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AUDIOMETRIC TEST BOOTHS

Noise Isolation Class 39

’ ACOUSTIC DOOR

STC 36, 38, 40, 43, dB

SOUND FIELD ROOMS

Installation Service available
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At Peace...
We kiow moise.

PEACE ENGINEERING has specialised
exclusively in the field of engineered
Rotab ool products for ovey 1o 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 knowledge with you. A telephone
callto our office or one of our agents will put you in touch with
someane who willdiscuss your problem and it necessary pro-
vide an obligation free, written quotation.

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

PEAEENSho,

CONTROL
=== EQUIPMENT i v
PEACE ENGINEERING PTY. LTD. 220 MARIGOLD STREET, REVESBY 2212 (02) 772 4857, 772 4858, 774 1595
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NEWS

AC.T.
August Technical Meeting

Tuesday, 11 August, 1967, the
third, meating o

form
faciliies in the Dopariment of Wechari-
Engine he U

8

ies
research work. baing Cnderaken and
being planned.
The Depanmenl has the first anechole
C.T. and Dr Lal explained
features of the
To0m (see ~Acoustics Austrana”v. 15
nc T . 14). He then described the range
of 'sound measuring and analysing
Squipment which 1s available within the

tes include studies of the
Giferent moasurement pro
ino'sfict o backgroand noies for derae
mination of the sound power of sources,
and investigations of the acoustic pro-
pertes of samplos o building ma(anals
This talk was followed by a tour of the
anechoic oom and ihe Seoustt lavore:
tory. A demonstration of the measure-
ment of the sound powor of a source in
the laboratory was made using the
sound intensity system.

The meeting was attended by 24,
which is an excelle
E

my. The pleasant surroundings led
to a very congenial evenin

Marion Burgess

QUEENSLAND
August Technical Meeting

The technical meeting held on Aug-

iR Aaatasian on the probjoms aaso:
ciated with the aural and machine
transcription of music of Papua New
Guinea. His discussion dealt principally
with the- drum and e music. o ih
people of the illago of Kandangal on
le reaches of pic River.

Usmg ides t0 fustrate s descrip-
tions, Prl. Spearrit rlated the methods
piaying of the ured _en-
Semblos amongst the latmul people-of

Kandangai, ie., paired slit-drums and
paired flutes. After recounting details of
ensem-

beat or flute note was captured. Follow-
ing this, he described the use of electro-
mechanical instrumentation to_produce

results of the two means of
transcription were contrasted. And what
does the latmul man think about it?
Prof. Spearritt suggests that “he doesn’t
care, a least at th ime, be-

ause he does not need any form of
ranscription. o Khows e musia
already, as it has been in his ears' since
he was a child bouncing on his mother's
on she danced in time 10" the

music.

September Technical Meeting
On September  a technical meeting
in Insulation” was
0 mambers. ana.friends
which was quite a sizeable turn out for
Queensland  Division.

The topic was split into four sections:

o A brief introduction 1o the terms
and measures used in relt
sound absorption and s
fation a5 well_as. the diference
between the two properties.

A practical demontraion of sound
transmission l0ss in the

tion chambers of the O
Noise Abatement.

o A presentation and description of
products by four manufacturers of
sound insulation pro

A selsction of case Wstores from
the archives of a' noise control
eauipment supplier.

Warren Middleton’s presentation was
well received, ospecially by the less
technically minded of the audience who
at last we

sertion loss and noise reduction.
Ron Rumble’s demonstration featured
a damped profiled sheet steel
undergoing a sound transmission loss
test. The material was one of several
which were considered for roofing for
Queensland power stations.
Manufacturers' representatives from
Insulboard, Bradford, Stramit and Chad-

3

VICTORIA
May Technical Meeting

Approximately 15 members_partici;

mation sciences. It also develops, mar:
Tbutes sciontiflc. soltware
and insirumentation systems
exposed 1o some asp

ent work which inchuged ‘projecis on
he following:

o fixed hydrophone arrays for vessel
ion;

o vibration endurance testing of auto-
motive wheel hub assemblies using
a large electrodynamic shaker;

o structural proving and modification
of structures based on modal test-
ing;

« environmental testing in their large
chamber which is capable of simu-
lating 3 range of environmental

ions, including_temperature,

ty, solar load, reflectivity and

Pom
wind.
A.G.M., September Meeting
The Annual General Mesting of the
Victorian Division was. at the
ragon Dance Restaurant, Surrey Hils,
on the 30th of September. The meetiing
tas wel supported. New faces on the
mmittee aro Mike Hartloy,
Rob oo and Simon
he members and thelr spouses were
“Ane

subjected to a presentation of
dotal Acoustics” by a number

speakers after the formalities. The
speakers and_relevant topics Included

John Upton (Panel Testing and A
Stephen_ Samuels (Roads, Bumps a
Signs); Robert Burton (Clients to Avold);
Keith Porter sures and Somewha
and Alr Sus
dng Things that Go
Somp i e Naha: Devid Wi (Prob

ms in Moving and Restructuring a
Bureaucracy).
Joseph Mathew
Conferences
Westpac Il

The third Westom Pacific Reglonal
Acoustics Conference will be in
Shanghai, Chin .
This conference

aiso presontad a rade display foaturing

samples and performance d:
Finally, Allan Monkhouse discussed

£0eh s otels and. motor yachts.
Russ Brown

rc and for the manu-
st is June 30, 1988.
er information: Secretariat West-
B2 w. Institute of Acoustics, Academi
7 Zhongguancun Street, Beijing,

Acoustics Australia
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NEWS . . .

Polmet 88
As with the first Polmet Conference,

with _emphas e
vance to_countries in Asia and the

vide opportunities for exper
lackiing urban pollution problems o be

ared so different
countrles can learn from the successes
and failures of

er 28 to r
deadline for abstracts of 250-300 words
is 1 December, 1987.

Further information: Polmet 88 Secre-
tariat, c/o ong _Institution of

Engineers, 9/F., Island Centre, No. 1,
Great George Strest, Causeway Bay,
Hong Ko

Noise-Con 88

1988 National

Conference on

The conference will be
series_an heme will be “Noise
Control Design: Methods and Practice’
Topics will inciude the design for quiet
machinory and vehicies, design for quiet
workspaces, design for a quiet environ-
ment and noise control design tech-
nigues. Technical exhibitions and tours
Wil form p

Further In!armullan Conference Sec-
rotary, rrick Laboratories,

Purdue Umvsnrry West  Lafayette,
In 47907, U.S.A.

E.P.A. Moves

On Juy the Zrth, Victor
moved_ shoy
The Olgerivet Building in Collins Siroet
in company with the remainder of the
Minisiry o Planning and Environment.
underwent an organisa-
tlonal restructure at tho same tino a5
thisbodily translocation took pl
vided mlo muu..
disciplinary groups instead of the former
ir, Water, Noise and Waste Manage-
mént Branches. The operational groups
composed of two metropolitan and
three country regions, and the Motor
Vehicles section. Officers of the former
branches are being encouraged to

acquire new skills and work in some or
all of the four disciplines. ult of
these changes, Investigations will deal

more with the overall pollution problem
of a particular company or premises
than with the different types of pollution
separately.

radical re-organisation has

to provide clients with a
more effective and efficient service.

Inter-Noise 87
Over 630 delegates from 32 countries
Dar\icipa(ad in Inter-Noise 87, which
4

Yiom Bote, "B
September. Woll e il of the delo,
tes were from overseas countries and

There
legates and accom-
panying persons from Australia.

Three plenary lectures formed the
major part of the first morning’s open-
ing session. Professor J. E. Flowcs-
Williams _discussed the ~exténsion of
steady.stals active noise contrl tech-

s 10 the stabili otentially
Unsieady flows {“Acive contiol of un-

vigilty, machine performance and cool-

n product design.
Nolseconlrbl should be.part of ne
designprocess, not simply applied to

the end produ

Protessor Maa developed a theory of
turbulent " jet noise based sound
ressure rat
sighth-power
aws and re

3

pressure aerodynamic noise and the use
f micropores to shift the emitted fre-

ctrum 1o the high, inaudible
high, intermediate

quen
range
and low pressures.

Nearly 400 technical papers were
presented in_sixiy-four two-hour ses-
Siomer i olght.paraile ireams. - A6
usual it was difficul 1o chooss which
sessions 1o atten o-minute
changeover period Sowoon papers de-
manded nimble footwork if mid-session
changes were desired. Most of the

n (30); Imission-
physical aspects o environmental nolse
ission-effects noise  (68);
Anzlym (108) and Requirements (s
have been published as
wolme " cet %61 Spproxmately  1.700
pages.
Unlortunataly. the considsrable range
in the usefulness and quality of
Dapers prasentos, as uselly acours i
such conferences, was evident. There
are still some authors who ignore advice
regarding logibilty of visual aids. How.
the quality of the audio and visual
presentation facillios. provided by

radio-controlied automatic timing sys-
outwited al but the most aggress-
ive nen-lurm-nmq chairme

The non-technical nm M the pro-

ing acrobatic

joyed by
many of iho visiing articipants and the
final Chinese Banquet in the grand ban-

queting hall of the Beiing Hotel was @
mumorlb\e occasio

delegates and accompanying

poreon pre- a

ference tours of varying Iengln ana

some will  remember vividly _being
enched in a_brief,

dr i imeg hundes
storm on the Great Walll

Anita Lawrence

Ouldnor Sound Conference

day_conference on Outdoor
Sound onvlnahcn was held on Sep-

n by the
Ownnlsed by
Open Univer-
he USA.,

ground impedance and the
meteorologioa sfects on Imguise sound

topics _included
ethods.of measuring acoustic imped:

lems o
2 standard grass surface for EEC lawn-
1 noise specifications, the effect of

Siips of differing Impedance, of anow
ind forest coverings on sound propaga-
tion were also discussed. A number of
the afternoon papers were concerned
with predicting sound levels I luctuate
wind and temperature gradients. Al
papers wil bo pubished T ioe Pro-
ceedings of the Institute of Acoustics.
Charles Don

Australian Acoustical Society
Conference on Seismic
and

Underwaler Acoustics
Thursday, 28 January, 1988
University of New South Wales
Sydney

entenary  Congress ~ of
Prusiciis wil B conducted in

ciated conference and
workshop on ambient sea noise
being held at the RAN Research
Laboratory may aiso be of intsr-
est. Attendoes are invited to par-
ticipate in other act

Congress.

Regisration
details from:
Conference Organiser

Dr. John I. Dunlop

University of New South Wales

0 Box 1, Kensington 2

(02) 697 4575

forms and other

60 — Vol. 15 No. 3
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NEWS

People

Noela Eddington and Lex Brown are
off to Kuala Lumpur on 4 Novermber for

0 act as consultants 1o the
Word Heattn Grganisaton. They_have
been engaged together with a represen-
tative from the United States EPA to
run the PEPAS Regional Workshop on
Noise Abatement and Control

The Victorian Department of Labour
has recognised the need for a system-

Recently Vipac was awarded a study 1o
research, develop and produce ' an
effective training and information pack-
age to assist in the development of
ihese programs, Vipac's Dr Norm Broner
said that “the U m together
Wi the prined. Motatur. hat we. wil
be preparing will aim to provide man-
agers with the information necessary to
enable them o ider d understand
the ~problems,
with examples of practcal solutions to
noise problems and also assist them in
actioning the processes".

Richard Heggie Associates Ply. Ltd.

have moved into spacious new offices in
the Konica Building, 22 Giffnock Ave.,

North Ryde 2113, Business address is
P.O. Box 148; telephone (02) 805 0144,
Fax (02) 805 0356.

New Guitar Family
lic performance of
r family was pro-
senled by the Canberra Gu\(ar Ensemble
18 October. The guitars were de-
slgne and made by Canberra luthier
raham i:-ldllsmllhv
he Classical Guitar Family project,
ustralia Council and

Scheme, involves the

the lreble. five semitones above stan-
dard. The' treble and baritone guitars
Sre-one “octace. apart n pltcn.

treble and bass guitars have beer

grated and pitched for effective arrange-
ent and composition in various com-
binations,
performance by the Guitar En-
semble of specially artanged works by
Practorius, Bach, Brahms, Joplin and
others was well received by the appre-
ciative audience.

New Members
« Admissions

have pleasure in welcoming the
following who have been admitted to
the grade of Subscriber while awaiting
grading by the Council Standing Com-

Mr G. W. Caldersmith, Mr J. D. Mac-
pherson, Mr F. J. Weatherall.
Queensiand

Mr Cardnell
* Graded

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

Mr G. R. Campbell.
Subscriber
Queensland

Greentree.
Soum Aus!ral ia
yzer,

Member
Victoria
Mr Ng Say Teong.

Inter-Noise 87

The proceedings of this conference,
entitled “Noise Control in Industry”, are
how avallsbis for puranase. The. thg
volume ‘set costs $U.S.80 and
ordered from: Acoustical Society of
China, P.O. Box 2712, Beijing, China.

SPECIFICATIONS
AC Power Input

Trig

microphone.)
Input Weighting
Linear. A Law, external.
Trigger Level
= 0.25 dB.
na- onse

0.5 dB 30 Hz-15 Khz.
Timing Accu

AC Monitor Output
0dBm at trigger level.
Switched Output

NO NONSENSE
NOISE CONTROL

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

ger
60 dB- 129d8 (40 dB-109 dB with optional high gain

racy
Nominal = 0.05%. Subject to mains supply accuracy.

Isolated mlcroswnch relay. Max. load 240V 2A. AC.

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

® Tamper proof — locking steel
enclosure prevents unauthorised
adjustment.

WITH A GASCOM 2376
NOISE MONITOR

Successtully utilised by local
government, 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.

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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NEWS

Science and Music
From 26 July to 19 August, Professor
Charles Taylor visited all the States of
Australia and /e a series of demon-
stration lectures based on “Science and
the_Sounds of Music”. Professor Taylor
is Emeritus Professor of Physics at Uni-
v-mily olle je, Cardiff, as well as th
tthe

“Dynamic characteristics of
the human being.” This standard craws
together avai information on
oot mechanical characenints of the
human body when sublected o vertical
mechanical vibration. It is ex;

the impedance Information contalned In
this standard will be used in the anaiyti-
Gal dasign of isolation sysems sich as
platforms, seat

sion:

Royal Insitution in London, and s visit

to Australia was _arrange

Netional Science and Technology Lenre
of the Institute of

manner. At one of his public lectures in
he used very simple demon-

strations to describe several families of
for _example, lastic

straw which produced a different note
as it was reduced in length, a saw
which produced different notes depend-
ing on the nature of the bend and the
type of bowing and a coiled hose pipe
fitted with a reed. He described sound
prossure a3 “squast” of the alr, fre-

flndamontals, harmonics, starting and
stopping. variatlons, atiack ~ranslents
and plats vibrations. He concludes
with some “aural _lllusions”
included a_sound which was
rontly decreasing In pitch but was
ovarasting and tho perception of inor-
mation within
o onthusiasm and Intersst of Pro-
were passed on to
owed_their apprecia-
tion. At the completion of the lecture
many stayed to ask q s and dis-
concepts he had
explained. It was a thoroughly entertain-
ing and informative evening.
Marion Burgass

Standards

The following Slunda ds have beer
recently published by the Sandards
Asxocvallon ol Au!l! lia.

972. “Isolators - nvoceduw for
spemly\ng characteristics.” This stan-
dard contains the subject matter and
format to be specified for describing
isolators (IMvIvenl moments), the equip-

olated, supporting struc-
ture and envirunmnnL It should Dmv\du
the ins for a clear understanc
buth (h! usev Ind the supplier.

urlr\g Zinsirumenationshi

and similar electrical appliances, Part 1
— General requirements.” The potentlal
users of the methods specified in this
rers of house-
laboratories,
Iabaling organisations
unions. methods
based on 1hase Goscribed In AS 12174
and AS 1217,

Environmental Noise Model
Launched

The Minister for Planning and En-
vironment, Mr Bob Carr, introduced in
September the Environmental Noise
Model, a computer program developed
by RTA Software Pty Ltd, a division of
Renzo Tonin & Associates Pty Ltd, con-
sulting engineers, and endorsed by the
Australian Environment Gouncil.

The model calculates noise levels
using algorithms which _mathematically
express factors which affect the loss of

Gontrol measures, for
source 1o the recelver, for the noise
source radiation patterns, for barriers
and natural topographical features and
on in . It also
takes Into account differences in sound
propagation ffom noise sources of vari
ous shapes and si
eacoss. attonuation dvo o barrs

such as natural topography and from
manmade features, such  as earth
mounds, as well as ground absorption

effects such as those due to vegetation,
bare ground or hard surfaces are
derived_usin: most_recently avail-
able scientlfic theories. Weather condi-
tions such as wind speed and direction

ENM Launch, Sydney: Hands-on demon-
stration to personnel from environmental
authorities from all states in Australia.

2nd the vertical temperature gradiont of
the atmosphere are also accounted for
2 these can dramatically emuate o
amplify so

m ENM gives two main outputs:
a detailed quantitative analysis of the
overall sound level in dB (A) together
with the frequency spectrum analysis of
noise levels at any chosen poin, and a
qualitative noise contour,

Hoise level map predicted for the area
of concern.

Tony Hewitt, chief engineer with the

Stato Polluton Contral Gommission in
initially conceived the project and
N Supporica  trovghot 1 dovelarp:

eriod of three years. This
Support wi "eatunial ko antare. wide
acceptance throughout Australia and as

throughout Australia.
r for representatives

of ‘the Australian Environment Council
followed the launch. Technical repre-
sentatives from most States in Australia
attended and were given a fast-trach
introduction to ENM from preparation of
simple source-section-receiver examples
o map digitising and calculation of
ground cross-section:

seminar culminated in the even-
ing in a technical presentation given by
Renzo Tonin Annual General
Meeting of the NSW_Division of the
Australian Acoustical Society.

385

professionals, including repi s
from government authoriios, uniersiies
and consultants.
chnical meetings are currently
being planned for Melbourne and Can-
ra.

AAS 1987 Conference

Report
1987 Annual Conference of the
Society was held lobart
Physics Department, University of Tas-
o

rangs of toplos was covered

3 papers under the general banner of
“adoutcs ' tha sions
covered _ communit iy "o ring,
sound _propagation, _music, _theatre

2eoustics, acoustic properties, measure-
control and

were discussed and

Delegates wined and dined at Wrest

tcians obviously know the right time for

of Port Arthur and
Diitery Dot ware wall focelved as ware
the technical inspection_tours of the
os and the CSIRO marine
laboratories.

In summary, the 1987 Conference was
both technically and soclally a success.
it was the first Society Conference ever

eld in Tasmania. As the practice of

rotating the Conference around the

country is now sstablshed, the possi-
bility of returning to Tasmania at

Tature Gate s antcipated wit Intrest.

n Samuels,

Gonlorénce Convanor

62 — Vol. 15 No. 3
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INTERVIEW

Ray Piesse
His Contributions to the Society and NAL
An Interview by Ted Weston

Ray, who retired around
a year ago, started out
in the country in the
south-west of Western
Australia. He attended
primary school in the
town of Wigan, from
where he won entrance
to Albany High School.

Faculty of Science and,
in due course, majored
in_physics and mathe-

matics. In his honours
year that followed he undertook a project in ultra-
ics — a pointer to the career he was later to take

Up. The opportunity for that Game aftor 2 1ow monihe

when the Commonwealth Acoustic Laboratories re-

quired a scientist for its expanding functions. In 1949

he found himself in Sydney CAL at their current loca-

tion in Erskine House.

Early Days at CAL
CAL had its origins in an organisation set up at the
Kanematsu Institute at Sydney Hospital. It had studied
the effects of gunfire on hearing and on communication
in noisy conditions. The former work had led to the
development of ear plugs for troops firing mortars in
the New Guinea campaign of World War II. The tem-
porary deafness experienced put the soldiers at great
risk because of the inability to hear faint noises in the
jungle. Norman Murray was one of those involved in
investigation of the effects of gunfire on hearing, and it
who was later to head CAL. Possibly because
his own hearing had been affected by his experiments,
he became interested in the provision of hearing aids
for ex-service personnel and also for deaf children.
Attention was focused on the latter because of the
effects of German measles, a severe outbreak of which

lished a causal relationship between the disease and
deafness. These functions had been taken up by the
Medical Health and Research Council but were trans-
ferred to the Department of Health, so that the budding
Commonwealth Acoustic Laboratories were up and run-
ning when Ray joined them.

Initially resources were scarce — scarcer in fact in
Erskine House than before when the association with
Sydney University gave access to the new medical
school’s anechoic room. In lieu of that there was what
Ray described as an “anechoic box”, which was used
for tests on hearing aids and microphones. However,
they made up an artificial ear, set up reciprocity cali-
bration for condenser microphones, and soon had good
standards for measurement of sound pressure levels
and for the calibration of audiometers. The laboratories
provided a service almost certainly unique in Australia
at that time and one whose vulue was recognised by the
use made of it by doctor:

Ray was involved in an important extension of the

work of the young organisation. Early in 1950 some
500 subjects from the Chullora railway workshops were
given hearing tests, with Norman Murray, Dr Roly Far-
rant, then chief audiologist, Dr Kahn and Ray all partici-
pating. The considerable extent of hearing impairment
ihat the survey revealed contributed to seiting a course
that CAL (and NAL as it became) was to follow. Ray
pays a high tribute to Norman Murray for his initiative
and drive in the efforts to conserve hearing, the need
for which had shown up so dramatically in the early
survey in industry. By the early sixties good hearing
conservation programs had been put in place, and
much credit for this, Ray considers, must go to Norman
Murray and o the enthusiasm and efforts of Jack Rose
with whom Ray collaborated in many ways.

During the period, the Laboratories had changed
their location to Customs House overlooking Circular
Quay, and in the mid-sixties it changed again to Hick-
son Road on Millers Point. Here improved facilities
were available although there were still some problems,
notably because the buildings were old and there was
noise from the Harbour Bridge. Nevertheless, some very
good research work was undertaken. The staff had
ouill up from about 20 in the days of Erskine Houss to

e 140 at Hickson Road. mber of research
Sections were. formed - one. for  peycho-acoustice
research, another for acoustics and electro-acoustics
(which Ray headed), and another for audiology. The
ultrasonics section had already been established and
the fruits of its research were rapidly gaining recog-
nition.

Ray becomes Director

Ray succeeded Norman Murray as Director of the
Laboratories in 1966, Early in the period of his appoint.
ment planning began on new facilities — the present
Bromibes that werd. not 1o reach fruitin unth wal 1o
the eighties. Hardly, as Ray says, an ill-considered
crash program although the_gestation period was not
one of the staff's making. The hearing conservation
programs continued during that time to provide great
satisfaction, and the work made for a firm basis for the

the community. It had humble bsglnnmgs in the late
ffios. Ray recalls how he, Jack Rose and others spent
bitter winter nights siting on a sewer pipe nea Kings-
ford-Smith Airy to measure the sound of late
toka-oft of tho roly. oropler arcratt than i sevico,
The project developed from that through the sixties and
seventies and into the eighties to the present highly
refined form that exists today, including the ANEF
classification.

The hearing aid services for chidren are yet another
project which Ray regards as a notable NAL cor
fon. The. unique ‘Austtalian System  eredit o whioh
concept Ray also attrbutes to Norman Murray —
to bring in_psychologists to train as audiologists to
provide advice and to fit hearing aids, and to combine
their skills with those of engineers and physicists to

ake an_interdisciplinary team. The outcome,
believes, is superior to that provided elsewhere when
specialists tend to operate separately. A feature of the
approach is the emphasis the scientists place on good

calibration

invoived in hearing testing, thbraby providing assurancs
of more reliable results than from practitioners apt to
be less well versed in these vital aspects and therefore
liable to make undetected errors. Ultrasonics was, of
course, a notable achievement for the Laboratories, to
such an extent that it was hived off in the mid-seventies
to function as a separate independent entity.

Acoustics Australia

Vol. 15 No. 3 — 63



Throughout the long period of his directorship Ray
felt he had been well supported by his team. He and
the team had experienced about as many frustrations
2 he thought could be heaped upon the, but, despite
these, numerous contributions had been
members of he stalf have moved out 1o, contributs 1
other areas of acoustics, but always it seems the
Laboratories have been al

cal basis to enable them to do thi
had for N
ciation of the disciplines of enginsering, sciene and
audiology. To do this involved organisational changes
with inferdisciplinaty teams being formed rather than

s based on different skills. He sees that type of
organisation Gontinging to.ave Shaps singe ha. ot
although naturally he expects that changes will take
place, and in fact he hopes they will as the organisa-
tion “confronts changing circumstances and new
challenges.

Standards Activities

Ray recalls that he drafted the original proposal that
was prepared by CAL for the Standards Association of
Australia in regard to the formation of technical com-
mittees for the preparation of Australian standards in
acoustics. He e chairman of committee AK/:
(now AV/2) from its inception, and remained so until
about two years ago. Staff of NAL were encouraged to
contribute to the work on standards and to carry out
investigations that could assist technical committees in
the preparation of documents. Interest in standards and
in_measurement and calibration of acoustical instru-
ments led Ray naturally into close association with
NATA, the National Association of Testing Authorities.
Assurance of good measurement technique with reliably
calibrated instruments is clearly a matter that is not to
be trifled with in Ray's opinion. Hence it is that he
expresses concern about the difficulty of checking
some of the highly sophisticated measuring equipment
presently coming into increasing use in all areas of
acoustics.

Ray and the Society

has, of course, had a fong and close association
with the Acoustical Society since its inception, and his
active involvement still continues. He has been
Treasurer, Vice-President and President of the Society,
Chairman’ of the NSW Division, and is currently the
Society's General Secretary. He'sees the Society as a
positive force, bringing about a greater awareness of

acoustics and a better understanding between those
with quite_different interests because of its many
aspects. As to its future, Ray would like to see the
Saciely encompass vibration 10 a greater extant than it

w does. The move to bring acoustics and vibration
fogethar In the aréa of standards could, he fecls, be
emulated to advantage. The Society has brought
together architects, engineers, scientists, psycholo-
gists and many others to focus on problems in acous-
tics, yet interest in vibration has tended to develop
separately. He sees scope for the Society to take a
more active role in environmental issues by creating
awareness of noise from traffic and other sources that
degrades community living and of the means to reduce
it. He discounts the proposition that to counter difficult
economic _conditions should necessarily mean that
efforts to provide for quality of life should have to be
ignored. It is for informed people to point the way by
which such conflict may be resolved, and in this the
Society can be a contributor. Ray hopes that the future
will see the Society’s journal, “Acoustics Australia”,
which he regards as having developed to a high stan-
dard, continue to provide a vital communication fink
for members.

And what of the future for Ray? He sees no dramatic
change in his present activities which enable him to
maintain association with the acoustics community,
including the Society and NAL. Therese, his wife, who
is well known to many Society members, talks of other
interesting possiblites, bu for the present that is all
they are. The marriage of Ray and Therese is a classic
example of the boy and ginl who lived next door. When
Ray came to Sydney he happened “by chance” to
board in the house next to the one where Therese was
living. They lived in another suburb for several years
after they married, but then returned to live in one of
the houses where they first met. The four members of
their family live nearby: Ray contends they must fear
he might slip into inactivity because they manage to
present 5o many tasks and handyman jobs.
They may have reduced his time to embark on his own
gardening, and on his silver crafling for which he

recently purchased a kiln, but he won't allow interfer-
ence. with s tonmis, which game. he. plays. with
enthusiasm.

Good wishes abound for Ray and Therese in their
present lifestyle, as do hopes for an active and healthy
“retirement”.

Anti-noise: two approaches
)

The Australian Mineral Industries Research Association

project between a CSIRO

to take noise
rd_commercialisation.

work will_quieten all types of fans and will

pulgnnally work for pumps, jet engines and rocket cham-

Dr. Martin Welsh, principal tesearch scienst at the Divi

sion of Energy Technology, says the group is going 10 try

to, cancel the nolae st le souros.

s fundemental research has allowed

it 10 identily what Gauses noise in fans, meaning ‘that
some of those noise sources

the phase between them so
that \when one is gonoraling noise, another 1s absorbing.
2nd vice versa. The advantage is you don't need silencers,”

e says.

Or. Welsh says the method is the same in principle as the
one ‘already tried in which people have recorded noise,
and seeded it through speakers where may have”changed
the phase relationship with a micro_comy

B uniike this aciive attenvation, the GRIRG's method is

passive_attenuation, using the flow itself o cancel its own
noise-generating mechanism.
foup has done successiul laboratory tests using
idealised test rigs, and now will use a water tank in which
fans will be run so the vortices can b N
hey are aiming at a 10dB noise reduction.

A small research and development company in Great
Neck. New York, called Noise Cancellation Technologies
(NCT) has, as its name imolies, staked its future on the
role ani-noise could play in making the world a quieter
plac
e noise they can handle is repetitive nofse — noise and
vibration caused. for example, by the repeated explosion
s in @ cylinder of tho Grunching of gears in a tubine
are ropaitive and fally
Siencer using nosse-cancellation technology consists
of ‘soveral
irst, an intelligent microphone near the front of the

cond sensor or by moni-
toring the engine's electronic ignition system.

Continued on page 77
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“Short Leq”’:

A New Acoustic Measuring Technique

Alan D. Wallis
Standards Officer Cirrus Research Ltd
North Yorkshire YO14 OPH, England

ABSTRACT: The use of computer technology has given a new lease of life to the old ‘outbox” processing technique

Using “Short Leq"” the raw data can be stored and used

{0 re-create any acoustic situation, where the actual peak value of the signal is not involved.

Introduchon

ly ique of “Short Leq” has it
one of the oldes4 methods of acoustic measuring, ‘outbox’
rocessing. For many years, if a measurement was requlled

with Cirrus Research in the UK and Quest Electronics in the
USA,

data storage a reality.

Atthis time,

Known,

itself for replay in the laboratory. The of this

IEC804, for Legmeters,

method are well known and include the limited time span that

was possible, the low accuracy of the overall system and the

very swift deterioration of the raw data as the tape was
yed; together

y repl
of the system.

In 1979, in a report to the EEC, Komom and Luquet [1]
proposed a method of storing data on a computer disk. This
method, called “Short Leq", was devised as a method of
compressing the data, ensuring its integrity and yet storing a
true representation of the original noise.

itwas felt by all the three companies that any new concept or

Also, any unit
produced must be a useful addition to the technology which
demands all the conventional functions of current units.

ashort period, typically under 1 second, and produce a non-
time weighted Leq for this short period. This “Short Leq" would
further Leq taken, with

th wnolé

The Short Leq Concept
While behind Pt was to store
form, by

hould
also make the actual measurements. That is to say, the Leq
meter can be relegated to the status of a simple “dumb”

' i the d

eq's for

is e ntegral of the energy and thus accurately descnbes

range, i ioni
place the Leq meter i the correct place, to keep it secure and
3 Lea

therefore the same number of bytes, would sllow 2¢hour
Tostore 125-
milisecond Leq va!ues over a ull working day would require

pply. L
perfectly conventional Leq or sound level readings etc., but
these tasks are considered incidental to the main function of

the time.
In 1673, the idea of putting even 86 kilobytes of memory in
ah;

computas i a memary of only sbout 64K Also, oven

acquisition.

1o the time that it can be 50 stored and thus there is no need
o have a computer on site.

it, it ility. Naturally HR16—b\l
double to 460K; even more of a dream.

in 1983 at the ICA in Paris, a group of engineers met and
discussed a series of prototype units made by the French
company Integra, who had managed to pack 44 kilobytes of
8-bit memory into a rather large, but just handheld, box. This
unit, which acquired th- 1-and 2-second Short Leq, had a
Basic programme on an HP85 computer to process the data
after downloading. While far from ideal, it was the first Short

viaits RS232 port and stored on the floppy or hard disk of the

computer. While the process s called ‘ransfer’ it i in reality

a'capy’ process. The original data s not destroyed or modified
‘transfer”

is sill mtacg.
y

ave 10 bo processed whera s acquired.
actual measurements are not directly related to the
concept. Each company’s software is as individual to the

q
inhistory. A, Integra, together

pany tis acquired.

Acoustics Australia

Vol. 15 No. 3 — 65



But,

from any
data disk. This standardisation of data was one of the first
problems addressed by the three companies and a format,

number is 2048, or 11 bits, leaving 5 bits which are not required
for the actual Leq value. IEC804 demands that any overload
of the system be flagged with a latching flag. Within the DP37

companies. Now, in 1987, 7 companies In 6 countries have

the DP37 protocol, thi

protocol,
every data word. Thus 12 bis are needd,
giving

support for the future.
The major dlsauvanlage of !he uut box' processing
in-box’ proces
ot

are not available. As a converse, no decisions need be taken

are thenleft for
tacoding,

mssmumes
Data Coding

Ifitis a “once only"” event, a second chance may notoccur: the
nightmare of the wedding photographer.

DP37 Protocol
The DP37|

butalso

icular word. For anoise
may be coded “Aircraft”. This code can be added during
acquisition by the Leq meter itself, or it can be added after
acquisition by the computer software. In the DP37 protocol,
codes added during acquisition are called “in-situ” codes, while

the process used to add them. This could be by reference to

igi

timing, by

Accordingly, RS232, IEEE-488 and the EPSON (c) interfaces
should be included in the options. Further, the data could not
be described in an 8-bit word if the essential requirements of
ECE Thus, 16 bits wa

~10and +190dB. If 0.1 dB resolution was to be achieved, this

dBA  Leq(125ms)

b
y 3
added to each Leq word, thus coding the noise source, each
source can be measured separately. Thus all the Leq coded
“Holden", “Ford” or “Rover” can be compared. Also, all these
individual sources can be grouped together in a group code
called, for example, “cars” and the overall Leq or any of the Ln
series of these sources measured. This technique, new with

Mon 24-2-1986

Figure 1: Mimicking a Level Recorder

il

Q1

50
40
14h00 14h01 14h02
dBA Leq(2s) Mon 24-2-1986
Figure 2: 2 second elements in Figure 1
90 - 1’1
f‘Lr—rLi i %
U Rt |
I
L
40 T
14n00 1anot 14n02
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Short Leq,

For
example, noise events rising out of a backgmund can be

of the data. On a ighter note, the etenal problem of theltto
old lady who wants to talk to you in the middle of a street
: "

part of the data file, while in no way modifying the data tself.

Software
As the acquisition and measurement of data have been
separated, the software which performs the actual
measurement becomes an integral part of the Leq meter.
r good the actual acquisition, it will be the software
which determines the system performance. Wh||e the 7
i the DP37 club Leq'
software, their combined experience in this field is pmhably
greater than any other single company, particularly those

threat to their established posmon and concentrated on ever

the software is a Iundimemul pan of the instrument, it is
reasonable
provided free, as without it he nstrumant éannot bt used.

Measurement Possibilities

been acquired, the computer can simulate the trace from a
classic level !eoomsl an 1 shows a portion of a

Place : Ski cabin Vaimorel
rom 09n 30
Uil 0940 Tue 18031966
oElemeniary aurton: 1+ 48A
Subperiod
poriod | tea | max [ Lo [ 1so [ weo [ o0
ongomn | 631 [ 700 | 665 | 615 | s10 | 470
ansimn | 702 | 725 | 720 | 700 | 70 [ &40
nagmn | 589 | 635 | 620 [ so0 | 490 | 475
onsamn | o4 | so5 | sts | ass | a7 [ 43
samn | 553 | 645 | 570 | s05 | 40 | 465
ongsmn | 718 [ 735 | 728 | 715 | es0 | ess
eis | 700 | 650 | s95 [ s05 | 80
shsrmn | 535 | 630 | sas | 500 [ 60 [ a3
ongemn | e7a | 755 | 705 | 8as | sto | is3
snaomn | 668 | 715 | 700 | 640 | 555 | s
overall : 66.1 dBA

Figure 3: Ln at a ski resort

same data but plotted on a 10-minute period. The loss of data
is alarming. With a conventional “in-box”” unit taking 10-minute
Leq values itis clear that individual events can be lost. Long

one plot can be done, or as many as required to get the
resolution.

RL2361
The st wae o wiovsion roporer doing an nierview. i,

meter.

many uses, this gives more idea of the time history.
An example of the flexibility of the system is shown by the

noise

source*Partsl’ Logand “me Leg. roper Leqisdefied

actve, whilg Parial Log i the enargy Gvided by the whole
measuring time. Both of these descriptors may be printed by
the programme. In effect, proper Leq is the actual Leq of the

listing of L90 and L99 i Fig. 3, taken at

source, ifno

Alps. In Europe, LS y used while
in New Zealand L95 is preferred. With Short Leq, this is of no
importance and the index required is only decided on replay.
ANY Index over ANY ti

other i
re shown in Fig. 5, which is part of a file taken in Barcelona,
Spaln The r:odmg, half in Spanish and half in English, was

produced.

in England. What s different
Sbout Short Lea’s thatat any imein he future, anyone can

ig.4shows

th
plm(ed on a 10-second basis, taken at an Air Force s
France, using a Soeur-Anne SA 11.40. Superimposed is the

d8  Leq(toms)

to travl to Spain agaln - Simiary, any queston on the noiss
level of a Mirage fighter can be answered by replaying the
Flonn A Forse fia 1 any cass there s, unfortanately, no

Dijon France A/F
Tue 7-4-1987

Figure 4: 10 Sec and 10 min superimposed. Time History

W
Y
}

T
15h30 15h45

16h00

T T
16h15 16h30 16h45
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{Background
Promax safe level

—~{Carretila (trolley)
dBA (Leq(2s)

Figure 5: Noise coded in a Spanish factory
(the PROMAX company)

PRODUCTION FLOOR

Wed 13.5-1987

L
—

W

& T T
18h30 18h32 18h34

excuse to go to Dijon again. The data s useful to predict the

also to be found.
Other predictions are possible. Using “Partial Leq, the

T
1836

— T
18h38 18h42

noise, the software can then perform ANY statistical
measuring task where Peak is not involved.

In parlcular, it s clearly very sutable when messuring
, which may be anywhere in the range

present. Thus ‘what if?" predictions can be made using actual
noise levels instead of some artificial data generated in the
laboratory. This is a very powerful technique and one which

systems.

Using the coding option, the Leq of every source which i
active during the measuring period can be found, as can the
Ln series for any portion of the acquisition time. Not only can
this be done with one Leq meter, but two can be used at the
same time to obtain difference and comparative measures,
‘something no other system can do.

If 2 units are in use, the computer can use the data from
one to code the data taken by the other. Thus for example, if
the noise inside a dwelling is being measured, a second
meter near the external noise source can code the fact that
the exteral source is active. This allows quite precise
comelaion of the extemal noise and s efect insde the
dhuling, This Is chen 2 useful method to prove that the
external source is not the cause of a prot

, in countries
alloverthe world, and many of ilable in thei

ffom 20BA right up to the lavel of & low fling aircraf ora
motor cycle. The data can be captured no matter
impulsive and analysed in many ways by the software. e
currently available devices such as the Cirrus Research

236, being a hand held unit, require external
protection to enable them o be used for long periods
outdoors, but otherwise would seem ideally suited to this
task.

For Health officers and enforcement agencies, Short L
cansave, sgnifcant amounts of tim. Many acauisition
‘sessions’ can be taken on a quick Visit to the site of the
roise and af the analysis dons aler i the quit of the afce.
Not only can the data be made available in presentable
form, but the raw vnlagmed information is stored on disk for
re-analysis if required. Over 30 hours of data can be taken
before the memory is full, typically over three working days
of site work before data transfer is required.

Intheindusral siutin, the stz of the s guneration of
units makes  themdiff use as dosemeters, but
acoopting ths, the performance of Short Leq meters gives
Tesoition to the maasurament of Incusirial nolsa that hes
simply not been possible before. Some of the better

raw oth case

, complete

these calculations, loge«ner wnh many of the data files used

Clnus Hesaiu:h Lidin the UK or Davidson Pty Lw. in Vlclnns.

Conclusion

The technique of Short Leq with it's separation of the
measurement and aquisition phases, allows the computers
in the Leq meter and the external unit to each an:llon atfull
efficiency. If the acquisition unit, i.e. the meter is of
adequate performance and can capture Ihe wyels of the

correctly claim they can resolve the noise
climate, actions and probable location of a worker to a
minute or so, Short Leq can resolve down to 1/8th of a

ond; even a sneeze covering several Short Leq
elemental periods.
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Pitch Control in Harmonica Playing

Robert B. Johnston
106 Doveton Crescent
Ballarat

Victoria 3350

ABSTRACT: The technique used by harmonica players to alter the pitch of the note being played, by vocal tract
‘manipulations, is described. Observations of the effect from the player's point of view, and the results of experiments
using a mechanically blown instrument are presented. An acoustical analysis of the effect using the small signal

INTRODUCTION

The purpose of this report is to describe, and explain, the
technique which is used by harmonica players (particularly
blues and jazz players) to alter the pitch of the note being played
by changing the shape of the vocal tract, particularly by changes
in the position of the tongue.

There are only casual references to the harmonica in the
lterature, usually in general discussions of the vibrating reed
as a sound source, but the acoustics of the instrument do ot
appear to have been studied in d wever, there
extensive traturs o the mechanist of sound goncraion by
vlbfaung reeds (1), (2], (3], 14), 110}, (1), (17), particularly in

ection with the clarine there is a body of evidence
{or he offet of vocl ract esonances on the perormance of
wind instruments (5], (6], [7], [8), (9], including their pitch (7),
n2.

‘The instrument on which the technique is most widely used
is the simple ten hole harmonica, which is tuned to a diatonic
major scale. The more complex chromatic harmonica does not
readily respond to the technique, and is much less widely used
in this field despic the apparent advantage of a full chromatic
scale. We used Hohner “Special 20 Marine Band”
armonicas, wmn are a general standard. They are available
in any major

For 2 ¢ Instnument the tuning is as shown in Figure 1. Tha
missing A4 in the lowest octave is to allow the dominant 7th
chord to be playsd without dissonance.

The “classical” technique of playing the instrument is to
cove o heles wih he fips and to block the lowest three off
with the tongue. The melody is played through the remaining
open hole and the tongue can be lifted to allow vamping of
accompanying chords. The tongue is not available to alter the
shape of the vocal tract, and pitch bending is not used with
this method. With this technique, the instrument is very limited
because accidentals are not available.

7//nnnnonnnne7

Eij s

Figure 1: Tuning and reed layout of the ten hole hermonica

The instrument was made much more versatile by the
adoption of a dnn»mm technique by American N
this century. The method involves “kissir
10 seloct the note 1o draw or blow, The tongue is lhon free m
be used to change the shape of the mouth ca
the effect of changing the pitch in a remarkably subtio and
reliable fashion (changes of up to three semitones can b
achieved).

The importance of being able to bend pitch for this type of
music is twofold. Firstly, Jazz/Blues music uses a Iol of subtle
slides of pitch, rather than fixed pitch scale tones. Any
|nwumsn| that cannot produce these “bent otes” 1 of e

e for the idiom. Secondly, the scales used are not diatonic

‘They require flattened thirds, fifths and sevenths.

major scale (particularly that with tonic a fourth below the
\g notes are played by bending

available ones.

OBSERVATIONS ABOUT PITCH BENDING
Any theory of pitch bending on the harmonica must account
for e following observato

A The note can only be flattened.

B. Only certain notes can be bent — low draw notes and
high blow notes. The detailed rule is simple — the only notes
that can be bent are those where the other note in the same
channel (i.. the draw note when a blow note is being played)
has a lower pitch than the one being played. For the harmonica
shown in Figure 1, this applies to draw 1 to 6 and blow 7 to 10.
Blow 110 6 and draw 7 to 10 cannot be bent more than a few
tens of cents.

C. The degree to which the pitch can be bent is also related
to the pitch of the other note in the same channel. The rule is
tha,fr those res tha can b bert, the pich can b varied

om the normal pitch of me nete belrw played, down to
approxvmumly a semitone sh of the other note

nonmel i 1 o of e et being played

by A).

D. For pi i i
between the upper and lower pitch limits for a continuous
change in mouth geometry. For the high notes, the pitch
change tends to be abrupt between the limits.
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E. The technique that is used to achieve these changes,
while complex, is essentially as follows. For medium to high
pitched notes the size of the oral cavity, controlled by the
position of the tongue, seems to be the crucial factor. For
medium pitch draw bends, the tongue is pushed down and
back to flatten the pitch. For the high blow bends, the tongue
is pushed forward and as mentioned above the pitch drops
more or less abruptly. In both cases the higher notes are
played with the tongue further forward in the mouth. For
very low pitched notes the movement of the tongue is less
pronounced and it is noticed that the Adam’s apple drops
on bending to lower pitch, and this is an indication
larynx is being lowered [5]. These changes in tongue position
from low to high notes are similar to those found in woodwind
playing (5], 6].

OBSERVATIONS USING AN
ARTIFICIALLY BLOWN HARMONICA
Experiments were performed using a mechanically blown
harmonica, to show that the pitch bending effect could be
produced by varying the resonance frequency of a chamber
through which the instrument was blown. The arangement is
fepicted schematically in Figure 2. The effect of changes in
o vocel et geometry was simulated by a variable length
cylmdar in the air supply. This arrangement has also been
used experimentally by Coltman [12]. The frequency was
measured with a Cohn Strobe Tuner, and the measurements
are taken close 10 the critical pressure where the small signal
approximation is most likely to apply (there is a small
flattening of pitch with increasing blowing pressure).

L=

P —

1o e e et
e Tt can o bt

Figure 2: Schematic layout of experimental apparatus

Figure 3 shows the results of an experiment in which the
frequency of the sound emitted by blow 8 on a C instrument,
a note that bends easily, is measured as the tube was extended.
The free reed frequency of the bonnm plate reed (i.e. the one
not normally associated with roduction of the note being
playod i them rerumed sharper, tht 1. :mm m pitch of
the top plate reed by filing the reed. The pitch
cylinder length is re-measured and the process repeated. The
results show clearly that the limit down o which the pitch can
be bent is determined by the free reed frequency of the other
reed in the channel. It is also observed that this reed has a
substantial amplitude of vibration when the pitch is lowest.
The extremes of pitch that can be produced by this exper-
imental arrangement are in good agreement with what is found
playing the instrument normally.

Figure 4 shows the pitch variation with cylinder length, for
the note blow 8 on a G instrument, with both reeds in the
channel free to vibrate, with the top reed free to vibrate with
the bottom reed taped over, and with the bottom reed free to
vibrate with the top reed taped over. The results show that
the vibration of both reeds is needed if the greatest pitch
variation is to be obt

o

g T £ o
Tobe g ()

Figure 3: Pitch versus tube length for a blow note that will bend

differant free reed pitches, approaching the free reed pitch
of the top plate.
x — D6 + 30cents £~ D6 + 25cents
© — D6 — ddcents 00— E6— 25cents

o
STy
H
s e ey of bt gt e
I ] 3
Lon & e o
Figure 4: 0
(blow 8 on a G instrument).

a
© — Onlybottom plate reed free
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ey
/3

o)

pun

o e iy
Figure 5: Pitch versus tube length for a blow note that will not
‘bend significantly (blow 4 on a C instrument).

it °-

a-
X — Only bottom platereed free

Figure § shows the same measurements rspaatad foranoee
that will not bend easily — blow 4 on a C instrument. T
pitch variaton is small,and, with both roeds o, at (:ylmdsf

lengths where the pitch is flattened, the sound output greatly
attenuated. In these length ranges, it is also possible, by
increasing the blowing pressure, to produce a second pitch
near the pitch pmuucad by blowing with only the top reed
free. Such a note can be produced in normal playing by
dolicate votal| rect manpulaion and. ineesseet blowing
pressure.

Measurements have been made of the critical pressure
required to start vibration. For the “bendable” note “blow 8"
on a G instrument, for instance, it was found to range from
0.1 kPa t0 0.5 kPa for the top reed only, 4.6 kPa to 6 kPa for
the bottom reed, and from 0.3 kPa to 1.6 kPa when both reeds
are free to vibrate. In this last case, the high value occurs for
tube lengths that yield the minimum pitch, that is, the critical
creases as the note s bent flat.
fect can be produced with such an arrangement,
is strong evidence that pitch bending in normal playing is
affected by changing the resonant frequency of the vocal tract
by changing its shape. That there is an increase in threshold
pressure as the note is bent, leads many players to falsely
Sxcibe the banchng effect 0 ncrsssed blowing prossrs, o 1o
choking the air supply. Furthermore, our experiments show
it both roeds in the channal aro invlved in pitch bending,
contrary to the general belief that only one reed is vibrating at
any time.

THEORY

Fletcher (3] has shown that the oscillations of the classical
wind instruments can be understood by dividing the instrument
system into a passive Ilnear distributed acoustic system (the
instrument tube), and a iinear sound generator. Each

 Charactaised by its_impedance (or admiance)
the possibility of negative impedance

oo sound Gencrator, soll Sutained osclatons s oot

This approach can be used to give a qualiative explanation
of pitch control in harmonica playi tibuted
system is the player's vocal tract with admittance Yy, at the
lips looking into the mouth, and the sound generator i the pair
of reeds of the harmonica in the airway of the note being
played, with admittance Yp, looking into the instrument. The
condition that the reed system act as a sound generator is that
the real part of Yy, be negative, and larger in magnitude thar
the real part Y, [3]. In addition, continuity of the volume velocity
requires that

tanéy = tangy U]
where ¢, and g are the phases of the admittance functions of
the vocal tract and the reed system. Equation (1) determines
tha fraquancy of sclaion of th combined ystem, Deaieof
the calculation of Yy, ¢y, Yy and ¢, are giver the Appendix.
His holpul o disinguh, folowing Pmhaltz (1 two weys
in which a istributed finear acoustic
System can act 2 a sound generator n ane mode the reed gap
is reduced when the reed moves in the direction of the air flow
and in the other it is increased when it moves in the direction
of the air flow. We shall call the first a closing reed and the
second an opening reed. (We have deviated from Helmholtz's

logy ppropr

not drawn ones.) When playing a blow note the top reed is a

closing reed and the bottom reed is an opening reed. The roles
008

004

RE (V0 (m0Pa 57 x109)
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Figure 6: The real part,

M, =

Acoustics Australia

Vol. 15 No. 3 — 71



J

109

RE (V0 (rePat 57
B e B

s
BB

4500 5000 5500 6000 6500 7000 7500
- T owoncy adans'
w0
5 os
§ o
£ ool
H
o

1 N |
Figure 7: The real part, and the phase of the acoustic admittance
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are reversed for a draw note. The reeds that are associated
‘with the normal playing of notes are the closing reeds, but the
following analysis will show that the opening reed plays a
decisive role in bent notes.

Consider first the case where only one reed in the airway is
free o vibrate. Figure 6 and Figure 7 show the real part of the
admittance Y, and the phase 6, for opening and closing reeds.
This form of the acoustic admittance of reeds has been well
confirmed experimentally [4]. Operation near the minimum of
RE(Y,) is favoured by the system, and this occurs for closing
reeds at a frequency just below the reed's resonance frequency,
and for opening reeds at a frequency just above the reed’s
resonance frequency, as was found in Figures 4 and 5. The
f:equem:y of vibration of the combined system of vocal tract

‘one reed with be given by

ang, = tandy @

For closing reeds, —x/2 < ¢, < 0 for the frequencies where
RE) < 0 and for apering resds 0 < ¢r < %2 for the
frequencis where FE Y)

Since o, varies from sarly +312 10 ~alZ with suable
coninuous variations. in the. geomety of the
cauation 2) can ony ba satisfed fo caran vocal ret wpes
for closing reeds, and for certain intermediate vocal tract
shapes for opening reeds. It i in fact found that when one reed
of a harmonica is covered by tape, the instrument will only
sound when certain mouth shapes are assumed. This was also
found for the artificially blown instrument with one reed fixed
in Figures 4 and 5.

In the real instrument both reeds, which are acoustically in
parallel, contribute to sound generation. One reed is opening
and the other is closing, so there are two distinct cases:

1. The higher pitch reed is a closing reed and the lower is
onening. This applies to HIGH BLOW and LOW DRAW.

2. The higher pitch reed is an opening reed and the lower is
closing. This applies to LOW BLOW and HIGH DRAW.

In view of observation B above, it seems that only the first
of these cases allows pitch bending. We can see why this is
by plotting the admittance given by equations (A7) and (A8)
for the two distinct cases. This is done is Figures 8 and 9.

We find that for the first case (closing reed of higher pitch),
Y is negative essentially only between the two reed resonance
frequencies. Furthermore, the acoustic phase angle varies from

ferquencies of the reeds for some mouth geometry. This is the
pitch bending phenomenon.

For the second case (opening reed of higher pitchl, by
contrast, we find the frequency ranges in which RE(Yj) is
negative are essentially those for the individual reeds, and, in

ese regions, the phase angle only asumes a smal range of

geometries at two small frequency ranges; below the closing
reed’s resonance and above the opening reed's resonance.

note. This latter note can be struck on the low blow notes by
apwmg the same technique for bending low draw notes and

&
8

RE(M) (o Pa 57 % 10%)

H

o) esdo  T00 7
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Figure 8: The real part, and the phase of the acoustic admittance versus
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The observations D and E are explained by reference to the
variation of pitch with tube length shown in Figure 3. When
operating in the region of continuous variation in pitch with
length, increasing the length of the tube lowers the pitch.
Evidently this is the type of change in vocal tract resonance
occuring in o technique for the low and middle notes
However the pitch can also be lowered by cro h
d»scanlmmtv m pitch with a decrease in length of the pipe.
accounts for the apparently contradictory techy
notes, and their

AERODYNAMIC DAMPING OF THE REED
Observation A is clearly related to the observation that the
closing reed requires much less pressure to start vibration than
the opening reed in the same channel, and thus the note
associated with the closing reeds is taken as the natural pitch
of the note. In all notes that can be bent, the closing reed has
the higher pitch. If the closing reeds were not easier to sound
the instrument would be practically unplayable, requiring
constant attention to pitch control. However, this  large
itference in itical pressure of opening and closing reeds of
almost identical parameters is not predicted by the simple
model sbov.

It can be shown from equation (A3) that the minimum
cmvl:al pressure Pryq is approximately

Prin = (2M2ISyIX,D, @

and he diferenc in Xo of M, is ot sufcen 0 acooun or
the large observed differenc i Only the assumption that
the opening and closing Teeds e substantially.different
values for the damping constant D, will make (3) accord with
reality.
The need for different values of D, for the opening and
closing reed is also suggested by other observations. Firstly,
as mentioned above, the simple model predicts that the
operating frequency of the closing and opening reeds should
differ from the reed resonance by a ratio proportional to the

frequency than the opening reed. Secondly the simple model

Figure 9: The real part, and the phase of the acoustic admittance versus
Y

RE(Y}) is always positive so the instrument cannot sound.
This is mn(my to observation, but the problem is avoided if

lmop.nmy parameters are as in Figure 6 except
T sorad 5 W, = 6300rad. 57!, P, = 2kPa.

lowing very had. It s very diffcut o contol and often
forms a rapid alternation of pitch with (he normal
occasionally used by players asan offec

Obser car e nderstood  tems of our model,
when 1t s realised hat 1 xpressos the lowost pch aftainabls
in terms of the pitch of the other note in the channel when
played normally . ing reed. Our model suggests that
the lowest attainable pitch will be about that of the other reed
in the channel played as an opening reed. The minimum of
RE(Y,) for an opening reed occurs at approximately 0.5 DW,
above the reed resonance frequency, and the same amount
below the resonance frequency for closing reeds [3l. We
therefore expect the lowest extreme of pitch to be about DW,
above the pitch of the other note of the same channel played
normally. This is in agreement with the fixed scale interval
relation expressed in C.

damping fact

The sourco o ths ifarence in Gamping would appear to be
the aerodynamic mechanism described by St Hilaire et al [17].
By an analysis of the time varying potential flow around an
harmonium reed, they found that terms in the time-dependent
Bernouli equation could give rise to an oscillating force on the
reed that is in phase with the reed velocity if the reed is a
closing reed and of opposite phase to the velocity if the reed
was an opening reed. The reeds of a harmonium are always
arranged to be closing, and they considered that the aero-
dynamic mechanism was the cause of the excitation of the
harmonium
while playing
the reeds with the vocal tract resonances is the most important
mechaniam forred exiaon i e case, but the ascacramic

e on the reed, being in phase with the velocity of the reed

for losig reeds. can bs viawed a6 decreasing he damping of
the reed, and being out of phase with the wvelocity for
opening reeds, can be viewed s an additional damping
‘mechanism.
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APPENDIX—
The vocal tract and harmonica admittance functions

THE VOCAL TRACT

tract i
workers in the field of speed synthesis [13], [14]. In vocalisation,
glottis is the sound source, and the sub-gottal system is generally
ignored. The system from the glottis to the lips is then represented by
a series of cylinders of varying area, and linear acoustics are used to
se. In reed instrument playing, the sound source
pen, 5o it is not so

e coud use the publioned methods 151 to calolate

imittance function of the vocal tract as seen from the
lips, given data on the area variation of the vocal tract, glottis and
sub-glottal system. Since this data does not exist for harmonica
playing this approach is not practical. Fortunately we can make
inderstanding pitch_bending, with only the most
qualiative knowledge of the variation with frequency of the phase of
the admittance of the vocal tract.

To this end we start by considering a tube of uniform cross

g

sectional area S, and length L, open at the far end. The input
impedance can be put in the form (3]
2, = RIS + jHtan KU/ + jan L) (A1)

ere R, is the density of air, C the speed of sound and K the wave
mber i o hfghtof the impedance maxima above the reference
Tevel R,CIS. The adrmitta - Tho phaso of th aditance, that
is, the phaso of the flow into the pipe, relative to the press

Pipe, 6, is thus given by

tang,) = ~[(H ~ 1)/2H]sin KL w2

Since H is typically 10100 for a tube of these dimensions, ¢,
varis om neatly 71210 12 s froquency i ncressed tiough &
resonance, wit inge being most rapid near a resonance. (See
ts of acoustic

ref. [16] for experimental measurements.

can make tho folowing daducton; o  iven rauency of gpaaion,
the phase of the acoustic admittance of the vocal tract seen from the.
s, con bo vare from ey + 7210 - 13, by sufable coninious
{arirs I the gecrney of e vocal vact nany afectsd by

tongue position) that alter the relationship of the vocal
ac reconances to the opaating frequencr:

THE HARMONICA
On the basis of a small signal model of the vibrating reed first
introduced by Backus [2), Fletcher (3] has given expressions for
reeds near the
‘The admittance of the reed Y, seon from the passive system, is
givenby

= (1-BIlR,12U,)cos 6, - WiRaIbX,lsiné)  (A3)

where
= the blowing pressure in the mouth referred to atmospheric
e constant part
hefrequoncy of vitration
nance frequency of the reed
ir bounded by the reed opening

the unblown displacement of the reed toward the inside of
the instrument
X, = the equilibrium displacement of the reed toward the inside of

cien
A VWO (MW - W)+ © W)

8 ISP wxx,uw»w-)uw (W2 - W + (wam
and the phase, 6, of the admittance is

(1P,|/2U )A + WIRfalb) [X,|(B ~ )] “a
(Pyl72Ug)T =B) + WIR, (@b ;1A

@ =

o stions (43) and (A4 are genrslasions of Fetchar' resuts

positive, the reed is a closing reed and, when Py/X, is negative, it
opening.
“The real and imaginary parts of Y, are

REIY,) = Y,cos¢, s
IMY) = Y,sing, )

and the condition that RE (Y,) be negative is essentially that (1 —B) be

Fot & madelofthe barmorkcs in which both the cpering ead the
closing reed contribute to the generation of sound, we take the
volume flow velocity in the channel to

acousicaly nparalell we can wrts

RELY, WL = RELY,W,WX,) + REIY,W,W, - X (A7)
MY, W) = IMIY, W, WX + IMIY,Wo W, = X)) (A8)
tand, = IMIY, W)/ REIY, W) 9
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where
Y), = the admittance of the two reed harmonica seen from the mouth
¢, = theacoustic phase of the two reed harmonica

W, = theresonant frequency of the top plate reed

W, = the resonant frequency of the bottom plate roed

We have assumed in equations (A7) and (AB) that the physical
paramaters of both tho reods aro the same and that they only diffor
in
This is only a computational aid, e any case it is a good
approximation since the reeds in the same channel, sounding at
nearby pitches, are very similar in dimensions.

Thersaro opparenty four cases o consid
>, positive and W, < W, This applies to blow notes 1—6.
uow sLow)
P, positive and W, > W, This applies to blow notes 7—10.
i 3o
P, negative and W, < W, This applies to draw notes 1—6.
(Low BRAW)
P, negative and W, > W,. This applies to draw notes 7—10.
HIGH GRAW)

However, because of the invariance of equation (A3) under the
simtancois change of gn of P, and X, i we us th same pat of
Tesonance. fequencies, case 17and 4" wourd yiekd en Wenicl
admittance function as would cases 2 and 3. That is 1o say, there are
only the two distinct cases considered in the text

ABSORPTION —

DECIBAR AF  — plain acoustic foam

DECIBAR VAF — perforated vinyl faced
acoustic foam

acoustic fo

— tough PU film faced

DECIBAR FAF
acoustic foam

DECIBAR TAF

iz
A comp/efe range of noise confro/ materials:

DECIBAR MAF — metallized polyester faced
am

— textile faced acoustic foam

Suppliers to Major OEM's & to industry
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BARRIER —

DECIBARLV  — loaded vinyl

DECIBAR LVF — loaded vinylifoam
composite barrier &
absorber

DECIBAR LVM — loaded vinyl matting

DAMPING —

DECIBAR DC — vibration dampmg
compound
DECIBAR DS

— vibration damping sheet
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CONTROL
pty. limited
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REPORT

Acoustic Emission Monitoring During a
Proof Test on a Repaired Steam Locomotive

Boiler

Brian Wood

CSIRO Division of Mineral Engineering
Lucas Heights Research Laboratories
Private Mail Bag 7, Menai, N.S.W. 2234

Introduction

The workhorse of the past railway systems was the
steam locomotive, and to some it was purely a work-
horse, and to others there is a romance that makes
the steam locomotive live. With the change from steam
to diesel locomotives there was a determined effort to
ensure that the age of steam would live on for future
generations to experignce and enjoy. The flagship of

he past for the New South Wales Railway, a specially
Shrobmined Iocomotive denties as 3801, has. bee
restored by the Newcastle State Dockyard and the
State Reil Authority of New South Wales to be used on
special passenger trips for both transport and enjoy-
ment of rail enthusiasts. Inspection of the boiler prior
to_restoration revealed a number of cracks radiating
from washout plug holes on the back corners of the
boiler. These areas were cut out of the boiler; the
cracks ground out; and the metal replaced by welding
techniques. Acoustic emission techniques were used
during the proof test of the boiler to evaluate these
repairs and to identify any areas of significant defect
activity.

Acoustic Emission Event Monitoring

Event counting is the most widely AE technique
which gives the number of times the waveform crosses
over a preset threshold for some measurement time.
The required equipment consists of a transducer, pre-
amplifier, main_ amplifier, and a computer for data
gathering. The deadtime of the system can be modified
so that the count may reflect the entire waveform or
only the event activity. The counting of each crossover
gives the waveform dominant data, while counting the
envelope gives only event activity. These techniques
are the most useful of all AE techniques, but without
other data it does not adequately describe the activity
from the monitored object.

Four AE transducers were located on each side of
the boiler in the areas of the repairs. The locations
were cleaned and the transducers located so that the
Flaw Locating and Imaging Computer triangulation
techniques could be used for precise source location
and the CSIRO-developed GSIRO-EAR acoustic emis-
sion monitoring equipment was used for zone location,
avent activity, and peak amplituds analyss. The trans-
ducers used had u frequency response in the 120 fo

0 and; the preamplification was and an
Saional 38 5 ram e main amplifor gave a 60 4B
total system gain.

Test Procedure

The boiler was to be tested under proposed operat-
ing conditions, and the various stay pins were adjusted
at the relevant hold periods in the test. The hot pres-
surised water was supplied from a 59 class steam
focomotive (shown in the photograph on the cover of
this_journal), which was connected to the boiler of

Following the instrumentation of the vessel, messure-
ments of bot velocity and_attenuation of the
TinTace wave on the veteal ware made using an artifi-
cial source.

The equipment was then calibrated and the basic
test procedure was wed which consisted of
increasing the pressure s niially 0 psi, monitoring
AE during pressure increase and a specified hold
poriod; théntho SFA staff moasured and adjusted e
stay pins to allow for the temperature and pressure
expanding the boiler.

This procedure was followed for each pressure
increase to 75, 100, 125, 150, 175, 200, 225 and 247 psi.
Two hold periods were included at the maximum
prossure of 247 pai beforo depressurising.

ackground noise levels and the equipment cali-
bration ward ahached ot the andof the bect program
Results and Discussion

The test procedure was designed to provide data
from various sections of the test vessel and to enable
the integrity of the vessel to be progressively evalu-
ated. The acoustic emission generated surface wave
velocity was measured as 2332 metres per second for
a surface simulated source. The attenuation coefficient
of the propagating surface wave gave results between
225 and 3.5, with the attenuation being measured at
between 19 and 30 dB per metre, depending on the
surtage condition and source 1o transducer separa-
values and the high attenuation
scatter of results are a result of
the rough surface; the surface coating; and
geometry of the vessel. It was estimated that each
transducer had a surveiliance area of at least 3 metres

level acoustic emission activity was

dotosiod during the first pressurisation up to 50 psi.
The detected waveforms indicated that the source was
mechanical noise. Data was also collected during a
second monitoring period while the pressure was held
constant at 50 psi. No defect activity was detected
during the hold period. This pattern of activity was
repeated for each of the subsequent pressure increases.
Activity during the pressure Increases can be asso-
hanical impact -and/or movement,
dofect activty, of ‘elastic/pladtic material effocts. This
activity can usually be located and identified during the
test; however, the more significant activity occurs dur-
ing pressure hold periods. During this test program, a
small number of acoustic emission events were
detected during the pressure increase periods, and the
source areas were broadly located in the area of the
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pipe fittings, on both sides of the vessel. Some acoustic =
emission activity which was not precisely located was Matehln
detected just prior 1o the fracture of tho glass in the

essure_gauge located in the driving cabin, and so - i

tms ac:wl(ly‘;‘s (hof::glhl to be assocvatled with Ihak( ever;( nﬂ -t ﬂ -
In the last three hold periods some larger peak ampli-

‘tude'evenls were detected and the approximate source |] m"l e y varnalbﬂel
location was again at the two pipe fittings.

e oo esatons e shoens imary 10 | ECONOMICAl, EFfiCient.
monitor the repaired areas on the upper corners of
both sides of the boiler. These areas were not identified
as source areas for any of the acoustic emission
events detected indicating adequate repairs in  this
Conclusions

This test program was not required to be a full integ-
rity evaluation of the vessel. The requested purpose of
the program was to detect any active cracking and
evaluate a number of previously cracked sections on
the back to side corners of the vessel which had been
repaired. Accordingly, the vessel monitoring was con-
centrated on these areas. The pre-pressurisation tests
indicated that each transducer effectively monitored an
area 3 metres in radius, and the areas of concern were
monitored by all transducers.

The detected acoustic emission data did not indicate
any persislenl or recurring sources of activity indicative
of crack grawth and/or defect activity. The activity 'System Matched' attenuated air systems are
detected is thought to have been associated with the | more efficient, more effective and more
gasket leaks; some rivet movement; mo emenl asso- | gconomical because you only pay for what
ciated with the pipes; and the pipe fitting ou need.

The data obtained from this test mdlcaled that there .
was no defect and/or crack activity from the areas Tne\/arlamlltv of our Rectangular Attenuator
repaired at the time of testing and under the prevailing | configuraticns is almost infinite so a very
test conditions. The acoustic emission activity from | special computer programme is used to
other source areas was detected and |denmned dunng accuratewal.gn required performance to

s

the test, and was consistent wit ance.No ovel

and méterial oifects nomally related 1o moreases " ot Coatenna optimum efﬁc‘ency

both pressure and temperature. b
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(Continued from page 64)

The processor then directs a speaker to broadcast sound
waves that are 180 degrees out of phase with the engine

Since cai noise is not completely repetitive a noise can-
cellation muffler would not create a_completely silent car.
It would, however, make it a quieter and more efficient one.
Antimojss can’create “zones of quet” in loud work
places. To make such a zone, microphones can be sus-
Pendsd around & workstaion oh a factory fioor
Speakers that generate the out-of-phase sound waves
can then be put close to the worker — say, under a desk
company has tested prototypes of this system and

says it cut noise-levels enough for someone inside the zone
to hear conversations from another part of the room.
Yet fhe rest of the room remained noisy. Shouls from
the quiet zone could not bo heard over the factory noise by
those outside | is now actively marketing this system.
From The Australian, 27th October and 10th November, 1987
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Hearing Problems
in Orchestras

Notes for a presentation to the
Performing Arts Medicine Society,*
NSW Branch, October 18, 1987

Donald Woolford

Federal Engineering Radio
Australian Broadcasting Corporation
PO Box 9994, Sydney

Is there a problem?

We expect that all musicians in an orchestra would
have at least normal hearing. At a symphony concert,
we expect and hear (usually?) good intonation or pitch,
thythm, ensemble, tone colour and dynamics.

It is incongruous to call music noise, although some
contemporary works, respectfully, appear to bear a
close_resemblance! From the viewpoint that intense
sound can damage hearing, the orchestra, brass bands,
fock bands and other groups who present rousing
types of music are placed in the “at risk” category!
s hoaring senss seams incapablo ol Siforantsing
between loud sounds we like, or loud sounds we do
not like, that is with respect to its capacity. However,
intensity and foudness are not equal. Intensity is a
physical measurement, loudness a psychological one.
Certain disturbing noises may be quite loud, but their
intensity structure is insufficient to cause hearing

Hearing problems among orchestral musicians?

Let us look now at the evidence. There have been
several recent major studies into the hearing of orches-
tral musicians: in Sweden,! in-depth studies, Swedish

major _orchestras; Switzerland? Suisse Romande
Orahestra. UK among 34 musicians. from- several
English orchestras; Australia, among 38 musicians
from the Sydney, Adelaide, West Australia orchestras
of the Australian Broadcasting Corporation.

Sound intensitios in orchesiras, messured in decibels
with respect to time, often exceed the limits prescribed
by health Auinoriics. liearng. impaiment 1 presont
among all of the orchestras surveyed, and it appears
that 20 to 25% of players in an orchestra can sustain
losses in hearing sensitivity due to the music alone,
but measured losses are often small.

The hearing loss caused by noise exposure com-
mences with a characteristic notch or loss of sensi-
tivity at 4 to 6 kHz, which widens with more noise
exposure. The judgment as to the proportion of hear-
ing loss due to the music alone is made after consider-
ing the noise exposure history of the person. Other
diagnoses for impairments among these musicians
included disease, gunfire, heredity, injury, presbycusis,
or previous noisy job. Nevertheless, following verbal

*The Performing Arts Medical Society began three years ago

in Melbourne and holds three or four meetings each year
where performing artists in all fields meet with members
of the medical profession and their associates. The accent
of this Society is on performance and knowledge in music,
theatre, dance and canvas.

enquiries in the USA, UK, Europe and Australia, it
appears that very few musicians have been retired
because of hearing problems, that is within recent
years.

If musicians are at risk, what is being done to
prevent changes in hearing sensitivi
Most palliatives or evasive actions have been taken
by the musicians (the world over) to reduce intense
music exposures, for instance, raising the noisy instru-
ments — platforms, risers for brass and percussion;
distancing the louder instruments and placing them
away from hard walls; plexiglass shields on chairs for
bassoons and other woodwind players; voluntary use
of ear plugs (these actions are supported by manage-
ments); s(opplng playing and covering both ears during
noisy pas
The alemenls of a hearing conservation
program (HCP)

e survey, to decide upon the need for a HCP:
sound |ntsns||y Tevels orchestras have been
documented in the studies mentione r work is
necessary to look at the impulsive sounds within
orchestras.

* Engineering noise control: basic to a HCP, to con-
trol noise at the source. A paradox: controlling the
sound intensity of musical instruments defeats the
purpose of the orchestra.

* Administrative noise control: for instance —

+ rotation of players of intense sounding instrument
and those nearby.
+ music planning (loud, soft, combinations for music
programs. A Swedish approach rates compositions
eavy”, “medium” and “light"). Tradition may
e an obstacle!
. Ansnnon to breaks during rehearsal and the 12 hour

* Ear protection: about 15% of players in Australia
use ear plugs. Prol

*Bocluded sar effect — bone conducted sounds ampli-
fied. This occurs with violinists and viola players via
chin rest and jaw bone.

+ Clarinet — buzzing sound heard, caused by bone-
conduction, since mouth-piece contacts top row of
teeth.

Attention to the environment (studio, concert hall,
stage) is needed to reduce high level sound exposures.
poor acoustic and too small an enclosure for, say,
rehearsals and recording ey result in higher sound

3

Solutions for hearing conservation require the judici-
ous application of many disciplin
+ Health aspects — health professionals and audiolo-
gists/otologists.
+ Acoustics — studio, hall
— measurements
— psychoacoustics — perception of sound
(music perception
+ Physics — musical instruments and sound radiation

« Engineering — noise control (risers, etc.).
. if i its

(tape
recording, CD's, electro-acoustics).
Fu!ure directions

whole problem of hearing among orchestral
musiane was investigated last year by myself in
conjunction with Professor E. C. Carterette (Psychol-
ogy), Professor D. E. Morgan (Audioloay), both of
UCLA, Los Angeles, California. The findings will be
published later this year in the journal Music Percep-
tion (University of California Press).

&
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Recommended was a three-phase study:

) A comparative study of hearing among orchestras
(a joint Australian/USA venture).

(2) Development of comprehensive tests for hearing-
related performance.

(@) The providing of a rational basis for hearing
iteria in the case of musicians for their employ-
mem retirement, transfer, disability, handicap
and the award of compensation. (Present medical-
legal rules used for the rating of hearing for com-
pensation awards are oriented to health and
speech communication. There are no tests that we
know of that relate hearing impairment to music
perception and performance.)

Reported also was a summary of hearing tests among
13 members of the Los Angeles Philharmonic Orchestra
and discussion of the resuits. The players were selected
randomly. Changes 1o, suditory sensitivity and other
differences from the “norm recorded _amon
thace: Muscians, Published Tindings wil hciude 1otor
ence to perceptually-related aspects of musical per-
formance such as pitch, timing, timbre and dynamics.

An interesting concept arose, attributed to Professor
A. T. Welford, psychologist: When specific actions were
done under deficiencies owing to fatigue, age or injury,

the doer adjusted the method of performance to shift
the load from impaired to intact capacities, with the
result that the required ends were achieved in different
ways (“Fundamentals of Skill", A. T. Welford, 1967).

The musician has many laid-down skills in technique.
There is also constant feedback from the Instrument,
the printed music, the music he or she hears, the
conductor and other musicians. Whatever the impair-
ment, overuse syndrome, mild hearing impairment, or
other, the output of the orchestra appears to substanti-
ate Welford's finding!

REFERENCES

Jansgon €. Axglsson A, Lindgren F. Karisson J.. Olaus-
n T, Do musicians of the symphony orchestra
Become deaiz" in "Acousice lof Chal andOrchoeta
Ternstrom, S. (ed.), Publication No. 52, Royal Swedish
Academy of Music, pp. 62-74.
2. Rabinowitz, J., et al, 1982, “Study of the effects of loud
music on the musicians of the Suisss Fomands Orches-
a”, J. Medecine et Hygiene, No. 1472, du 19, pp. 1909-21

81. “Noise induced
Arch. Oto, V. 107,

3. Westmore, G. L., and Eversden, I. D.
hearing loss i orchesral musicians”

4. Woolford, D. H., “Sound pressure levels in
phey orehostas and oaring ALsy. Béglonar Gomorion
of The Audio Engineering Society, Melbourne, Sop. 25

v CHANGE THE GRADE BY
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TECHNICAL NOTES

Roaring and screaming

Wh: 0 lions roar and cats merely miaow? The
answer has nothing to do with size or the fact that one
is a fearful predator and the other a pussycat. The
structure of the voice box, an organ overlooked until
now, explains the

Since 1916, biologists have divided cats into roarers
(Panthera sp) and non-roarers (Felis sp). Roaring cats
have a bone missing from their hyoid apparatus and
have a ligament in its place. This explains why these
cats have deeper voices but it does not account for
roaring. And the snow leopard (Panthera uncia), which
anatomically falls into the roarer group, does not roar

at all. It scre:

Malcolm Hast, professor of otolaryngology at North-
western University School of Medicine, Chicago, dis-
sected out the larynges of 12 species of cat and found
not only what makes some cats roar but also a new
and better system of classifying cats.

Real roarers, Hast found, have very large, undivided
vocal cords with a large pad of fibroelastic tissue at
one end. The resulting tube is like the tube of a
trumpet. This allows sound to pass from mgn o Tow air
resistance with a better transfer of acoustic energy —
resulting in a booming roar.

All cats in the genus Panthera have this structure
except the screaming snow leopard, which Hast sug-
gests should be a separate genus, Uncia.

From New Scientist, 19 Feb. 1987

Car alarm’s painful noise
drives out thieves

r alarms are triggered so frequently by accident
that they are ignored. An American inventor has intro-
duced an extra element of deterrence — “a pain
generalo

siren in the car produces a how! well above the
paln threshold, driving out a thief in seconds.

Bystanders are said to be safe, however, since out-
side the car all that can be heard is the noise of a
conventional car burglar alarm.

The “pain generator” was devised by Mr. Allen
Arzoumanian, and is made by a Californian company,
Integrated Alarms of Encino.

Mr. Arzoumanian claims burglars are avoiding cars
with a pain generator sticker.

He has no qualms about the pain generator.

o gon't sare what you say about torture and pain.”

says. “The reason there is so much of it around
e Wiia 18 ‘bedausa It works:

Weekend Australian, 5th September, 1987

Walls will have loudspeakers

Wi few homes could have hi-fi loud-
:peakers Built nto, the walls, and ceilings, to save the
space normally wasted on large speaker cabinets. A
team of engineers at Matsushita’s acoustic laboratories
in Osaka, Japan, has built a prototype. It is 12 metres
square, but only'6 centimetres thick.

Shuichi Obata, the research director, says that the
target is to make the speakers 3 centimetres thick,
and to incorporate them as cladding in walls and ceil
ings. Obata showed off the speakers in Vienna.

o stop sound radiating from the rear, most of the
d:apmagm in Obata’s prototype is sealed in an airtight

chamber. Small air vents prevent pressure bulld-up
inside the chamber. The difficult trick, solved by c
puter analysis, was to taflor the size of the ar vents.
The demonstration cost Matsushita dearly. Eac
speaker must have powerful magnets that hold the dia-
)

packaging, the stereo pair weighs 800 kilograms. Mat-
sushita managed to get both loudspeakers on a single
jumbo jet from Japan to Frankfurt, but for the local
flight on to Vienna the company needed a jet for each
loudspeaker.

From New Scientist, 11 June 1987

Primitive man ‘rocked around
the rock’

Scientists at the Swedish Institute of Geophysical
Phenomena in Stockholm have discovered evidence
that prehistoric man enjoyed a crude form of recorded

d of the research team, Dr. Lirpa Loof, who vis-
ited Australia in April for talks with CSIRO colleagues,
said the startling discovery has shattered the belief that
ancient Man had little to amuse himself with except
cave painting and story telling.

The find was made near Ouagadougou, Upper Volta,
in West Africa, about 18 months ago during a research
venture to examine potential oil resources in that very
poor count

Dr Loof said ciroular tablets dating back 10,000
years. painstakingly engraved using unkiown methods,

e rudiments of recorded sound when played with
pyckibie ay (sightly modified) naedio.

The original stylus was supposedly a thin reed,
although o firm evidence of this remains after so many
years.

During a 0 the Swedish Embassy in Ouaga-
dougon the Scientist (who had boen atiending a Cook-
tail reception) asked o try his “theory” for a laugh. To
everyone’s surprise the tablet, played at a speed of
3% on the Embassy tumtable, produced a discernible

Farther research is now underway to determine just
how the ancients were able to reproduce sound using
primitive methods.

CoResoarch, CSIRO, April 1967

Erasable optical discs?

Materials that promise erasable opnnal recordnng of
either analogue or digital data have bee

it the "Philips. Research. Laboratories. in. Eindnoven
These are semiconductors such as gallium antimonide
and indium antimonide that have been doped with small
quantities of undisclosed impurities, deposited on to
the disc surface as a thin crystalline layer.

Information is recorded by scanning the disc with a
high power laser which is pulsed to represent digital
data. This rapidly heats very small areas in the material
to slightly above melting point; these areas solidify to
produge amorphous spots wiin crystaline surround:
ings. T n be detected optically because of
S ditorony reiacianca, and the pattern s sufficiently
well defined for digital audio and analogue video read-

o erase recordings the amorphous spots are
heated to just below melting point, whereupon the
material regains its crystalline state.

Philips claims that information can be recorded and
erased about a thousand times. It should be possible
to_play crystalline amorphous discs on existing hard-
ware after only slight modifications.

Physics Bulletin, September 1987
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BOOK REVIEWS

NOVEL TECHNIQUES OF
NON-DESTRUCTIVE
EXAMINATION

E. A. Ash and G. B. Scruby
(Editors)

Universiy pross, Cambridge, 1965,
, ISBN 0 85403 292 4. Review
from The Raya/ Society, 6
Carlton House Terrace, London,
SW1y UK. Price £45.00
(includes international postage).

In response to_the need to measure
quality and pvedvn re\labll\\y a wide
renge o! mor echniques, many

10. The use of ACHfield measurements
for crack detection and sizir

air
and_under water. — W. D. Dover,
R. Collins and D. H. Michael.

11, The Russel aifect and its use in
non-destructive testing, v.
Daniels.

12. Novel Appllcalmns of
microsce D. .summev,
Bowd . R, Graves

13, Integrated circult metrology with
confocal optical microscopy.

S. D. Bennett, Lindow and
1. R. Smit

14 Surface - acoustic - wave generation
by thermoelasticity. — W. Arnold,

15, 3,80tz and 8. Hoffman

(NDEL "Ts being ressarched:and dovelr
. oped. Research on NDE has led to the

iho Royal Society on 9th ang. 10th July,
ae

n papers were presented at
ine mecting i e epromucad in ths
book (378 A4 pages). These papers
covered the three major types of tech-
i particle (neutrons), electro-
magnenc foplics, magnatics, micro-
and elastic wave (ulrasonic) —
the largest number being in this latter
Tila. rnacting. curront” NDE

he papers  presented
novel and interesting develcpmams
which d to friction in_future

years. Although at present the tech-
niques are not at a usable stage, they
present an invaluable insight into cur-
rent trends. Following each paper is a
reproduction of the discussions which
ensued. The papers are
Ultrasonics _ for
structure
bbels.

microcrystalling
examinations.

»

Acoustic resonance tech
temperature, stress and

impurity

of
ing defects in metals with the use
of Iaserrgenauled ultrasound, —
Y . J. Dewhurst and
S.B. Pl

Use of uilrasonic models as tools
in the design and validation of new
NDE techniques. — R. B
son and 3
Uilrasonic: maasurément of internal
temporature distribution. — . N
Wadley, S. J. Norton, F. Mauer and

&

Magnetoacoustic_and Barkhausen
emission in fertomagnetic matorala
. J. Buttle, G. A. D. Brigg:
s Jakummcs &% il ‘and
C. 8. Sen
John Dunlop

NOISE-CON 87
PROCEEDINGS

lns(llute of Noise Control Engineor-
ox 3206, Arlington
Branch Paughkespslev N.Y. 12603,
pp. _Price

Sirdso oxia"SsI18. 157 et
postage).

The theme of the 1987 National Con-
ference on Noise
was “High Technology for Noise Con-
trol”. The confe was held at

materials. — J. J. Gagnepain.
Imaging witn optially generated

Haines and G. ou
coustle_microsoapy of
3 M.

@

J. Kushi-
737G, Sometn ana 6. A"
5.

from 10 to
il applications.

Acouslc. microscopy

Young and D. R. Howar
Scanning_acoustic_microscopy of
partly embedded cracks in_poly-
crymum slumine. Smith,

.G, Gee and M.

Nioonanag.
Scanning electron acoustic micros-
copy and its application. — D. G.
avies.
Photodisplacement technlues for
efect dotection. — Y. Martin and
.S

§5Z2
2

Inplcs presemed at'the conference.
papers which formed the
"st!mgu\shed Lecture Serles” are cach

pages long, The first, by L. Melro:
viteh, o “Gontrol of Distributed
S(mc'ures Dress tpen of snucires

namely,

are disor
e’ “Gontrlbuted_papers, each six

pages, are divided into nine areas:

, water- and structure-borne,
d.

No. of
Papers

Emission: Noise Sources
icsl Phenomena 17

Roteo Gonte Elom 19
Vibration: Geneullon g

Immission Physlcul Aspects of En-
vironmental ‘Noi 13

immission: Effects of Noiss 7

Analysis a1

Requiremer 1

Bior medlcav Gses o Acousllcs 5
with the proceedings

feronce, he aaiy of e Lomibwed

papers varies. Some of the papers are

theoretical while others present practi-

cal solutions to noise investigations and
e allowai

Mot will lmd somie
rea of interest. One
Paper which caught my eyo. during. a
scan through the contents was ”Classv-
flcation o soybeans act-force
fosponse" Tho rasule presanted In this
paper indicated that It was possible 15
use such a non-destructive test to dif-
ferentiate soybean seed of different
quality.

These proceedings would be a worth-
while addition to the acoustics section
of any libran

Marion Burgess

SOUND INSULATION OF
PARTITIONS IN
BROADCASTING STUDIOS
Field Measurement Data
E :nndall D. J. Meares and
.8.C. _Engincering  Publication,
1986, 122 pp. Review copy from
B.C. Engineering ® Department,
Kingswood " Warren, ~ Tadworth,
rrey, U.K. KT206NP. Price £30
(£35 for overseas).
The publication is A4

method of

ublication was_written
specificpurpose; that was
test results of sound
on partitions
n the UK.
aro presented in tabular and graphical
forms. There is no attempt
authars to derive the sound 'reanction
index irom

for a

and the
Gotormination of theh Gonel Geime pre.
sentsproblems not _encountered in
lumped-parameter systems. The second
is, by Tony Embiston on "*Outdo
Sound Propagation” and is a review
paper presenting the lfects of the vari-
out propagation mechanisms including
geometrical spreading, molecular ab-
sorption, interference, refraction, diffrac-
tion, non-flat terrains and_turbulence.
The' third distinguished lecture was
gven by M. Junger on “Shipbo:
ources, Transmission and Con-
and the three transmission paths,

a

ror

urements.
s oal maimy witn o

and the fighter weight BBG

“Camden’ " sysiem, with without

doors. and double
Other lightweight

Ratlons of metal, fmbor and abserpive
materials have also been tested. There

ile) windows.

which can' be useful in comparing the
d

The results should be useful 1o de-
signers of sound studios and spaces
which require high sound_insulation.
This publication is highly commended.

Mark Eisner
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NEW PRODUCTS

Bruel & Kjaer
Modules and Printer for
I Mete

ere are now seven modules for the
Modular Precision Sound Level Meter
type 2231.

t Recording Module BZ 7107
is d-s!gneﬂ for the automatic recording
of up 10 99 noise events with the
o1 short printout or full document
rberation Processor_Module

y decay tim in octave or
mw wave band:

m L Modma B27108
anbios 1o 2951 16" oasurs short o1
Lu, over consecutive user-definable ime

. Fequuncy Analysle Module
827103, when combined with the Filter
Sot e 1655, onables automatie seria
octave or one-third octave band fre-
quency analysis to be perform

« Integrating_ Module type BZ7100
produces a ganeral purpose integrating
sound level

" tatsical An.lysls Modulo B2 7101

iculates L. as well as cumul
probabilty distributions.

o Taktmaximal Module BZ7102 al-
fows for measurements in accordance
with_the administrative regul
the Federal Republic of Germany.

The Graphic Documentation Printer

small, lightweight, battery-
o raphic and alpha-
mtouts oo tuments Wit
a serlal Intoriace. When it s used with
Bruel & Kiser's Wodular Precision Sound
type 2231, all information
an accurate analysis of
the measurement dals (6.0, panduiaih,
range, weighting factor, and module |
Veay s recetass on e pristout, & Space

Is left for the operator to record any
- The presentation of
231 can be
form of fully annotated graphs, \ubles or
multi-component bar charts, a
new feature,
Further information: Brel & Kjeer
Aust., 24 Tepko Road, Terrey Hills,
N.S.it. 2084 Telephone (02) 450 2066.

Cirrus.
Data Logging SLM

The AL 236 Memory L.
takes a series of “short L.
actual

Meter
values,

compatible computer for
storage on disk. Any acoustical meas-
urement can be made on the stored data
eg. statistical indices, average sound
level, single event levels, atc. The meter
is capable of measuring over a 150
range with a resolution of 0.1 dB.

Short Leq Noise Meter Kit"

Girrus Research announce a complete
noise measurement kit for the CRL 2.22
setes of Inegrating noise mefers, the
CRL2.2:

The vindusrial” measuroment ki s
contained In an attacha styo briofcase

nd includes a ual range
Calorator windshild, caloration scow
driver and spare baiteries; in fact
the accessories needed for full indus-
trial measurement to British Standards.

A ion of the kit, the
“compatar scauation K

2.22K/2",
is intended to erything
needed for the data acquisition by the
“Short Leq” e

allows the CRL 2,22 to be used as the
input unit to a desklop computer and
measure the noise level second

intervals over a full working day.
effect, the CRL2.22 becomes an ex-
tremely powerful data logger and can

take and process data with an ease an
speed that simply was unthinkable even
five years

kit contains full acquisition and
processing_software together with an
interface cable for use with the com-

puter of your choice.

maive toioral BooRi 1s brovided and
nothing else is needed except the c
puter.

Provision is made in both kits for the
digital readout unit CRL 222-07. This
allows remote digital readout of the 2.22
for use in remals locations o give high
resolution repeated readin

s performance of the CRL222 Ie
exaepnen-l Both
Be measured over a full 53 9B
o maxi i
o nours; allowing use over a full work.
ing acouracy s to i
specilication. of 886869° o
rade 2 and tho CAL2.22 also meels
the new IEC 804 s
Grating” (Locy Meters, Sound. Exposure
Lovel'Is fitiag a8 standard so that the
noise. workers can be
Toasured: on 8 trie. snergy. related
scale.

The British made CRL222 is the
world'sfirst industria) “Short Leq” meter
and s price w many simplo
Sound tovel, mators, none
Yot nas a GOMPUTER Gutput and - Shart
Leq” function.

Both 1BM and compatibies together
with the BBC compumr are supported.
Furthor informatio 7 KJ David-

son Ply. oserna Srset oo
Tabbin! Vie 3160 Shons (63) 255 7277

ry compre-

I

Pulsar
Noise Indicators

The Modol 200 sarios of nois
cators use a series of ing
Giodes 1o sisplay the sound level Tha
means that the instruments are easy to
ead ond more robust than previous
inexpensive overlapping
20 aB Ranges are fited and the sound
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NEW_PRODUCTS

tevel is displayed in increments of 2 dB.
08L measure

spemny modified for hi-fi enthusiasts
“iat”
uther infomation; Instru-
ments, Acoustic Houso, Bridiington Road
incustiel " Estate, Wunmanky.
Yorkshire, Y014 OPH,

Bradford
Insulating Retractable
Tennis Centre Roof
Bradford Insulation's Tuff-skin Fibre-
glass Multi Service Board was use

recently to acoustically insulate the re-
and celling of the

tractable roof

hectares In area, is unvque as it can be
opened to make adium an open
SR Gompiex. The rost and celing were
insulated by Chadwick Industries, with
acoustic design by Graeme Harding
Bradford's Tuff-skin Fibreglass St

Service Boa product used in this

applicati wide range of

eral md\mrlal and acoustic appnuncns
selected on the basis of its

excellent acoustic performance. In addi-
tion Bradford's flexible production pro-
cess enabled the product to be manu-
factured

n designed so that the sound

movpno e when the sliding
mu( is open or closed.
oot strusture consisted of 58 mm
ek rediord n Fibreglass Multi
nice Board |

s then covered by
a roof felt. The mobile retractable roof
was _insulated

stadiam onto e it will open
nd close depending on the type
entertainment.

CSIRO
Fast Fourier Transform chip

GSIRO's Division of Radiophysics, in
conjunction with Austek Microsystems
Ply. Ltd. has designed a VLSI/FFT
chip and commenced fabrication of a
prototype chip that will be at least five
times faster than its known VLSI com-
petition and will have versatile cascad-
ing functions.

The prototype chip will perform a
fastFourler.ranstom process o
dred times faster than 3 $150.00 ik

the speed and low cost
CTVRSITEET Govicos that wil resun 1n
rovoluionary _changes 1o slectronlc
equipms
 sonar, sonabuoys, radar, multi-chan-
el radio scanting! survelliance;

o digital audio equalisers, filters and
electronic music;

o deblurring of photographs, enhanced
Slow-motion video;

« forensic science;

o sonic imaging.

CSIRO Industrial Research
News, No. 182

Sydney (02) 428 1388

For more information phone

THE CHADWICK GROUP

Melbourne (03) 560 2422

CHADGYP

POURED IN PLACE
GYPSUM
ROOF DECKS

CHADGYP Roof Deck Systems provid
o Versatility of desi
> high sound transmission barrier e Excel-

lent sound absorption (particularly at
low frequency) e Effective thermal insu-
lation o Speed of installation e Total
composite roof and ceiling system e Fire
resistance ratings.

ign e A monolithic

Canberra (062) 80 6333
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New Publications

The fellowing publications have been
received by the Society and are held,
Tomporatiby in the Rebuas Cabora.
tory, ‘School of iversity of
NSW. T

members. Photocopies

Cror ret n
(02) 527-3173, A charge will be made
for photocopying and postage.

Hearing Protectors
e

n
s just been re-
. It includes_information on_all
hearing protectors tested up 1o
May 1987. Attenuation data are reported
for 97 earmuffs, 35 earplugs and 35
helmet-mounted " earmufis. A sec-
tion introduced with this revision reports
measurements of the total attenuation
obtained when earplugs and earmufis
are worn together. The report costs
$3.95 at Australian Government Publish-
ing Service Bookshops.

Aircraft Cabin Noise
Occupational

Sa Commission  (Worksafe
Ausnalla) hns published a report entit-
led and noise

Health

report includes the resull of ::a in
noise surveys the Dey
ors of Aviation of lght "aircraf and
small _commuter alrcraft, the noise
attenuation of a number of pilot's head-
ets measured by the National Acoustic
Laboratories and gui n selection
of appropriate headsets for hearing con-
servation purposes. The report is avail-
able free of charge from the Information
ervice, Worksafe Australia, G.P.O. Box
9, Canberra City, A.C.T. 2601

JOURNALS

Acta Acustica

Vol. 12, Nos. 2, 3 (1987).

Applied Acoustics

Vol. 22, Nos. 1, 2, 3 (1987).
Archives of Acoustics

Vol. 11, No. 2 (1986).

Chinese qurna! of Acoustics
(in Eng!

Vel 6, No. 2 (198).

Contents include: D. Heping and
Chongem Adaptie Iaitlce” noise can-
cellor and optimal step-size; . L

Copth

element metho; Z. Minhua,
g, Finite element analy-
s\s o e angie ol . Shachu, W,
ngjin, 2. Kesen, Measurement of
machanical Input. mpedance. ol plana
array_element impulse _sound
tube; T. Duchun, A practical approach
10 leakage. correction of frequency and
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Vibration Institute
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Institute of lllinois, the main publication
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Shock and Vibration Digest
Vol. 19, No. 9 (September 1987).
Includes a feature article _entitied
“Fatigue and Fracture Mechanics:
Ground Vehicles", by R. W. Landgraf.

Vol. 19, No. 11 (November 1987)

Includes a feature article entitled "Air-
worthiness of long-life jet transport
structures” by U. G. Goranson.
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FUTURE EVENTS =

@ Indicates an Australi
1988

o January 25-29, SYDNEY
BICENTENARY CONGRESS OF
PHYSICISTS

Details: Dr. Collocott, CSIRO Division
of Appiied Physics, P.O. Box 218, Lind-
field 2070.

Conference

e January 28, SYDNEY
SEISMIC AND UNDERWATER
ACOUSTICS
Details: Dr J. Dunlop, School of Physics,
University of NSW, PO Box 1, Kensing"
ton, NSW 2033.
e February 16-24, CANBERRA
REMOTE SENSING OF THE
ATMOSPHERE AND OCEANS.
Details: Sec. for Remote Sensing C
ference, Physics Department, Umvars”y

ollege, Australian Deferice
Academy, Campbell, A.C.T. 2600.
March 1-3, MODENA

URBAN NOISE AND TERRITORIAL
ADMINISTRATI
Details:_Prof. P. Zaniol, PMP-Settoro
Fisico Ambientale, USL n16, /- Poli
lnico, Via del Pozzo 71, 41100 Modena,
aly.

March 16-17, GERMANY

DAGA '88

Details: R. Martin, Abt. 1-Mechanik and
Akustik, Bundesalle 100, D-3300 Braun-
schweig.

May 4-7, BUDAPEST

9th CONFERENCE ON ACOUSTICS
Details: Opical, Asoustical & Fimtech-
nical _Society, Budapest,

H-1027.

May 11-13, HUNGARY

15th AICB CONGRESS

Noise Abatement — State of the Art &
Application.

Details: Dr B. Buna, Insti. for Transport
Services, Dept. Env. Protection, 1119
Budapest, Than Karoly u. 3/5, Hingary.
May 16-20, SEATTLE

MEETING OF ACOUSTICAL SOCIETY
OF AMERIC

Betale Mrar 8. Goodlriond, 335
East 45t St New York, NY 10017,

June 6-10, YUGOSLAVIA

XXXl ETAN CONFERENCE

Details: Prof. P. Pravica, Electrotechni-
cal Faculty, Bulevar Revoluci je 73,
YU-11000 Belgrade.

June 9-10, LONDON
2nd Intermational Noise & Vibration
Detals: Trade. a, 7scnmaal Press Ltd,

13/15 Crook Rd, East Molosey, Surrey
KT8 9BE, Englan A

June 20-22, FURDUE
NOISE-CON
Noise Cnmm\ pesign: Methods and

Daurls Conference Secretary, Ray W.
Herrick Labs, Pwdue Uni., West Lafay-
ette, IN 47907, U!

August 21-25, STOCKHOLM

5th INTER, CONGRESS ON NOISE AS
A PUBLIC HEALTH PROBLEM

Details: Noise '88, C/- Reso Cangress
Service, 5 113 92 Sxo:khc/

August 22.26, EDINBURGH

T7th FASE SYMPOSIUM ON SPEECH
Details: Mrs. C. M: je, 1.0.

tics, 25 Chambers S! Edlnburgh EH1
1HU, Scotland.

August 30 - September 1,

AVIGNO

INTER-NOISE 88.

“Sources of Noise.”

Details: Inter-Noise 88 Secretariat,
BP 28, 60302, Senlis Cedex, France.

October 3-5, CHICAGO

1989

May 22-26, SYRACUSE
WEETING OF ACOUSTICAL SOCIETY
OF AME]

Details: ms, B. Goodfriend, A.S.A.
Eest 45t St. New York, NY

, 335
0017,

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

September 4-6
SYMPOSIA

Sea Acoustics — Dubrovaik
Electroacoustics — Zag

Details: 13 ICA sacleralral Sava Centre,
11070 Belgrade, Yugoslavia.

November 6-10, ST LOUIS
MEETING OF ACOUSTICAL SOCIETY
OF AMERICA

1990

IEEE ULTRASONICS
Detalls: Insituto of Elosirical and Eloc-
tronics Engineers, 3 7th Stroet,
Now Vors, Ny 10017, G5 A"

October 17-19, MANNHEIM
VDE-KONGRESS 88

Details: VDE-Zentralstelle _Tagunge:
suesemannal/ne e 26000, Frankiurt

November 2-4, SHANGI

WESTPAC 11l

Developments of Acouslics in the
Western Pacific Regi

Details: Secretariat Wsslﬂac , lnsmvfs
Acoustics, Academia Sinica,

guancun $t, Beijing, Chin

November 14-18, HONOLULU

2nd JOINT MEETING OF ACOUSTICAL

SOCIETIES OF AMERICA AND JAPAN

Details: Secretariat ASA-ASJ Joint Meet-

ing, Ac.Soc.Japan, lkeda Bldg 4F, Yoy-
001 277, Shibiya, Tokyo 161, Japan:

November 14-17, KOBE

2th INTERNATIONAL ACOUSTIC
EMISSION SYMPOSI

Details: Prot. Dr. ,mpara Dept. Naval
Architecture, Faculty of Eng., University
of Tokyo, 3-1, Hongo-7, Bunkyo-ku,
TOKYO 113, JAPAN.

November 28 - December 2,
HONG KONG

POLMI

Felition in the Metropolitan and Urban

Environment.

Details: Polmet 88 Secretariat, c/- Hong
Institution of Engincers, 91F,

Island Centre, No 1, Great George St,

Causeway Bay, Hong Kong.

May 21-25, PENNSYLVANIA
MEETING OF ACOUSTICAL SOCIETY
OF AMERICA

Details: Mrs. B. Goodlriend, AS.A, 335
Esst 45in Sirest, New York, NY 10017,

November 26-30, SAN DIEGO
MEETING OF ACOUSTICAL SOCIETY
OF AMERICA

Details:
East 45th Siroct, New Yor
USA:

: Mrs. B. Goodiriend, A.S.A.,
v To017,

ADVERTISING RATES

Full page, black and white _....... $360
Full page, spot colour $410
Hall page, black and white ......... $235
Half page, spot colour $285
% page, black and white $150
Y% page, spot colour 5200
Prepared insert, max. 4 pp. $120
Colum rate (for small ads) one-
third p. width, per

Special sizes

11 cm by 11 cm (% page) $175
Pago width, 5 cm high . $120
One-third p. width, 11 cm high .... $90

Discount ratos avallabl, for three con-
secutive and for sustaining
mbers.

All enquiries to Sandy Eastman —
(02) 527-3173.

— -
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