also be taken into account
References [13] and [14] describe applications of VDI-2714.
Whilst this forecasting scheme takes more algorithms into
consideration, one could argue that lls accuracy is limited by
its ability to account only for dB(A) level

2.3 CONCAWE

In 1977, CONCAWE contracted Acoustic Technology Ltd of
Southampton to review the available literature to date on
sound propagation in the atmosphere and to update the
algorithms used in the OCMA scheme. The attenuation curves
derived for OCMA were then a number of years old and were
based on a limited number of noise measurements conducted
around two oil refineries. The CONCAWE model enables
octave band sound pressure levels to be calculated at a point
in the environment for a given meteorologic scenario rather
than for an average mleoroiogical scenario as used in OCMA
or a range of variations specified in VDI.

The literature survey review conducted in the CONCAWE
study is quite extensive [15]. Where possible, algolilhm:
based on theory were extracted for use in the model. In m
cases, however, the theoretical approach was found to be unly
new and with limited experimental validation. For this reason,
the authors of the CONCAWE model have apparently based
many of their algorithms on experimental data but structured
in such a way as to conform to the theoretical framework.
This was dnne for the ground attenuation and all the meteoro-
logical effec

The rosutant sound pressure level in any octave s expressed

as:
og
L L LD K -K-Ky— Ky
a0 souwces Ko - Ko K
where
Lo octaveband sound powerevel 2 10" wars
D' = directivity index of so
K o doe 1o goometric sreading
Kz = atmospheric absorption
K3 = attenuation due to ground effects
Ky = attenuation due to meteorological effects
Ks = correction for source height above ground
Kg = barrier shielding

vplant screening

The’noise impact of industrial plant is essentially universally
determined from the A-weighted sound level. Calculations of
attenuation corrections in octave bands in our opinion will

jve better estimates of the Aweighted sound level than
calculations using frequency independent parameters. The
CONCAWE model considers the range of octave bands from
63Hz to 4KHz. The following is a brief description of the
algorithms used in the CONCAWE scheme.

GEOMETRICAL SPREADING K,
In the first instance, the source is assumed to be in free space
and with the ground absent. Only point sources are considered,
and the distance attenuation is

Ky

= 10log (47R?) 6
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Figure 4: CONCAWE ground attenuation curves (category 4).

ATMOSPHERIC ABSORPTION K,

he method of calculation of atmospheric absorption due to
Sutherland (16] was adopted by the American National
Standards [17). The CONCAWE authors acknowledge
theory 1o be the best available for the purposes of calculating
atmospheric absorption losses of noise from industrial plant
and quote it to be accurate to within +10% from 0° o 40°C.
The choice of the correction term K, is made by reference to
seven tables of absorption data presented in third-octave bands.
They recommend the value for the lower third-octave band be
used to typify results for the octave band o in the case of pure
tones, interpolation from one frequency band to the next is
required.

ATTENUATION DUE TO GROUND EFFECTS K;
The CONCAWE model uses experimental da'a to account for
ground attenuation rather than the more complex theoretical
el cunenty finding favour (161, Orgially, an extensive
body of attenuation data taken for aircraft runups at two air-
fields in England (19,20] was used. However, it was found
during the CONCAWE verification trials lha( thisalgorithm
overestimated the ground correction term and hence the model
was revised to give an improved fit o the data measured for
three typical process plants in Europe [21]. The ground
correction term was separated from the total measured
attenuation by subtracting the geometrical and air absorption
terms but only for data measured during neutral meteorological
conditions (zero wind and temperature gradient). Hence the
ground effects tomn sticly appies fo ground cover sm
land typical of rural and residential areas. The ground effects
term Ky is derived from Figure 4. In the case of concrete
covred groun or watar, a veke of -3 is assumed for all
frequencies.

83

Figure 5: CONCAWE meteorological curves for 500Hz octave.

ATTENUATION DUE TO METEOROLOGICAL
EFFECTS K,

This is perhaps the most difficult of all algorithms to formulate
resent. The two

as the theory is not well understood at pre
principal meteorological variables are wind and vertical
temperature gradient (a positive gradient is called temperature

changes aro rslted 1o a variation in density of hypothetical
s emanating from a source. A refraction of the sound
Tays can esultin changes to 1o ray denity and hence (o the
sound intensity. It has been established [22] that the curvature
of sound waves is mainly dependent on the vertical gradient
of the speed of sound whether this be caused by wind gradients
o« tamperstue gradents and Piercy, Embleton and Sutheiand
123) conclude from Parkin and Scholes’ measurements that
retaston due to vercal wind and temperature gradients
proc duon equivalent acoustic effects which are essentially

additive

Hance CONCAWE grade meteorlogical sffects into six
categories based on a combined vertical gradient. The tempera-
ture gradient is coded in terms of a Pasquill Stability Category
A-G shown in Table 1. Category A represents a strong lapse
condition (large temperature decrease with height) where
category G represents a temperature inversion as may be
found on a calm starlit night.

The vertical temperature gradient so categorised is then
combined with the magnitude of the wind vector measured at
ground level (i.e. the proportion of the wind vector pointing
from source to receiver) using Table 2. This results in one of
the six meteorological categories for which attenuations were

from P
mentioned above. A typical correction is shown in Figure § for
the 500 Hz octave band.

TABI.E r
CONCAWE d-um\lmm will Stability Category
om mmomloqlul “nformation TABLE 2:
NightTime p of category
Gowdcomr | £ Pasquill Stability Category
o3 [or [ o] 3||coewe AB CDE F.G
v F o] £ 1 v<-30 = -
e e |o] 3 2 -30<v<-05| v<-30 -
EREE 3 -05<v< +05|-30<v< 05| v<-30
o133 § 4 +05<v< +30 [-05<v< +05(-30<v< +05|
sona o Py & 5 v>430  [+05<v< +30(-05<v< +05|
* Wind spoed is moasured o the nearest
atogory G i restcted o righttme withless than 1 octa ofcloud L v>+30 [+05<v<+30)

and awind speed ofless than 0.5 mls.
62 — Vol. 13 No. 2

Category with assumed zero meteorological influence
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jure 6: Geometry for determination of
ine and plane Source algothms.

‘CORRECTION FOR SOURCE HEIGHT

ABOVE GROUND Ks

From th research ieraure, CONCAWE concluded tat the
ground effect decreases exponentially with an incre
rsing angle from 0° 10 3 valos of et at angles greater than
5°. However, an experiment by CONCAWE of attenuation rates
for various Source and receiver heights did not appear to
substantiate this algorithm. They have, nevertheless, decided
to retain it

BARRIER SHIELDING Kg
The attenuation due to barriers is calculated using the method
of Maekawa but modified to account for wind and temperature
gradients using the approach of Do Jong et a 21 This modif
cation is basically a ray theory approach which modifies the
height of the source and receiver because of ray curvature
resulting from wind gradients and will be discussed in the
following section. However, the technique is also applicable to
temperature gradients which also cause ray curvature.

The familiar Maekawa chart which relates to barrier
attenuation is represented by the following set of equations:

N = i path length difference / (\/2) 4]

and, \is

Then for
~0.3EN< —0.02 K =5.65+ 66N + 244N? + 287N?
—002&N<10  Kg=502+21.1N-19.9N*+669N g
1.0<N<180 1010g N + 13
N2180  Kg=25

“The algorithm ignores sound diffraction sideways around the
edges of the barrier but one could of course calculate this
contribution and include it as a separate source.

IN-PLANT SHIELDING K,

by others, shielding of sources by typical plant found in
refineries is negligible and hence K7 should be set to zero.
O course ths ray not bs trs cose to th plant nor for large
solid shielding obstacles which then may be classed as barriers.

The validation of the CONCAWE model shows prediction
errors of +2dB typically for the three petrochemical plants
studied. Of course one must take into account that the model
has been tuned to the three plants and so one could expect
larger errors than this when the model is applied to other
situations.

Acoustics Australia

3. ALGORITHMS FOR CALCULATION OF
SOUND ATTENUATION
The ENM program is structured in a similar way to the
CONCAWE model in that it takes the attenuation algorithms
into account separately and endeavours to make use of the
best available technology. This is true particularly of the ground
ffects algorithm for which there appears to be good collabora-
ting experimental evidence. In addition, the ENM program is.
structured to allow automatic calculations at muitiple points
without the need for operator intervention. The following
sections describe the nature of these algorithms and compare
them with the CONCAWE model.

GEOMETRIC SPREADING A,
Al sources are considered firstly i the absence of the ground,
that is, as if they were suspended in free space. Sources are
of three types; point, line and plane. The CONCAWE model
considers point sources only.

int sources, the attenuation due to geomelric spreading
is that for spherical radiation,

AP _ 10 log (47R?) ©

For line sources, the attenuation for monopole radiation of a
source of length L is [24],

A = 10 log (47alle) 10)

L s thesource length

a is the perpendicular separation of the receiver from the
ine source axis,

« is the subtended angle i radians (see Figure 6)

For plane sources, the sound pressure resulting from
monawe fadiation of a rectangular source of area A is (see
Figure 6

P = ”A(WQCIA).(IIWn’)) dxdy an
where

W is the total source power and,

e s the characteristic impedance of air

measured at a point which is a distance R from the source
acoustic centre. The integration was performed numerically
for different sized sources and for different angles subtended
with the plane. Variation of pressure with angle and plane
aspect ratio was shown not to vary significantly for most
situations and so the results were condensed into a single
non-dimensionalised curve shown in Figure 7. The attenuation
for plane sources is then calculated by determining the value
of C from this figure, and hence,

APE™ = 10l0g (4aR?) + C n2)
DIRECTIVITY CORRECTION A,

A frequency independent directivity correction term is included
in the ENM model and is based on array co-ordinates recom-
mended in Australian Standard AS1217 — “Methods of
measurement of airborne sound emitted by machines”. These
co-ordinates are points on the surface of a hypothetical sphere
whose centre coincides with the acoustic centre of the sound
source [25]. The program interpolates values for directions of
source to receiver which do not coincide with these array
co-ordinates.
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Figure 7: Correction term for sound pressure
level determination of plane sources.
ENCLOSUHES

Enc\nsures are defined as a collection of rectangular surfaces
with an absorptive face on the side nearest the source and
having a sound transmission loss. The total power level of all
sources within the enclosure is first determined. The total sound
pressure level inside the enclosure and close to the surfaces s

= Lusow + 10log {Q/éxr®) + 4/lAbs)} (13)

Gl(dﬂ'l is the direct field term and is approximately the
reciprocal of the sum of all the surface areas comprising
nclosure,
Abs is the total absorption within the enclosure and is obtained
 summing the absorption of all surfaces comprising the
enclosure.

Assumlng (hal the sound wllhln the enclosure is mostly
reverber itted”
race o' a fro0 fold outeida s

Lwsutace = Lpjnside — 6 + 10log A — TL 14)

o inside — 61 intensity
incident in the. direction of the surface and hence “emitted”
through the surface [26). Directivity of surfaces is specified in a
similar manner to sources.

BARRIER ATTENUATION Ay

The Maekawa theory for predicting noise reduction from
bariers is commonly used today. New developments in this
field [1,27,28], however, include the influence of the ground on
both sides of the barrier. At certain frequencies, the ground
effect can become more important than the barrier attenuation
and hence the results based on an ideal half infini ier can
be substantially in error. Other complications arise when the
barier is not infinitely wide, as is assumed by Maekawa's
theory. The usual method of calculating the noise contribution
around the sides of the barriers by Maekawa's algorithm can
be done [29] but the complexities involved in a program such
as ENM are quite significant. One would require a very
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Figure 8: Geometry for calculation of the height of barriers.

sophisticated sectioning algorithm to determine the width of
s. In contrast, sectioning vertically is quite straight-

Ground contours are digitised in the ENM program as a
sequence of co-ordinates. The topography of the ground in a
straight line between the source and receiver is determined by
scanning co-ordinate pairs. A hypothetical thick barrier is then
constructed according to the maximum angle subtended to the
topographical feature as viewed alternatively from the source
and receiver (see Figure 8). The Fresnel number N is then

N

= £(A+B+C-RIN s)
and Equation 8 is used to compute the attenuation Ag, This, of
course, is the same algorithm used by CONCAWE.

AIR ABSORPTION — A,
The algorithm for the calculation of air absorption is based,
is the CONCAWE moda), on Amercan National Standard ANSI
$1.2617).

The ENM program calculates the value of air absorption in
third octaves and logarithmically sums the result to octaves.

WIND AND TEMPERATURE EFFECTS — A;
The effects of refraction of sound in the atmosphere can best
be thought of in terms of sound ray propagation. Curvature of
Sound ray paths is a result of variations in the speed of sound
with height. Sound speed variations can either be caused by
changes n ai density dus to temperaturo or simply by move:
of the air medium itself. Intuitively, one would expect
hat sonic speed variations caused by a combinaton of these
two effects would be additive. Examination of measurements
conducted by Parkin and Scholes shows there is some evidence
1o support this theory (23] and hence we proceed upon the
following lines.

e wind profile at low altitudes is determined by the ground
surface roughness and may be expressed in the following
simplistc form.

ui2) = gzt
where ¢ is approximately 0.15, u(2) s the wind speed at
height Z and up s a constant (151,
If one were to assume that meteorological data was taken at
two “standard” heights namely, at 1 metre and at 10 metres
then the wind gradient at 10 metres is

a6

duldz = ut10. an
Strictly, the wind gradient is a vector. Hence u is the

‘component of the wind in the direction from source to receiver

and measured at a height of 10 metres above ground level.

uis positive in the direction source to receiver and negative in

the reverse case.
For

assumed that the vertical lemperature
e speed of sound is proportional o the lempevalure o the
half power, or

© = cqlT/273)%. “8)
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The vertical sonic speed gradient is then

deldZ = (dT/a2){10.29/(10dT/dZ + To + 273)%} (19)
‘where dT/dZ is the vertical temperature gradient, °Cimetre,
and Tois the ambient temperature at the 1 metre height.

A positive vertical temperature gvadrem (temperature increases
with height) is termed a temperature inversion, a neg:
temperature gradvun( s o lapas condion and a soro gradiont
is a neutral c

Tadius of Gunvature for a sound wave propagating
nearly parallel o the ground is given by (2]

¢ = colltotal vertical sonic gradient). 200
We will assume the total vertical sonic gradient is the arithmetic

sum of the wind and temperature induced gradients and hence,

r = collduldZ + dcld2) @1
where, if r is positive then the rays are curved downwards and
ifris negative men upwar

In the emain, we have taken the data of
Pakin o Sehlen 201 5. sirmarioa by Piercy (23] for
observed excess attenuation of ground-bome aircraft
measured under a variety of weather conditions and used the
total vertical sonic_gradient to classify the results. Table 3
shows the value of attenuation so obtained for two source-
ocher datonces.

TABLE 3:
Valuas of axcess ttanuation Ag dua to
wind and ter

FREQUENCY

63 125 250 600 % 4k Bk 16k

WIND
—
TOP OF
cuRvED BARRIER
SOUND R/
TRACE,

EFFECTIVE

SOURCE  —>
POSITION [
H

Figure 9: Geometry for calculation of effective source height
‘assuming a positive vertical sonic gradient.
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Values of As are interpolated for other distances except that
saturation is assumed to occur further than 616 metres and for
values of total sonic gradient greater than 0.15.

Wind and temperature effects on barriers are treated in a
similar manner to DedJong (2. In essence, the height of source
and receiver are modified to take into account the ray curvature.
From Figure 9, and assuming a positive vertical sonic gradient,

h,

Hy = [r| fsina 2]

= |rlocose @3
where
Hyis the barrier height above the source

~(A%2r7)}, 1 > A2 (saturation is assumed for
igh sonic gradents)

source-barrier top distar

Note: § takes the same sign as (dule + deld2).

‘These equations apply also to the receiver side of the barrier.
Given new locations of source and receiver, the barrier
attenuation is recalculated using Equations 8.

RECEIVER
I

Figure 10: Geometry for ground absorprion algorith.

GROUND ATTENUATION — A6

Propagation of sound from a source placed above a semi-
in

to Figure 10 shows that specular reflection may be considered
simply by creating an image of the source in the ground. The
expression for the plane wave reflection coefficient Ry may be
written as

Ry = (siné - (ciZg)}/{sing + leeizg} (241
where
e is the characteristic impedance of air, 407 MKS Rayls
Zgs the impedance of the ground surface and is given by

25 = qoll + 9.08(1000f/)-075) + igcl11.9(1000f/¢)-073)
(25)

‘where f s the frequency and § is ground surface flow resis
CGS rayls

ity,

Typical values of flow resistivity for various ground surfaces
are shown in Table 4 (18],
The sound pressure measured at the receiver is
Plpo = (exp (kRIIR + [Rgexp {ikiry +r2)}lliry + 1) +
111 = Ry(Fiw) exp {ikiry +r2)}Viry +12) 6
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TABLE
Flow resistivity of various surfaces for use in ground

Igorithm (after Embleton Inter-noise 80)
—
Flow Resistivity in
Description of Surface Rayls (CGS units)
Dry snow, new fallen 4” 1030
Sugar snow 251050
in forest, pine or hemiock 20t080
15010 300
‘small rocks up to 4 300 t0 800
[Sandy silt, hard packed by vehi 800 to 2500
chips, thick layer
1500 t0 4000
|01d dirt roadway, fine stones (1/4" mesh)
interstices filled 2000 t0 4000
Earth, exposed and rain-packed 4000 to 8000
(Quarry dust, fine, very hard-packed
by vehicles 5000 t0 20,000
[Asphal, sealed by dust and use > 20,000

where Fiw) is the boundary loss factor and is determined for
small w from the series.

Fiw) = 1 + inwexp (—-w?) —
2iwll - 2w'/3 + w1 x3x5) — @n
and w is the numeric distance given by
W= %1+l + r2)]% (gclZg + sin @) (28)

= 2aflc

The first two terms of Equation 26 represent the direct and
specularly reflected waves. For hard surfaces, these two terms
predominate and the result is an attenuation spectrum with
regulrly spaced nuls bocauso of phase cancellation, For soft
surfaces, however, the t predominates
and s 8 oot of the mismatching of the sphericl wavelionts
of source and image at the ground surface. At the interface,
another wave called the “ground wave” exists which makes
the sound pressure level close to the ground non zero.

The ground effect attenuation is then calculated from the
following

Ag = 10log |{exp(ikR)}/R|* - 10log |p/po|*  (29)

which is the difference in magnitudes between the direct field
in the absence of the ground and the total field in the presence
of the ground.

%o
z Source 10 m
H above ground
£ o
H Receiver 1.5 m
£ above ground
£ 20
H Solid curve
3 is for flow Dotted curve
g% i is for 32,000
s
0 100 " 18
FREQUENCY  Hx

Figure 11: Typical plot of ground attenuation algorithrn result
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Figure 11 shows results of calculations using Equation 26

with the ground resistivity as parameter. The ENM algorithm

calculates values of Ag at one seventh octaves and combines
octaves.

‘The CONCAWE model uses experimental data in preference

to this theoretical analysis but the data is limited to one ground

type.
In the ENM program, a ground type code is input along with
other contou infomation. As mentoned peeviusl,  vercal
cross-section of the ground is taken from each source to
recanver paint n odor 10 calolata. barier effects. Wo have
nhnseﬂ 10 average the ground types in cases where there is not
a ground type. Thero s o physial jusicaton ot this
Gociion, rather, wa congdor it 3 tomporary measure 1o be
replaced when more is known about the effects of changes in

never a barrier is interposed between source and
receiver, we calculate the reflection angle ¢ for two cases;
first we consider the receiver is at the top of the barrier and
calculate 6, for the case sourcetop-of-barrier and, secondly,
‘we consider the source is at the top of the barrier and calculate
&g for the case wpﬁﬂmrﬁevlleoa rer. We then assume ¢ to be
an average of ¢, and , this treatment is expected to
be raplaced when the current vheorstmal work on barriers in
the ground is tated.

4. ENVIRONMENTAL NOISE MODEL

STRUCTURE
The ENM model comprises a number of individual input,

lat ograms.

is shown in Figure 12. All input data is stored as disk files.
Source and surface data include power levels, directivity,
source direction cosines (to orient the source), surface trans-
mission loss and absorption, co-ordinate information, source
type and size and other information. Meteorological data
includes temperature, humldm/ wind speed and direction, and
vertical temperature gradien

Ground contour maps are digtised in sectons. Contours re
digitised as sets of mordlnates which make up the contour.
Information such a5 tha Gontour height, round type and e
are stored for each contour. The program permits sectioning
from one point to another to aid in interpreting the mnoguphv
and to assist with decisions about placement and heig!
barriers.

All input data stored on disk is used by the calculation
program unless files have been pre-marked to preclude them
being input. In this way, various scenarios may be studied by
simple file markings. This is especially useful when examining
noise ine sit ich the ground topography
is continually changing.

Calculations may be performed at selected points in a regular
grid (multiple point calculation) or at an individual point. In the
case of multiple point calculation, a contour plot of the dB(A)
value is available. in the case of single point calculation,
detailed results are printed for each source and algorithm.

5. CONCLUSION
It appears from the theoretical and experimental work reported
in the literature that much is still to be done towards under-

ding
of sound in the atmosphere. Certainly the linear models, of
which the Environmental Noise Model presented here is

are defined here to be those based on independent algorithms.

We expect this type of model will grow further in complexity

and will always be useful but we foresee the future holding

ise for models perhaps based on numerical methods
such as Finite Element Analysis.

(Received 25 September 1984)
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ABSTRACT: A new statistical method of estimating arbitrary noise level probability distribution of non-Gaussian type
by using only the experimentally observed data on L s theoretically proposed. The validity and effectiveness of the
proposed method is experimentally confirmed by using a digital simulation technigue and applying it to the actually
observed data of road traffic noise. The experimental results are in good agreement with the theory.

1. INTRODUCTION
It is common that only certain specific evaluation indices, such
as L, and Loq, are measured in practice in relation to noise
evallation andlor regulation. For example, only Lso, prescribed
as the environmental sundard is frequently mnasumd in Japan.
As is well known, however, Lgg is not always effectual for
various noise |m4 llu:luaucns and so many other evaluation
indices (Leg, Ls, Ly o5
above point of vmw, manv iz

such s Leq, have been carried out under the assumption that
the value of Ls, calculated from the experimentally observed
: 4 o

. data, s an
But originally this experimental value of Lsg should be regarded
as stochastic and changeable, since the primary noise level
fluctuation is generally a stochastic process and the noise
evaluation index is calculated by using finite instantaneous
noise dat

In this papev, a new statistical estimation method for various
evaluation indices s derived from the same finite data length
of instantaneous noise level fluctuation by using only the
experimentally observed sample data on Leo. The theoretical
result is universally applicable to arbitrary random noise of
non-Gaussian distribution type. Next, the validity of the above
theoretical estimation method is experimentally confirmed by
using a digital simulation technique and applying it to the
actual road affic noise data.

2. THEORETICAL CONSIDERATION

2.1 Statistical Information on the n-th Order
Derivative of Noise Level Probability
Distribution

Let X; be the i-th instantaneous value observed experimentally

at time 1 for a random noise level fluctuation X(0) with arbitrary

probability density function (abbr. pdf), f(X). Suppose that the
sampled datum of Lgg is given from (2m +1) instantaneous

Yo' and hatonly the Loodat ar reserved.

When X; and X, i#5i=12 m +1) are statistically
independent of each other, the cumulative distribution function

(abbr. cdf), GIW) of the median (= Lso) obtained from X, Xz,

-+ Xam 41 can be given as follows (1]
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w
oewy = L2mthyt I F(0)[1-F(@)1"1(0) do
@n® -
= K(F()) $8)
with .
W
FOn) = ],_ pom (2)
and
L
Koy = 2L % negyTag, @
(m!) o

The functional form of GIW) can be determined in advance by
using the experimentally observed data Lsqfi) (i = 1,2, ..., N)
for the median level. For instance, by considering the well-
known statistical property that GIW) tends to a cumulative
Goussan disuion.for an ey furtionl form of W) 25
the value of m in Equation (1) is large, we can introduce the
prabailty expression of Gram Charher A type (1] appicable
universally to every continuous level type of distribution) as
the functional framework of G(W), as follows:

W
G(W) = J N(win,,02)d0 -

T Ao N 0200, o
n=3
with
2
(on,)
2, 8 1 W
N(w;u,,0)) 2 g—rmexp{- —5—1, (5)
%) = 5 7CE 2o
o
o 2R oo, an
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Hereupon, the relationship between the Gaussian distribution
and a Hermite polynomial:

Newiu,0?) H (252 = (-1)°

n
o 0 N(asu,0%)
a
(]

has been used. And <>, denotes an averaging operation
Wwith respect to random variable .

The parameters p,, 0,2 An (n = 3, 4, ...} in Equation (6)
can be estimated by using observed data Leqf0 (i = 1,2, ..., N}

it
=y Lgo(1),
w =N ;L s
- ¥
2 1
um-ﬁz sﬂm-u. )
N L, (i)~u
11 '50°
=ar N L H ()
AN TS

w

Itis needless to say that the funciona form of GIW) in Equation
(1) can be determined by substituting Equation (8 into
Equation (4).

The main purpose of this paper is to estimate the cdf F(X)
by use of GIW) and the relationship Equation (1). As one
approach, let us start our analysis from the derivatives of
Equation (1). By use of Bell’s polynomial [2], we can easily

in

)

(10)

We now pay special attention to the differential coefficients
at ji, since the sample mean provides stable information on
the moment statistics obtained from sample data and the
unbiased estimate of the median. The statistical information on
the n-th order derivative (n = 1, 2, ....) of FIX) can be given
successively as follows:

70 — Vol. 13 No. 2

e Gy = Gy /Ky (1/2),

Fp(iy) = (65(0,)-Ky(1/2)F2(h,) /K, (1/2),

[63(,) -Kp(1/2) (34 (i P (i )=
Ky(L/2)F ) 1/K (1/2), ...,

Fylh,) =
1)
where Fii,) = |/z has been used. By using Equations (4) and

) contained in the right side of Equat
zcny calculated as

~ 2

R T 241
Gy = Wity o)) T (-1)

A||
ul.»l anlfl(o)
w

g 1(0) (12)

"
Bt
L
i
=

with

(13)

Furthermore K¢(1/2) (¢ = 1, 2, ..
as (see Equation (3))

2-1
1 (2m+1)! d
K3 = —(‘—)g L CEL I | PP

.} in Equation (11) becomes

= (2m1)!

2-1
RSN
i=0

1,2m-2+1
@

. (14)

distribution F(X) based on the statistical information given by
Equation (11). We can find the following two  estimation
methods:

Method 1
As a_direct estimation method, F(X) is approximated in the
form of a Taylor expansion expression as follows:

FX) = F(h,) +

nz] R ()"

(F(uy,) = 1/2). (15)
At this time, FIX) can bo estimated easily by substitting
Equation (11) mlo Equation (15). It is needless to say that
d

FIX) in the region (0<F(X)<1] is employed as the
i of nase level fluctuadon.

Method

As an indirect estimation method, the functional framework of

ley ‘applicable to an arbitrary probability distribution form is
introduced in advance and then the unknown parameters

contained i the above functional framework are estmated by

use of Equation (11). Let us employ the Gram-Charlier A type

rwbamhw expression as the functional framework of FX), as
ollows:
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X
FCX) = I N(xipy,02) dx -

X-uy

(16)

5 2
- L Bo i, M, 4 €

2
(uy 0%, By, By,

At this time, by setting sy = ji, (= T, LeolilIN; sample mean
f observed median data) and by Using Equation (1), we
‘obtain the following simultaneous equations.

%x {H(0)+ByHy (0)+B,H,(0)+. .

= CIDF ()

15 {H;(0)+B,Hy(0)+ByHz(0)+. .

AZOF, )

(By(0)4B,H,(0)4B,H,(0)+. ..} = /BTIF4(3,)

an

where
(-*%(2-1)11 (2: even number)

H,(0) =
(L: odd number),

(28-1)11 = (20-1)(20-3)...3.1.  (18)

The unknown parameters oy, By, By, ... can be estimated by
solving Equation (17).

3. EXPERIMENTAL CONSIDERATION

3.1 Digital Slmulation
In this section, the validity of theoretical estimation methods
h.ns been confirmed up- imentally by use of digital simulation
e most basic and important examples,
e oomxdmld "o idealsod specil case whon tha paf of
random noise level fluctuation is Gaussian type. Concretely,
after generating 5100 independent Gaussian random numbers

variance 5%, we have obtained 100 sample
data on Lgg (ie. N = 100 (see Equation (8) and m = 25 (see
Equation (1)).

Table
A comparison between the experir
estimated values for represent

case of using di

al volues ond thecraticaty
noise evaluation indices in t
wlation technique

: unknown parameters).

Table 1 shows a comparison between the experimental

and theoretically estimated values obtained by using methods

d 2 for several representative noise evaluation indices.
Hereupon, the expansion expression from the first term to a
term containing the coefficient Fg(ji,)/5! in Equation (15) and
the cdf expression from the first term to a term containing the
expansion coefficient Bg in Equation (16) have been used. It is
obvious that the results of simulation experiment are found in
good agreement with the theoretical results.

3.2 Application to Road Traffic Noise Data
The samples of road traffic noise data have been observed at
intervals of 5 seconds in Hiroshima City, and 14 sample data
of Lso were obtained by setting m = 25 (cf. Equation (1)).
Table 2 gives a comparison between the theoretical and
experimental values for several noise evaluation indices.
Hereupon, an expression of FIX) containing from the first term
10 a term with expansion coefficient Fg(i,)/5! in Equation (15)
and the cdf expression containing from the first term to a
term with expansion coefficient Bg in Equation (16) have been
used. From this table, we can find that the estimation error of
evaluation indices usually used in the noise evaluation and/or
regulation problems are almost within + 1dB.

4. CONCLUSION

In this paper, a new statistical method of estimating the
arbitrary noise level probability distribution of non-Gaussian
type (from which the representative noise evaluation indices
commonly used in the noise evaluation and/or regulation
problems can be calculated) by using only the experimentally
observed data on Lsg has been theoretically proposed. Then,
the validity and effectiveness of the proposed method has been

Y

and applying it to the actually observed data of road traffic
noise. Experimental resulls obtained, not only by digital
simulation but also by road traffic noise data, are in good
Careomont with the thoery

Such a statistical estimation method based on Lgo data is
stil in an early stage of study. So, the main purpose of the
present study has been focussed on its methodological view-
point. There still remain many future problems; such as to

by applying it to other actual road traffic noise data; and to
consider the estimation error for evaluation indices in the case
when X; and X; lij = -, 2m+1; see Equation (1)) are
correlated with each other.

ACKNOWLEDGEMENTS
We viod ik to presscur ratafl tharks to K.
K. Osaki and S. Nakamoto for their helpful assistance. We
would slse ke t acknowlodge many omslmcnvc discussions
in the meetings of the Acoustical Society of J

Received 19 March 1985)

ishimura,

REFERENCES
S. Wilks, 1962. Mathematical Stat
University Press.

2 J. Riordan, 1949, Ann. of Math. Stat. 20, 419.

tics. New York:

Table 2:

A comparison batween the experimentl vales ond theoceicaly

estimated values for representat aluation indices in the
Case of apiying he proposed methor 1 actua osd vl nse

Noise evaluation indices Log Ls Lo Leo Les Noise evaluation indices Leg Ls Lo Leo Les
Experimental values 629 683 665 537 519 |Experimental values 752 798 780 698 684
Theoretically estimated Theoretically estimated
values by using method 1 619 670 658 538 525/ |values by using method 1 743 781 773 636 688
Theoretically estimated Theoretically estimated
values by using method 2 623 67.7 660 538 521| |valuesbyusingmethod2 | 745 785 77.3 694 683
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(Continued from page 58)

them later, began an era of considerable productivity
and the opportunities to extend the growing capahllmss
to wider horizons. Traffic and aircraft n roblems
began 1o eceive atiention. often i co-operation with
Anita Lawrence of the University of New South Wales.
One of the interesting events early in that period was
monitoring the arrival of Concorde at the end of its
first and highly controversial flight to Sydney.

“We were able to get a position on the airfield itself
near the intersection of the two runways. Everybody
else was so convinced that, being 5o noisy. the Con
corde would fly in over Botany Bay — so they all went
Gut In'a boat to. make their’ measurements.
the Concorde duly came in from the norti

were in a pretty good position to get it. We wore that
recording thin as far as the tape was concerned. It
was played on every public relations opportunity.”

As part of cost-cutting recommended by the ‘Razor
Gang', the Federal Government decided to terminate
the EBS in 1981.

Other Activities

As a natural corollary to his acoustical activities,
Ted has been involved in many standards committees
over the years and has helped draft a number of
standards ‘including those dealing with transmission
through walls.

Ted's involvements with the Australian Acoustical
Society started when he, Peter Knowland and John
Irvine started editing a Newsletter for the New South
Wales Division. In 1972 this publication developed into
The Bulletin. For some time The Bulletin was produced
by the same editorial committee, later joined by Marion

Burgess and then Richard Heggie and Ferge Fricke.
Ted was also involved in some of the early conferences.
Those run in conjunction with other bodies, such as
the Institution of Engineers, were not always success-
ful from an acoustical viewpoint. As Ted comments:
“Acoustics tends to be a tag end to other professions.
Mechanical engineers are suj 10 know some-

make solutions which are apt to be incorrect.
government departments you can get a job as an engi-
neer but you could not get a job as an acoustics officer
or as an ician, if it is an engineeri

Efforts have been made for some years for membership
of the Australian Acoustical Society to be a qualification
which entitles you to a position in its own right. Public
Service Boards and the like have not accepted that
yet.”

On the whole Ted thinks that the Society has fulfilled
its original functions which mclude the organisation of
One

Shoricoming has probably been getting youngar mem-
bers involved in the running of the Society's activities.
Consideration could be given to an educational pro-
gramme which would appeal to senior school children
and which would include lectures and demonstrations
to high schools. Otherwise, Ted declined to gaze into
the crystall ball and predict what the Society might be
doing in, say, ten years time.

As for his own future, Ted hopes to continue his
present activities of lecturing in the Acoustics of Build-
ings course at the University of New South Wales and
some freelance consulting. We wish him every success
in his retirement.

At Peace.
We kaiow noise.
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TECHMICAL

Acoustics in School

Music Rooms

The Noise f the Greater Lomson
Council Sclom ic Sarvlca Branch h:

for many years offered ecommonda:

type of music makin
which they 4o fogether or indspendont.
ly. Musical instruments such as xylo-
phones, metallophones, drums, electric

reyed.
The reverberation timo (RT) and noise
level inside the classrooms were meas-
ured in all the music rooms visited.
Teachers were also questioned on the
attitude to the environment
using a short questionnaire.
Analysis
One of the first impressions received

during a lesson
involving percussion_instruments. This
was also the main finding of the teach-
ers' questionnalre. The teachers were
concerned about noise levels and the
noiso. The sounds which ara
wanted in the classrooms are the teach-
r's voice an sound of children
playing instruments; all others are ur-
excessive reverberation

which'was heard because of poor insu-

lation, were all considered intrusive,
Generally dissatisfaction did not in-

crease proportionally with reverberation

H
Bzc
&

However, over a certain value of RT,

consider
puplls 1o add to the absorption
m an in-

their

The , lollowing _conclusions  were
reached lvom the

© The most lmparlur\l aspect of a
good uwlvonmem in music_rooms is
the intrusive background
nolso. This includes noise from f6et and
unwanted noise from instru-

n in

fo0m and nolse from outside the room.

The intrusive noise would be a draw-
back In any classroom, but when part
of the teaching and learning process
involves the pupils making sounds,
probably all at the same time, nuisance

3

NOTES —

used by unwanied noiss assumes &
much oraater magnitud
"N schoal music room with a long
reverberation time, i.e., 1.4 s
grester, was found to have satsfactory
Coustic:
*These: rooms are always difiout for

5. Sinen designing a
music room it 1s best to aim for a low

e absorption of children shouid
not be included in the RT calculations
for music rooms.

The optimum RT should be obtained
without including children, then if a full
class is present the addifional absorp-
tion will compenaate for the additonal

ree.

e spectrum of the RTs must bo
cuns.aema, Fihe. Rl at equen-
u longor than 056 B low Tro-
Quencies the room i likly to-sound
aish and

with poor sound
insulation will becom a nuisance 1o tho

50, the music class itself is likely to
cause_disturbance
Recommendations

1. All music rooms should have fitted

mats should be put under Instruments
such as metallophones and drums

hat they do oy claiter on tables or
ring excessivel

e RT of music rooms should be
approximaialy 1 second, with part of
{his absorption derived from carpating,
Where carpet is h frequencios
should e’ absorbed sficiontl. other:
wise care must be taken to_include
material which will absorb high frequen-
cies. If a carpet is not laid the rever-
beration time should be made shorter
than 1 second.

hen designing, children should
not be included in RT calculations.

4. Noise Insulation between a music
room and_other rooms should be a
minimum of Care should be
taken 1o provide weil-itting doors and
Iobbies between rooms.

um up, the idea of a music lesson

sweet voices raised in unison Is no

longer valid. Now we must design for
something altogether more robust.

/@ Bird
Scientific Services Branch
reat uncil
(in London Environmental

Guatin, Autumn

Electronics and the Body

The electronics of the human body is
a rapidly advancing iesear:h frontier at
which electrical er wve a vital
role to play, accor dl g m Professor
J. R. James of the Royal Military College
ol Science, Shrivenham. Delivering his
Presidential Addr!&s 1o the Institution of
Electronic and Radio Engineers, Profes-
James descnbed how micro-elec-
tronics and In(crmmmn technology have
rces in the development

of a wide mnge of medical equipment.

gnostic imaging is one area in
which there have been enormous ad-

apid compum.onzr tech-
Toues, e e way to other methods
such as ultrasound imaging, which pro-
vides better discrimination between soft

for use in_obstetrics. Simi

ing techniques can b

uring the Doppler sl

flow_ where fine manipulation of an
ultrasound _ transmitting head _gives

valuable_information about blood dyn-
amics. Digital image processing tech-
niques and false colour displays offer
valuable methods of noninvasive meas-
urement of cardiac and vascular dis-
cases, and itis 1o envisage
future' " Gomputor-managed diagnosiic
ellnlcs for roui

mag:
ing fleld Is the. appiication. of nuclear
magnetic resonance to medicine. NMR
probes the atomic state itself, by per-

aging encou, although images are less
well resolved than x-ray scans, and the
amount of Information potemtily avail
able far exceeds that available_from
macroscopic imaging systems.
techniquos, are, however, at

expensive and exciting new possibilities
which could we

ell be cheaper are there-

and_applied potential tomography,
which low frequencies are used to may
e conductive properties of tissues to
discriminate

ophistcaiod " computational _proce-
dures resuiting from delence studies are
being used for the simultaneous solu-
tion of the wave and heat diffusion
equations for human tissue in the heat
treatment of tumours. Hyperthemia —

=9
g

apy, lower d
patient can tolerate longer_treatment.
Wavegnmn have boen “developed to

to tumours up to a few
Conimatres bélow oo sxin Surtace and
lower frequencies and squipment which,
for example, sandwiches ihe body be:
tween capacitor plates, are aimed at
deep-seated tumo uch machines
rely heavily on RF engineering tech-

niques evolved for high power radars
and industrial henu 9. A 5ocond prob-
lem — char body tem-

g t
Deumre Wm0t oxcossivg use of Inas
ive probes — remains to be solved.

Continued on page 79
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Advances in Digital Recording

CTS Recording Studigs in Britain has instaled the first
sound-mixing in the world which can process, in a
Ggial Torm, il the signals for a multi-rack musio recording.

Although many recording studios now use digital tape
recorders, they must mix the signals from the microphones

processing, remixing snd edlting 1o produce . twoirack
stereo record, from a 24-track master recording.

CTS bought ts digitakrecording desk from the Britsh fim
Neve.  The Dopartment of Trad and Industry gave CTS an
intercstfroe Joan for one year 1o buy the g

o schemo intended 1o encourage British companies

to invest in British technology.
k on the ﬂlg\lnl signal processor (DSP) in
1976, and soon fined forces wih the BEC' research depart
ont. The company is now making a second desk for the

Tho analogue signals coming in from the microphones are
sampled at a rate of 48,000 times a second, and coded in
b7 h

) out as sSoparato streams 10 the 24 Wracks of &
Sony digital tape recorder.

All the mixing and processing, for instance to_combine
the sound of several microphones covering a single musical
instrument and accentuate some of its frequences more than
others, is achieved by mathematically doctoring the data
stream under the control of the software in the DSP.

Tho sound enginser has more than 000 conventions! knobs
and slider controls to Because it is impractical for
ono_anginoer 1o control 's6_many. knobs during

and their settings logged on a conventional computer
ta is loaded from (he dvsK,

dial settings is stored in
half a megabyte of memory. When this is saved on floppy
the engineer can keep a copy of his or her own
favourite set-ups. If there Is a power cut, the desk relies on
kilobytes of battery-powered memory to reserve vital
funclione,

Because signals are handled in digital code, technical
tricks that are difficult or impossible on an analogue desk
become easy. For instance, the sound coming from different
microphones can be delayed by the number of milliseconds
which exactly matches the time taken for sound to travel

fom an instrument or group of insiruments 1o the micro
phone. In this way there is no time error when the sound
Foachos soveral microphonos which are spaced at difteront
distances.

CTS ordered DSP in March 1982, when it was still unfin-
ished. In return for this faith, CTS' was quoted a price of
£310,000. would _cost

2 8

until early this year. Record and film companies can use the
processor for £150 per hour.
(From New Scientist 14 March, 1985).

Some new trivial units
10-15 bismol = 1 femto-bismol
10-12 boos icoboo

(Philip Simpson in The NBS Standard, Jan. 1970)
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NEW PRODUCTS -

Stramit Handi-board

Stramit HANDI-BOARD represents the
mnu important product development to
Stramit Board since it was first

duced. It was developed at Stramit's
Prcaucion iy m Hendigs, Victona
New HANDI-BOARD retains most of
the time-honouredbanef Stramit
fmal nsulation, sound

insutation, ire Tesistance and strength.

But it Is lighter, sssier 1o erect, and
it costs I

S!mmlt HANDL.BOARD is 36mm, thick
and 12z0mm. wide. It is' avaiable in
Sanderd lengths of 2.4,
metres.

Further information from Siramlt Lm
96 Franklin St, Melbourne, Vic.
Tel. (03) 329 7611.
Flagship for B & K Sound
Level Meter Range

Bruel and Kiser announces a new
ine

e
o

Sord loval moters, the
Sion Sound Lovel Meter Type 5231
integrating sound level meter meeting
Type 1 accuracy specifications, it sets
new standards for versatility and con-
venience. The measurement applica-
tions are numerous, ranging from in-
I noise and community noise to
hitactural _acoustics and  research
and development.

The outstanding feature of the 2231

dul lable,
Ao ‘standard tho 2231 Is supnllw with

\

Application Modle BZ7100, which it
Lovel _Meter
oduin, Ao

a Statistic Analy:/x module allow
oasuramant of Ly, Cumuiative Disit
bution, and Pro bnblllty Distrlution.
Application Module BZ7102 is a “Takt-

PEimal: " moaule. sioving measure-
mems ,according 1o the German "TA-
Larm

selectable polarization
almost

in the B & K range, and further
increases the measurement possibili-
ties. The standard microphone allows
measurements in the range "om 24 di

dB in seven overlapy 60 dB
ranges. HQNI“ IVI dlsvl Y an
advanced Liquid Crystal Display which
includes a Quull unalonue scale and
allows l]phunumellcs to ha dlmlay!d
cloarly. soft-touch
full llcﬂll feedback but ensuye ||mnll
silent operation.

voltage
micro-

Octave band and %% octave band
analyss are possiblwith Fiter Sets
ypo 1624 and 1625, respectively. A
e Eiler sat Typo 1 advan-
age of the exlsnﬂud roquancy 1o
sponse _of allows

‘measurements. In Iha infrasound and
ultrasound ranges. AC and DC Output
sockets allow chart or tape recording
of the sound signal.

Infrasound and Ultrasound
Filter St

The new Infrasound and Ultrasound
Filter Set Type 1627 from Bruel and

Kjaer is intended primarily for use with
the new Modular Precision Sound Level

Meter Type 2231. Its six filter networks

include G1 and G2
und _measurements in
Wi ISO/DIS. 716,

which allow infra-
accordance
Measurements of

audibls sound in ms presence of ultrs-

filter

with
network U(Audlo) wmun cnmplln with

IEC T

seting.

ecial microphone. adaptor

extonds the usaful low irequenc
of the
below.

Further

Kiaer, P.0. Box 120, Concord,
2137."Tel.: (02) 736 1755.

roposed wmght[ng
o

Linear

Included with the Filter Set is

‘which
y rango

e standard -inch microphone to

information _from Bruel &

NSW.

» RMIT

abatement programmes wh

audiometric te:

COMMENCEMENT DATI

DURATION

TIMES:
6.00 p.m.9.00 p.m.

o
Limited, at RMIT o
Royal Melbourne

n 660 2533

guidelines stipulated by the Commission of

Each Wednesday night for 8 weeks. -

stitute of T.ehnnlngy Limited
G.P.0. Box 2476V, Melbourne, Vic. 3001 * -

Industrial Screening
Audiometry Course

course is designed for industrial nursing sisters, first

e afongants, satoy officars and others
0 wish to complete a programme
of training to enable them to obtain the approval to carry out
sts. Content of this course complies with the

involved in noise

ublic Health.

Wednesday, 11th September, 1985. . .

'$260.00 (payable prior to course commencement).

For further information please telephone Kathy Tolli or Sue
Mcibbony, Divislon of Continuing Educstion, Technisearch
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BOOK REVIEWS —

AN INTRODUCTION TO

THE PHYSIOLOGY OF

HEARING

by James O. Pickles

Academic Press Australia,

A$20.35, ISBN 012 5547528
the Preface to his book, Pickles

1982,

advances in the study o auditory physi
ology en”yoars_and,
furermore, that.thora s & nea
1o an audn
iside_the circle of specialists in
o subject. Pickles' aim, thorefors, has
mpile a new text on auditory
siology, "Brincipaly for studen
varying background and their specialist
or non»spaclallsl teachers. As one wi
an orea, | applaud
0 fimly of

{ the text 1s concerned, in a less
detailed fashion, with the ascending
functional _proper-
ties of neurons in the brainstem aud'-
tory nuclel and auditory cortex,
(gl audiory systams. and o, brist
ussion of the physiological bases
for_psychophysical observations and
sensorineural hearing loss. Each chap-
ter of the book begins with an over-

mpl summary an
ence 1o other publcations for furher

ding. Such an approach is always
Relptul, particulary for students.

e book has several major strengths.
Of particular appeal is the authors
literary style. Rarely does one find a
text of this nature which is so easy
10 read. The appeal of style is also re-
inforced by the frequent referencing
of original papers. Pickle's ability t
extract the essence of the data and

iterature.
of our
interpretations of some
data are also made explicit.

Of particular value are Pickles' des-

Bomharmore, “ine” limitations

knowladge and

criptions of the evidence concerning

plitude of movements in_the

fortunate that this section of the book

s completed just as the more recent
reports showing that tuning of the basi-
lar_membrane can be comparable to
that observed in the ouronal elements
were appearing in the

Tho.wido and consdored. seoction
of diagrams from source publications
is panlculuvly pleasing. The other dia-
grams in_the book, which are ei

. In_general, the use
grams ibroughout e text s excallerl,
though the section unc:
ionalanatomyof the cochiea is &
muu uuapwnu 9.
nly other criticism of this book
i he" Prefaco. Here,  Picklos
advises readers with various intorests
in_ audiory”physiology. which
be ince

serlous _ students,
teachers and_practitioners in auditor

physiology shouldread this excllent
ublication In toto. In doing so all wi
benefit by galning a fuler understand-

ing_of subject which is
auitory physiolog

ian’ Pt

Senior L-cmm m pnymrogy.

The Unive

SEISMIC MOUNTINGS
FOR VIBRATION
ISOLATION

by Joseph A. Macinante
Wiley, New Vork, 1984. 279 py
Pﬂc A$49.95.

, il

of the greatest problems an
englneev should (but doesn't) consider
e use of appropriate theory o
models for a particular design, Every
mpliication of reaify, but

Vo 2 Shauld e ba? A oo sften
the choice Is between a rule of thumb
(or back of en

are design failures
or unnecsssarly_high design or con-
sultancy fees (or both).

situation is very common in the
field of vibration isolation. Noise and

ropriate
theory. No doubt this situation would
ange
phic.” They aren't,
occupiers generally put up with
problem, swear, move, swear under
their breath, or, as sometimes happens,
move the pl:m toom or offending piece
of equij

@

The book is promoted as being for
rs and architects. It would be

on “Basic
Principles of Vibration lsolation” pro-
vides guidelines which architects would
{ind ‘very useful. “The book Is for prac-
tising engm-em

Chapter introductory one.
Crapiar 3 i on tominclogy ard ¥
dealma with diferent typed, of vlbullan
and its measurement.

of controlling vibration in_ build

r\
Coverad i ahapior 3. Viration crleria
and solsmic, mountings are deait with
in ch:m
is chapters and 9 on
Design Modol Tor & Seiamic Mounting,
Vibrations,

rs 4 and 5 respe

ears and molse and ibralon

ode is, | suggest,
appropr\ale for buildings than either
humb rules or  aerospace modal

Sharysis programs.

Gongratulated, Téad and Toliowed
Fergus Fricke
Dept. Ammrncmul snlmco,
University of Sydr

THE ACOUSTIC SENSE

OF ANIMALS

by William C. Shbbll‘ll

Harvard University Pre:

Cambridge, Mass., Tag. 168 pages.

Australian price $36.50.

Review_copy from Book & Film Ser-

vices, P.O. Box 226, Artarmon, N.SW.
Readers of this journal will not need

10 be reminded of the importance of

human hearing, but it is not often that

nature and significance of the auditory
across the whole animal kingdom.

gists, psychophysicists and engineers
alike,

short _introduction on

tive and tho development of ideas con-
cerning the nature of the travelling

wave of the bm[m membranealso

5
i iestigatona. e serhaps on:

should at least realise the limitations of

umb rules and be awar
appropriate_alternatives.
ing environments must surely follow.

00k is a basic tex
doss not go into derivations, t IS basic
to practitioners rather than students.

of many current problems in the field,
there are six chapters dealing in turn
insects, fishes, amphibians, rep-
tiles and birds, terrestrial_mammals,
aerial and aquatic mammals, and pri-
mates. Nearly equal space is given to
each ' chapter,  an sapiens
appears only as one of the more inter-
esting primates
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For each set of animals Stebbins des-

9
and on the animals’ abilly to, disorimi-
nate differences in_direction, frequency
ang. loudnass, and thon rolates. thosd
findings to_individual - behavi
group~ communication. He _also
cribes in some detail the way in which
these auditory characteristics are meas-
ured in each case — often a matter
of great experimental subliety. Those
of 'us brought up in the physical
sciences cannot but admire the dedi-
cation needed to measure the auditory
Threshold Gurve of a Gaiman croodilel

en rather in_the
silo ang st tha” lovel o ~Sclantie
American” and is not burdened with
excossive detail. Anatomical terms,
am delighted 1o say, are explained con-
cisely as they occur so that no prior

knowledge of blologleal terminology s
0 of the smal

er — and since these are mostly
to more dotailed books and reviews
they Should provide e necessary links
to published work.

Finally let me say that this book is

not Just @ calalogue of experimental

results. It is a nicely balanced view of

a wide and important fola, Tntograted

into a broad evolutionary

It should be required reading for all
iology or

and enjoyed it — | am sure you will t0o.
Neville Fletcher

STANDARDS —

ctivities of SAA Acoustics
Cnmmlnee for year 1984/85

Committee AK-, Acoustics Standards
Committee and Committee AK/-/1,
Executive

or. R, G. Burden rotired from com-

structure of the several acoustics com-
mittoes is to be undertaken during the
remainder of 1

Committee mn — Terms, Uni
Symbols

The revision of AS 1633-1974, Gloss-
ary of Acoustics Terms has been com
pleted and tho new standard will be

i ing June 1965, The next

Broject for this. commitiee
oI cbios of bas auanmiios.

and

Committee AK/2
Techniques for M
During this year Committee AK/2
publishod the seven part revision of
AS 1217-1972. Methods  of nassure
ment of airborne sound _emitted
machines. The new standard, usioned
arts now aligns with SO
Publcations on the same_subject
Published:

tation and

trum
urement

AS 2650 Guide o the use of sound
measuring equipmer
Part 2—Portable equ!pmam for inte-
gration of sound
ovstcs — Porfo
auiremonts for tape Iacomlng " oquip.
ment for use in acoustical measure-

i

ohoa°A8 2658
Rovision of AS 1081 Method of messure-
orne noise emitted by
ot ecirical machinery. Docu-
otating electrical machinery.
Documents AK/2/8013, Guide for the
use of sound measuring equipment,
Part 3. Equipment for frequency and
time analysis of sound signals. (This
now standard will bo published a3
AS 265 3).
commm.- Ama — Hearing Conser-

dard wilbe pub-
).

w k has just commenced aimed at
e vevidion 'of AS 12701085, baring
protection devices and AS 1269-1983,
Hearing Conservation.

Committee AK/4—Architectural Acous-
tics

Published:
AS1277 Acoustics — Measurements
procedures for ducted silencers.

Fhe ‘publication of his. standard is
proceeding any work aill conskdered

by I
It is envisaged that the following
standards wil be forwarded for public
ation during the month of June 1985:
evision of AS 111-1676  Method for
laboratory measurement of airborne
sound ransmission oss of buiding
Dacument ~ AK/4/85-12, Methods _for
assessing and predicting _speech
privacy ‘and. speech. mialigibily.
Work is proceeding on the revision

the required period of public comment
has been completed and it will be postal

bailotied during the month of

in
Feuteton of AS 2107-1877 Gode o prac-
sound levels for

ev
Rovision of AS 1045-1671 Mothod of
measurement_of absorption coeff-
rberation
Committee AK/5 — Communlly “Noise
Published:
AS 2702 Acoustcs — Methods for the
casurement of road traffc nolse.
Revision of " AS 1065-1878 Codo~of
practico for noiso Sesosement i roon
dential ar
Tovised vorsion was published in
three separate parts and it now aligns

with the practice outlined in the
equivalent 1SO documes
jew work cons Commitiee
AR/ is i ine raa of bullding. Siing
with respect to traffic noise.
Committee AK/7 — Noise in Ships
‘This committee has recently been re-
activated and its first tasks are
revision of the following standards:
A8 22541979 Rscommended noise rat-
areas of occupancy

AS 19481976 Method for measurement
of aifborne noise on board vessels.
AS 1949-1976 Method for measurement
of airborne noise emitted by vessels
on waterways and In ports and har-

bours.

Committee AK/8 — Noise from Agricul-
tural and Eearthmoving Machinery
 This comittee has mat recen!

now considering the revision of

5 2012-1977: Methd lor messoramont

of airborne "sound from _agricultural

umo,s and earthmoving mact

is also proceeding on the pre-
paraiion of & new standard doaling with
nolse producad by edge-trimmers and
brush-cutters

Commities ‘N1 — Auciolo

is commitiss, pravious!
commitos of ARYS, B actively working

Saihe Tetlowing.prolects:

Revision of AS 1088-1971 Methods of
measurement of the electro-acoustic
characteristics of air conduction hear-
ing aids.

Iis, standard will be replaced by

IEC 118 and its various part;

Revision of AS 1591 Instrumentation for
audiometry. Part 5-1974 Wide band
artificial ear.

Revision of AS 243 Instrumentation for
audiometry. 2-1970  Reference
zer0 for |he l:ullhmtlan of pure tone
audiom ised_ standard
Wil Be puplishad a5 AS 1591, Far 3.

Committee AK/12 — Measurement of

Noise from Household ‘and. Small Ap:

plianc
This is a recently formed committee

and at its first meeting it was decided
it the frt tank il be tht of pre-
al “document deaing
ith ‘oise from ‘housenold and smai
appliances based on an existing IEC

document
M. Maffucci

International

— Threshold of
Hearing by Air Conauulon as a
Function of Age and Sex for Otologi-
Caly Rormal Paraons’

merous data on the elevation of
hearing threshold _levels _ increasing
Wilh 30 oxist In various. publications,
but thers are cortain numrcal diffr:
between them which may be
attributed 1o the use of diferent orteria
of selection for test populstions, difer-
audiometric_tchniques, etc. How-

rooned popula-
tions of otologically normal persons.
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PUBLICATIONS BY RUSTRALIANS —

We are grateful to Richard Rosen-
berger, University of N.SW., for this
updating of the listing of publications
by Australian authors. Any other infor-
mation on publications for this soction
should be sent to the Associate Editor.
Sound Attenuation in Forests
F. FRICKE
Dept. Architectural Science, Univ. of
Sydney, N.S.W. 200¢
J. Sound Vib. 82 (1), 149-158 (1984).
Vibration of a Light Loaded Tapered
Circular Beam

H F. v aorLER
hool of Science, Grilith Univ., Nathan,

ueaneing 4151

J. Acoust. Soc. Am. 75 (1), 264-265

(i984).

Application of  Two-Variable Taylor

Series to the Ray Theory of Propagation

in an Unbound Medium

M. HALL

Defonce Sc. and Techn. 0rg. (RANL)

P.0. Box 706, Darllnghwsl W, 20

5%, 1451442

Thermally Induced Vibrations of Viscos-
lastic Shaliow S
s MAZDUMAR D. H

Appl, Mathematics, University of
g R
J. Sound Vib. 83 (2), 189-200 (1984).

Acoustic Emission: The Versatile NDT
Tool

D. McCONVILLE
Acoustic Emission Div., Metlab Mapel,
Australia

Non-Dest. Testing — Aust. 20 (11/12),
23-25 (1989).

Mechanism of the Generation of Ext
nal Acoustic Radiatin from Plpes due
to Internal Flow DI
M. P. NORTON, M K EULL

pt. Mech. Eng., University of Western
Australla, Nedlands, W.A. 6009
J. Sound Vib. 94 (i), 105-145 (1984).

Digital Reconstruction and Display of
Compound Scan Ultrasound Images
D. E. ROBINSON

Commonwasith Dopt of Hasith Uitra-
sonics Institute, § Hickson Rd., Sydney
IEEE Trans. Sonics Ultrasonics 31 (4),
396-406 (1984).

for Laser.

J. Acoust. Soc. Am,

lissd,

Using Eigenvalue Analysis to Identif
lnlerfevence in Ambient Sea Noise Ve
D. JA KEWLEY

Dept. Det., Weapon SY!I.

Res. Lab.,
S.A. 5108

Def, Res. Centre, Salisbun
I| Ac)cust Soo, Am. 75 (0), 626833

Acoustic Impedances Obtained Using a
Srark ond eady Tebena Companson
J. MATHEW, R. J. ALFREDSON

Dept. of Mech. Eng., Monash University,
Clayton, Vic. 3168

Noise Contr. Eng. J. Jan/Feb., 1218
(1984).

NEW PUBLICATIONS —

INTER-NOISE 84
Proceedings
“In\ernﬂllnna! Cocperaﬂan on Nalse
was ER-
NOISE BO held m Hannlulu szall on
1984, The 1426-page
comprising

35 December,
conference _proceedings,

Purther detal, Including contants st

and order

Noise ::ammr Foundation, P.0. Box
n Branch, Poughksapsio

N 2608
Archives of Acousncs

or some time now we have been
receiving regularly Archives of Acous-

tics published by the Polish Acoustical

Gl

ted Ultrasound
. F. ROSE

Aeronaut. Res. Labs., Melbourne, Vic.

3207

J. Acoust. Soc. Am. 75 (3), 723-733
(i984).
On the Energy Radiated by Rayleigh
Waves

L. R. F. ROSE

Aeronautical Res. Labs.,

ic. 3207
Wave Motion 6 (4), 359-361 (1984).

Melbourne,

Noise from railway traffic (report 67),

Noise from shooting ranges (report
73), 19

‘Aircraft noise in the Nordic countries
(report 123), 36 pp.

Background material for the Nordic
rail_traffic noise predi
(report 130), 19 pp.

Tho reports have boen prepared for
bodies such a: jordic Council of
Ministers” - Noise Group o
Environmental Directorate.

Royal Institute of Technology,
Stockholm

Quarterly report STL-QPSR 4/1984
Includes reports on musical acoustics;
speech and hearing defects and aids!
of reports (abstracts from
STL-GPER Tor 1634).
Quarterly roport STL-GPSR Jan.-Mar.
985.

lm:ludn reports on Speech production,
is and recogniton,  Speec

g defocts

Institute of Sound -na v.nmlen

Research, Southamy

duopd hasting 100
Technical Teport 126, Nov. 1964,
S. J. Elliott and P. A. N
for desgribing active n
cts: “Teonmical roport 127, Aprl 1984,
.loumals Received
Applied Acoustics, Vol. 18 No. 4, 1985
Contents: T. E. Vigran (Norway), Meas-
urng, the acoustic propertes of ducts
H. Peters (U.K), Some _disori-
Webster's horn
equations — runeau et al
(Franco), An apparatus for fast convrol
ic properties of materials —
A Eimallawany. (& oy, | c;lcmamon of
sound insulation of panels
using lical  energy
2

anaiyde
future of

rchite
Toating i Austiata w! . Uty and
LA, Millr (UK), Occupationl noise
exposure on i

Scclety fuly In English. In a recent
letter, Editor-in-Chief,

o recelve reviews of Australian pubii-
cations in acoustics. Whenever space

permits we list the contents of issuos
vecaweu in the New Publications

The following publications are held
temporariy in the Acoustics Laboratory.
ol of Physics, University of N.SW.
Frby may b’ mepeciod o1 photocopies
ordered by contacting Toni Benton o
(02) 697 4542.

ﬂoporl; Recelved
KILDE re

e Gansuning fim Kide, Postboks
229, N-5701, Voss, Norway have sent
the following reports in English:

easurement of roa traffic noise

(report 47), 25 pp.

Noise from construction sites (report
49), 21 pp.

Acta Acustica, Vol. 10 No. 1 19!5
Acta Acustics, Vol. 10 No. 2, March

.Ollgul Acoustical Soclety, No. 43,
May 1985
Contents include: G. Caldersmith (Aus-
tralia), The violin quali
jective and objective parameters —
M. E. McIntyre and J. Woodhouse (UK,
On messuring wood properies, part 3
r (Germany), The musician's
Sublectivy.impression of Sound on the
concert platform.
Canadian_Acoustics, Vol. 13 No. 2,
April 1885.
ntents: G. R. Ebbeson & N. R. Chs
man, Sound propagation_over an iso-
lated seamount of nadian west
coast — mont .

Bradley, Acoustical characteristics o|
guns a3 impuise sources — R,

e Moy, Maasurement of Sound
sion 183 by

technique for detecting oil
trapped under sea Ice.

Australian J. Audlology, Vol. 7 No. 1,
May 1985.
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TECHNICAL NOTES —

(Continued)

Implant technology is a third area of
. Modelling neurons as

e patient applies
low level electrical signals to the skin
to locate nerves generating pain. Un-

e

wanted nerve signals - can ' then
blocked olf by apolying jamming elec-
replacing pain kiling crugs. It s also
possible to_implant sensory probes or

Cpauios ‘Comning ‘Sonal rocassing
impulses or- cryogenic _probes,
patient can con-
trol body function by radio link. A par-
ticularly_interesting  development_con-
Gorns ifials where Biind patients Gontrol
an electronic implant attached to their

In concluding his Presidential Address
Professor James deplored the number
of young engineers who turn to careers
in ‘computing rather than in analogue
hardware design.There s 8 papidly do-
creasing number of people who can turn

a Goncept Into a Gesign that can bo

agement roles. What a contrast, com-

mented  Professor James, with the

medical profession, in which It is the
surgeons who dally work with_their
Rands who receive greatost respect and

reward.

= saily Crot

(in Physics Bulletin, Jan. 1985)

Underwater Concerts

As the clock struck midnight in Valen-
cia, California, some 160 sophisticated
concertgoers figated ke jelytsh in the
College of the Canyons swimming pool
1t Tooked quite pomtiess. from pool:
side, because the music. they. heard
ater, absorbed as much

{hrough the isteners’ heads as through

nal concert of the

ing with new musical i
one is striking out in a direction

conductor onic y
One hears difterently in the water.
rums _play inimal _rol

Instead, according 1o Mr. Redolf, the

sound s picked up largely through the
bones of the head. This means that

ion he is facing, the music
seems to come from the nape of the
negk, whero bones are thin,
unds of flutes, harps, syn-
thesizers.and trumpes are crsp and
pure _underwater.
sounds of “Sonic Wate
On the other hand, bass frequencies

are diffcult to uso n wate. They roquire
more valtage than Redolf feels enme\y
sale using in lhe atar. s @ pro
s trying to
pora cussion dossnt

heard from behind
claims that sharp thythms are annoying
when

Fnpihm s reat
water gravity |snl t strongly folt. So his
music uses ges like the

it all the passibiities lectronics

afers for now Kinds

ance, h

time to concemme entirely on the con-
hall "

g

Once a part of France's new-music
composing _establishment, which clus-
ters around various academic institutes,
Redoli has spent the past three years at

i
he Universi California_at San
iego. Here he has written music to be
heard through water, research -

water acoustis, and developed aquatic
sound e

o has pulonlo me 40 concerts so
far, Ho has toured the country piaying
swimming pools, and two concerts have
been in the ocean. Last September he
inderwater park

bobbing in

H

a_jellyfish,
centre of the cove
(Extracted from J.Acoust.Soc.Am.
ug. 1983, original artcle in
Christian Science Monitor)

SYDNEY 428-1388
NEWCASTLE 64-8417

WHY DIDN'T I THINK OF THAT!

a system that solves both problems of
ACOUSTIC ABSORPTION AND SOUND TRANSMISSION LOSS
AND IT'S SO SIMPLE

MINISTRIP AUDIBAR
Contact the CHADWICK GROUP for more

FAIRY MEADOW 84-1500
MELBOURNE 429-9111

information

CANBERRA 97-3366
BRISBANE 52-7822
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LETTERS —
The “Grandfather” Clause

At two Annual General Meetings of
the Australian Acoustical Society
motions to remove Clause 16 (d) from
the Memorandum and Articles of Asso-
ciation have been defeated. As 16 (d)
is the so-called clause
which allows anyone with verified prac-
tical or theoretical experience in
acoustics to become a Member of the
Acoustical Society, removal of that
Clause would effectively change the
Society from a learned one to a Pro-
Institution. In my opinion
(see The Bulletin, 10, pp. 114-116, 1982)
this change would be an unfortunate
one.

1 would like to point out to members
of the Society that since the Annual
General Meeting at Cowes in 1981 the
Council of the Society has been resist-
ing attempts to bring in new members
using Clause 16 (). As this Is discrim-
inating (it could lead to legal action
against the Society), and also contrary
to the wishes of the majority of mem-
bers at two Annual General Moetings,
1 would like to make members aware
of the situation and request that the
Council of the Society apply Clause
16(d) or change it in a way that is
acceptable to a majority of members
of the Socety,

Fergus Fricke

Senior Lectures

eparimant of Architectural Science
University 2! Syaney
10 April 1

1st S.A. Cong

THESES — ————

The use of vibration measurements
to monitor the condition of the die
in the die box in the steel wire
drawing process

Sergiie Hlistunov

M.Sc. (Acoust.) Project Report,
University of New South Wales
Summary

he use of vibration monitoring to
assess the mechanical integrity of com-
ponents in a manufact facility
where motion occur

is described with particular
on wear mechanisms and how
omioring san be ueod in s Shuston,

n accelerometer was used to moni-
tor the vibration of the die assembly in
a steel wiredrawi

ysical parameters
associated with the wiredrawing process
such as tensile strength, dio wear (the
pavameuv of real mmesl), wire spood,
re diameter, etc. The results show
genmn rends, Rowaver, e 1ho wire
speed was observed o' be a dominat-
i factor, it was aifficult 10 assass die
wear using the observed data, although
a new dio did tend to give a broader
spectrum at lower frequencies than a
very exhaustive investiga-
lon using r cent monitoring of
vibration and other parameters would
be required to determine definitely if
die wear can be assessed by vibration
monitoring.

Pretoria, South Africa
October 2-4, 1985

To celebrate s tenth anniversary,
The South African Acoustics  Inst
(SAAD s organiing ‘e Evet Soutn
African Congress on Acoustics.

For the past ten years the annual
SAAI conference has been restricted to
a_ particular_topic. Now the SAAI in
association with a number of organiza-
tions representing a broad spectrum of
acoustics, is_offering all
s the opportunity to

r fields.

The Registration Fee will be approxi-
mately R250.
Further details:
Symposium Secretariat $.379
CSIR, PO Box 395, Pretoria

RSA 0001
Telephone (012) 86-9211
X 3576/2077
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INFORMATION for CONTRIBUTORS

Aticles for publication in The
Bulletin may be of two types:

(a) Short articles which will appear
as a Report or Technical Note;

(b) Long articles which may take
the form of a discussion, review,
tutorial or technical paper.
referee’s report will be sought
for the latter.

Forthcoming closing dates for the
receipt of these articles are as fol-
Tows:

Vol. 13, No. 3 — Long articles:
September 13 — Short articles:
October 25.

Vol. 14, No. 1 — Long articles:
January 10 — Short articles: Feb-
ruary 21.

Contributions should be sent dir-
ectly to the Chief Editor. Manu-
scripts should be typed with double

spacing and should have ample side
margins.

Atticles should include a_title,
author's name, address and organi-
sation (if applicable), and, in the
case of long articles, be accompan-
ied by an abstract of approximately
200 words.

The body of the text should be
divided into numbered sections and

ment of the paper. Any standard
system of referencing is acceptable.

To assist the printer, footnotes
should be avoided. Instead, place
additional material in_brackets or
include in reference section. Equa-
tions, tables and figures should be
numbered _sequentially. A list of
captions for figures should be sup-

plied on a separate sheet. It is re-
commended that captions give a
complete explanation for each fig-
ure, thus obviating the need to refer
to the text for identifying details.

Drawings and photographs may
be prepared to any convenient size
and will normally be reduced to
single column width. Authcrs are
requested to plan the proportions
of diagrams so that they will ft pre-
ferably inio a single column width.
Drawings should be supplied with
complele lettering. Captions will be

by the printer. Please allow

forthe proportional reduction in size
and thickness of the lettering. In
general, typed lettering is unsatis-
factory.

Reprints of papers may b
ordered prior to publication by re-
quest to the Chief Editor.
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FUTURE EVENTS —

© Indicates an Australian Conference

Oclohcr 28-November 1, NEVADA
Conference on

1985

September 1213, LONDON
3rd INTERNATIONAL MEETING _ON
LOW FREQUENGY NOISE & VIBRATION
Details: Conference Secretariat LF85,
107 High Street, Brentwood, Essex,
UK.

September 18-20, MUNICH

INTER-NOISE 85

14th International Conference on Noise
ontrol Engineering.

: INTER-| NDISE 85 Secretariat,

D/-Komm!ssmn Larmminderung,

Pastlach 1139, 1000 Dusseldort 1,

Federal REFIID/VG of Germany.

Seplember 23-26, SENLIS,

FRANCE

2nd INTERNATIONAL CONGRESS ON

ACOUSTIC INTENSITY.

Details:_Dr. rockhol,

BP 67, F-60300 SerlInSv France.

(See Vol. 13 No. 1 p. 6).

Seplember 24-27, CRACOW,

POLAI

NOISE CONTROL '85

International Conference

Details: Noise Control 85, Institute of
anics and . Vibroacoustics,

Mickiewicza 30, 30-059 Krakow, Poland.

October 1-4, HIGH TATRA,
CZECHOSLOVAKIA

24th  Acoustical Conference on
“Building and Room Acoustics’
Secretariat: House of Technology, ing.

Soralikova, Skulteyho.ul.1, 85227,
braic

October 15-25, ITALY
Ultrasonic _methods in evaluation of
inhomogeneous materials. NATO  Ad-
vanced Study Institute.

Ettore Majorana_Centre for Scientific
Culture, Erice, ITALY.

Dotails? A. Alippi, Istituto di Acustica -
CNR, 1216 Via Cassia, 00169 Roma,
ITALY.

CETIM,

(See Vol. 12 No. 3 p. 105).

October 22-24, PENNSYLVANIA

4th Conference on AE/MS

Geological Structyres and Mater

Detais: i Jnr.. College

arth & Mineral Sciances, Dept. o

Engr'neenng, Pennsylvania State Univer-
sity, ineral_Sciences Building,

Unfversity Park, PENNSYLVANIA 16805,
© Octaber 23-25, BRISBANE

CONCRETE '85

“The Performance of

Masonry Structures”.

Detais: The Conterence Manager, Gon-

croto 85, The Institution of Engineers,

Australia, 11 National Circuit, BARTON

AC.T. 2600.

Concrete and

Aeouste Emsaion

Detais: Alan 7. Groon, Conferonce
Chairman, C/- AE Technology Corp.,
1812/ Trivwte Foad, “Sncsammante" B

November 4-8 NASHVILLE
Meenng of the Acoustical Society of

ric
hajrman: Robart W. Benson, Bonitron
Inc. 2970 Sidco Drive, NASHVILLE.

. Nnvembar 24-26, LEURA, N.SW.
'S ANNUAL CONFERENC

totor Vehielo an Roae Teaitic Noise”.

Details: Prof. Anita Lawrence, School of
puilt, Environment,” Univeraiy of

KENSINGTON,
N.SW. 2033, Tel: (03) 697 4850,
(See Aust. News this issue).

November 23-30, HONG KONG
WESTPAC I
Second  Western
‘Acoustics Conforen
Theme: Developments In Acousties in
the Western Pacific
Derails: Organising ‘Commitice Socrota
iat, WESTP, /- Division of Part-
{iro& Snort Caurea Work, Hong Kong
Palytechnic,  Hung Hom, " Kowloon,
ONG KONG.

Pacific  Regional

(See Vol. 12 No. 3 p.105).
December 2-6, HONG KONG
Asla & Pacific Regional

POLMET
Conference
Pollution in the Urban Enironment:.

May 12-16, CLEVELAND, U.S.
MseAnng of the Acoustical Socvety

n: Arthur Benade, Case Wes-
iom Reserve Univarshy, Pifsics De-
partment. Cleveland, Ohlo 44

May 1986, WIEZYCA, POLAND
3rd International Spring School on
Acoustoopics and Applications.
Organised by the ~Universiy of
ety rom: prot, 4. Sliwinski, Uni-
wersytet Gdanski, Instytut fizyki Dosw.
ul. Wita Stwosza 57, 80-952 Gdansk.
July 15-21, BRAZIL

4th BRAZILIAN ACOUSTICAL
SYMPOSIUM

Details:  Brazilian Acoustical Assoc.-
ABRAC, Avenida Ataullo de Paiva,
1079 Gru 0 405, Leblon-CEP  22.440,
RIO DE JANEIRO.

July 24- Aug. 1, TORONTO

lZ(h | A

ICA Socrotariat, Box 123,

Staton G Thvonie, Conada 1305,

(See Intnl News this issue).

August 24-28, PRAGUE

18t INTERNATIONAL CONGRESS OF

Delul/a Grochoslovak Medical Socioty

. Pur “18th International Con-

mss of Augiology", 17 Viteznons unera
1, 120 26 Praha 2, CZECHOSLOVAKIA.

(Seu Internl News 'this issue).

September, HUNGM\V

6th FASE SYMPOSIU

Details: The Secretariat, POLMET '85, "Sublsc(l\lfa evalu-uan of  objective
acou nor
Tong"dhem, St. First Floor, o Detais: Plof. 7. Tarnoczy, Acoustios
- e this i Laboratories, P.0. Box 132, 1502
(See Intnl News this issue). APEST.
December 2.6, ® October,

1985 AUSTRALASIAN  CONFERENCE
ON COASTAL & OCEAN ENGINEERING
Details: The Conference Convenor, 1985
Coastal Conference, P.O. Box 8074
Christchurch, New Zealand.

1986

March 24-26, LONDON
INTERNATIONAL  CONFERENCE  ON
SPEECH INPUT/OUT
Sochitues ang Appleatons

etails: Conference Services, ~IEE,
Savoy Place, London WC2R OBL, UK.

April 811, TOXYO

INTERNATIONAL _ CONFERENCE _ON
ACOUSTICS SPEECH & SIGNAL PRO-
CESSING

Details: Prof, H. Fujisaki, General Chair-
man of ICASSP 86, Dept. Electronic
Eng., University of Tokyo, Bunkyo-ku,
Tokyo, 113 Japan.

(See Vol. 13 No. 1 p.6).

Conference on Community Noise.
Sponsored by the Queensland Division
¢l Nolso Apatement and the Australlan
Acwstica\ Societ
: Communit y nolse and the inter-
2o & Iegislation and tho legal sys-
tem, planning and community education,
s Nola Eddington, Division of
‘batemant, 6470 May  Stect
BRSsANE. 5. 600
October 21-24, TOKVO
8th_International Acoustic  Emission
Symposium Call for papers; deadiine
March 1986,
Details: Prot. Dr. K. Yamaguchi, Insti-
tute of incusiial Sciance, Unlersity, of
ongi-7,  Minato-ku,
(See Vol. 13 No. 1 p.5).
December s-12, CALIFORNIA
MEETING OF THE ACOUSTICAL
SOCIETY OF AMERICA
Chairman: Alan H, Marsh, DyTec En-

gineering Inc., 5092 Tasman Drive
Huntington Bedch, CA 92649, U.S.A.
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