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At Peace...
We know noise.

PEACE ENGINEERING has specialised
exclusively in the field of engineered
noise control products for over 15 years,

Inthat time we have developed a vast
range of products to-cater for most types of
noise problems.

We are ready to share that knowiedge with you. A telephone
callto our office or one of our agents will put you i touch with
someone who will discuss your problem and if necessary pro-
vide an obligation free, written quotation.

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

[PEEAELE 88 RoL
Eem——aau EQUIPMENT

u
PEACE ENGINEERING PTY. LTD. 2/20 MARIGOLD STREET, REVESBY 2212 (02) 772 4857, 772 4854

10

741595

CHADGYP

POURED I¥ PLACE
GYPSUR
. ROOF DECKS

CHADGYP Roof Deck Systems provide:

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

THE CHADWICK GROUP

Sydney (02) 428 1388 . Melbourne (03) 560 2422 Canberra (062) 80 6333
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NEWS

From the President

Welcome — Fellows

It was a particular pleasure, and a unique one for any President
to date, that one of my first duties as President of the Society was to
advise Howard Pollard and Paul Dubout that Council had been pleased
to ratify proposals that they be elevated to the grade of Fellow of the

The citations which accompany these honours appear within the
body of this publication.

The Society's Articles of Association have always provided for the
grade of Fellow but until now we have had only one Fellow, the late
Vivian Taylor. Originally there was a limit on the total number of pos-
sible Fellows of the Society in order, prasumably, to ensure that this
grade was truly an honour to which only a few could aspire.

Over the years it became evident that this restriction was acting
as a deterrent to the sponsorship of Fellows and it was removed by

M of iety. Nevertheless no sponsor-
ouncil sought to rectify this
by establishing a set of guidelines relating to the procedures for spon-
soring Fellows. These were published in the April 1983 issue of
Acoustics Australia.

Council's desire to stimulate the sponsorship of members to the
grade of Fellow is apparent at the beginning of the guidelines, viz.,

“Each Division's Membership Grading Committee will examine
the members in its division every two years to see if any mem-
ber's work, ability, or service to the Society, warrants elevation
of that member to Fellowship, and shall seek a sponsor for
such member. Alternatively, any member or Fellow may
sponsor a member for elevation”.

To avoid any possibility that Council could appear to be favouring
members of Council, it resolved that serving members of Council or of
the Councll Stending Committee on Membersn\p were ineligible to be
sponsored as Fellows. The 39th of Council in 1987 decided
{Rat this was. an unnacessary restriction and resoved that such mem:
bers would be eligible for sponsorship but that they could not be spon-
sors and in the event of being proposed themselves, could take no part
in any deliberations regarding that sponsorship.

So it remains that the sponsorship of Fellows lies in the hands of
members.  Over the past few years a number of members have
expressed concern about the lack of Fellows of the Society, yet re-
mained reluctant to rectify the situation until 1987.

In welcoming and congratulating Howard and Paul, | hope that they
are but the forerunners of many of our members who undoubtedly merit
the honour of becoming Fellows of the Society.

Bob Boyce,
President.

has been endorsed by the Austra-
lian_Environment Council.

David Southgate, Secretary of the
Environment Noise' Control Committee
of the Australian Environment Gouncil,
explained the background to the de-

ACT

February Technical Meeting
Twenty people attended a discussion

and demonstration of the Environmental

(ENM) on February 16,

s'a package of

computer programmes developed es- velopment of the Environmental Noise
pecially for government  atuhorities, Model. The package has been pro-
acoustic and environmental consultants, duced by RTA Software Ply. Ltd; and

Renzo Tonin described the compopents.

George Knight from
Group of the ACT Administration pro-
vided comments from the viewpoint of
a user.

ores “cources. For he predictad nolse
level, the effects of attenuation dus
distance, barriers, ground,

femporature can 5o Included. The pack-

he discussions on the model con-
tinued during an enjoyable meal at the
Canberra Club which was attended by
most of those who came to the meet-
ing.

Marion Burgess

NSW
August T.chnlcal Meeting
A i n “"Community Response
o Airrait_Nolse" was held on August
7. The speakers and their topics

« Dr. lan Diamond, irom the Depariment
of Social orsity_of
Southampton, E
Responsa 1o Nmse “irom  Gonoral
Aviaton in 1
Mr. Leigh Klnnl n.mcmr of Envi
ways Dt
®:Airship Noise

.

Sion-of Trangpor.
Measurements"
M. Gareth Morgan, NSW Regional
Superintendent of Environment and
Security, Aways Divison, Common-
ealth ' Department of ' Tran
“Comptaints - Concerning
Noise in the NSW Region

AGM and September Meeting

of the Division was held
eptember 15, 1987 at the Hyatt
el

M was followed by an address
and demonstration by Renzo Tonin of
the Environmental Noise Model. This
is a computer programme developed by
RTA Software and is endorsed by the
Australian Environment Council.

October Technical Meeting
Dr. Ulf Sandberg, of the S
Road and Tralic Resoarch
is a world a tyre/road noise:
o™ Kindly agreed"to give. & alk at &
tachnical mesting of the NSW Sranch
of AAS on “Tyre/road Noise — a major
Component of traifc noise: reflections
on thepeat and projections for " the
foure”. “This “meeting. was hetd
October 26, 1987,

vic
February Technical Meeting

The first meeting for 1988 was held
at the Environment Protection Author-
ity's new officos on February 11.

The guest speaker was Renzo Tonin
of RTA Software Pty. Ltd., the topic
of the discussion being of course RTA's
newly developed Environmental Noise

lodel. Renzo led the meeting of
approximately 35 members through the
various algorithms on which the model
is based. Of particular interest was the
method of predicting the effects of wind
on barrer perlormanco. A praciical de-
monstration of the programme was ther
provided at the meeting uslnq the re»
cently. ms!a”ﬁa EPA q

The ion 0 was well
vecewed‘ WHP\ a ser\es ul penetrating

Acoustics Australia
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NEWS . .

questons following the demonsiraton.
o provision by the EPA of the venus
equipment Celreahments ' wore

Greatly appreciated by the members.
Robert Burton

August Technical Meeting
the WA branch was briefed

Renault” buses were Inspscled
at different stages of assembly.

iy o Boseation Tstene hés beon
pre-cut ab-

fo. extensive noiss _barrier
rating
16aded vinyl and marin grade FiyWood

The comfortable ride which followed
convinced the division members on the
y and super-

quiet exhaust system.
End of Year Funcnon

visit took us 1o the
T thesre. (ing
is kind in Australia so far)

an
ravel

(well

almost). To go wit

2 super sound eysiem crestes & true

concept of "y ‘acoustics.

2 rocket blastoft sounds lik. the roal

ihing and a trp In @ halicopter coclpit
makes you feel at the “comman

ronts e amosshere, " Sabstanital

1o isolate the building from the nearby
reeway. A first class acoustics design
Michael Pons

INCE Presidsnt

Wil USA, has been
clocion Prosiaunt of MCE and Soecosds
Fritz Ingerslev from Denmark. Lang is
currently an adjunct professor of physics
at Vassar College and a programme
manager for the IBM Corporation in
Poughkeepsie, New York, USA. He has
served continuously as a_director of
International INCE since the institute
in 1974,

The Australian Acoustical Society is
one of the 27 member societies in Inter-
national INGE which represent profes-

A primary purpose of the Institute is to
sponsor_the INTER-NOISE_serles of
annual conferences in the countries of

the momber secioties. The sevantaentn
International Conference on Noist

o1 Engineering. (NTER-NOISE 58) wii
b orgenissd by the Frenah Acoustcal
Society and held in Avignon, France
next August.

Slandards
- jAcoustics and Mech

Fundamsnlal Quantities and the

Expression as Level
For several kinds of levels, different

reference quantities have  beer

rom time 1o time and as i
important that for general measure-
ments and engineering specifications

reproducible results are obtained, this
draft standard proposes the most used
quantities. Also for airborne sound, a
special reference sound pressure is pre-
forred according 1o widesproad use and
legal implica

!all medes formulae to
express these quantities as lovels and
estavlishos reforoncos quaniiesfor
these levels. Single copies of DR 87268
can be obtained free of cna'ge from
any office_and_comment_should
be received by SAA November 15, 1988.
AS 1948 — Acoustics — Measure-
ment of Airborne Noise o
Vessels and Offshore Platforms.

noise on board vessels and platiorms
where such noise is likely to cause
disturbance or annoyanc

tandard sets out the methods

and conditions for obtaining objective
measurement noise levels and
noise spectrum of airborne noise on
board vessels an d mobile off-
shore platiorms, Where the surface of

or in the vessels and

i
Piattorms

CIRRUS CRL 2.37

to read analogue
indicator.

Type 1 Accuracy.

L3M Microphone con-

nection allows _easy
interchange of micro-
phone:

 Analogue outputs

availabl

Computer output
availably

Built-in octave filter.

o

® Linear, “A” and
weightings.

MEASURING

)AVIDSO

17 Roben

CIRRUS SOUND LEVEL METERS

CIRRUS CRL 2.36
o The latest and most
dvanced Sound

Level Meter ay
from Cirrus.

* Computes Short Leq
on a 1/8, 1 and 1

second time b:

o Internal Memory
4 moves the_nesd

a
age device.

software available

UP TO YOUR NEEDS

Site 22, 10 Help Street, Chatswood, NSW 2067. Ph: (02) 411 51

Vol. 16 No. 1 — 4

vailable

an external stor-

* Stores 114, 900 read-

© Interfaces via R S232 to a Micro Computer with

to

for data colloction and analysis.

S.A. Graphic Electronic Indust
) 363 0277

- LTD.::

Moorabbin, Vic. 3189. Ph: (03) 655 7277 Yelex AR347:

" Tas. imbros Py, Li. (002173 1500
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NEWS . . .

Members

At the 39th Meeting of the Council of the Australian Acoustical
Society in 1987, Paul Dubout and Howard Pollard were elevated
to the grade of Fellow of the Society with the following citations:

Howard Pollard

rade of Fellow of the Austra-

the School of Physics, Univers
; Jor a period o 20°years,
£ his mesionous servica 1o the Aus’
alan - ageustc. commurtly ‘as. Edltor-
in-Chief of the Society's journal ‘Acous-
tics Australia’.”

New Members
Admissions
ve pleasure in welcoming the
following who have been admitted to
e grade of subscriber while appli-
cation for member grade is being pro-

Queensland

Graded

We welcome the following new mem-
bers whose gradings have now been
approved.
Member

New South Wales
H. Withnell

Queensland
Mr. D. R. Cardnell, Mr. R. H. Rumble.

Westorn Australla

Paul Dubout

“The grade of Fellow of the Austra:
lian Acoustical Saciety is conferred on
Paul Dubout for his notable work over
many years in research on_ building
acoustics, Buion o Acous:
ol Gomitices of the Standards Aoss.
ciation of Australia, and for his dedi-
cated service to the Society”.

‘Australian_Acoustical Society
NSW Division

EXCELLENCE IN
ACOUSTICS AWARDS

The NSW Division of the Australian
Acoustical Society invites entries for
its Excellence Aw:

execution of projects of an acous-
hure outlining the scheme
and incding detais ot conditons
of entry can be obtained by teley
oo, et Grlit. 5t (09) 451 4831 o7
by writing 10 the Secretary, Australian
Acoustical Society, ivisi
Clarence Street,
0.

ivision, 35+
Sydney NSW

he Society requires to be advised
of itended enties by Apl 2, 1663,
P Knowland

Excellence Award Sub-Committeo
(02) 922 4199

Letter

Conference in Hawaii

2 groat opportunity for Us 10 attend. The
meetings_each
yelv D e Progtanimes and abstracts

ASA meeting may be interested to know

nge of topics is

X to thoso of an ICA

ting. For example, the recent ASA
I

usually commence each session, contri-

uted  papers are _allotte

minutes _presentation time,
sion. There are usually

including
a number

sary 1o prepare a full paper for pub-
lication.)

The meeting will bo hold at the Sher-
aton Waiki ecial room rates
T ba- valabie tor delogmes hom
Ssturday, November 12 o, Saturday.

1

Nove th inclusive. Rooms for
delegates will aiso be available at the
rincess_ Kaiulani. However, intending

participants from Australia may do well
{o Investigato air/accommedation pack-
ages loc

amyone would Ilke further intorma-

tion, please contact me on (02) 687 4850
(work) or (02) 487 3250 (home]

Anita Lawrence

GSBE, Univ. of NSW

Ron Carr Associstes Py. L. has
been formed to_continu
the “scoustical consulling prumlu of
Ron Carr and y 1. The
new cor is’ a " parinership between
Peter Fearnside and Prof. Harold Mar.
shall and cmnm;m-r Day of Marshall
Day Associates in New zeaiand,
nes, who woried for

Fon- Gartor 1hree. you

e practice, which is located at
22 Trafalgar Road, Camberwell, Vi
orla 3124'— Telephone 8620022, Fax
8

Acoustics Australia
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NEWS . .

Noise-Con 88

t is expected that more than 100

held
urdue_University
Lefayette. Indiana. The them
e conference i “Noise Contro

The

conorenco is jointly :poniored by Pur-
due University and the Institute of Noise
Control Engineering.

The conference will feature plenary
sessions 1o 0, Jachnical pro-
gramme each day. On Monday, June 20,
e Smootar Wi be Emortus Profosaor
P. E. Doal Instiute of Sound

ity of Southamp-
fon, Southampton, ‘England and edhor
of the Journal of
who will

Design?” A the
plenary spoaker wil bs professor Dr.-
Zwicker of the Lehrstuhl fur
Elfiroasii of the Tecanisohel
versitat Munchen, West Germany wt
il discuss “Loudness Patterns (ISO
). An Excellent

nesday, June 22,
the plenary speaker will be Professor
Drrer.nat M. Heckl of the Institut fur

Techelache Acusflk ai the Technische
Universitat Berlin, West Germ:

will speak on *The Use of Ma(h-mahca\
Vodets in Noise Gonirol Dosig

The technical programme il toaure
special sessions on noise control of
marine structures, noise control in air-
craft, structure-borne noise, hydrodyna-
mic sources of noise, non-

The technical programme

discussion of all aspects of noise con-
trol engineering.

of instrumentation and

materials for noise control will be open

on all three days of the conference. In

ferrick

School of Mechanical Engincering wil
be available. Social avents are planned
r Monday and Tuesday evenings.
Furthr iformaton: Viek o faney, ey

sity, West Lafayette, IN 47907.

Noise Control Seminar
Computational methods for the solu-

tion of a wide variety of environmental

noise control problems will be the theme

ette, Indiana, and

will immediately precede NOISE-CON
8.

The seminar will be of interest to all

individuals with a need to understand

problems related to environmental noise
control,
localisation,
structures,
aircraft_noise. Computational methods
Is used in popular computer
programmes such a5 FA' “lntogratod
Noise Model” and FHWA's “Stami
will be discussed. Computer nlgnmhms
to be covered inciude signal pros
sound intansiy, finits elomant analysi,
statistic analysis, and model-
fing for. aircraf, arport, traiic. and
industrial noise.

é

Further_information: INCE, P.O.
3208 Arington Branch, Poughkeopsie,
NY 12603, USA.

Catgut Acoustical
Society

conference is being organised by
Helmut Muller and Jurgen Meyer to be
held in Mittenwald in conjunction with
the 13th ICA, Belgrade, Yugoslav
2431 August, 1985, “Anyone Injeresi
in this conference is invited to write
to the Catgut Acoustical Society, 112
Essex Avenue, Montolair, New Jersey
07042, USA.

E€ Acoustics

AUDIOMETRIC TEST BOOTHS

Noise Isolation Class 39

ACOUSTIC DOORS

STC 36, 38, 40, 43, dB

SOUND FIELD ROOMS

Installation Service available

Building Station, Ryde, N.SW.

Timber Finish
® 100% Australian Content

Manufactured by

Kell & Rigby (Builders) Pty. Limited

8 Dunlop Street, Enfield, NSW.
Telephone: (02) 642 5999

Certified by Commonwealth Experimental

Basic Construction — Composite Panel

Vol. 16 No. 1 — 6
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NEWS . .

Ultrasound Award

The American Institute of Ultrasound
in Medi announces  the

Congress of Physics

This lerge Congress wes held st the

day conference on *“Seismo-Acoustics

and the Sea Floor Interaction” which
was attended by about thirty acoustic-
ians of whom ten were from overseas.
The invited speaker for this conference
was Professor Alec Kibblewhite from
the University of Auckland who pre-
sented a review of low frequency acous-
tic propagation in_marine sediments
This was followed by

ference was supported by an associated
symposium and workshop on Sea Noise
held at DSTO (Sydney) on 27th and
29th January.

J. 1. Duniop

f the Terrance Matzuk
Memorial Award for innovative research
in the development of ultrasonic instru-
mentation or technology. The awardee
will be selected from abstracts sub-
mitted for presentation at the AIUM
Annual Conventions. The awardee will
be recognised at the Annual Awards

INSTRUMENTS
FOR SALE

The following Bruel & Kjaer in-
struments are ava for sale
T Good arderand newr new
condition —

Chart Recorder 2306

Banquet and will receive a $1000 mone- $4000 ono.
tary award donated by Dymax Corpor- Vibration Meter 2511
ation and Philips Ultrasound and a $4000 ono.
commemorative plaque. All abstract
submissions will be conslﬂered and an Sound Leval Meter 2200
initial screening will be made by the $4000 ono.
AIUM Instrumentation Review Commit- | Sound Level Meter 2218
ee. $4000 ono.
il * * Sound Level Meter 2218
The Memorial Award honours Ter- $4000 ono.
vance Ma(zuk whu died in 1985, and
er, physicist, chemist,
physmlug\si nnd founder of Dymax Cor- Write to:
poration. TI lirst Terrance Matzuk

CALEB SMITH
CONSULTING PTY. LTD.

econd World Congress of Sonogra- | o070

phers, co-hosted by SDMS, to be hel

October 17-21 in Washington, TOﬁONTO NSW 2283
Further  dotails: AIUM, Donvsnlmns

and Education Department, 4405 East- | O Phone (049) 59 3370

West nghway, Siite 504, ‘Bethesds,
MD 20874,

SPECIFICATIONS
AC Power Input

Trigger

microphone.)
Ingut Woighting

Linear. A Law, external.
Trigger Level
=0.25 dB.

Response
=+ 0.5 dB 30 Hz-15 Khz.
Timing Accuracy
Nominal =
AC Monitor Output
0dBm at trigger level.
Switched Outp

NO NONSENSE
NOISE CONTROL

220-250V 50/60 Hz, 7VA. (Other voltages to order.) govern

ge
60 dB- 129d5 (40 dB-109 dB with optional high gain

0.05%. Subject to mains supply accuracy.

ut
Isolated microswitch relay. Max. load 240V 2A. AC.

GREAT AUSTRALIAN SOUND COMPANY
(02) 406 4588. FAX (02) 406 6660

WITH A GASCOM 2376
NOISE MONITOR A

.

Successtully utilised by local
ment, industry, commercial
sites and in entertainment venues.

Easily installed by any licensed
electrical contractor. Full installa-
tion manual supplied.

Simply dial up required threshold
level when installed.

o Tamper proof — locking steel
enclosure prevents unauthorised
adjustment.

o Calibration is achieved using a
Bruel & Kjaer sound level calibrator
type 4230 with 12.5 mm (% inch)
adaptor.

Box 337, Willoughby, N.S.W. 2068, Australia
3/108 Warrane Road, Chatswood 2067
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Guest Editorial

Special Articles:

New in

Three invited papers by prominent overseas acous-
ticians have now-been received which deal with quite
diverse aspects of architectural acoustics. The paper
of D. J. Meares, who is. Head of the Sound Section in
the_ British Broadcasting Corporation, is of special in-
terest to all who are attempting to provide very high
sound isolation at réasonable cost. A number of differ-
ent forms of construction, developed by the BBC's
acousticians over many years, is presented, together
with measured performance data. Unfortunately, it is
only too rare that such information is available outside
individual .consultants’ files. (If this comment should
inspire some of the latter to dig into their files for the
benefit of all of us, | would be happy!)

Jaffe’s paper is concerned with the impact of
the élactrontc age on auditoria. Since Peter Parkin's
brave introduction of assisted resonance, as a fix-it
solution for the Royal Festival Hall, the use o
systems in concert halls and other atditoria is gradually
achieving respectib Some purists will still not
accept electronic assistance for live performances of
classical music, and, certainly, there are far too many
dreadful installations in auditoria that cannot even cope
with speech reinforcement adequately. However, with
the increasing knowledge of the musical listener's
binaural perception of sound and of the detailed re-
flection sequence requirements on the one hand, and
with the increasing sophistication of sound systems on
the other, concert halls and other auditoria may be
designed from the outset to provide “good" acoustics
1o all parts of the audience. In addition, for multi-
purpose auditoria, it is necessary either to choose a
compromise solution, or to provide for major modifica-
tions to the room volume, shape and absorption to suit
different types of performance. A well-designed sound
system, with inbuilt flexibility may well be a more
economical solution to this common problem.

A paper by Drs. Cops and Winjants of the Acoustic
Laboratory, Catholic University, Leuven, Belgium, is
being held over until next issue. Their paper on the
use of sound intensity measurement techniques to

measure sound transmission loss is a contribution to
a topic that promises to have far-reaching effects in the
near future. The conventional methods of measuring
sound transmission loss are time-consuming and ex-
pensive, and it is difficult to achieve similar results in
different laboratories, even when in compliance with
the appropriate Standards. When Iaboratory data are
then used to predict the performance of components

furthermore, if compliance measurements are made in
situ, it is difficult, if not impossible to determine the
most important sound paths if the overall performance
is inadequate. However, sound intensity measurements
should allow the energy travelling via the various paths
10 be quantified, and thus remedial solutions may hope-
fully be applied. When this is possible, there will be
a great opportunity to demand proper legislative control
of minimum sound isolation standards, at least in resi-
dential buildings. (It must be admitted that in Australia
we are far behind many other countries in this field.)
This paper will be published, together with other papers
on acoustic intensity measurements, in our Augyst
issue.

These are only a few of the many areas of architec-
tural acoustics in which developments are, or should
be taking place. Owing to the  paucily of reguiatory
requirements, and 1o the rarity of even carrying o
specification compliance measurements in compleled
buildings, very little research is being carried out in
many important areas, these include: airborne sound
attenuation of local building materials and components,
particularly of the non-propriety kind; control of impact
noise transmission through fioors and walls and of rain
noise through roofs; the actual acceptability of ambient
sound levels and reverberation times in buildings of
various types; vibration isolation in buildings — par-
ticularly from ground-borne_sources; propagation of
sound from buildings; plumbing and drainage noise
control; appliance noise; etc. etc.

Although somo of the topics mentioned must neces-
sarily be studied in field situations, several of them are
Baet carriod out in acoustical Iaboratories, The means
for carrying out this essential, community-benefit re-
search must be found quickly. With the completion of
the new building for the National Acoustic = Labora-
tories we have now one of the best acoustical facilities
in the world — and also one of the emptiest, this poten-
tial waste of resources cannot be allowed to continue!

Anita Lawrence

(Our sincere thanks go to Anita Lawrence, who is
one of our panel of Consulting Editors, 10! organi-
sing the papers on this special topic.—HFP.)

ise 88

Ci

Inter-Noise 88, the seventeenth Inter-

Furthor nformation: Intornoise Secte-
tariat, 0302 Cedex,

Senlis
Frango; o 39) 45 38 3478 tolow: 140

ianyang Technological Institute in
e

mittee, Nanyang Technological Institute,
School of Mechanical and_Production
Engineering, Nanyang Avenue, Singa-
pore_2263.

national Conference on Noise Control
Engineering, will be held in_Avignon,
France from August 30 (o September 1.
is conference is sponsored by

e Toternational Imetiate of Nowo.Gon
ngineering and organised by the
industrial and_Environmental Group of

nch Acoustical Society, on the
theme "Sources of Noise™
ver 350 Invited and Contributed

papers will be presented at the Confer-
ence. A large technical exhibition will
e open during the Conference.

(
006 F; "telecopy: (33) 44 58 3400.

Residents of Rose Bay who rang the
Tocal police to complain about the level

f amplification used b y Farn-
ham at THAT party got short shrift.
One woman who ran m. was

told by an apologetic officer: “Madam,

inere is nohing we can co. The Prime
Minister is still thers

Flom The Australian,

5 September 1987

Vol. 16 No. 1 —
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Sound Insulation in Broadcasting

Studio Centres

D.J. Meares

BBC Research Department
Kingswood Warren
Tadworth, Surrey

England KT20 6NP

ABSTRACT: In order to ensure that the use of studios is not unduly restricted it is essential to provide them with
adequate sound insulation. Whilst many studies present the results of laboratory and field measurements of the
sound insulation of constructions used in domestic buildings, virtually none give results for the more substantial

walls needed in the case of studios.

This paper gives an overview of some of the field measurement results obtained by the BBC in its routine testing
of studios. It particularly aims to highlight, with quantitative examples, the importance of the components which
s, foundations etc. Though based in part on timber-framed

make up a composite wall, for example windows,

forms of construction, other examples are onry

and outside broadcast

1. INTRODUCTION
In any broadcasting studio centre, the provision of adequate
sound mwlanun s vital if lh- studios re to wark satsfocoily.
Not only d cluding from noise of
passing taffi, vehiular, 1ol o arcraft, oot i esidontel o088
, for example, pop music studios. Within the studio centre
itself, sufficient sound insulation is needed to prevent one area
interfering with the work of another. Even in the case of a studio

d its own control room, one has to prevent howlround
(acoustic feedback) between monitoring loudspeakers and
recording microphones, or even tonal distortions due to low
frequency sounds breaking through from the studio into the
control room at a higher level than those being reproduced by
the loudspeakers.

Over the years, the BBC has needed to develop a working
practice in all of its studio centres such that sound insulation
problems can be eliminated or at least minimised. Wherever
possible this is done by a careful layout of the inter-related areas

occasions such flexibility on site is not possible and
then complex forms of construction are inevitable. In al, the
BBC has many hundreds of studios for Radio, Television
External Broadcasting. Each of these has been designed to
specific sound insulation criteria and has been acoustically
tested to check that the conforms to criteria. Any
departure is investigated and attempts are made to put right
any major problems.

This paper is not intended to be a detailed exposition of
how a studio centre should be designed. Such information can

instance, ). It ver,

intended to highlight some examples of the ways problems
can be avoided, these examples being supported by test

results. For completeness, it also includes some test results on
relatively complex partitions.

2. FACTORS AFFECTING AIRBORNE
SOUND INSULATION

The most ovious actar n the dsign of the sudio cente s
cation, not only in the sense of whether it is adjacent to
slgn ant source of noise but also whether there is sufficient
area available on the site to space the noise generating and
oo sensitve arees el apat from one nther. The ety
of the BBC's studio centres are, for operational reasons,
located near to the centre of cities. Under such circums(:ncn,

space is at a premium and thus studios and other areas tend to
be very close to one another. Only on one site at Birmingham
is there sufficient space for the studios to be built in isolation
of the rest of the premises, in this case, on either side of an
isolated spine corridor with all the heavy plant and other
machinery located at a far point on the site.

The type of wall will obviously affect sound insulation, but
this choice itself can to some extent be dictated by the
circumstances pertaining in the building under development.
For instance if floor loading is severely limited, as it can often
be when converting existing premises, then only lightweight
partitions can be used. These inevitably impose an upper limit
to the amount of sound insulation at low frequencies. Even if
masonry walls can be used, the choice between brick, block,
or concrete can affect the overall performance. Certain light-
weight block work has been found to resonate and this inflicts
weakness in the achieved sound insulation characteristic.
In the case of cavity walls, building regulations nwmal\v
require the use of wall ties for structural reasons. Though the:
are relatively small elements in the wall they cffectively byposs
the cavity acoustically and can severely overall
performance. It is BBC's practice for acoustically sensitive
cavity wals to use flexible wal ties (see Figure 1).

steel
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rubber, clomos
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tie
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w
Figure 1: Flexible wall tie
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Figure 2: Triple glazed window

It is an unfortunate fact of life in any working area that
one has to provide doors for personnel to pass through and
windows for them to see through. These features can
dramatically reduce the acoustic insulation of an otherwise
wall. A great deal of attention has to be paid to
the details around these features such that the overall insulation
is not too drastically reduced. Figure 2 shows a typical deﬂll
for a triple glazed acoustic window. The important d

magnetic

lead core
(optional)

[u]

compression
seal

Figure 3: Studio door

that there is no unobstructed airbome path through which
sound can be conveyed from one side of the window to the
other (thus a number of sealing strips can be seen), the lining
of the reveal has to be broken where it crosses the cavity, the
xposed face of the reveal has to include acoustic absorption
and flly the pancs of glass need to be of different thicknesses
h that their the same
frequency. In the case of doors (see Figure 3) it is equally
important to ensure that no gap exists between the door frame
and the wall, and between the door frame and the door itself.
In the former case, non-setting mastic is used to ensure a
germanens seal even if the woodwork warps slightly, whilst in
he latter case a combination of compression seals at the
iveshold and magnetic seals elsewhere are necessary. Even
then the single door, unless lead loaded, is unlikely to give
much more than 35 dB average attenuation. Thus the normal
detail for a studio door woul s in series with an
acoustically treated sound lobby between them. In the case of
the larger scenery essary v
much the same appl

though rare, choice. In this particular case, hydraulically or
mechanically driven compression seals can be used at the
edges of the scenery doors, but these are extremely prone to
damage and have to be maintained regularly in order to protect
the studio against the ingress of noise.

minerol wool
Backing

ouct
ATTENUATOR

Figure 4: Duct passing through a cavity wall

Ventlation and cable ducts are other routes by which noise
can enter a studio. Figure 4 shows a detail for a duct passing
through the cavity wall into a studio. Once again, elements are
buried in mastic to provide a semi-permanent seal whilst the
duct tself s sleeved with mineral wool where it passes through
the wall such that it does not acoustically bridge the cavity.

Vol. 16 No. 1 — 10
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In addition, because of the possibilty of sound breaking into
the duct on one side of the wall and out of the duct on th
other, it is necessary that this section of duct work should
actually be an attenuator. For many years, the BBC has
recommended that this duct attenuator should have a
performance equivalent to the weakest part of the rest of the
parlmon ihrough which it s passing. Thi, howover, s now

ving o b over-design as it does not take
s sesount e adioust tom where the sound breaks into or
out of the duct. Thus some economies can now be seen and are
currently being examined. In the case of cable ducts, it is
similarly necessary to make sure that they do not bridge a
cavity and that they do not allow airbome sound to pass
through them. It is recommended that indirect routes are taken
wherever possible. Thus a cable run between a studio and its
control room would generally pass through the sound lobby
such that the direct route is avoided. Finally, after the installation
of the cables, the cable ducts should be pugged with sandbags
as tightly as possible thus avoiding the airborne conveyance
of sound.

Even if the acoustic designer has managed to avoid
weaknesses in the partition directly linking o areas, ho is
stil not able to relax. I the required insulation is in excess of,
Say, 55:70 i, ndiect flanking paths have 815010 b0 xamined.
One of the most common is flanking via the supporting
structure, namely the floor. On many occasions, it is necessary
1o float the adjacent areas such that this route is also avoided.
Figure 5 shows a detail for a fully floated box within a
box studio. In this case, the studio floor is laid on a grid of
rubber pads and the walls and ceiling are then built off this
floated floor. A great deal of care is needed in specifying the
loading on the pads such that the whole room does
resonate at too high a frequency which could make the osted
studio worse than a non-floated studio. It is obviously essential
to make sure that there are no rigid links across the cavities of
both the walls and the floor. In this context, it should be noted
that even the air in the cavity is to some extent a link across
the cavity. Airis not totally compressible and thus it will convey
sound from one wall to another or even from the structural
floor to the floated floor. Recent tests [7, 8 & 9] have indicated
that an upper limit for airborne flanking of anti-vibration mounts
of about 30-35 dB should be anticipated.

3. MEASUREMENT METHODS
In the BBC, the most useful parameter for the assessment of
sound insul is the aitbome sound level reduction.
Transmission Suite measurements commonly use sound
reduction index and though this could be computed from the
field measurements, it is not immediately related to the
subjective assessment of insulation; thus it is little used as a
final parameter in the BBC. The measurement technique is
ilusrated in Figure 6 wherea warbl tone genarato (fequency
ed toneldives  loudspesker inthe source foom and
Mcasurements of sound pressure evel at onehird. ocave
Band cantre equency are made a @ numbe of paint in both
the source room and the receive room. These two sets of sound
pressure levels are averaged and the difference between them
is the sound level difference.

The results are presented normally as a plot of sound level
difference against frequency although for shorthand reference
and comparison, it is beneficial to have a single number average
for the performance of a partition. Many such averages have
been pmpcsed in the literature, but one that the BBC has found

I for many decades is the average sound level
Gifference centred on 500 H, This is  nomally taken ov the
frequency range 100 Hz — 2500 Hz. In the examples that
follow, it is this 500 Hz average that is. qualad together with a
iati number

of samples are avalabl.

There are occasions where the above test method cannot be
used, specifically those areas which have extremely high levels
of sound insulation. Under these circumstances, a twin-channel
fast fourier transform analyser is used together with a repefitive
pseudo-andom noise source. By synchronously averaging the
source and receive signals, it is possible to improve the signals
o noise ratio by up o 30 dB without imposing 100 grat &
time penalty on the ﬂ\nmon of the test sequer

4. ILLUSTRATIVE EXAMPLES

In order to illustrate the importance of some of the al
factors, it is useful to look at the large number of lightweight
partitions that the BBC has constructed over the last 20 years.

‘source room receive room

5[5 [V H — z
Z H 7 loudspeaker
g l[z
Z MEE
E &
0w o= e
H
| " spectrum
LN N e oncyse

Figure 5 Box within a box floated structure

Figure 6:
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Figure 8: Insulation of double Camden partitions
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Figure 7: Double Camden partition

A particular form of construction used widely is the Camden
partition shown in Figure 7. (It is so called because its first use
was at the BBC's Camden Theatre). The diagram shows the
Camden partition in its double skin version, but essentially
each skin comprises a framework of soft wood studding on to
each face of which a layer of softboard and then a layer of
plasterboard are pinned. Each of these layers is approximately
12 mm thick. This form of construction has the advantage of
being relatively easy to assemble on site, of being relatively

Vs

lightweight, and of combining the mass of the
with the damping properties of the softboard.
Figure 8 shows the results for a number of forms of such a
partition. In the first curve, the double Camden partition is
equipped with a double glazed observation window and
personnel doors via a lobby or corridor. The results show an

is changed for  uiple gazed window, the oveal performarce
improves to 55 + 6 dB. Eliminating both doors and windows
creases the pmmmunoe marginally t0 56 + 6 dB. Obviously
in the first case the double glazed window is providing the
weakest element in the partition, but once this has been
replaced by a triple glazed window, it is the panixm mell
which becomes the limiting factor, thoug|
idanco in the shapo of the urves of high requancy leakage
ind.

Figure 9 shows comparative rosuty for a triple Camden
partition. In the first curve the triple Camden partition has a
triple glazed window and double pavwnnel doors with a sound
lobby. The insulation provided by this is 59 + 5 dB. In this
case, the two adjacent areas share a common floor structure
and it is this that is the limiting factor. In the second curve in
Figure 9, this common floor has been eliminated and both of
the adjacent areas are built on floated floors. The achieved
performance then increases to 68 + 4 dB. Finally, if the doors
and windows are again eliminated, still with the areas built on
isolated floors, the overall performance improves to 87 + 4 dB.

As can be seen from the above examples, essary to
pay attention 1o all elements of the partition and all likely
flanking paths before a net improvement in performance can

Figure 9: Insulation of triple Camden partitions

be achieved. Though these results relate spe
‘weight partitions, the trends are equally applicable in the case
of other forms of construction. It is not possible to include
all examples in this paper, but the interested reader is referred
o reference (3] for the full bank of data published by the BBC.

5. COMPLEX PARTITIONS

To give a further example of the range of partitions included
i reference (3], some of the more complex forms of structure
are worth further comment here. The BBC currently has a large.
fleet of outside broadcast vehicles and, both for mnm'wn'nq
sound on location as well s recording original sound in m
studios, it is necessary to achieve reasonable sound nsulation
in spite of the restrictions imposed by the Road Traffic Acts.

g
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Tha rignal form of construction, now superseded, used in
broadcast vehicle walls is illustrated in Figure 10,

e based an two structural skins with thermal insulation
between them. Itis a very simple and cheap form of construction
and does not achieve significant sound insulation. Figure 11,
curve 1 ilustrates the performance typical of this type of
partition, giving a mere 28 + 3 dB. If that partition is made
into a triple skin by the sddion of a sy sound barie mat
Figura 106, resus can bo sigificandy improved 1040 + 3B
(Faure 11, cuve 21 It shou ses that
personnel doors and access etchen for cauipment e ncludd
in the partition under test and the performance quoted is only
achieved if adequate arrangements are made for sealing these.
Finally, in the context of outside broadcast vehicles it is worth
noting the one example the BBC has of constructing two cabins
on the same chassis. The construction of this is shown in
Figure 10(i) and the results are presented in Figure 11, curve
3. The performance in this case, though stil limited at low
frequencies, rises rapidly to give an average insulation of 61 dB.
Where low frequency insulation s important, there is seldom
an option other than to use masonry forms of

two being 228 mm brick and 2 of 325 mm brick with 228 mm
cavities. Each of the adjacent areas was built as a box within a
box; the drama studio being built on helical steel springs and
with the pop music studio being built on rubber pads. The
roof of the drama studio comprised 300 mm concrete, 200 mm
airspace and 200 mm concrete, whilst that for the pop studio
‘was 200 mm concrete, 650 mm airspace and 200 mm concrete.
Such a construction is far from being cheap, but other than
spacing such areas further apart, it is the only way of
providing such enormous levels of sound insulation.

Some examples of this are shown in Figure 12. Curve 1 is for
double 112 mm cavity brick wall with flexible wall ties. In this

‘or windows pierce the partition and the achieved
performance is 59 + 8 dB. A triple 150 mm brick wall again
with no doors and windows but this time with both areas
bult 2 borinbos coneucion achieves & much improved
average of 84 + 3 dB (curve 2).

G those occasions whire oven better rsults are required,
very much more work has to be done to achieve the require-
ment. There is one example in the BBC where it proved
necessary 1o site a drama studio adjacent to a pop music

77 dB at 63 Hz rising to 107 dB at 1 kiz. The final curve in
Figure 12 shows the achieved results being an averoge of

exterior

interior

@ (0) (chey @ () e) o) (1)

(i) Simple wall design i) Complex wall design

interior

@ we (g @0 @

(@ ) (@ ©

i) Double cabin on some chassis

Figure 10: Typical OB vehicle wall designs —
i) Simple wall design; (i) Complex wall design;
(i) Double cabin on same chassis

(a) 15 mm GRP faced plywood fe) 4 mm sound barrier mat

(b) 25 mm high ensity mineral wool (f) 19 mm plywood

(c) 18 swg aluminium (g) 76 mm high density mineral ool
©) carpet {h) 50 mm air space

e E T

Figure 11: Insulation of OB vehicle walls

P
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Figure 12: Insulation of masonry partitions
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6. CONCLUSIONS
to give an over-view of

of attention to detail when prescribing sound insulation between
noise generating and noise sensitive areas. In the first instance,
it has been shown that there is much to be gained by a sensible
choice and layout of the site. Thereafter, the details relating to
elements passing through the partition and the construction of
the partition itself become very important. If there are no ways
of avoiding it, it is possible to achieve high levels of sound
insulation even at low frequencies, but it has to be borne in
mind that this is at the expense of very complex and massive
forms of construction requiring very close supervision on site
during construction.
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Application of Advanced Electronic Systems
to Concert Halls and Auditoriums

Christopher Jaffe

Jaffe Acoustics, Inc.

114A Washington Street
Norwalk, Connecticut 06854

ABSTRACT: Electronic architecture is a means of simulating sound reflection patterns that appear in the world's
most highly regarded concert halls. This paper discusses the raison d'atre, technical approach and application for
10 the results nf me work validate the applicatin of the
onues and support the

these mmm The response of the muslal

that conelates subjective response to, ohysical acoustc

v the author

INTRODUC'TION
The most important new development in concert hall acoustics
is the rapidly widening rocogniion by acoustons of the

Acousticians must take the language of the musical world —
warmth, brilliance — and translate it into Dhylxul acoustic

expectations of the musical community.

There is a direct relationship between qualitative judgments
and sound reflection characteristics throughout the  entire
period of room deca

Early work by Dr Leo Beranek suggested the existence of a
translation system between psychoacoustic. re and
physical acoustic phenomenon. Subsequent research by
Schroeder and Schultz

Barron, Blaut fe, Marshall,
verified many aspects of Beranek’s work and uncovered new
correlations. Figure 1 describes a basic translation system

currently in use at Jaffe Acoustics.

‘As many translators can attest, the art of translation is more
complex than matching_ words in language B to words
expressed in language A. The artlies in matching subtieties, the
nuance of each phrase or sentence.

terms — time. Then they must
mnsme acoustical language lmn an architoctural vocabulary
— geometry, volume, surface co

T Tt wcanalotion, fom musicl 10 coust. o logy,
is a continually absorbing study. Such musical terms as
transparency and warmth are subjective descriptions that
comprise complex acoustical phenomena. It is these
phenomena the acoustician must sort out and define as criteria
for concert hall design.

In the second half of this century, university researchers and
practising acousticians have made remarkable stides in
conlating the peychaogial and physologicl responses of
human beings to a variety of reflecting patterns of sot
energy. They have a clear grasp of what the musical sommunvlv
means by such terms as warmth and transparency.

Figare 1:

“The Architectural Acoustic Translation System
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Ustsig this new nformtion, contemporary scoustans

relatonsips. Pechniaues nclus the design of shallow and
ical surround halls, the placement of orchestral platforms
orward of the proscenium arch in multi-event facilities and the
utilisation of electronic reflections when practical constraints of
architecture and performance rule out purely physical solutions.
Looking at the Translation Table (Figure 1) which correlates
the vocabularies of the various disciplines, one can begin to
understand how a professional practitioner sets his initial
physical criteria for a concert hall
For example, if an acoustician is 1nmesled in achieving
intimacy, presence and defi und, he or she must
instruct the architect to develop a narrow veclangulal configura-
tion or else provide inner walls, terraces and canopies in a fan-
shaped or circular design. These architectural forms will result
in the listener receiving first reflections within the required
20 ms time domain, thus achieving desired subjective acoustic
goals related to presence and intimacy.
One uses a similar approach in terms of applying |echmquss
“electronic architecture”. However, instead of
boundary surfacs of a toom of ner refective walland :nnopv
systems, the designer locates loudspeakers at proper distances
or signal delay to simulate the reflections needed to provide
required subjective response.

SYSTEM DESCRIPTION
Electronic Architecture systems are composed of microphones,
pre-amplifiers, amplifiers, equalisers, digital signal delays and
loudspeakers. The microphones are placed in the far field
50 that signal pick-up is equivalent from all locations on a
performance platform.

The signal is then ampiified, cqualised and delayed
1

time.

of different absorption coefficient mxed at various distances
{rom and aximaths 1o indivicual listaners. From an scoustc
standpoint, this enables one to electionically raise and lower
ceilings, move walls in or out, increase room volume and float
non-existent clouds and panels in space.

The results to date have been extremely successful and it is
already possible to utilise these systems to provide outstanding

adjust acoustics from Mozart to Tchaikovsky — from Boston
Symphony Hall to those of Carnegie Hall.

Figure 2. Somple oscilogram of s efleced. energy field.

AL TMEFRoN SouND Sounc
ITUDE REPRESENTS
or SieT aubrTaAIM

C

Figure 2 describes an oscillogram of a typical reflected
enerqy fild with o sound source pulse on stage and a micro-
phone located in e area. It is the frequency
ompelion, snenglh directivity and time arrival of these

refle in relation to the direct sound field that affect
quamanve sub]ucnve judgments.

3is a basic channel for a reflected energy system.
comprised of 8 mictophon, praamplir, sghal doay.
filters, gain control, power amplifier and speaker. The basu:
system is expanded by appending more circuits on the o
e Fgure 4. In he most sophiticated Eiecroni Reflecied
Energy Systems (ERES), only one microphone is usually
required as a pick-up for the signal processors.

The key 1o the success of these installations is based on
providing reflected energy at a level comparable o that of the
naturel reflections and reverberation field in the concert mu of
your choice. Normally one would attempt to keey
4 th reflectons blow that of the source sound and dever
after the arrival of the source signal (Figure 5).

TE INTENSITY oIRECTION

D>—{ st} e >—(

Figure 3: Basic channel for a reflected energy syster.

SPECTRUM

Figure 4; Expansion of the reflected energy system.

SvsTem LeveL avere
PREOMINANT
NATURAL SOUND LEVEL

WATURAL SOUND.

PREDOMINANT

'ACOUSTICAL WTENSITY

success winbow

Reflected sound energy is comprised of four

Each reflection reaches the listener from a given direction, at a
certain amplitude or intensity, with a particular frequency
‘spectrum and at a set time after the source signal has arrived.

ELECTRICAL INTENSITY (OF SYSTEM)

Figure 5: The impact of intensity adjustment of the system.
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DIGITAL MEMORY AND CONTROL

MANUAL STEP TYPE CONTROLS.

Figuro 6: An idealised reflected energy system.
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RELAY (3 Sec)

Figure 7: Power control schematic.

However, under certain circumstances, such as deep under-
balcony seating areas in old movie palaces, it is possible to
take a e of the Haas effect and deliver a signal equal or
slightly higher in intensity than the source sound. Such a design
decision would allow an increase in the dynamic range of the
urr:hasun i a listener location that could not be improved by
any known physical means. Here again, the signals are filtered
ncwrdmglv and the sound energy received by the listener is
not a reproduction of the entire spectrum,

filters and amplifiers and could be operated by a computer
program 1o recreate an infinite number of different reflecting
patterns in the hall. This device could be controlled by the
conductor at the podium to vary the acoustic response of the
hall from one movement to another, as well as for composers
of different eras. A contemporary composer could actually
write a part for the room itself in his score.

Although it is permissible for Itzhak Periman to break a
violin string in the middle of a performance, ERES systems are

power awitch (Fgure 7) with  signsl celay reley enaties one to
tum the system on or off at any time without disturbing
audience o perorm

A typical ERES aystam is shown in s entirty in Figuro 8.
Signal pvucesslng would include a notch filter for each signal,
s filters and a reverberation device for those
increase liveness and warmth. In systems
esigned for smaller spaces (under 1,000 seats), Sound Control

’ ERX-1 it i

signal processor.

Currently designers are implanting a Knowles microphone
7681 ;

s in order to provide signal o the electronic processors.
microphone has an exceptionally flat response from below

100 Hz to 6 KHz, the typical frequency spectrum used for

these designs. In addition the miniature diaphragm implanted

in an architectural element is totally invisible to the audience.

When such placement is not feasible, a modified Countryman

ISOMAX-V can be substituted fur lhu implant.

Dety can b s

in creating
orchestal blanco or compansate S or undmanned sacions
regional symphonies. This direct sound and those reflections
emanating from the physical surfaces surrounding the
musicians reaches the listener in the purest form. The micro-
phone is used only as a pick up for this same signal which is
then processed and reintroduced as reflected energy.

Typical applications for ERES systems can be found in new
muttievent performances spaces where the acoustic environ-
ment must vary within hours to meet the requirements of a
diverse consituency.

Traditionally, acousticians have attempted to solve this
peoblem by pmvlqu sufficient volume in a hall to develop the

and then physically moving Geilings,reflectors anclor draperies
to reduce the reverberation for other events requiring shorter
room decay slopes.

acoustician utilising ERES as an architectural tool would
design rooms with a low reverberation time and add reflected
enecay s needed for thoss ventarequing longer reverberain
times, shorter initial time delay gaps and more low frequ
enorgy within the sarly docay . Such an approach Gives
the acousticians an unusual opportunity to fine tune reflected
energy patterns, reduces construction costs and allows the
architect to design a focused interior space that is devoid of
suspended clouds, transparent walls and ceilings and yards
yards of draperies or banners. The room remains a fixed
architectural entity for all performances.

ERES systems also have wide application in the renovation
of historic structures where the design team is limited s to the
physical modification of the interior.

Although it i prudent for an acoustician to say that these
systems are superfluous in a single event space such as a
concert hal, the truth of the matter is that they have a role in
these halls as well. No concert hall in the world has
environment suited for every period of musical composition or
a wide range of performing forces. ERES can provide the
proper salon environment for a Bach Brandenburg Concerto
and, at the touch of a button, the required acoustic for the
Verdi Requiem.

Figure 8: A typical complete Electronic Reflected Energy System.
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Figure 9: Listener receives first reflection 21 milliseconds after the
arrival o the direct sound, but the reflectors effectively block
sightlines in the balcony as wellas ighting positions on the catwalk.

it
jure 10: With reflectors repositioned for lighting
and sightlines, the istener receives the frst reflection
48

s after the arrval of the direct sound,

Figure 10 locates the canopy in an optimum position for
sightiines and lighxmg, but delivers the first reflection to a
Satarir b e 45 .

One could design a movable canopy system with its own
integrated lighting system and saloct & compromise posiion
between adequate sightlines, proper front lighting and good
acoustics. This would be an expensive solution for a building
that is only open three months of the year and during this
period schedules three to five weeks of symphonic concerts

‘The most practical, least expensive and optimum acoustical
solution would be to design an electronic canopy. Figure 11
illustrates that it is feasible to locate speakers at heights which
will supply the requisite reflections without interfering with
front lighting or sightlines.

APPLICATION

Figures 12, 13 and 14 describe four reflectograms taken in tha
Pavilion, summer home of the Chicago Symphor
with tho ERES system on and off and o graph of everbaration
times taken in the Circle Theatre, home of the Indianapolis
Symphony, with the ERES system on and off.

In terms of the Ravinia Pavilion reflectograms, note the
increase in lateral eneroy ot the 2,000 Hz octave band and the
increase in energy at the 125 Hz octave band through the
ED.T. period. As sted in the warslaion table (Figure 1),
increased mid and high frequency energy provides improved
presence, transparency and definition while increased low
frequency energy provides improved warmth and low string
orchestral balance.

The true test of the success of ERES designs is whether or
not alistener's is similar
in a room of different proportons and finishes. Measurements

far too late

Retn umna. ERES eidng
o Sy s

Figure 11: Using an electronic canopy, it is possible to provide
st aloctons atthe properthv arive and maitan good
sightlines and access to lighting positions on the catwalk

In the last few years, Jaffe Acoustics encountered a number
of situations where the implementation of electronic architec-
tural systems in conjunction with traditional physical acoustic
solutions were able to provide clients with outstanding
svmphomc acoustic environments.

Figures 9, 10 and 11 illustrate a condition where an
scoicn might employ “electronic architecture” and design
an electronic forestage canopy instead of a physical one. The
sketches describe a fan shaped, single balcony, multi-event
symphonic music pavilion with no side or rear walls. As shown
in Figure 9, it is impossible to position a physical canopy s0 28
10 enable listeners to receive reflections wi without
restricting sightlines and cutting off front hgmmg positions for
the soloists and the orchestra.

the resultant sound must not change an
indiiduals petaeptons of saurce orgination, haa o bo eo of

any unnatural coloration and should result in an increased sense
of warmth, presence and liveness.

systom off

systom On

Figure 12:

for the.
t Ravinia Park Pavilion, Chicago, llinois.
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reflected field
Y

(a) System off

(b) System on

125 Hz Octave Band
(source: 2 mitlisecond pulse)

Figure 13: for the 125,
‘at Ravinia Park Pavilion, Chicago, llinois.

encauney o

Figure 14: Circle Theatre reverberation times — system on and off

REACTIONS
Comments from critics, audiences and performers in completed
facilties have

Laurie Auditorium — San Antonio Symphony: “.. the
Laurie Auditorium long known for its terrible symphonic
acou.m'cs has had a ‘sound Iift” and the difference is monu-

tal” — Don Huff, San Antonio Herald, 13 October 1977.

"Hlt Conter — Eugane Symphony: “/'ve sung in every
great rheamz in the world and here in Eugene ave the
very top of the earth” Marilyn Horne, Musical America, 21
February 1963,

Circle Theatre — Indianapolis Symphony: “The acoustics
were clear, well defined with a good deal of presence, solid
bass and excellent definition” — Harold Schonberg, New York
Times, 5 November 1984,

It major orchestras now appreciate and accept the application
of electronic architecture as a means of achieving outstanding
aural perception in their major performing venues, then it i safe
1o assume that electronic architecture may indeed become one
of the most useful tools in the acoustician’s work box.
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DAT computer cassette

Hewlett-Packard and Sony have struck a deal which
will put the power of 1,000 ﬂuppy dlsc: in a desk-top
personal _compi hope to set an
industry standard for DAT (Dugnal Audio Tape) as an
even higher density erasable store at a tenth of the
price of optical discs.

The DAT cassette is the size of a credit card and
contains tape that is only 3.9 mm wide. This runs at
0.8cm/s past a head-drum, similar to those used in
video recorders, which rotates at 2,000 r.p.m. For hi-fi,
the stereo sound is converted into 16 bit digital code.
For data_storage, blocks of 8 bit bytes are recorded
instead. This data streams on, and off, the tape at the
very high rate of 170 kilobytes/s which is around 600
Mbytes/hour. So a two-hour DAT cassette can store

1.2 gigabytes of data. This makes the tiny cassette
equivalent to more than 1,000 conventional floppy
discs.

The DAT data storage deck will be made the same
size as a conventional floppy disc drive, so that it can
be built into the body of an IBM PC or clone. The
Cassatte can efther be used as a back up store.or for
loading large chunks of data into the computer's
memory for rapid access.

A two-hour DAT cassette, storing 1.2 gigabytes of
data, can be fully re-wound in 41 seconds. The average

volume production of DAT ata drives by the end of

From Electronics Today International, December 1987
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Digital Techniques in Audio Equipment

Roy Caddy

School of Physics

University of New South Wales
Kensington 2033

CDD CLAIMS
Numbers are all important today and numbers sell audio
SaufEmand, So et us st with some . Poprians of
compact disks (CCD's) claim a mgn.ll 1o noie rotl of
9% -swm of 0.0015%, 90 B se n between left
- ngm hand. channels. They convenienty forget that
distortion increases as signal level decreases. At 60 dB below
‘maximum recorded level the distortion rises to 1.5%. The disk
is claimed to be free from noise in replay for all but the grossest
of surface damage. Disks can be played forever without
wearing out or being damaged because they are scanned with
a laser beam, not a stylus.
As for LP disks, the signal to noise ratio is only 60 dB, the
separation of left and right hand channels is only 30 dB. The
hanical tracking causes wear, and damage due to operating
ertrs cannot aways be avoided. Caefu handing is nooded i
the quality of the disk is to be ined. Distortion under
masimum rocording levels can be 4%

THE LP REPLY

A signal to noise ratio of 60 dB is perfectly adequate and
sensible for home reproduction. Channel separation of 20 di

will yield excellent stereo effects. Mechanical tracking might
become bothersome if a record is played hundreds of times.
In practice no record is played enough to wear it out, if high
quality stereo pick-up heads and styii are used in replay. If
‘damage due to operating errors means “snap, crackle and pop”
in the original record making process, then this is due to the
manufoctorer -|ec1mmaung the orgihel masr and_tha
subsscuent coles e time and money. As for
the disto wm, 4% i o maxlmum, at normal recording
lovels; a1 20 4B down R crops 1o 0.4%. Loud speaker
distortion is ignored by the critics.

NOISE PROBLEMS ON DISK

There is one very valid technical reason for CDD's, me problem
introduced by the handiing of the disk. mparison,
vinyl is soft, it is easily scratched. It can be eleuvostazicauy
charged by friction and thus attract to itself dust particles
which can lodge in the grooves causing nasty transients during
playback. Poor handling can put finger and grease marks o
the disk. Even smoking in the same room as the playing disk
has been blamed for dirt in the groove. These cause extraneou
noise. Sometimes “record cleaners” can add foreign matter to
the groove, adding its own noise.

THE CDD

Advances in electronic digital techniques have enabled Philips
and Sony to develop the CDD. The disk is 120 mm i diameter.
It has 8 maxinum plying tme 1o alow the lscardlng of the
Beethoven 9th symphony on one disk". The recording track is
0.6 microns wide and has a pitch of 1.6 microns. It is npmcuuy

S

scanned at 2 constant velocity of 1.25 mis and the rotational
snsed of the disk varies from 8 to 3.5 revs/s. The modulation is

|, a series of pits (a depression in the disk surface) and
iands the undisturbed surface). This surface is pw(med bv 8
layer of “one""
is generated when the beam travels from a pit 1o & land or
vice versa, otherwise the signal is considered as a zero.

CDD SIGNAL PREPARATION

The original arelogue signals are first passed through low pass
filters. with very cutoffs at 16 kHz. The amplitude of
cach signal is thom sormplod discretaly 44,100 tmes a second.
These histogram values are then converted by analogue-to-
digital converters into digital numbers of 16 digits o: bits
producing 65536 discrete levels. For each stereo track this
means a basic rate of 705,600 bits per second. Since there is
only one bit stream on the record the two stereo channels are
interleaved. The accuracy of the numbers stated is deliberate,
the whole process is crystal controlled frequency-wise.

Since the main philosophy of CDD is to correct errors and
defects in manufacture and in playback (both machine and
manmade) extra error correcting code pulses are added.
Further, as no information is visible on the disk surface,
CONTROL and DISPLAY bits are added.
information to the listener such as the piece or track bein
played, as well as timing and information o the pick-up
control mechanism as to the required track to be played.

Other complications added to the pulse stream to ensure an
error free replay are as follows. Each 8 bits are modulated 1o
14 bits to improve further the error correcting system and
three merging bits are added. Finally each six original samples
have 27 synchronising bits added to yield a final bit rate of
4.32 megabits per second. This stream of pulses modified to
produce pits or lands to indicate a one, as described before,
ex cutting laser. The shortest distance on the disk
that represents two consecutive “ones”, that is from land to
pitand pit to land is a distance of 0.3 microns.

MAKING THE MASTER DISK
The cutting laser light vllummates the ight sensitive layer of
rotating glass disk. The lly
then etched to produce pns
After the surface has been covered with a thin layer of silver
an electroplating process produces a ickel impression called a
metal father. Further electroplating processing produces a
metal mother from the father and from this latter disk stampers
are produced. These are used to press the play disks in a
thermoplastic material. The active surface is given a reflective
coating of monomolecular thickness aluminium. This layer must
be free of ince any defects could be read as pits o
lands by the laser. A laer of clear transparent plastic covers
the aluminium.

Vol. 16 No. 1 — 20
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PLAYBACK

The laser reading spot is about 1 micron in diameter, it overlaps
the track. Due to the refractive index of the plastic that covers
the pits the optical depth of the pit is about 1/4 wavelength,
50 the reflected light will cause destructive interference in the
return beam. The signals to four photo diodes are used to
centre the beam on the track as well as provide the recorded
information. This also controls the movement of the laser across
the disk. The laser reading system must also be moved to
compensate for any out-of-flatness or tlt of the disk in replay
50 that the laser beam remains in focus on the disk.

Further, the diameter of the spot at the plastic surface of the
disk is about 2 mm thus effectively removing the effect of
small pieces of dust, scratches and other foreign matter on the
inansityofthe igh uminating the tracks

Afte e disk has been
(o invorse procoss 10 that reioe recording) the error
correction network handles defects that can cover up to 2.6 mm
of track length, for example a surface scratch. It can reproduce
the original signal from the flawed dta stream. Longer time
grors cen be encled by » Concesiment Inerpoeton and
Muting network. If this network detect it
oot betwaon the weceding ond succeeding sampies.
If the error is too large to be compensated by this device
then the system reduces the output signal to zero and back
again without inserting unwanted transients.

Up to this point the whole system is digital electronics.
Everything is tightly controlled frequency-wise. The pulses
must come through the network in a perfectly timed sequence.
Like all digital processes there are only two types of signal
flow, the perfect or chaos.

DIGITAL TO ANALOGUE CONVERSION
Th bt sreem I now divided into thelftand right chennele
and these go to digital to analogue converters.
signals are_histogram waveforms consisting of the wanted
audio signal plus the sampling frequency and its harmonics.
These latter signals must be filtered before the wanted signals
are fed to the outputs of the system at a level suitable for
feeding the next component in the audio chain. There should
also be a time delay in one channel to compensate for the
interleaving of the two tracks on the disk. While this is only
11 microseconds some audio experts claim that, if this is not
done, audible defects resut, especially if the two tracks are
combined to produce a mono signal.

‘There is only one place where there can be argument about
diferences n the output s»gMI quality of CCD players. It is at

conversior se digital filters,

maximum. For a stereo system using loudspeakers of sensitivity
90 dB per watt at one metre, 40 watts per channel will achieve
this level. To use this LP dynamic range a background of
3540 dB is necessary. How many living rooms have this
background level?
To go any louder, say 110 dB you will need a soundproof
oom — why go on? A signal-to-noise ratio of 96 dB is a number
(D sell the CDD.

PERSONAL PREFERENCE
Another claim for the CDD is its zero background level. | am
one of those who find this clinical and unreal. Microphones
have their own inherent background noise level. This mania for
zero background noise means that recordists are placing
‘microphones very close to the musical instruments to drive up
the signal-to-noise level at the microphone. It also results in a
greater relative high-frequency recorded level together with a
lack of “reverberation” and “warmth” in the recording. The
music from such a recording is now an entirely different genre
from the concert hall. As long as numbers sell equipment and
recordists chase numbers in recordings the two sounds will
differ.

‘The LP disk has warmth and reverberation because recordi
understand there is no sense in chasing unattainable signal-to-
noise recording levels.

DIGITAL AUDIO RECORDERS

Claims of immortality for CDDs are beginning to fade. They
are more prone to signal degradation than first claimed; they
must be handled carefully. Some of the plastic used in the
first disks shows deterioration. Disks have grown fungus
between the reflective surface and the plastic. To add to these
problems the Japanese have released a DARH (Digital Audio
Rotating Head) cassette magnetic tape recorder.

CDDs are difficult to manufacture. They require * oo oot
ochniues. The equipment to make them
expensi recover Such moncy outy requirs the sae ¢ o
lots of dlskl at expensive prices. The arrival of the DARH with
the same overall specifications s the CDD, albeit at a price of
A$7,500 has caused curious reactions. This recorder overall
produces the ume result as professional recorders five to eight
times the price. it is only a two track recorder and
it will only roond o replay at the one time, there is no
simultaneous monitorir

Recorder specifications are as follows:

Cassettesi 73 by 54 mm

Some. double. the puise ras befors fitering o provids. &
greater audio-tosampling frequency difference. Others use a

Tape width 3.81 mm (standard cassette size)
Linear tape speed 15 mmis.

passive filter network, expensive but probably
DOMESTIC CDD PLAVERS
“Stereo Review", January 1986, concludes after a test of six

€D players, ranging rom the cheap to the exotic, that “audible
differences do exist but they don’t matter unless you think they
matter”.

That is on the technical side. On me buying side, considera-
tions should include ease of handling ment, length of
warranty for repairs and mumlnnanca, quality of manufacture,
f the manufacturer and whether the cosmetic
additions are worth the extra cost.

The whole approach depends on VLS| (very large scale
mlsgramn ::uculls) It is complicated, a mix of mechanical,

and electronic controls and is close to the adge of
Fles-m m:hno\oﬂ\n

THE REPLAY PROBLEM
As mentioned before, a dynamic range of an LP disk is 60 dB.
An SPL of 100 dB in a normal living room is a satisfactory

2.0hours
‘Sampling frequency 48kHz
Number of pulses persample 16

Signal to noise 9648

Record head speed 33mis
Angleof track totapeedge  6degrees

Angle betweenheadand track  +/— 20 degrees

(The +/~ means that if one head is considered to have the
head gap at an angle of 20° to the azimuth the other gap is
20° 10 the azimuth in the other direction. This achieves two
ends. It reduces interaction between adjacent tracks and is
used by the tracking circuitry to keep the heads on the
correct track.

The tape is in contact over 90 degrees of the periphery of
the rotating drum which carries the two record-eplay heads
which are at an angle of 180 degrees apart. These heads
move across the tape at an angle of about 6 degrees to the
tape length. The tape speed along the drum is 8.15 mmis
while the head rotates at 2000 rpm and has a diameter of
30 mm.

Acoustics Australia
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The two stereo tracks are interleaved and the same error
correction code as discussed in the CDD is used in assembling
the pulse stream. Because the heads can only record during
180 degrees of their rotation, that is half of the “real” time, the
bit rate is compressed to half. The actual recorded bit rate is
9.4 million bits per second or 3 bits per micrometre. The
sama arguments hold shout istorton and signal 1o nise e
for the CDD syst

‘Wow and ﬂunar must be absent in digital recorders. The
pulse rate ls controlled by a quartz crystal oscillator. Random
time nanoseconds are allowable but a
gross variation in tape speed would mean that one set of
pulses would be treated by the electronics as belonging to
another set. The result would be chaos. During playback the
tape transport is controlled by feedback interaction between
the crystal oscillator pulses and time pulses deliberately
recorded on the tape.

THE PIRATE PROBLEM
Choice of the sampling rate of 48 kHz is deliberate. It ensures
that CDD disks cannot be copied digitally from disk to tape
without_digital-to-analogue-to-digital conversion. Thus direct
pirated tape copies of CDDs are slightly inconvenient to make
on this recorder. Being forced to make the dvglullo-annloguu-
to-digital conversion will reduce the signal to noise ratio by
maximum of 6 dB: unnoticable.

The original 44.1 kHz sampling was chosen at the insistence
of the Japanese as it gave a favourable number to allow
cassette video recorders to be used as digital audio recorders.

However, the Amevu:an CDD manufacturers have Dumenud
the American Con make it legally mandatory f
Tocordors soi in the USA 1o incude a it in the

ystem. This is a circuit that will recognise the absence of a
band of frequencies 200 Hz wide centred on 3838 Hz. This lies
between C sharp and D fiat four octaves above middle C. The
idea is that manufacturers will filter this band from all CDD
disks and the recorder circuit will recognise the lack and
stop recording the disk being copied.

This is naive thinking. Even a filter with cutoffs as sharp as
third octave filters will pass enough of the frequencies from
B sharp to E sharp to affect the playback. Further a sharp
cutoff filter rings when excited, to add its own signature to
the recording.

There is one big question about this new machine. How
reliable is it? To fepeat (ad nauseam): Digital techniques
requite perfect timing. Will this recorder be as trouble-free as
its analogue companion?

THE UNKINDEST CUT
In conclusion may | quote Michel Flanders of Flanders and
Swan fame.
“Al the highest notes neither sharp nor flat,
The ear can't hear as high as that,
Yet / ought to please any passing bat,
With my high fidelity.
“With my tone control with a single touch,
1 can make belle canto sound double Dutch,
But  never did care for music much,
It's the high fidelity!”

OO

Neural bandwagon

Bandwagons are fun to watch, provided that you're
not choked by the dust they raise. Now there's yet
another bandwagon — more of a wagon train in reality
— which has had one or two false starts over the
years, but now seems set to travel far. It has a plurality
of names, the main ones being neural networks, con-
nectionism and parallel distributed processing.

The Eldorado for this wagon train is, at least for
some people, “The computer that works like a brain”.
Rosenblatt had a good stab at a solution 25 years ago
when he invented something called the “perceptron”.
This was supposed to recognise all sorts of patterns,
much as the human eye and brain were believed to
do. Alas, the technology of the time wasn't quite up
to . What was worse, an influential book by Minsky
and Papert more or less tore perceptrons to shreds
and for the next ten years publications in this field had
something of the flavour of samizdat, with only the
bravest of the brave persisting.

The early 1980s saw a resurgence of activity as
workers in several flelds began to model, analyse and
simulate some of
its pattern recognition ability. It was also realised that
Minsky and Papert had been over-critical: perceptrons
could (i theoly) Solve many rocognition tasks, whila
neural networks with larger numbers of interconnec-
tions could solve any type of. logical or numerical
problem. A particularly strong stimulus was provided
in 1982 when Hopfield described a neural network
which could store, and recognise, certain types of
contribution: a fair comment might be that he wrote a
useful lucid paper, published at the right time and in
the right place.

A criterion for scientific bandwagonhood is_the
number of papers and meetings generated. From

1970 to 1983 there were perhaps 10 or 20 papers

year; last year there were about 300 and this year
more than 100 at one meeting alone. Why all’ the
excitement? The simplest explanation is that this is
an idea whose time has come, but an important factor
Ras been the availabilty of compoters. with enough
power to confirm theoretical predictions, and to allow
empirical testing of ideas when theories were inade-

All sorts of people are riding on the bandwagon,
from physicists to_psychologists, electronic engineers
to eager entrepreneurs. Physicists have applied spin
glass theories to neural networks. Psychologists and
computer scientists have devise
systems. Human vision has been a source of inspira-
tion in image processing, and silicon foundrymen have
built VLS! hips based on neural network principles.

One tempting prospect s that of being able to teach
a black box to recognise something, wif
write_a complicated program. Just show examples
of the classes to be distinguished, with appropriately-
applied reward/punishment being fed in (or fed back).

ingo: a universal categoriser! Unfortunately the
results are ‘ol yat quite good enough for the real

worl

Slmullllng the human brain's capabilities is still a
long' way off: existing theories remain quite primitive,
1S also going difficult to build hardware
to mateh e density of interconnactions In- organic
neural networks. Nevertheless, the prospects are better
now than they have ever been, and physicists are well
to the fore in this field. A warning, though — dis-
crimination filters should be applied to some of the
ideas which drift around in the dust raised by this
bandwagon.

Michas! Forshaw, Univ. College, London
From Physics Bulletin, January 1988
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TECHNICAL NOTES

Film sound stage

Australian Film Studios recently purchased a dis-
used dairy product factory at Broadmeadows, Victoria,
with a view to developing it into film studios. Bradford
insulation was approached to offer technical advice
on reducing both sound transmission from outside
and sound reverberation within the building.

Bradford developed a system to meet the needs of
Australian Film Studios: Fibertex R4 Ductliner (50 mm
thick in 1,500 mm x 2,250 mm sheets) was supplied.
This is a high density rockwool product with tested
sound absorption co-efficients. In addition, the product

Vibration monitoring at the mine began in 1980
when Portable Balancing and Analyzing Set Type 3517
was used. This allowed the mine’s maintenance engi-
neers to successfully monitor the condition of
number of machines. Simultaneously they gained
experience of vibration signatures and thelr Tetovance
lor each type of m:

the engmeers became more sxpensnced with
e sysiem: he. mumber and" varisw ol monioron
machines were.inoreased, and this. cuminatod in the
upgrading of the programme in 1985 to a desk-top-
computer-based system. This system is apable of
storing and  processing large amounts of data and,

has thermal insulation and control
functions. The product was faced with Black Regina
tissue which improves sound absorption and appear-
ance and stops the possibility of fall-out

The insulation was secured top and bottom 1o verti-
cal brick walls, with special “Hilti" nylon speed clips.
Galvanised wire netting was run vertically over the
insulation and stapled to vertical timber battens to
protect the insulation from possible damage.

At the Australian Film Studios R4 sheots were fixed,
t

top
and bottom, to brick

wall _utilising special “Hilti” nylon

Eight film studios were insulated — a total area of
X One of these studios is reputed to be the
Tangest Sour sigge world and is the location
for the filming of the Lindy Chambe"lln story, featur-
ing Meryl Streep.

Gill Harper

Information on Bradford acoustic_instlation products may
be obtained from the Bradford Insciation Office in your State.

Turning an iron mine into a gold mine

Brucl & Kjaer maching-condition monitoring systems
have been implemented successfully in a very wi
variety of indusiries, and the latest success story
comes from an open-cast iron-mine in northern
Ganada. A new Aplication No(e called A Case Study
from an_Iron-Ore e full story of the
experiences of the Guiabed Cartor ron Mine 't Mount
Wright, Canada. At the same time it illustrates what a
powerful tool machine-condition monitoring ~ using
vibration analysis can be.

The monitoring programme covers the shovels,
haulage trucks and various machines In the mine's

Since its e _have
oo Mimarcbs. hetances. whors large amounts. of
money have been saved. Average truck life has
increased from 7,800 hours to 10,900 hours and shovel
availability from 45% to 65%. In one specific instance,
‘our $160,000 diesel engines were saved from destruc-
tion by the detection of a faulty critical engine com-
ponent.

d fault:
Gragnosis Taciltics.

Ultrasonic scanning and
imaging system

An automated ultrasonic scanning and imaging
system for detecting internal flaws in large complex-
shaped solid objects, such as castings or forgings,
is now at a stage where callsbovallve development of
a commercial version is being s

A laboratory prototype, develcped at CSIRO’S Divi-
sion of Applied Physics, scans steel castings or other
solid objects to detect m(ernal flaws and displays
images of them on e flaws may be as
small as 0.5mm in cross-s sechon

The system can be also used for making dimen-
sional measurements of the external surfaces of
complex—uhaped objects with an accuracy of better
than

a liquid_coupling
the echoes reflected from the surfaces of the defects.
These signals are digitized by a fast analogue-to-
digital converter, and a computer collects and pro-
cesses the large amount of data generated per scan
and reconstructs images of the defects.

The technology used is not new or novel, but the
combination of ultrasonic transducer, data acquisition
system and computer software is. Conventional ultra-
sonic methods cannot achieve the sub-millimetre reso-
lution reguired to image small flaws in large, compiex-
shaped objec

Normally, mdlograpny is used for high-resolution
detection of steel castings, and then only for
expsnswe quamy pieces.

ethodology has disadvantages: for thick test
3 ear accelerator is required to_produce
sufficiently high fluxes of high-energy X-rays; it may
take hours to test a complex casting since a number
of long exposures must be taken; there is also a
contrast problem, since the difference i transmission
of X-rays through a reglon containing a small fiaw and
the bulk of the casting is minimal; then there is the
inherent safety factor with radiation equipme

e iasound canner, on ihe other hand, wil do
. Also, the_difference between
echoes from a defect and from the surrounding
material is substantial — sound scatter from a flaw is
generally much greater than the “background” scatter
from the material of the object.

Depth and size

Flaws with dimensions comparable to or greater
than the wavelength of the transmitted waves (about
0.6mm for 10-MHz sound in steel) can be success-
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System Matching

Infinitely Variable,
Economical, Efficient.

‘System Matched" attenuated air systems are
more efficient, more effective and more
economical because you only pay for what
you need.

The variability of our Rectangular Attenuator
configuraticns is almost infinite 5o a very
special computer programme is used to
accurately align required performance
delivered performance.Noover-comuensauons‘
no extra costs and optimum efficiency.

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

Some projects that have ‘System Matched performance:

 Vic. Rialto Hotel - LaTrobe University Library : Village
inema Complex : « N.S.W. Intercontinental Hotel

State Bank wead Ofice (355t). ¢ ACT. Ney parlament

House: » Old. 60003l Sporting Comipiex : 200 Mary Stre

iea
(05 Merim ioisi' « 5.4 Aomide
Casino C;

N Vic. (03) 763 5055 ¢ NS.W.: 02)8197655
Qi o7 e 72220 S 08 35 3304
 (002) 231604
N ovor Acharason Lt
‘Auckland 276 9128.

Sound
Anenualers
Austmlla

Souns Attena
Manufactur
FanAttenus:

Ao
mGresior i Bower Saensers o
0 LGSR EPCGAIeS

fully imaged at this stage, but smaller flaws may be
detected.

For fairly homogeneous materials a higher frequency
could be employed to detect smalier flaws that may
be present; for a course-grain material a longer wave-
length is employed, but the size of detectable flaws
will be larger. A compromise must be struck between
the depth of penetration and the size of flaws to be
detected.

The development work was funded as a two-year
Applied Physics Industrial Program project supported
by the Steel Co. of Australia. The aim of the project
was to demonstrate that it was possible to scan forg-
ings and castings and produce meaningful 3-D images
of flaws.
ther information: Dr. Don Price, CSIRO Division of
Applied Physics, PO Box 218, Lindfield 2070. Telephone:
(02) 467 6211,

Underwater sonic booms

Stun grenaces occupy a key place in the weaponry
of commandos. The disorientation the weapons create
can provide a decisive advantage in a surprise assault;
by the same token sonic booms have been used io
confuse hijackers. As so often happens, nature
appears to offer a model for such innovations: record-
ings of dolphins and whales in the wild suggest that
s f them generate intense pulses of sound that
may stun fish, rendering the prey helpless.

It is well known that several species of dolphins
and other toothed whales find prey by echolocation,
emitting ultrasonic “clicks” in rapid succession and
listening for echoes returning from objects in the
water. According to Kenneth Marten of the
Marine Laboratory at the University of California at
Santa Gros, he ‘clicks may be “jat-engine loud i
the obiect is far away. Marien and his fellow worker
Kenneth S. Norris wondered whether the clicks might
not also disturb the sensitive lateral lines of the prey:
organs in fish that detect minute movements in the

water. Furthermore, several anecdotal reports describe
fish as appsaring to be stunned immediately before
being eaten, and whale stomachs often contain fish
that seem undamaged.

Yet Marten and Norris were not able to show that
even very echolocation clicks affect prey.
Recently the fish-stunning hpyothesis has_regained
ground Several mveshgsmrs, slanmg with Virginia L.

Cass, formerly at Southwest Fisheries
o ot e Nl Mavine Fnshenes Service, found
that wild bottle-nosed dolphins r whales pro-
Gice banging nises while feeding. Tape. recordings

of the bangs show that they are much lower in
frequency than clicks and so coincide with the hearing
range of the prey; they are also much louder and last
about 1,000 times longer.

The recordings feature ascending trills of clicks
followed by what sounds exactly like a gun firing —
or a stun grenade exploding. Sometimes the bangs
sound like machine-gun fire. Similar noises are made
by dolphins in threatening social interactions, suggest-
ing that for a dolphin a bang might be the equivalent
of bared fangs for a dog. Analysis of the sounds rules
out a nonvocal source, Marten believes. Sperm whales
have also been recorded making banging noises,
although it is not known whether they were feeding.

Marten points out that the recordings do not prove
the fish-stunning hypothesis. Bangs are not always
produced when toothed whales and dolphins feed, and
ceptive dolphins have not been heard to make the
sounds (Marten speculates that they might be unbear-

ably loud in a confined tank). He plans to mvesngate
the effect of recorded bangs on captive prey

From Scientific American, Oclobsr 1987
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BOOK REVIEWS

THEATRES FOR DRAMA
PERFORMANCE:

Recent Experiences in
Acoustical Design

R. H. Talaske and R. E. Boner
(Editors)

Published by the American Institute

of Physics for the Acoustical Soc-
iety of America, 1987; 160pp, soft
covers.

Available from the Acoustical Soc-
isty of Amercica, 500 Sumlyslde
Blvd, Woodbury, N!

Price $15(US) per copy. 512 50(US)
per copy for minimum order of five.

n 1985, a number of acoustical con-
sultants_from North America, Europe
Japan met for a_special poster

by the Architectural

posters presented at this session, plus
some additional contributions as wel
as seven invited essays which were
intended to place the consultants’ work
in the’ proper perspective.

Each of the essays are around four
pages long. The first, by S. Leonard

Averbsch, on theatre design, compares
s the roles of the designer.

K.
W Woll addresses
the _acoustic cnmlncls and/or _oppor-
tunities in the design of drama spaces.
These essays are easy to read as
rovide a lot of technical

do provide a good introductioto il the

areas whic! mportant in the
Guction of eatres for dram
part o the book (122 pages)
is the poster presentation material for
are_from

each theatre there is an

requirements. A general
explanation of tho spaiic requirements,
for example, whero special ationtion had
to be given to the sound isolation, is
given without specific details of how
inis was achieved. For most projects
the approximate costs are given; these
Tange hom the $300,000-5300,005 range
up to 532000000 for centres for the
performing arts comprising a number
of spaces.

The actusl details about esch space
very theatre there is a plan
and at least one section; some of these

accompanied by photographs of the

inside or outside of the theatre. The

acoustcal data ranges from 3 listing
roverberation

variation with " frequency, _background
levels, reflection_seq dia-
grams, echograms, etc. For a large

contro! has been incorporated in the
design. These adjustable devices allow
the spaces o for the differ-
ent types of performances.

s Lok provides a useful com-

would b3 of interest to all involved
ith the design and_construction of
drama theatres. It shows what has and
can be d indication of the
cost jorlimitation s ar

provide | adequate - asssssment.

ne
oes _acknowledge that the theatre is
SSanty verly reverberant for contem-
porary music p
simply _ stat
from the introduction of more absorp-
tion above the sound transparent ceil-
ing plane’
Marion Burgess

NON LINEAR
UNDERWATER
ACOUSTICS

B. K. Novikov, O. V. Rudenko
and V. I. Timoshenko

(Translator R. T. Beyer,
Technical Editor M. F. Hamilton)

Acoustical Society of America and
American Institute of Physics, 1987,
270pp. Review copy from: Acousti-
cal Society of Amellna 500 Sunny-
side Blvd, Woodbury, NY11797.

TSBN: 0-66418-52.9. Price (US)S25.

This s o tmely publcation in. Eng.
lish of the Rus: (circa 1981) of
atopic. which has assumod consider-
able importance In sonar developments
Notwithstanding the title of ook
the "Subject mattor Is rosticted to” e
application of inear _theory 1o
parametric sound sources. Not included
are_discussions of non_ linear fheno-
mena such as interactions of surface
waves or urbulence at solid boundariss,
Despite_this valuable_reference
Dok ‘ot retovant. theeries ond derive;
tions _ with worked
Speclalis book best suited

o hose

field of acoustics or

working in

Ruﬂenko) sxposs the
thaory of the non finear 1

Sound beams and disouss n detal the
Various mathematical fechniques avail

waves,
use of the parebolic equation. He then
discusses in dets of
cperation of perame Sources
Showing methods. of _calculations  of
source characteristics.

The practical limitations of para-

uch as directivity, frequency, amplitude
d of some
i measure-
ment, reception, telemetry, sonar, fath-

‘ometry and geolocation using parametric

reliance is made on the use of
monograms (appendix) for design pur-
poses which_although useful for  int
tive development seems to have been
replaced by computer model
West.

John Dunlop
QLU T
STS

The AGM of the Federation of Aus
tr

Larkin (Univ. Tasmania) and the Board
Member for Group 9 (which includes
the AAS) is Dr. Mike Waterworth (Univ.
Tasmani
A lts 1387 AGM FASTS established
five Standing Committe
 Government Science und Te:nnolany
policy at both State and Common-
wealth leve!
« Industrial policy;
« School Tertiary Education interface;
* Tertiary education employment inter-

* Government Resarch and Develop-
ment_agencies — such as DSTC
CSIRO.

These committees will have a “watch-
dog” role to alert F any emer-
ging problems as well as the role of

i 0ard to

mont) and through. releases %o the
media.

The committees will be convened by
FASTS ‘Board Members and member
organisations of FASTS will be asked

o fominate people fo serve on FASTS.
Ry iarest mbers should con-
1ack their Divisional Commities of ARS.
urrent activiy of FASTS is &

cf ommie:
sioned by E and the ques-
tionnaires will be distributed to_all
members_of the societies assoclated

Win FASTS
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NEW PRODUCTS

Australian Metrosonics

A Portable Eloclrleul Power

sumption \onitoring sy
Australian Melrosonics Pty. Lt

Ccm-

This system was, spediically designed
to monitor, record, and output formatted
eports prafiing " average_an
demand usage on & ry/ ampli-
(oo basie "roe HTO1E Sytem” s
especially suited for end users, utilities,
and energy management companies in
auditing power consumption  rates.

With non-intrusive sensor measure-
ment, the system can store power
readings or accumulations of maximum,

imum, ge values occurring
in user defined consecutive time inter-
vals. Data can bo revi on an in-

logral display at the slte or ransierid
m printer, remote terminal

o Sorapene
Data communications, via RS232, will
produce on the system serial printer,

or a remote computer, completely for-
matted records combining graphics, tab-

monitoring and output report generation
e without inter-
fupting continuous data. acquisito

Adjustable high and low alarm p
can be set by the u

logged continuously at preset time
intervals or only when alarm points are
exceeded, providing the option for data
acquisition only within preset time per-
iods or when measured power usage
excoeds predetermined fimits.

The data
operated in rugged. watert
nium extrusion enciosures.

logger units are battery

ight alumi-

Further information: John Vestergaard,
Auslmhan Metrosonics Pty. Ltd., P.O.

Mt -Waverley, Victoria 3149.
re/-pncne (03) 233 5889.

Vol. 16 No. 1. — 26

Bradford
Revalue Roofing Blanket

Bradford Insulation’s building blanket
range to_include
the all new 'R value' blankets. The
products in this range have a specified
R value, which is the measure of a
material's resistance to the flow of heat
through

‘The new range, which is used for the
thermal and acoustic insulation of roofs,
walls and floors, has the ease of in-
stallation that have made Bradiord pro-

e biggest selling range of_in-
sulation products in_Australia. ~The
product range congists of Tuftskin
fibreglass  bla Rogiwool biankets
e Anicon 1o Tacod Hlaniats

Jutialdn Bbregiass R value blanke«s,
are availat

whieh
facitales Tapid Installaion over large
areas. They have a very high tensile
strength making them easy to handle
and resistant to damage.

o
available in R1.5 a

lor acoustic properties. The blanket has
a flexil in on one surface for ease
of handling.

Anticon R value: blanke is available
in R1.5 and R2.0 with a standard width

lcon - brcgiass R
value’ blanket faced on one side with
foil, which acts as a vapour barrier.
The standard product comes faced with
a chelce of three difirent grades of
oi: Thermoloil Lightueight 731; Ther-
mofoil Med o 738 nd Thermo
foil Hoavyweight 750

Details:
Bradford Insulation i your State.

Bruel & Kjaer
Real-time Single- and Dual-channel
Frequency Analyzers 2123 and 2133

These two new signal analyzers from
Bruel &a Kjaer define the state of the
7

art el fitor-naaed signal ansiy-
sis. fliring - allows . real-im
analysis in -,

bands at frequendies of up 1o 5

auto-spectrum and time record analysi
glered by tho Type 2123 single-channl
Analyzer. Type 2133 is the cornerstone
of a complote sound Intonsity snalyzing

BZ 7021 Intensity Mapping Program.

undamental to the ease of use and

spectra in a single multi-spectrum

A, ahvievel block math Ianguage
sllows complex data processing to b
keyed direclly info the analyzer i a
very simple manner

ming " experience is
can_be processed as they are being
recorded, or they can be recalled from

Acoustics Australia



NEW_PRODUCTS . .

the internal memory or from the disc
for_processing singly or as multi-
spectra.

The IEEE-488 interface gives you full
remote control of the analyzer, with its
easy-to-use _programming _ ianguage
which uses plain English words as an

aid to documentation. Data
can be transferred to and from the
of formats rang-
preted ASCII cod-
ing to high- Spoed compressea binary

Fumlsr [ntormation: Bruel & Kiser
Aust. Ply. Ltd., 24 Tepko Road, PO
177" Totray 1, NS 004, Tolaphons
(03] 465 2000, ' (08) 356 3576,

Vipac
Portable Low Price FFT Analyser
n hoar customers say that

into the field, in a Tlghiweignt portabie
forr

e CF-350 by ONO SOKKI does just
" Grovdon figh performance FFT
analysis and portabil

vides an” extremely

is‘
§8%
H

ing
frequoncy rasponse; ﬂme delay, and the
effects of noise and vibre

The CF-350 provides a wwa range of
basic FFT fundions, ncluding ‘sasy-to-
use impulse response, orbit, cross spec-
trum, phase spectrum, transfer function,
coherence function ‘and many

The CF-350 represents an important

breakthrough — and now makes dual-
channel analysers within the reach of
many potential users.

is represented and fully

turther
please call Mr. Nick Prescot

The south Australian oﬂvca of Vipac
Pty Ltd has recently move

South Australian Mnnuhcmﬂng Park

53 Port Ro:

Woodville SA

T 0 347 1796 ' Fax: (08347 1456

he last two years.tradiional

consulting _activities have b

increased to six engineers and scien-
tists to provide these wider services.

New Publications

The lollawmg pu!ﬂlcl(lons have been
received by tt ety and are held,
temporarily, ln ma Acou tics Labora-

I of Physics, Universit
. They are available for inspection
or loan by mbers. Photocopies (not
in contravention of copyright condi-

Books Iva ordemd on wml
onulla _ Secretarial Services
NE) 527-3173. A chu je will be mldt
for photocopying and postage.

# e *

JOURNALS

Acta Acustica

Vol. 12, No. 6 (Novembr 1987)
Vol. 13, No. 1 (January 1988)
Applled Acoustics

Vol. 22, No. 4 (1987)
Vel 35, o, 1 {1oe8)

Contonts include: J. L. Dawy, The
variance of decay rates at low frequer
cles.

Vol. 23, No. 2 (19

Vol. zs. Nu. 3 (19
: B. Hay, An overview of EEC
iraoives on 1olsé irom. products and

iay, Noise_limits in the

ner, Maximum permissible noise levels

emitted by wheeled agricultural and
the member states

o the European Community; L. J. Fen

nell, Noise limits in the membor states
of the EEG for subsonlc aeroplanes (as
t 1986): A. C. elicopter_noise
cerification; berts, Environ-

Rol
mental impact assessment: A frameyork
for project and product evaluation:
Australian J. of Audiology

lo. 2 (November 1987)
Bullalln d'Acou:ﬂqne
Lisge Universty

No. 2 (June 1987)

Chinese J. of Acoustics

(in Ensn ish)

Vol. 6, (July-S Slplcmb"l 87)

0. 3
Gortorss: The ot
ference on Noise Control Enginoering

omi oise in o-
public of China; G. Fant, Studies of the
human voice s Qin Dahua, Mea-

icula:
the road

noise near

intersections.

Vol. 7, No. 1 (Ianuary-March 1986)
Contents i Welging, Ey

spectra ol buckscnn«vmq

; Zhu Zhich

method fof cometing sound fietd
; Zong Lilun and Malco

Using sound’ ntaneity
Junxian and Guan Li,
and. hoaring in.the bush cricket Dera:
cantha Onos.

I. INCE Newsletter

Nos. 47, 48

Shock and Vibration Digest
Vol. 19, No. 12 (December 1987)

Includes foaturearticle: uummlcls of
ntatyllou.

I
famic befwiour of omiuga Dumpl
I 3. Verhoeven and S. Gopalakrish-

nan.
Vol. 20, No. 2 (F.hm-ry 191 l)
ncludes feature art
in dynamic lpvlh:alloru o
Sleasalecti crystals by M. C. Dokmecl.

REPORTS
ISVR Technical Reports
No. 149, Further Investi
tor :um-mlblll'y o Roteenduced
ing los:
a. W. Lawion and D. W. Robinson.
154. Visuallsation' of the ar flow-
Inn “ihiough a dynamic. model of the
cal folds, 33 pp.
.?' H. Shadle, S. J. Elliott, P. A.

ion of tests
iced hear-

Royal Institute of Technology,
Stockholm
Quarterly Progress and Status Repor,
October 15, 1987. e
Contents. includ
and Sp
Hearin
Acoustics

Spe Analysis
eoch Porcoption. Speseh. and
Defects and Alds, Musical

Music and
Digital Technology
The Audio Engln.uylng Society h:

published The Proceedings of the AES

5m International  Conference: lusic
Di Technology. This is the

nawn( collection of nted

at the AES's renowned international

conferent to specialized

topis In aucio

34 experts in the fore.
m;m o dlglln! music-making

intor

musicians. &
The intensive
chalred by 'Jobn ' Straw “a
eriical tme in tho an-of digital music,
whon technological breakthraughs. b

W
eers and
. Salfornis,

opened up new worlds of com
tional concepts and techniques. The
conference explored all aspacts of an
ant_in_transition, ions_ranging

from the history of a.glm music-making
ntiers of comput

usic.
0 of the papers presented

ihe conference have been reprinted in
Music and Digital Technology. Twer
soven authors. have. contriputed. their
knowledgs end 0 a publica-
excitement o
and te

able reading ler
engineers, musicians lnd audiophiles.
Further lnlolmnl Audio Er
Inc. B E. 42nd St., Rm. 2520, New
0165-0075 USA. Price
mombﬂs $US25; non-members $US35.
(Gontinued on p.28)
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INDEX

Volume 15 1987
Format: Author, issue, pages, fitle
A. ARTICLES

BYRNE, K.P., and KELLY, D. W., No. 1,
21-26

Predicting the reactances of irregularly
shaped Helmoltz resonators by the finite
element metho

DUBOUT, P., No. 2, 43-46
Laboratory rating of steady-flow noise
of avphancex used in water  supply

M., No. 1, 15-20
Rppiizations ot undarwa!er acoustcs to
Australia’s maritime defen

HEDE, A, No. 2, 39-42
Natioral foiss sirv
ON,

, . 3, 69-
PREh contion i harmonica Taying.

MATHEW, .1, 7413
Machine conditioning monitoring using
vibration analyses.

WALLIS, A. D, No. 3, 6568

“Short "Leq”; A new acoustic measur-
ing techmiaus.

B. REPORTS

BOURNE, 1., No. 2, 4;
R et Tadar” for

atmospheric

FOURMIER, O, No. 2,49
Music tect
. g Ner
Ananochols ohambor 2t tne Australian
Defence Force Academ;

7677
Acoustic_emission monitoring during a
proof test on a locomotive boiler.
WOODFORD; D.,

Vearng prosleme i aramestres

C. AUTHOR INDEX

8.
Woodiord, B 78

D. INTERVIEW
RAY PIESSE, No. 3, 63

E.LETTERS

. J. A, No. 1, 4.
Annoyance caused by noise.

NEW PUBLICATIONS . . .

AIUM Annual Convention

The American Institute of Ultrasound
n Medicine AIUM i

nnual Convention held October 6-9, in
New Orleans, LA

This 172 page compilation of papers

Includes 210 sbstracts of scientiic
sessions, categorical _ courses
works- ress_presented at muma
amual mesting. Topics covera
bioetiects, breast, Doppler,
instrumentation, neurosonology, obstet-
rics and gynaecology, ophthaimology,
pediatricts, eral 'vascular, tissue
haracmnsalmn and_ultrasound in_ani-
mals. Cost of publication $(US)13 for
members A, S(US 26 Tor nomem-
ers.

Further details; Publications Depart-

ment, AIUM, 4405 East-West Highway,
Suite' 504, Bethesda, MD 20814, USA.

g
&
3

Information for Contributors
Articles for publication normally occupy 4-5 printed

of approximately 200 s
included. Reprints may be ordered, preferably prior to
printing (they are then cheaper).

Diagrams will normally be reduced to single column
width: authors are requested to plan diagram propor-
tions "and letter size accordingly. Full stand-alone
captions should be provided for each diagram (these
will be typeset).

Types of articles accepted include technical, tutorial
and review. Short reports (1 page printed) on current
research or a group's activitie§ are welcome, as are
shorter notes for-inclusion under Technical Notes.

Articles and reports may be submitted in the form
of a computer disk, accompanied by a hard copy for
editorial purposes.

ADVERTISING RATES
(July 1988 — June 1989)
Black and white:

Full page 3415
Half page s270
Quarter page $175

Spot colours:

Add $50 e colour.
*

Prepared mm $140
(Up to 4 pages.)
Colomn rats per cm
(For small ads — one-ihird
page wi
* ok %
Discounts:

20% discount for three consecutive

25% discount for sustaining members
taking three consecutive ads.

Special sizes:

(Based on column rate)
110mm by 54mm 599
252mm by 50 mm 5135

110mm by 110m s195
(One-third page area)

Al enquiries to Sandy Eastman . . .
Tel. (02) 527 3173 Fax (02) 527 4652

Australian Acoustical Society
1988 Annual Conference
Noise Into The Nineties

24-25 November, 1988
Victor Harbour, South Australia
Further information: R. P. Williamson,

Sehool of Buit_ Environment, SAIT,
North Terrace, SA,

ADVERTISER INDEX

Bruel and Kiaer
Chadwick

Davidson

Great Aust. Sound Co.
Industrial Noise Control
Kell and Rigby

Peace Engineering

Sound Attenuators

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

@ Indicates an Australian Conference
1988

May 4-7, BUDAPEST
9th CONFERENGE ON ACOUSTICS

Details: Optical, Acoustical & Filmtech-
nical _Society, Budapest, Fo u.68.,
H-1027.

May 11-13, HUNGARY

15th AICB CONGRESS

Noise Abatement — State of the Art &
Application.

Details: 15th AICB Secretariat, of
Scientitic Society for Transport, Kos-
Hongary =

suth ter 618, Budapest,
1085,

May 16-20, SEATTLE
MEETING OF ACOUSTICAL SOCIETY

Detarl M:. Mumy Strasberg, A.S.A,

500 Sunnyside_Bivd., Woodbury, New

York 11797, USA.

June 5-9, JERUSALEM

19th INTERNATIONAL CONGRESS

Detaia: 1gm lnls! Cong. Audiology, PO
x 50006, Tel Aviv 61500, Israel.

June 6-10, YUGOSLAVIA

XXXIl ETAN CONFERENCE

Details: Prot. P. Pravicg, Electroteohni-
cal Faculty, Bulevar Revoluci Je
YU-11000 Belgrade.

Juno 15-17, TAMPERE

Nerdie Acous'vcal Meeting.

Details: NAI ‘ampere Univ. of
Pechelody. s la Ko Fo Box 527,
SF-3101 Tampere, Finland.

June 9 -10, LONDON

NVC ¢
2nd Imemzllonal  Noise & Vibration
Control Confere
Detalls; Trade & hmucal Press Ltd,
/15 Creek Rd, East Molesey, Surrey
Kooz Englang

June 20-22, PURDUE

NOISE-CON 88

Noise Conirol Design: Methods and
ctice

Dvlarls Conference Secrotary, Ray W,

Herrick Labs, Purdue Uni., West Lafay-

ette, IN 47907, USA.

August 2125, STOCKHOLM

Sih,INTER, CONGRESS ON NOISE AS
A FUBLIC HEALTH PROBI

Detals: Nojse 36, O~ Aoso Congress
Sorvce, 5935 62 Siotkiomy

August 22-26, EDINBURGH
7th FASE SYMPOSIUM ON SPEECH
Details: Mrs. C. Mackenzie, 1.0. Aco

acken;
tics, 25 Chambers St Edinburgn, EH1
1HU, Scotland.

August 30 - September 1,
AVIGNON

INTER-NOISE 88.

“Sources of Noise.
Details: _Inter-Noise 88 Secretariat,
CETIM, BP67, Senlis, France 60304.

September 5-7, CRACOW

CONFERENCE ON NOISE CONTROL 88
Detais: Dr. R Panuszks, Organising
Committee Conference  Noise
88, Inst.

Control
of Mechanics & Viproacoustics
AT aMickiowioza 30, " 30-059
Krakow, Polan

October 3-5, CHICAGO

IEEE ULTRASONICS SYMPOSIUM

etails: Uni. llinols, Bioacoustis Ro-
search’ Lab. W. D. O'Brien Jr.,
$rbamas iinors a0t UsA:

October 4-7, HIGH TATRA

ELECTROACOUSTICS
27th Con!
Dotais; House of Technology, Eng L.

Goralikova, Skultetyho ul. 1,
Bratisiava, Czechosiovakia.

October 17-21, WASHINGTON

83227,

Bethosda, MD 20614

November 2-&, SHANGI

WESTPAC |

Developmems of Asoustics In the
Western Pacific Rogion.

Details: Secratariat wanpuc i nstute
Acoustics, Acad

Gaanoun i, Boling, Ohina:

November 14-18, HONOLULU

209 JOINT MEETING OF ACOUSTICAL
SOCIETIES OF AMERICA

Detais: Socrotariat ASA-ASS Yot Moot
ing, Ac.Soc.Japan, Ikeda Bldg 4F, Yoy-
001 277, Shibuya, Tokyo 161, depan:
November 14-17, KOBE

2h INTERNATIONAL ACOUSTIC
EMISS

Dsl'rl: Prol u I Klmpln, Dept. Naval
Alcmlsn!ure, Facully of Eng., University
of Tokyo, 3-1, Hango -7, Bunkyo-ku,
FOKYD ia, THeAN.

@ November 24-25,

VICTOR HARBOU
NOISE INTO TNE NINETIES

P. Williamson, School

gmu Envlranmanl, 'SAIT, N, Terrace,

November 28 - December 2,
HONG KONG

POLMET
Pollution In the Metropolitan and Urban
Environmer

Detalls: Folmn 88 Secretariat, /- Hong
Kong ‘institution of Enginers, S1F,
Island 1, Great George St,
Causeway By, Hong Kong.

1989

March 7-10, HAMBURG

86th AES CONVENTION

Details: Herman Wilms, Exhibition Dir-
ector, Zevenbunderslaan 142/9, Bruss-
els, Belgium 1190,

April 25-29, GLASGOW
INTERNATIONAL CONFERENCE ON
ACOUSTICS, SPEECH AND SIGNAL
PROCESSING
Details: Inst. Elect, & Electronic Eng.
Gonlorence Co-ordinator, 345 E 4

., New York, NY 10017, USA.

May 22-26, SYRACUSE
MEETING OF ACOUSTICAL SOCIETY
F AM

Details: Munuy Strasberg, ASA, 500

Sunnyad  Bivd., Woodbury, New' York

May 23-27, GDANSK

4th SPRING SCHOOL ON
ACOUTO-OPTICS.

Details: Prot. A. Sliwinski, Inst. of Ex-

perimental Physics, University Gdansk,
sza 57, 80 952 Gdansk,
Poland.

August 16-18, SINGAPORE
INTERNATIONAL CONFERENCE

NOISE & VIBRATI

Details: The s»mmm [nternational

Conference Noise & Vibration 89, c/-
Nachanical "8 roducton

Engincering, ~ Nanyang _Technological
Institute, Nanyang Ave., Singapore 2263.

August 19-22, MITTENWALD
INTERNATIONAL SYMPOSIUM ON
SICAL ACOUSTIC!
Delal/s Sekretariat das ISMA 1989, o/-
ol obert: KoctiSir 13, 8033
Planegg, W. Grr

August-September, YUGOSLAVIA|
August 24-31, BELGRADE
13th ICA

September 4-5

SYMPOSIA

Sea Acoustics — Dubrovnik.
Eleciroacoustics — Zagreb.
Details: 13 ICA Secref viat, Sava Contre,
11070 Belgrade, Yugoslavi

October 4-6, MONTREAL
|EEE/UFFCS

Ultrasonics Symposium.

Dotails: Allied-Signal " Inc., Atten.: H.
van'da Vaart. PO Box 10321 Morra:
town, NJ 07980, USA.

October 18-19, BARCELONA

=
H]
=]
5

“Snore and OSAS Syndrome.”
Details: Prof. E. Perello, Facultat de
Medicina, Universitat Autonoma de

celona, Passelg de I
S/N 08035 Barcelona, Spain.
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