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ygienic Noise Control
~ by Bradford

The new Bradford Fibertex acoustic baffles
have both outstanding sound absorption
charactertistics and a protective coating
which allows them to be wiped clean and
provides resistance to oil and moisture
vapours.

Manufactured from well proven Bradford
Fibertex Rockwool and coated with a white
30 micron plastic film, the baffles provide
an attractive and simple solution to
reverberation control.

Bradford Insulation

7 Percy Street Auburn 2144
Phone (02) 646 9111

or your local Bradford office.

They are particularly appropriate for use in
the food and beverage industry and other
applications where hygiene is of paramount
importance. They are easily installed, without
plant closure and without building modifica-
tions. They are fire resistant, moisture
resistant and available from...
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FRONT COVER — RASTI — A Rapid Measure of Speech Intelligibility
THE B &K 3361 SYSTEM

The quality of sposch transmission is of paramount importance in any stuation

which a spesicar addresses an r speech transmission in a
oo, theatro, SucHoum, oF sutdbor puBta audress yslam Jsace 1o redusen
spsuch intelligibility.

Speech Transmission Meter 3361 enables objective measurement
iy nellgibiliy nauditoria, churches, theatrss, schools, etc. It can be
used in localities with o without speech reinforcement systems and can also
be usad in the testing of Public Address systems in airports, railway stations,
etc. For further detals contact Bruel & Kiasr Aust. Py. Lid. (02) 736-1755,
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The Western Mail,
WA reduces noise
levelswitha
RIPPLESOUND
ceiling system

Newspaper offices can be very noisy
places, particularly in the areas where printing
presses are operating. So, in planning the
new press building for The Western Mail in
Canningvale, WA, the design team and
the acoustic consultants selected RIPPLE
SOUND as an attractive ceiling lining system
with proven effectiveness in absorbing
unwanted noise. RIPPLE SOUND also has
the virtue of being light in weight, and is
easily installed.

In addition to its ability to absorb sound,
RIPPLE SOUND also provides efficient: thermal
insulation and maximum reflection of natural
light. Itis a maintenance-free surface.

The RIPPLE SOUND Ceiling System
comprises corrugated, perforated aluminium
with polyethylene and bulk insulation above.
DESIGN & CONSTRUCTION: INTERSTRUCT Pty L1d,

inscion wih Cheres At Aebotiand { Olessafaro
Ao Consutants Vipac P L

RIPPLE SOUND

manufactured andinstatedby

RENHURST PTY, LTD. oo vatoin

ASUBSIDUR OF AVES HARDIE INDUSTRIES LMITED
Incopoated NS

° Hennuvsl Pty Lid
h St Mulgrave. Vic. 3170

B - e ; - P\ease send me Test defai's (1 & literature
1} about RIPPLE SOUND orprone
e Meb 5603055

Name. Syd 7096022
Bis 7777

Company Adel 2522111
Address. Perth. 4515666
Post Code. J—
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AUSTRALIAN NEWS —

NEW SOUTH WALES
April Technical Meeting
In recognition of a resurgence in the

interosted parties later.
tions w
i wl

Six presenta-

ters of Bruel and Kiaer dealt

historical _development
1" acovsical " metremontaton, going
through the classical cycle of simple
concepts becoming more complex while
reducingin eize and welght, but coming
back to simplicity to satisfy dem:

Athol Patch of Camac (Doors Dlvlalon)
cofitinued the historical t

formanca when installod on the ob. s
required the ovarcoming of deflciencies
o baslo areas, ranging irom dosign
Fonaronton. and s rasimie 1om
proceduras, 1o educallon of Gonsuitants,
architects, ‘tradesmen_ar
W a parallel wi
firedoor situation where similar efforts
have led 1o performance guaranteed for
years after installation,

Bl Mansell of Chadvick Industrios
brief_outiine of a
sPeclaHsed rouels doveloped 1o

e acoustical deficiencies found in
{raditonal methods of bullaing consiruc.
tion, with particular application to enter-
tainment spaces and other large com-

Bil Blchmond of Plastyno Products
also provided mples of

speakers he showed how manufacturers
must take into account many other cri-
teria elated to health, Safoty, otc,, when
ing new acoustical materials.
Pascoe of K. H. Stramit Ply. Lt
continsedthe-theme ot iuraung ihe
way in which their products are de-
veloped to meet a range of require-
Tents, including. mechanical, tharmal,
et ning acoustical

of Auralguard &
Bilsom Australa gave an historigal sum-
mary of hearing protector development,
and demonstrated two new earmuffs de-
veloped to combine with other safety
equipment. Ho demonstrated also a pro-
grammable calculator that could be used
o calculate accurately the dBA level
experienced wi to 24 ear-
muis of which the octave-band attenua-
boon pro-insertod into the

rators. ‘and” sucione a_socially
arocably and mrmaive gt

QUEENSLAND
March Meeting
At the Exiraordinary General Mesting
of the Queonsiand Divison of Austalian
Acoustcal Sociely held on 11 March,
1986, the President of the Society, M
Graeme Har an address
with the history. siructure, aims
and luncllomng of the Society.
e pointed out that moves which
Jed 10 he formarion of the Seciey wers
begun in Sydney in May 1964 by Peter
Knowland and 1. Vivian Taylor Inerest
was sought from others w
field ‘of acoustics in_both Sydn

ty was incorporated as a
Company in Api 171
raeme then spoke on Paradoxes in
Acoustics which included:—
» Why audiometric booths don't perform
o Why rafic nolse intrusion i indopen-
dent of
* Why your Children have the tolevision

o iy g brick houses are quister
than brick veneer hou
When he was fiold testing an audio-
metric_booth in an industrial environ-
ment several years ago, he found that
the performance of the booth was mar-
kedly inferior to the laboratory test re-
sults. It was not until h
Sovoral chacks on the construction and
performance,of the booth and ihe walls
of the room in which it was housed 1
it became spparent e Ihe i o the
booth In the irect bearing
on th sound isolation achieved. That 1,
the booth when placed as it was In a
Gormer ofthe room was no angor (otlly
wihin the’ difuse sound
n Sach gonerating o
higny revevberan( sound field along two
of its four si
Teforence to_transmis
curves for window glase s & funel
hicknoss, Graeme Jilustratod that thick-
ness has e sound Iso-

loss

bate ensued, however, regarding the
spectral distribution of traffic noise in
rainy Melbourne (where Mr. Harding has

s practice) with that in Queensiand!
To illustrate his next topic, the
dontshow normal- residential
dwelling construction and layout
internal

38

noise/ listening requirements of parents
and their children to co-exist. Elaborat-
ing fur showed how generally
people require a certain minimum signal
to noise ratio for good fistening condi-
tions, especially for music. Conversely,
comfortable speech can be conduct

only up to a particular background noise
fevel. When internal wall joor con-

00ms where
are listening comfortably to music and
their parents arehoiding a discussion,
conflict

Wi final topic, Mr. Harding drow
upon personal experience to show that
although it may be expected that the

factors are present. in particular, modern
building techniques are such that it is
suspecied that acoustical “weakness”

rough the eaves, tiles and above
the windows of brick. ve homes,
which make them noisier than older
double brick houses wih the same glass

June Technical Me:

9

©On 11 June John Cole from the Fluid
Dynamie's Group, Engineering Investi-
ection, of the Queensland Elec-

imission spoke on a Practical
Investigaton nto_ne Low
(42 Hz) Noise recorded in
Pulverised Coal-Fired Boiler.

=0

induced

site work and modelling that was done,
and included a video of some stages of
the model testing.
SOUTH AUSTRALIA
March Technical Meeting

O 12 March Professor Richard Lyon
of M.LT. spoke on Structure Borne Noise

Ship: ave a brief review of
statistical energy  anal
ased on acoustical reciproci
Gussod the implications for noise irans.
ome rocent  calculations and
X i el of a ship
engine mounting. Structure woré “de.
seribed with particular attention to the
relative roles of in-plane and flexural
vibration on noise and transmission.
VICTORIA
April Technical Meeting
This meeting was held on

y Eric Koop. This was
followed by a guided tour of the labora-
tories.

May Technlnll Meeting

n 29 May two speakers gave talks
® Genoral topic. of Uitrasonic
Techniquss in Medleihe, Ron Mec

ond
Speaker was Trudi Manin from the Uira-

und Dept. at the Royal Children's
Hospital and she spoke on the practical
uses of ultrasound in medicine.
WESTERN AUSTRALIA
June Technical Mee!

19 June Pwhlw P. Davies, foun-
dation member of tho Insitute uc  Sound
and Vibration at Southampton s,

Vahiclo Notse and Sianamg: Eonowing

Acoustics Australia
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AUSTRALIAN NEUS (continuea)

a general review of the significant
vehicle noise sources, a more compre-
hensive description was given of piston
engine inlet and exhaust noise and its
control.  Specific _illustrations  were
drawn from the United Kingdom Quiet
Heavy Vehicle Project.

Reference Guide
The Australian Insulation Reference
Guide has been released recently by
smuom Insulation. The first copy was.
ived by Senator Gareth Evans, Fed-
ml M!nuui for Resources and Energy,
at the recent launching.
)e Guide has over 200 pages and
s Tividad nto- 32 sections. Thsse

clu it Measurement and Conver-
glon Tables; Fundamental Heat
nster — Useful Equations; Tables of

Tra
Celculated Rales of Heat Loss for Flal
irtaces and Pipes; Thermal Proy
of Solscted Solids, Liauids and
m); Design Criteria_for
Insulation Systems and Relevant Prop-
Gommon insulation Materials;

ness of Insulation; In-
i Handling Systems; Cryo-
Insu\allorl‘ BuildingInsulation;
Control; Insulation

aring Applications); and Standard
Tnsulation Speciication

Technical Drawing
Seminars

During 1984 and 1985, the Standards
Assoclation of Australia published a re-
vision of the Australian standard for
technical drawing, AS 1100, which
rationalized and amalgamated the 13
parts of the previous edition into five
parts. SAA now recognizes the need for
further restructuring to more adequately
pursue the intent of providing a com-
mon language for all nitiators and users
of technical drawings.
To atract the maximum input from al
mlevant_professions and _industries,
SAR 15 conducting 1 eminars dur-
ing September in Porth, Adetae, 1
bourne and — specifically aimed
at enginears, architects, draughtemen,
teachers and lecturers, quantity sur-
voyors, and representatives of building
The

mphssls on estabiishing ganem  prin-

Cipjes for such aspecis as gimensloning
and. tolerancing, ‘and consideration of
standards for computer aided drafting
(CAD).

Enquiries should be directed to the
Sominar Secratarios at SAA offices in
eact

Exchange Programmes

Australian Academy of Science
ind the Australian Academy of Techno-
logical Sciencm operate an exchznqe
program oyal ~Society.
Apphcunls should propose a specific
|mnl research project which
velopod in consultation with
a host scremvsl in the United King

Proposals will be ussesse
scientific and/or technological
scientist uv mslmmon
Kingdom must be apy iate to
ropesal, and the
must be suitable for
conducting the  proposed  research.
Finally, the expected outcome of the
visit should be of value to Australian

merit.

ience.
Visits may be long-term (six_months

excursion ai faro to the United Kingdom
is or her living and

to "supplement their allowance from

other sources.

Detals: International Exchanges Officer
n Academy of Science

anberra, A.C.T.
G.P.0. Box 783

ABSORPTION

DECIBAR AF

DECIBAR FAF
DECIBAR TAF

— plain acoustic foam

DECIBAR VAF — pervovuved vinyl faced
acoustic foam

DECIBAR MAF — metallized polyester faced
acoustic foam

— tough PU film faced
acoustic foam
— fextile faced acoustic foam

Suppliers to Major OEM’s & to industry

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

DECIBAR —

A complete range of noise control materials:

BARRIER —

DECIBAR LV
DECIBAR LVF

DAMPI

DECIBAR DC
DECIBAR DS

INDUSTRIAL
NOISE
CONTROL
pty. limited

DECIBAR LVM —

7 Levanswell Road,

— loaded vinyl
— loaded vinylifoam
posite barrier &
absorber

loaded vinyl matting

— vibration damping
compound
— vibration damping sheet

Moorabbin, Vic.
Australia 3189.

(03) 555 9455
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PEOPLE —

Duncan Gray, who was the General
Secretary of the Sociaty for many years,
ational Execytive Director

Hea

anisation was
previously called the “Australian Asso-
ciation for Better Hearin

Wil Tonisson has let National Acous-
tic_Laboratories to establish his own
hearing _ testing _consultancy up _on
Brisbane’s specialist's row, Wickham
Terrace. Wil will be filling a long neglec-
ted gap in the private hearing health
feld.

Mark Simpson has joined Winders,
Barlow and Morrison after seven years
in the real estale business in Adelaide.

Recont gvaduands with WS¢ (Acous-
tics) from the University of N.S.W. are
Aivol"Bay by Beslon). Jon Mae:
Pherson (Louis A. Challis & Assoc) and

(who has returned to Mel-

bourne).,
Move to A.C.T. 1: Leigh Kenna has
et tho. Natonal Acoust Lasoratones

Marion Burg

moved to Ganberra in June (ner husand
has been transferred). She will be com-
muting to Sydney unil the end of this

academic year and is not certain what
the future holds.

er ~ considerable delays, the
National Acoustic Laboratories and the
Ultrasonics Institute moved from their
location in the historic part of Sydney

in May. The new address is 126 Greville
Street, Chatswood 2067, The new phone
numbers are (02) 4126800 for NAL.
nd (02) 4126000 ‘for Ul (Telex

AA21655 and FAX 412 6999)

Dick Llnylnm has. rocently moved
from Tas (o Perth. In his new posi-
Hlon with e WA Dept,of Conservation
and Environment he
pied with noise conirol lssues; his major
brief being 1o establish a co-ordinated
traffic management ~programme for
erth.

n a letter received by Anita Law-
rence from Poland, Jaroslaw Rosinski
of the lInstitute of Mechanics and
Vibroacoustics AGH in Krakow states

blolaglcal acoustics”. Our sincere con-
gratulations go to Neville for being
Sranted ths recognition of his outstand:
Ing contributions 1o acoustis, He now
joins the small group of Australiar
Hcousticians who have. beon similarly
honoured by the American society.
New Members
. Admissinm
have plsssure In welcoming the
follwing b e
grade of Subseri
oy e Counatt Sianding Comraiies
on Membership.
vigtoi
1. M. W. Coates, Mr. A. Ligthart, Mr.
No Say Toong
® Graded
We welcome tho following new mem-
bers whose gradings have now been
approved.
Subscriber

the University of New South Wales.

Our consulting _cditor Dr. Neville
Fletcher has recently been \emed 2
Fellow of the Acoustical S

America “for resoarcn in musicaland

Woods, Mr. D. W. N. Young.

Sydney (02) 428 1388

For more information phone

THE CHADWICK GROUP

Melbourne (03) 560 2422

CHADGYP

POURED IN PLACE
GYPSUM

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

o A monolithi

Canberra (062) 80 6333

Acoustics Australia
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Infinitely Variable,
Economical, Efficient.

‘System Matched' attenuated air systems are
more efficient, more effective and more
economical because you only pay for what
you need
The variability of our Rectangular Attenuator
configuraticns is almost infinite so a very
special computer programme is used to
accurately align required performance to
delivered performance.No over-compensations,
No extra costs and optimum efficiency.
If your next air delivery system isn't 'svstem
Matched’ you've wasted time and money.

Some projects that have ‘System Matched’

COMMUNITY NOISE CONFERENCE

1-3 OCTOBER, 1986, TOOWOOMBA
Cn-Sponsars

® The Division of Noise

and Alr Pollution Control

® The Australian Acoustical Society
As Chairman of the Organising Committee, | wish to
extend to all embers and_other interested
persons, a spscza invitation to the 1986 Toowoomba
Conference which is also serving as the Annual Con-
ference of the Australian Acoustical Societ
The Conference, which is being held at e Darling
Downs Institute of Advanced Education, Toowoomba,
1-3 October, 1986, is the first of its kind in Australia
and is promoting a multi-discipline approach to noise
management.
Three keynote speakers have confirmed their partici-
pation. They are Mr. Louls Sutheriand, Deputy Director
and Principal Scientist, Wyle Research, Califorie; Mr.
Walma Van der Molen, Amsterdam City
Profassor Arlino Bronzaft, Dopartment of Psychclogy‘

City University of New York. Mr. Sutherland will be
speaking on Formulation’ and Appilcation, of Com-
munity Noise Assessment Procedures, Mr. Walma Van
der Molen will deliver his keynote ‘addross on Plannlng
for Noise Control, and Professor Bronzaft will discuss
The Etfects of Noise on People.
An oxhibiion of acoustical equipment, instruments,
products a ure will be run conjointly with the
Con'evence Furlhsr mlmmallon may be obtained from
Mr. Ron Windebank, CMA Foa: m Group, P.0. Box 582,
Strathpine, ld. 4500, Phone (07) 205 0225.
Conference Registration Books are now available and
can be obtained from Mrs. ington, Division of
Noise Abatement and Air Pollution Control, 64-70 Mary
Street,_Brisbane, Qid. 4000. Phone  (07) 2247698 or

Prior to the Conf ublic education
in the form of a Quiet Community Project is being
organised in Toowoemha o fhe Toowoomba City

& Vie. Ralto Hotel: Larrobe University Lbrary - Uilage
Cinea Complex

Council_in the Division of Noise
Aatement and A Pollution Control, Police and the

Slote o Hond O (358 s AET New Porloment

! Education. The Project is designed to
theme with a practical

SW.: (028197655
A (08) 352 3944
72 7266 » Tas. (002) 23 1604
Vot e
prAIE

Louwres o

B00ths » Sceam Comprest
Telephone Booths « ACoUSLC ENCONTs

naower Seincers «

publlc Telations exercise in effective. noise manage-

I do trust that you will be able to_join us in Too-
woomba and participate in what promises to be a very
worthwhile forum on the management of noise.

or. 6. J. Cleary
Chairm:
Grganising Committee
* * *
Feeling Sound
British scientists have developed a device that enables
me pwlmmd\y deaf to “feel and see” noise around them.
an be worn like a wristwatch by children and adults,
and gwes a deaf person awareness of suund through vibra-
tion and a flashing screen”, e Martin, the head
of Scientific and technical services for the Royal National
Institute for the
He said the device “produces srong virations on the
wearev 's wrist when sounds reach a volum
people using the device c u!d umemm
sounds Sock s peapie alking and he tolophany Khgng
red by rechargeable battery and Incorporating a
small vlhra(or the device took 10 years to develop and
costs about $it
Mr. Mzmn Qu

d one blind woman as saying the device
her life because it enabled her to

Yientlly TmpoNant sounds, such 2 per kettls boNng.

(The Australian, 24 May 1986)
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Bells, Their Design And Tuning

Hervey Bagot

Bagot Bellfoundries
Box 421

North Adelaide SA 5006

however,

acoustics, mathematics, and also metallurgy. These fields are briefly touched upon in this article, and some points of
interst aro discussad: Modes of vibration, how the bell “Works", and manufacture of bels. n recent yeers important
advances 7

the bel,

‘have been made in our

INTRODUCTION

It is my intention in m.s article to touch upon a few topics,
concerning mu bell, to illustrate the interest that can be
stimulated by such an applremlv imple musu:al amm
The bell |sa devic a long ory in hum:

neary il cultrds. Howover, 1 shall confine myself o e
modern metallc bell as we know it in European society.

Since the bell must be slvu:k it belongs to the category of
Dlvcuumn lnwumenn Because its own mass produces the
classifi fophono, a group of instruments.
Which incudos gongs and xylophono bare. A aingl bl it
only one sound, inherent in the character of the partiular hen
That sound may be acoustically complex, but in m:
it can represent only one note. If several musical nmes e
required then a separate bell must be used for each n

Bells may be either fixed rigidly in a stand or on beams (a:
for chimes or carillons), or mounted in a suitable mong fome
for swinging (as for peals). A hammer or cleppev, of a certain
mass, is the element that brings the bell to sound.
The rthythm of the sound of several bels i concert may
derive from physical determinants such as the swing time of

Figwo 1: Some of the bols of the Sydvey Universy cariln, This

mmslsmhmllftwmmmﬂﬂﬁﬂz, diameters approx.
1900 mm down to pron. 4500 down 0
aprox. 1043 (ot The Universy of Svanen)

the clappers or the swing of the bells themselves. Swinging
bells, also, give a lively character to their music by virtue
the moving sound fields.

At the outset it may be interesting to point to some bells in
Australia. Quite well known are the carillons at the Unives
Sydney (Figure 1) and in Canberra. Both are large calons qt
over 50 bells and of considerable weight of metal. Today
carillon bells can be tuned with very great accuracy, and the
carillon is now one of the grandest of all musical instruments,
with scope comparable to that of the cathedral organ. By
definition a carillon extends from two chromatic octaves (25
bells) upwards. The bel sounded from a baton keyboard
through mechanical connections to the bell clappers.

Swingi s of bells are also to be found in Australia.
nependmg on the tadition (English or European) the bells are
swung either full circle (+180°) or half circle (about +90°).
In Figure 2 is shown a bell from the European peal at Newcastle
Anglican cathedral, six bells tuned in a pentatonic scale. The
music consists of variations in the melody brought about by
the differences in swing times of the bells.

In this article | shall touch upon the following to

m
of vibration; how the bell works; and design, manufacture
and tuning.

Figure 2: One bel from ml’v.\wugpulnlsubellsal
Noweesto Cothoatal, NSW tdahvmrs 1977). This, the heaviest bel,
‘has diameter 1010 mm, strike note g1 (392 He), ond mess 640 .

(Photo courtesy The Newcastle Morning.
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MODES OF VIBRATION

Many physical measurements on bell harmonics and vibrations
have been made, mostly since about 1890. At first only
quaiitative descriptions were available. With the advent of
electronics much better measurements became possible. In
the past 10 years group theory and finite element analysis
have been used to make solid advances in our understanding
of the bell, working from the need to classify the observed
modes of vibration in a physically significant way.

The sound associated with a single mode of vibration is
known, strictly, as a “partial tone”. Such tones, or partials,
may or may not be harmonic to each other. In principle there is
an infinite number of modes, and tones, in any bell.

Just as a stretched string has mudes related to the length of
the string and its simple subdivisions, a bell's main modes are
capable of rational description hased on small integers. In
Fi

sl Ene n berh azimutiel and ol iectons. igurs 4l
beautiful representa sound rocetion fom o bl
Simulated o vibration in o slngl omplete with
evidence of the phase changes omumng at nndal ‘meridians.

Ths trckoral sysem fo claaifing the vikeaional moces

of bells has been to specify the numbers of nodal meridians
and nodal circles the manner of a vlhranng plate. The
lowest mode, for instance, has four meridian nodes, so that
alternate quarters of the bell move inward and outward. This is
analogous to the 2,0 mode of a vibrating circular plate which
has two nodal diameters.

xdrsarcing of the el sated with the work of
Lord Rayleigh in 1890 (2}, who with simple aids (hammer, voice,
organ pips and loaded tning fork) Simulated some chutch
bells into resonance in particular modes of vibration. He

i d the lxls(em:e of nodal meridians snd nodal cicies

3 g them with the aid of Helmholtz
. ion for the acoustical
“beating’ in bell, proving hat esch made examined by him
was doubly degenerate — that is, each tone was indeed two
tones (not usually_coincident in frequency), created from
identical pairs of vibration shapes with phase displacement
relative to each other.

I a theoretical study in the same paper he fikened the bell
ution,
parts of cone) and found a proof for the existence of the
nodsl e, At the time, howaver, b to say that “the

eory of the vibration of bells is of considerable difficulty”,
g complete theoretical investigation is indeed scarcely to
be hoped for".

h work has followed since 1890 at the hands of many
mapping the modes of vibration of bells

but only a hw of the most important papers need to be
referred to her

AT, Jones n 1928 (3 ocated the fst few i important tones.
by audio beating against the variable output of a signal
generator. Nodal lines were mapped by use of Helmholtz
resonators. Concerning the work up to his time it seemed

VIBRATION
FOR THE

PATTERNS
‘PRIME’

=

Figure 3: Radial surface vibrations for the prime, the second lowest
‘mode in carillon bells, with one nodal circle and four nodal meridians.

// \
—

Fguro & Visual rpresentaton ofrodl sound emanation from o bel
by op

o Semvosdr 1
appropriate for him to say that “the vibrations of bells are not
well understood. Even on so elementary a matter as the
number and position of nodal lines the very meagre publllhed

of clarifying the relation of vibration vrequency to mode shape,
made no rational classification. He also examined the
.mmumg question of the strike note (see mm

jzzer (4] carried the matter sig further with,
this nme, peter contnuous. stimuation of aiovs modes,
selectively, using an electromagnetic exciter, and mapping of
the surface vibrations using a kind of stethoscope. He classified
graphically the relation of vibration frequency to number of
nodal meridians and circles (see Figure 5).

g

T
2 &l Circular Nodes!

5! /

/

Freauency in Cyclos per Second

3=
7]
b e
11
o
3 0 12 14 16

Number of Meridian Nodes
Figure 5: Classification scheme of F.G. Tyzzer relating vibration
trequencies of a small (16 kg) bell to the numbers of nodal meridians
circles. (From Tyzzer [4])
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Much other work was done about this time, and by 1954
it wes indeed possible for Slaymaker and Meeker (5] to say
that “there is a great wealth of published material on the
characteristics of bell tones”, Recording tapes, wave analysers,

and multichannel analysers had made this possible. These two
authors now made igh qualty magnatic tape recordings of
certain bells of American and European origin. In a useful
analysis, they measured the relative tuning, relative tone
amplitudes at the microphone position, and the decay rates of
the various tones.

Gritzmacher (6] in 1959 prepared a neat representation of
the state of knowledge at that time — see Figure 6.

Frequent (H2)
T

T T T
25 250 500 1000

in 3 2000 kg bronze bell with “strike note” middle C (c1) (261.6 Hzl.
The first eight modes, as shown, are the ones of greatest musical
significance, and the lowest five are tuned directly by the founder.

ter). The relative strengt [

analysing some strange new bell prior t0 reporting o tuning —
safe in the knowledge that nothing was likely to be missed in
listing say the first ten or twelve tones.

However, rational understanding of the bell was still lacking.
The classifications of Tyzzer and Gritzmacher et al were ad hoc
only, and gave no real descriptive or prescriptive help. The
reasons for the occurrence of many of the modes in degenerate
pairs were not known. No realistic attempt at solving the
problem of the bell theoretically had yet been made, and
indeed the difficulties in setting up the eigenvalue equation for
the system in detail are severe.

At this time R. Perrin of the Loughborough University of
Technology (UK) hmuwht group theoretical insights into the
matter. ley started with flexural radial and axial
vibration of rings, at bclh theoretical and experimental level
18, 9. This work was followed by a series of papers reporting
group lhnnvellcal studies on bells themselves and also some
very careful physical measurements. Two papers are particularly
important nc T3 In the frst. he ball vivation modss wre
classified into families according to their behaviour under
symmetry operations, a physically meaningful procedure for
the bell which has axial (and other) symmetry. The families
are characterised by the number of nodal meridians (axial
symmetry), and not the number of nodal circles as in the
scheme of Tyzzer (4]. Other theoretical insights were found also,
explining the “singlet” las disinct from doublet naiuvs
of the torsional and “breathing” modes,
frequencies. As a practical benefit, the phenemenon o'
warble (spiiting of doublets) appeared o find explanation in
the slightly imperfect nature of the symmetris of real bells.

he group theoretical approach found a crucial test, however,
in some work on a highly eccentric bell especially fabricated
for the purpose [11]. According to the group theoretical
arguments [10], all the doublets should now be split, by large
amounts owing to the large eccentricity. Surprisingly, the
splittings were found to be very small, being less than 0.2% of
frequency in the measured values of the usual first five tones.
The authors concluded that group theory is here for some
reason an inadequate tool to handle the situation fully, despite
the other insights gained from its use.

HOW THE BELL WORKS
The scene is now set for the emergence of what must be
considered the true explanation of the bells tonal pattern —
iie. of the relative position of the tones in the modern bell.
Figure 7 shows the tonal pattern commonly accepted and used
today, and it is the equivalent in staff notation of the lowest
five tones in Figure 6. It largely applied, indeed, with variations,
from about 1400 onwards, when the bell arrived at the shape
regarded now as modern. In the “modem” scheme the tones
have internal hnmmny, and h-!ve frequency ratios 1:2:2.4:3:4
10:1 L 112,116, 115, 1/4, 113). The

excopt whe
circles. All modes shown here have 0or 1 nodal circle, and from 4 to 12
‘nodal meridians. (Atter Gritzmacher (6])

ratio 2.4 m tho bise tono s the se-called “minor
e tone, which gives the bell a certain character.

etal (7). They made extensive measurements of the amplitude
distribution all over the bell surface for a large number of
singly excited tones. A classification scheme following the
model of Tyzzer [4] was drawn up. They concerned themselves
also with the dependence of sound pattern on mass, material,
form, and strike of the clapper. Finally, they identified three
energy loss mechanisms in the decay of any tone lintemal
friction in the bell metal; viscous damping at the bell surface;
and radiation losses in the surrounding medium, linked also to
the relation of sound wavelength to bell size)
now the assembled empirical kﬂww‘edy! was good. It
meant, amongst other things, that practical people such as
bellfounders and consutants knew exactly where to look when

v a4
ravy
):
o
Figure
‘normalisedto note C. The “strike note” (S}, at middle C, s the short ived

‘black note shown at left. The other ents are the characteristic
‘minor third (or tierce, T), perfect ifth (or quint, Q) octave lor “nominal”,
N, and the long-lived “hum" (H.
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diameter 702 mm, height 566 mm. In the classification, modes
are either “ring driven” or “shell driven”, depending on
Wwhether the greater radial vibration ampiitude is near the mouth
or in the waist of the bell (see Figure 9).

In the work, accurate measurements of the geometry of the
bell were made and used as the basis for the finite element
calculation of the normal modes. The finite element method
considrs a suctus of complex shepe 2 being made up of

elements of simpler shape. Expressions for the dynamic
Seiaviour of cach slaront aro obained, and an enforcamont
of continuity across the element boundaries

ST JAMls o.c, MEI.BWRME TENOR BELL, 700 KG IN E

rold,
mokg et Seuamer O Gthedkal anumc witha “strike note”
He. TF

E

tal logarithmic ete ha canmofthe diogram. The sty
srgmtmmr tones are identified as: H = hum, S = strike note, P = prime

fen, s case, coinident with the srke note) T
‘nomina, 1 th, 12 = twelfth,

rce,
0~ doubleoctave.

Figure 9: Vertical section through a bell vibrating in a ring-driven llft)
and a shelldriven (right) mode. Cells show typicl subdvision of the
profile for the purpases of fnite element analysis.

(After Perrin and Charnley 13))

As a practical illustration, in Figure 8 are shown the author's
measurements on a 19th century bell in Melhnume, depicted
on a logarithmic scale as in Figure 6, and with (amongst
others) the identifications as introduced in Figure 7. The first
17 tones were recorded. Judged by modem standards the
lowest mode frequency is just over one semi-tone (6%) too high
lit “should" be coincident with the fine vertical line under “H"),
and the bell cannot be tuned to bring this tone down without
affecting others — the mismatch is, empiricaly, too great. An
important observation in analyses such as these is that the
quint, tenth, and others {shown plotted below the horizontal
line) have maximum vibration amplitude in the waist of the bell,
not at the mouth as for the other main tones, and this observa-
tion is very significant as will be seen later.

f the tones
appeared to be related to cach other when it came to tuning
One could not usually alter any one tone to the general
exclusion of others, though one main “family"” of tones seemed
10 be to some extent independent of a second family. The
two families are indeed precisely those that have vibrations
largely = the mouth and those that have vibrations largely in

nd comorkes 121 have now proposed a new type of
aiton scheme, after work involving finite element
calculations and an extensive set of (more than

resuts in an expression for the behaviour of the whole structure
observed at certain sampling points. A suitable computer
program was used, and separate runs made for each choice of
the number of nodal meridians.

The work has now been reported at length [13]. For a given
number of nodal meridians there is always one partial tone
which corresponds to the heavy ring at the rim of the bell
tknown as the “soundbow”) going into its inextensional
radial motion and driving the ten of the ball. Thelowet troe
modes of this “ring driven” e the “hum”, “tierce”, and
“mominal", . the st hird, nd fifh tones i a novmal boll
(see Figures 6 and 7). This fact is of significance for the history
of bel shaping, as will shortly be seen.

Other tones are essentially all driven by the “bell minus
soundbow" system which one may describe as the “shel II"
These partials are thus “shell driven”, with the heavy rim
(soundbow) remaining roughly at rest and supplying a mmr

. The first five partials may
thus be set out as follows (see also Frgule 101,

Frequency vmmlun
Ratio Typ

Partial No. ~ Name
1 Hum ng
2 Prime 2 Shell
3 Tierce 24 Ring
4 Quint 3 Shell
5 Nominal 4 Ring

R 10: The lowest v modes of rdel vieaton in & carln or

lowest modes are alternately ring-driven (R) and shell-driven o

of
130 tones) on a single church bell of mass 214 kg, mouth

meridians. (Atter T.D. Rossing, private communication 1981).
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The improved nature of the classification scheme should
. Whentothis i ’ experience
max partials 1,3, and 5 tend to “tune” together on the tuning
as do partials 2 and 4, but in a different region of the
beu) it bocomes cloaro why bolls hove develape thelr present
shape. That is to say, fortuitous changes to the ratio of bell
height to bell diameter, for instance, seem to have been the
. mechanism for (serendipitous) improvement in the harmonic
qualty o lrgo cast bronzo bl sinco about 1400. Alo, the
crucial role of the soundbow has become clea
Soma. cxplanation of the so-called “Stike note’” of bals
should now be made. This note is the usual descriptor for a
bell, locating it amongst others of a set. Some curious facts
emerge, however: (1) it is not the lowest tone in the bell,
(2)itis a psycho-acoustical tone and has no physical existenc:
in the bell (it cannot be made to beat with any other bell tone
or any audio signal). In Figure 7 it is the black note, marked S,
10 the left of the other tones. I Figure 8 it is the dashed mark
at 333 Hz, residing above me horizontal axis and coincident
. ver, be non-coincident with the
primo, a6 in many bals mado before 1900, causing in some
cases a discordant effect. In bells of less than about 50 kg mass
it may not be heard at all, and in bells of deeper tone than
about middle € (2616 Hz, 2000 g bellmass), thers moy indoed
be a secondary strike note also, higher in frequency and
rather undesirable.

to be “residues’
constructs of the human ear and brain, dependmg or ther
formation on higher tones including the nominal which is
one octave higher (14]. The present author’s own experiments
with a tape recording of a bell provide an illustration. The bell’s
strike note had frequency 358 Hz (approx. 700 kg bell. Tests
were done as follows.

(1) A low-pass filter passed tones below 500 Hz and rejected
those above. The strike note could not now be heard, and
the listener discerned only a tonal mix based on the hum

(2) A high-pass filter passed tones above 500 Hz, rejecting
ose below. The strike note came through loud and clear, at
Hz.

13) A band-eject filter cut out tones around 716 Hz (only), the
level of the “nominal”". The strike note vanished.

These results show that the strike note does not exist as a
single independent tone in the sound of the bell. It cannot be
filtered out by applying a filter around the measured strike-note
frequency. It is created in the human auditory system from
higher tones, inali i

DESIGN, MANUFACTURE, AND TUNING

The moden carillon or church bell has evolved in its shay
in the somewhat fortuitous manner already alluded to. In
principle, however, radical new departures ought to be possible
in this computer age. Indeed the year 1985 saw the production
in The Netherlands of a bell with significantly different
tonality (see below).

The large financial commitment to particular shapes (in
pattern costs and tuning know-how) understandably has made
bellfounders conservative, though, when it comes to exper-
imentation. One German bellfounder has over time built up
no less than 18 different series of profile templates, for ranges
of bells in four different tonalities, covering three chromatic
octaves (37 notes), altogether a very large number of patterns.

Such s the pace of recent change, that one Dutch
bellfounder now regularly creates such acitonsl profiles on
an X-Y plotter, driven in accordance with design rules processed
in a computer program — and from time to time creates
special profiles to match tonalities of, for example, certain
medieval bells to which newly cast bells are to be added to

extend a range of notes. The computed drawings are then
copied in sheet metal to make the profile templates.

However created, the bellfounder’s templates are the basic
tools for the manufacture of a bell, for instance through the
successive stages of wooden and aluminium alloy patterns
Figure 11). With the aluminium pattern the foundry
mould for the eventual cast bronze bell is made.

In all design work the bellfounder follows similarity rules
when creating the bells of a range. Halving the linear size
makes a bell with twice the frequency in all tones (and one-
eighth the mass). In practice, however, the smaller bells are
usualy thickaned and elarged o litle in order (o create
better balance of sound power against the larger bells
(thickening raises al tones; increasing bel dismeter and height
lowers them).

In principle a bell of say note middle C (261.6 Hz) can be
made any size Practical considerations over the centuries

, however, dictated that the usual mass for such a bell
Shonid e abeut 2 tomnes (primarily, one would think, for
adequate sound power over a distance). Table 1 shows an
abiidged st of details for a typical 56t of 14 carllon ball
cast in bronze (the usual metal):

Table 1:
Abridged list of details for a typical set of
carillon bells cast in bronze
Bell mouth
diameter
{mm)

Strike-note
frequency
(Hz)

.

Figure 11: Sages i the producin of cast trone bl usig the
method of solid pattems — lur templates
oot et a5t alloy gt gt
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Metals other than bronze have been used in the past,
notably a silicon-brass and also steel, for reasons either of
economy or of acute metal shortage. It is perhaps interesting
to compare the results of using various metals, as in Table
2, where all bells are supposedly A bells (440 Hz) and of
similar profiles. The differences in size, for the same note,
are due to the different metal densities and elastic moduli

Table 2:
Data for A bells (440 Hz) of similar profiles
but of different metals

Mouth
Metal diameter Mass
{mm) (kg)

Aluminium 1300 450
Brass 860 330
Lead 320 35
Zinc 990 480
Steel 1350 1400
Silicon brass 950 460
Bell bronze

(80Cu/20Sn) 900 430

Of course, some of the metals are impractical owing to
gross damping of vibrations. Only the last, the traditional bell

bronze, has come through the centuries and eamed its place
hardnes i
and low internal friction.
The copper-tin alloy composition (metal ri in itself

critical. It is, however, usually standardised at about 80Cu/20Sn
(weight percentages), at which value the internal friction is low.
It could indeed vary from 18% to 24% tin, as is sometimes
done, though in such cases the founder has to be careful to
allow for the variation in tone frequencies as a function of
tin content.

A word can be said here about the casting process itself.
The mould is made in two parts from a wet loam, or other
— one mould for the outer shape of the bell and one

moulder pours the moulding material both around and inside
the pattem, in two separate stages. If, however, the moulding
i 1 ba done diect from the proffe wmplaus fos s cfin
done) then eoch tamplte is a shape in

oulding matail bt up by 5 more painstaking method
The diffaronce  betwaon the two. methéds rolatos 1o cost,
conventence, and tradiion

After drying of the moulds the metal can be poured, at

bout 1050°C, into the space between inner and outer. Upon
cooling of the metal, which may take days, the moulds are
broken and the new bell recovered.

After removal from the mould, the new bell must now be
cleaned of superfluous moulding material and then tested for
tonal structure prior to tuning. Such testi jone by active
stimulation of tones, using electromagnetic exciters or loaded,
variable tuning forks. The founder then must devise the
correct tuning program, by either empirical means or by
electronic computer, for correction of the bell to the specified
values of tone frequencies. Bells are usually cast so that their
tunable notes are perhaps 2% higher in frequency than
specification. Metal then is tumed from appropriate parts of
the inner surface until the five lowest tones are correct. The
cutting locations are known to tuners skilled in the art. Figure
12 shows schematically the bwlounuers understanding of the
tunability of the lowest five

For carllons (where severa el may be sounded simul
taneously) the tuning tolerances may be as small as 1Hz
sbackrs i1 of the five tnes, For cortsln other puposse,

however (such as swinging peals), the tolerances may be
Torger

Figure 12
for cuts made on the inside surface. H = hum, P =
Q = quint, N = nominal. At the mouth (+) il tones (excopt the quint)

the tones, and as can be seen most tones are tuned in a region not far
from the mouth. However, the quint s tuned only at the centre, and the
prime may be tuned almost independently near the head of

bel.

It may be interesting to conclude with a look into the future,
with a mention of the new “major third"" bell (see Figure 13).
This was successfully achieved in The Netherlands in 1985 as
a culmination of several years of mathematical studies on bells
at the Department of Mechanical Engineering, Eindhoven
University of Technology.
ite element studies by van Asperen (15] had led to a
satisfactory mathematical model for the bell, even including a
numerical simulation of the “tuning graphics" (the bellfounders’
hitherto rather secret formulae for tuning) and of the tuning
Importantly, he showed that the conventional
bell could ot be tuned into a “major third” bell,
without unacceptable deflection of the other acoustically
important tones. Mazs (16] then developed a mathematics of
variations upon the existing model. He showed that the
traditional minor third bell as in Figures 1 and 2 of the present
paper) apparently had to be distorted. What we see in Figure
13 is the result of this research, in which the quest for the
major third bell was taken up as a structural optimisation
problem [17]1

‘There is no saying, now, what other harmonious tonalities in
bells might not be achieved in the future.

53
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The Acoustics of the Recorder

John Ma
11 Cromer Street
Sunnybank Hills Qid 4109

mechanism, bore and fi
construction and playing technique.

ABSTRACT: The current interest in making and playing historical reproductions of recorders has led to an interest in
the underlying acoustical principles. In this paper the basic acoustics connected with the recorder's sound production
er holes are outlined, and used to shed light on various aspects of the instrument’s

INTRODUCTION

eaders mention of the word “recorder” will
ocmure U visione. of massed piimary schoo chidren
fumbling their way through “Tum On The Sun”. They will
wonder why the acoustics of such an instrument are of any
interest, believing that it is (as Danny Kaye once said of the
oboe) “an ill wind that nobody blows good"”.

There is of course more to the story than this, as recent tours
by performing groups such as Sour Cream, Quadro Hotteterre,
and the Orchestra of the Eighteenth Century remind us.
The recorder had a long history from its development dunng
the middle ages up to the late eighteenth century when it
went into a temporary decline due to changing lashlcns in
musical taste. It was revived at the beginning of the present
century along with the viols, lute and harpsichord as a medium
cov - exploring the riches of the early music repertoire — a kind

useum curator” in other words. It has also gained an ex-
ensive contemporary apertars 2 composers have discouered
it: firstly as just another melody instrument, battling it out wm
a piano accompaniment; more recently as an instrument i
own right, especially suited to the special effects called for in

The recorder is in fact not one instrument but a whole famil,
with members ranging in length from a few centimetres 1o
over two metres. Figure 1 shows a tvpmal consort of recorders.
From the left, and with their lowest notes in brackets, the

reiruments o the groa base (€3), hass (F3), tenor (C4
middlo O, wable o1 alto (F4), descant for” sopranol (C5),
sopranino (F5), and garklemﬂmleln (. Mostof the mstruments
have a range of o

The recorders roe in playmg Early Music is still its main

for professionals and advanced amateurs. The quest for
“authenticity” in performance has led to the production of

and to a close study of playing techniques as set out in early
treatises. However, just copying without understanding is
unsatisfactory, so we will look at the acoustics of the recorder
with the aim of elucidating particular points of construction or
technique. Some of the features of the recorder are extremely
subte,and wil probably slp hrough our nets. but at least we
will be able to cover the basic:

Acoustically, the recorder is closelv related 10 the flute and
organ flue pipe, and shares certain features with them. Al three
instruments have a common sound production mechanism,
but whereas the flautist can exercise wide control of tone and
dynamics by altering the relative position of his mouth and the
flute, in the recorder and organ pipe this is fixed by the maker.

§
Figure 1: A consort of racorders. From left: great bass, bass, tenor,
treble, descant, sopranino and garkleinfiotiei.

ossuramant retrence s 30 om ong.
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window

=]

windway

lip
bore

Figure 2:
Whereas each organ pipe is designed 10 play only one note at
a fixed level, the recorder shares with the flute the ability to
play a wide range of notes by opening holes along the length
of the instrument, and to alter the qualities of each note by
varying breath pressure. There has been a considerable amount
of research into this sound production mechanism, dating back

von Liipke’s work of 1940 (1] and has continued sporadically
since. The remainder of this article draws on this published
research, and on additional work carried out by the author.

SOUND PRODUCTION
The appropriate parts of the recorder involved in sound
production are shown in Figure 2. (The bore and fingerholes
will be considered later.) The player blows air into the windway
at the top of the instrument, Tis forms a ja of s which
emerges and travels across the window to the i
gonsider anots 1o be skeady sounding, then he sbandmg wave
the bars causes o flow of o in end out of the vindow:
This tonds o corry the jet wit t a8 it
windwey snd prodices o wave onthe et \which tovel along 1
at about hlf the cental ot speed. nd growing n megrtude.
The jet t weeps back and font acoss e lip, 50 that
the jet nseu hlows alternately into and out of the bore.
Providing that the comect phase relationship between the
driving force so produced and the standing wave in the bore
exists, the sound continues.
When the plaer blows harde the ot speed increase. Tis
advancss the phase of the jet tip relative to the standing way
in the bore and has the effect of raising the frequency of |he
mcl\lamn The opposite effect occurs when the player blows
more softly. The optimum jet speed allows approximately haif
a wavelength along the jet (2].
above that only one frequency is present,

sonances, which
harmonically related. Additionally, the profile of the jet will
have an important effect, but let us suppose for the moment
that it has a constant velocity across a finite width (a “top hat”
profile). Then as long as the lip remains within the jet width
as the jet moves back and forth, the system can be considered
as linear: that s, any frequency present in the bore standing
wave will produce a wave along the jet and a corresponding
component of the force which the jet applies back on the
standing wavo, and each frequency il behave independerty
of the others. In this case the sound could contai moni-
cally related components.

This linear situation vanishes when we remove our two
assumptions about jet behaviour, so that a non-uniform profile
or a jet which swings completely inside and outside the lip
will cause non-inear behaviour. One of the features of the linear
case outlined above is that any component which is increasing
in amplitude at any instant continues o do so indefinitely.
In practice this cannot happen due to the finite width of the jet.
Ao in practic, th jt prfil s not uniform but rather he

locity decreases on either side of a central maximum.
Flelcher (3] has shown that under the usual conditions of a
bore with resonances which are almost harmonically related,
coupling between the modes results in a steady state sound of
harmonically related frequencies.

Now even if there were a single frequency present in the

bore standing wave the resultant sinusoidal movement of the
jet tip in the noninear case would produce a “source function”
containing that frequency and its harmonics. Thus the position
of the lip with respect to the jet has an effect on the harmonic
content of the sound [4. For instance, if the lip were placed
ganwaly n the undisturbed jet, we would expect all even
har be absent from the source function, and thus
greaty roduced i the adiated sound. s the s moved away
from this central in either direction) the intensity of
the secand hamone in pamcum increases rapidly. In fact,
in wellmade recorders the lip is usually placed nearly in line
with the innermost wall of the windway. The resultant increase
in second harmonic produces a richer sound, and also has the
desirable property of reducing the rate at which the note
frequency increases as the jet speed increases. This gives the
player a wider range of pressures over which he can blow to
produce changes in intensity and tone, without going markedly
sharp o flat.

The distance from the windway exit to the lip (the “cutup")
is one of the factors determined by the recorder maker.

if the waves on the jet are to cross the window in the same
time, thus preserving the required phase relationships. This
increase in jet speed may be accompanied by an increase in
sound intensity, but also means that the player's breath is
used up more quickly, affecting the phrasing of the music.
Also to be taken into account are: the change in size of the
window which affects the bore resonances; the spreading of
the et and so on.

‘each note across the recorder’s compass the con
roughlv half a wavelength along the jet must be maintained.
For higher notes this requires the player to blow harder, with a
consequent increase in sound level. This imbalance between
the high and low notes of the recorder can be reduced to a
certain degree by designing the instrument to have its higher
notes naturally slightly sharp: in order to be played in tune,
they must be played somewhat softer.

The fixed geometry of the sound-producing parts of the
recorder limits the ways in which the player can add expression
to the notes played. One resource available is to use vibrato,
in which the blowing pressure and hence jet speed are
repetitively increased and decreased, at about five hertz. This
produces a corresponding change in the frequency and level of
the note, but as the various harmonics change by differing
amounts the most useful result of this is a varying change in
tone, useful in adding life to an otherwise monotonous sound.

The player also has control over how the note begins, and
the resulting attack ransient is known to be very important to
the overall perception of the subsequent sound. When a player
begins a note the jet blows more or less rapidly across to the
lip, according to the blowing pressure used and the way in
which the air is released by the tongue [51. In the case of a jet
which attains its final velocity immediately it starts, the initial
frequencies produced will be the resonant frequencies of the
bore, and as the transverse displacement of the jet becomes
larger, the increasing non-linear interaction between the jet and
bore will cause these frequencies to move into a harmonic
relationship and to reach steady amplitudes. If however the jet
is started faster than its final value then the second mode may
well be favoured over the fundamental until the jet speed fals,
ing a different attack o the note. Recorder players probably
Seidom actually think of what is happening to the jet velocity,
but the required control of breath and tongue is contained in
syllables such as “tete-te” or “de-de-de”, or with faster notes
“de-ge-de-ge”,

A note once begun may take about ffty cycles to settle into
its steady state, and we find that this is fairly independent of
thie instrument sue Thm meena of course that the smaller
recorders ar k than the larger sizes, a fact
réflected in the uond wlmng Yo the sopranino by Vivaldi and
Handel.
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is if a half wavelength is present along the jet, as this provides

varying the bore diameter in different places. For instance, the
'undamemal mode of an open tube has a node in the middle of

tion. If the jet velocity is increased then this condition will be
davna(ed from, until there is a 5 er wavelangth, at which

eame', due to the losses from sound raciation and wall friction
which have to be replaced.) However the same increase in jet
velocity may have made regenera(inn of some higher mode
favourable, and this note wil then sou

it the ends,

has an o i the middlo and 3t ths nce. Contracting the
bore at an end and in the middle would lower the frequency of
the second mode while leaving the fundamental unchanged.
We should note here that bore contractions do not affect the

Often there is a defite suddon wansition from ono noto to
the other, but sometimes we find that there is a range of jet
speeds in which both notes sound together, and that the two

‘modes is very weak, and instead of locking into a
Harmonic. toationship, they (and their harmonics ntract to
produce a rich “multiphonic” including sum and difference
frequencies. An easy multiphonic to produce s to cover all the
holes except for the middle finger of the lower hand: the
multiphonic ocours over quite a wide range of breath pressures.
Multiphonics were not used in the early repertoire of the
recorder (or at least were never written down!) but have become
a common effect in contemporary writing.
Sume other “special effects” of modern compositions are
iced by varying the flow of air into the windway. “Flutter
(ongulng” {produced by rolling the letter R) produces a rapid
alternation in the jet speed, and again the noniinear sound
process Iovms sum and difference frequencies. Sometimes
be dontally um whi plaving, but 0 @ conrolled
toohniaus i is also called for by moden composers. Again
the humming and played frequencies interact through the
non-inear sound production. This technique does have some
historic validity: Mersenne [6] mentions that it is possible for
one player to perform a sonata, by playing the melody while
humming the bass. Perhaps we can be thankful that this has
never caught onl.

Among_recorder players a point of continuing debate is
whether the shape of the player’s mouth has any significant
effect on the recorder sound [7, 8. The fact that there is any
debate at all indicates that any effects that are present must be
small. Obviously, the flow of air through the mouth can be
impeded, by clenching the teeth for instance, and this can
introduce noise into the note, but that is not the point at issue
here. Rather the question is whether the shape of the mouth
can change the harmonic content of the note. The mouth and
windway together form a Helmholtz resonator and, by varying
the mouth volume, can be brought into tune with one or other
of the sound components. These can be heard quite clearly if
the player wears ear protectors, and even without them the
player can learn to hear the small changes in harmonic content.
Presumably this sound travels directly o his ears through the
Eustachian_ tubes. effects are not nearly so
‘apparent to any other listener. The small coupling between the
mouth-windway and the bore may shift the bore resonances
slightly if the mouth resonance falls near one of them, and this
may alter slightly the wi 55 0f s0me notes to overblow.

BORE AND FINGER HOLES

The resonances needed for the sound production are a
property of the bore and the finger holes. Part of the art of
recorder making involves adjusting the shape of the bore and
the size and positions of the finger holes to produce notes of
the required pitch, tone, subrlny b As is well known, the
resonant modes of an open cy ignoring any end
cmecnonsy form a harmonic senes, and each mode forms a

tanding wave in

Cul\nudlng o bore at an antinode Inwers theresonant
frequency, while contracting it at a node raises the frequency.
The opposite applies when the bore is expandad Thus it is
possible to adjust the mode frequencies i by

the window, which
of the upper end of the bore.

Figure 3 shows two recorders based on different historical
models. (Also included are extra barrels which allows the
recorders to be played at different pitches) The recorder on
the right (based on a 16th century design (9]) has a cylindrical
bore for most of its length, tapering outwards near the foot.
This taper is designed to counteract the contracting effect of
the window at the other end, so that when all holes are closed,
the modes are harmonically related. Thus the same fingering
serves for the bottom note and for the note two octaves above,
with a few holes leaking to encourage the extra antinodes.
The recorder on the left (based on an 18th centu inal,
and closs In appoorEnce 1 our modem roccedersh s o boro
which tapers from the head down to the foot, with the Giameter
almost halving in i 3 acts as if it were
contracted at both ends, lowering the pitch of the fundamental
relative to the upper modes, and leading to different fingerings

contraction

Figure 3: Recorders modaled aftr 16th century and
16th contury originals. Maker: Fred Morgan.
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for the upper notes. The flattening effect of the tapering bore
is seen in Figure 3: although the sounding length of both
recorders is almost identical, the tapering one on the left
sounds one tone lower than the other.

Figure 4 shows the difference in bore diameter for each
recorder at the head and at the bottom end. The external flare
of the 18th century recorder is seen to be decorative, not
matched by the bore itself.

The bore does not taper uniformly, as seen in Fig
We do not know why the simple cylindrical instru
developed a tapering bore, but Morgan [10, 11] has conjectured
that the impetus came from the design of the larger members
of the consort. A tapering bore allows deeper instruments to be
made which are somewhat shorter, and whose holes are smaller
and closer together. This had the effect of throwing the simply-
fingered high notes out of tune, but by modifying the rate of
taper and changing these fingerings, the two-octave range was
restored. The bore decreases steadily from the upper end of
the lower, but it can also be thought of as deviating inside and
outside a uniform cone. Thus a practical advantage of the
tapering bore is apparent: it allows the maker to include local
bore expansions and contractions using a single reamer,
something which is of couse ot possile with a besically

oyl

The plncmu “of the finger holes depends on a number
factors. They must be able to be covered by the fingers (ll
and this constrains th nd position. Moving a hole up the
bore will sharpen the note, while making the hole smaller will
flatten the note. So to produce a note of the same pitch, an
open hole may be moved upwards as long as it is reduced in
size. However the upper modes will be flattened in relation to
ho fundamental and.ths changes the tono.and stabiy
the note. Another constraint on hole placing is the usual need
for notes in the two registers to share similar fingerings.

It is common in good recorders to find the holes undercut:
they are larger on the inside where they meet the bore than on
the outside. This has the effect of making the hole acoustically
larger, while retaining a small outside hole size. It also helps to

mooth the bore, decreasing energy losses due to wall friction,
which in turn helps to reduce he vaiatin of frequency with

o

is 10 slant holes so that they meex e bore and the outoide a
different positions. This is commonly used on tenor Socordors
where it is used to bring under the fingers holes which would
otherwise be too far apart.

CONCLUSION

Many other early wind instruments were redesigned and
festooned with keys to produce their modern orchestral
counterparts, with even tone and loud sounds capable of
reaching the back row of a concert hall. The recorder escaped
this, but its simple uncluttered exterior nonetheless_hides an
instrument with many complex and subtle acoustical features.

m u
&)

1
:.‘
o

Figure 4: The recorders of Figure 3, viewed end on.
in centimetres.

Bore diameter (mm)

In an introductory article such as this it has not been possible
to do more than touch on some of the more obvious features,
but a number of references are included below for the reader
who would like to pursue the subject.

I'would like to thank Dr Neville Fletcher for his generous help
in guiding my studies into recorder acoustics. Thanks are also
due to Helen Flight for taking the photographs.
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Vibration Geometry and Radiation Fields

in Acoustic Guitars

Graham Caldersmith
20 Dryandra Street
O’Connor ACT 2601

ABSTRACT: i des of

radiation fields {monopole, dipole, tipole and multipole) characteristic o the mode geometies which interact in the
space around the guitar. The multipole fields generated at frequencies above the monopole, dipole and tripole fields

the vibrating strings, and they generate

quallties of the guitar can be described in terms of the special physical behaviour of this integrated resonator.

the guitar. The musical

The popular notion of the violin as an instrument embodying a
legacy of musical perfection from the Original Masters has
ensured some general awareness of research into the physical
behaviour of the vio, ond hes sho srwured perseie
rediscoveries of “original vi
tunately, by practising onins who v ot recognised the
dimensions of the excessive claims they have made. B
contrast, research into acoustic guitar behaviour has (less
conspicuously) made sober and substantial progress over the
last two decades, providing a body of knowledge which has
been practically communicated to guitar makers who, in turn,
are applying_scientific knowledge to the making of fine
instruments. The established tradition of violin making has not
allowed scientific knowledge such a ready influence, even
though practical applications of substantial violin research
have been widely published. (1, 2, 3)

The physical behaviour of the essentially flatfaced, struc-
turally symmetrical guitar can be more directly understood
than that of the arched, structurally asymmetrical violin. From
its set of natural vibration odss. some o of which are excited
by resonance coupling processes, the guitar generates a
canosponding set of raciation ieids which ineract in space
and frequency in a way uniquely suited to its musical require-
ments.

STRUCTURE AND FUNCTION OF THE GUITAR
At this stage of its evolution, the acoustic guitar has become
standardised in two principal forms: the lighter classical/
flamenco (nylon string) form and the heavier folk/jazz (steel
string) form, as depicted in Figure 1, with typical top bracing,
the configuration of which remains the subject of continuing
redesign. Each of the six strings (tuned in doubles in the twelve
string guitar) “drive"” the guitar top at the bridge location with
periodic harmonic forces proportional to the vertical and trans-
verse components of string vibration amplitude. We shall
ignore the smaller periodic forces operating on the bridge in
the string direction at double the string vibration frequencies
due to the stretching of the string in its excursions about
rest position. Vibration of the plucked string is a well-studied
phenomenon 14, 51, and it suffices to say here that the decay
rates of the string partial vibrations are naulv determined by
the rate of energy transmission to th r top through the
bricge, o process wheraby tho vibratons of the harmonic
drivers, the guitar strings, are influenced by the vibrations of
the guitar body, the latter being the focus of this discussion.

When the top of a guitar vibrates, it does so in natural
modes of vlhrallm which respond optimally to a dnvmg
vibration at their
are determined by the characteristic geometries of top defor-
‘mation undergone during cycles of vibration, as well as by the

Figure 1 The traditional classical guiter structure. Top is usually of
European Spruce or of Western Red Cedar, while back is of
Bracion o Inan Rosewood. The bracing design varies from

one instrument model to another. lafter | Sloane)
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accdoraton Love T lower respones curve e “otout 5 e sound pressure level recorded 1 m above top centre. The lower peaks
are those of o peaks.

stucture and materials of the guitar top. Figure 2 shows the
deformation geometries of the lower classical guitar modes
and corresponding resonance peaks in the frequency response
curve produced by a pure tone force driving the guitar at the
bridge. The modes are designated by the number of nodal lines
aligned apporoximately along the top centreline and across it,
given that for most top modes the top boundary is also nodal
{in contrast to the violin).

(i) The Coupled Fundamental Guitar Modes
The 0,0 (fundamental top mode resonates
coupled to the “air piston” in the sound hole lhrcugh the
elastic air volume enclosed within the guitar. The physics of
this top fundamental coupling is similar to that of the bass
reflex speaker enclosure, although the back e.m.{. moderating
the speaker cone excursions at ts resonances has no counter-
part in the guitar problem, where the amplitude of the
fundamental mode at resonance is limited by sound radiated,
by near field viscous losses and internal wood losses. At the
lowest resonance, the air piston and guitar top vibrate in
antiphase, but the periodic volume flow generated by the air
piston exceeds that generated by the fundamental top motion,
50 that a net volume flow results. Because this occurs at
~100 Hz when the sound wavelength is ~3 m compared to
the rear guitar bout radius of ~0.3 m, the guitar produces
essentially spherical sound waves at its lowest resonance, the
so-called "air resonance”"

At the upper resonance of this coupled pair, the i piston
and guitar top vibrate in phase, this time with the periodic

volume flow from the top fundamental mode predominating,
but supplemented by the air piston’s reflex motion.
sound wavelength at the upper top fundamental resonance
(~200 Hz) is about 1.5 m, substantially larger than the guitar
top radius, so that the sound field produced by this mode
remains _essentially spherical, ammugh perturbations from
spherical field geometry are observabl

Botwoen these couplod resonances, the top fundamentl
amplitude passes through a minimum at the frequency of the
helmholz cavity resonance, which is the frequency of natural
vibration of the air piston against a rigidly enclosed air volume
— which would occur were there no top or back resonances.
However the air piston amplitude relative to the top fundamental
amplitude peaks between resonances, so that periodic volume
flow rate is maintained efficiently in the frequency interval
between fundamental resonances, as the sound pressure
response in Figure 2 shows. This reflex behaviour provides
efficient sound generating capacity for the acoustic guitar in

Some guitar makers favour an extension of this reflex
behaviour in which the back plate structure is adjusted so that
the back fundamental mode couples to the top fundamental
mode through the air volume. The effect of this “double
reflex action” is shown in Figure 2, where the upper top
fundamental resonance appears twice, in the lower case where
the top and back move in antiphase relative to the surrounding
air, reducing the net volume displaced during vibration cycles,
and in the upper case where the top and back move in cophase
relative 1o the surrounding air (.e. in together and out together),
increasing the net volume displaced during vibration cycles.
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Consequently the sound “output” per unit driving “input” is
higher in the upper of these coupled resonances, and the
adjustment of the back thickness and bracing to achieve a
coupling level producing almost equal “output” peaks is a
skilled procedure now being adopted by dedicated contempo-
rary luthiers.

Cyclic compression and decompression of air surrounding
the guitar due to net volume changes effected by the guitar's
reflex or double reflex action in e lowest frequency range
generates  sount welengths larger than the guitar
dimensions, so that ma guitar acts as a cyclic air pump in its
lowest resonances. e guitar is effectively an acoustic
monupolemwslowusmmuunalmodes the “pumping” modes.

(i) The Dipole Modes and Tripole Mode
Above the frequencies of the pumping modes occur the two
“dipole” modes, the cross dipole mode and the long dipole
mode. The cross dipole mode is symmetrical about its central
axial nodal line, and because air cycles back and forth between
the antinodal poles without experiencing much compression
when the wavelength is larger than the pole separation, this
dipole mode is not an efficient sound generator. The bridge
traverses the cross dipole nodal line and so the bass E and
treble E strings (the lowest and the highest strings) may excite
this mode strongly, the A and B strings less so and the D and
G strings mm.many Typically the cross dipole mode resonates
below the treble E string frequency of
330 Hz s0 max it is not excited strongly by the top string.

‘The long dipole mode is not symmetrical about its transverse
n e, 5o that incomplete volume flow cancellation occurs
between the poles moving in antiphase in this mode, which
may therefore contribute some net volume flow to the acoustic
field generated by the guitar in the dipole frequency range
(250-400 Hz). However the long dipole nodal line is usually
very close to the bridge, where the mode is driven, and the
mode is therefore usually weakly excited

So although the long and cross dipole guitar modes have
claimed much attention from researchers and makers, not only
are they poor radiators, but are weakly excited by the vibrating
quitar strings, the exceptions being some overtones of the
bass E and A strings and some fundamentals on the B string.
These strings may deliver some of their precious plucked
energy 1o the dipole modes but gain little sound production
in retun

What is of more importance for the sound generating
performance of the classical guitar is the appearance of the
cross tripole mode typically a lttle above or below 500 Hz.
Except in guitars with very heavy bridges which suppress the
tripole amplitude at the string driving points, this mode is
stongly excited by all strings, and because the two outer
antinodal poles vibrate in antiphase with the centre pole and

with greater amplitude, this mode is an efficient net volume
pump and so radiates strongly, as the high sound pressure peak
per unit driving amplitude indicates. When excited below it
resonance frequency, the tiipole mode pumps air in cnphase
with the fundamental models) excited above resonance
frequency, so that the net volume flow and hence sound output
is maintained efficiently in this frequency range (20-500 Hz)
above the coupled air piston — fundamental range (80-200 Ha).
While the dipole radiation fields may superimpose on the net
pumping field between fundamental and tripole resonances
(200-500 Hz) with two radiation lobes in antiphase either
transverse to or axial to the guitar (one lobe supplementing the
pumping field, the other reducing it, the main radiation output
from the guitar in its lower range (80-500 Hz)is due to a unique
and efficient interaction between air piston, fundamental top
{and back) models) and the . In some classical
guitars the long mpo\e is excited significantly at the bridge,
and produces a net volume flow rom the predominant front
pole, so that this mode supp»emum the monopole —tripole

it~

field below its resonance frequency (~ 400 Hz) and opposes it
bove.

We should note that the cross braced steel string guitar
does not vibrate in a tripole mode, and the sound output
generated by the top (and back) fundamental mode(s) decreases
steadily above the fundamental resonance frequency into the
next_resonance regime. This is an important difference in
physical behaviour reflecting traditionally estalished outlines
and bracing designs for the classical and steel string guitars,
the musical effects of which are discussed below.

The Higher Multipole Modes
At frequencies above 500 Hz, the guitar top vibrates in
ipole modes” with increasingly more antinodal poles,
which radiate sound less efficiently than the pumping modes
as long as the poles are separated by less than one sound
The sharp dip in the average sound output
9

efficiency of
Todes. Each of the mulipole. modes. generates a spataly
complex field, which may overlap with the fields of one or more
multipole modes adjacent in frequency, producing a radiation
field that varies rapidiy in space and in frequency. Fortunately,
average trends in sound pressure level measured at any position
around the guitar are clearly evident in the sound pressure
frequency response (Figure 2). Since then acoustic power
radiated from the guitar is proportional to driving point velocity,
the diferance batwean thesound ressure evs! and the difing
point velocity level is a broad measure of the radiation
efficiency of the guitar. Compansoﬂs of average sound pressure
per driving point velocity for different guitars afford useful
uimetss of eletivs achatin eficenc
s o ncreesen diing vsloc:ly o, and sound utout
from guier top modes le mode at 500
5 kiiz dopands on the stuctre oFone guitar and wood benmng
and twisting moduli, the decrease in driving velocity and
sound output from above 5 kHz seems to depend on wood-
bending and twisting damping rates. Hence the phvucal
behaviour of the guitar is broadly determined by its dimensi
and. stucture, and the Hequency dependent viscolastc
properties of the woods. Much of the character of individual
instruments derives from small variations in the fairly standard
structure, and from differing (coated) wood properties. That is
why guitar makers pay so much attention 1o bracing heights,
top thicknesses and bridge dimensions as well as to wood

for their chosen practices usually owe more to tradition and
inion than to the sort of arayse above. Mare recenty
communication and consultation between music-acoustic

d pvolesmcnul itar makers has brought
scientific_knowledge and workbench practice into a lively
partnership and the resulting design modifications are under-
going a complicated process of cultural selection.

MUSICAL QUALITIES AND

PHYSICAL BEHAVIOUR

The response of the guitar to the driving forces exerted on the
bridge by the vibrating strings is determined by the structure
and materials of the guitar body, and the sound generated by
the guitar's response in its family of natural modes will b
perceived by guitarist and listeners and assessed for musical
quality.

The dramatic variation in the guitar's response to string driving
forces exciting the top at different frequencies would lead us
to expect the guitar to be very uneven across lower range notes
‘which occur in the frequency range of the lower, well-separated
modes. In fact for notes on the lower four strings, some guitars
are noticeably uneven, and mode resonances can be clearly
identified i
e parados is tha this degree of nevennsss does not seom
to influence a judgement of musical quality strongly.

Acoustics Australia
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There are three main reasons why guitars do not sound as
uneven as we would expect from the frequency response
curves:

(i) Played notes excite the guitar with a whole series of
partials and the total response averages out the strong
resonance and weak antiresonance responses to individual
partials of the notes. The general preponderance of lower
partials in the plucked string makes it useful to study the
guitar's response to the lowest three partials (fundamental,
first and second overtones) of a range of plucked ot

(i) The maintenance of sound output between the air, top
fundamentalls) and tripole resonances is an important factor in
guitar behaviour which reduces excessive variation in the sound
output levels produced by the lowest three partials of the lower
range notes. Higher range notes excite the guitar at frequencies
where resonances occur more closely in frequency and merg

Indeed playing a guitar (or any acoustic instrument) in a non-
reverberant environment such as the outdoors, misrepresents
the character of the instrument, and thereby we infer the vital
importance of architectural acoustics in the subjective assess-
ment of any particul

Which s, aftr all, the utimat measure of musical qualty.
It is also likely that the perception of musical smmd quaity
involves an averaging of tonal qualities over a range

notes and so we invoke the discipline of psychoacousncs in
tho assesement of overallsound qualy.

We find that those frequency bands which are important in
human voice production and in speech recognition are also
important in the quality of musical tone. In particular the
human ear is most sensitive to sound in the 2-5 kHz band,
and it is no coincidence that guitars and violins have a broad
optimum in this frequency range where important differences

to the driving vibrations.

(i) Figure 3 shows the lower frequency response curve for
a guitar with and without the strings damped. The degree of
string partial coupling with the guitar modes depends on the
proximity of the string partial frequency to the mode frequency,
and this coupling effectively broadens the frequency range
over which the guitar modes can respond to the string
vibrations.

.
Level, dB

A

jure 3: Frequency Responses of a sinusoidally driven guitar with

strings damped (solid line) and with strings undamped (broken fine).

Interactions of string modes with guitar modes are evident when
‘both occur at similar frequencies.

Figure 4 derives from the frequency response curve the
relative strength of the three lowest partials of certain lower
range notes played on a guitar having strong double reflex
action. While the string fundamental output is high, the first
and second overtone output is relatively low, and vice versa.
So a weak fundamental is compensated by stronger first and
second overtones, the frequency difference between which is,
of course, the fundamental frequency, and is perceived as such
even in the virtual absence of the fundamental radiated

und.

One outstanding exception to this compensatory resonance
placement is the occurrence of the air and top fundamental
resonances at an octave interval in guitars of various musical
qualities. Then certain low range notes (often G, 98 Hz) will have
a stiong fundamental and first overtone content relative to

other

his factor in instrument
tone can be practically demonstrated by playing a recording of
solo guitar music through a graphic equaliser and varying the
fevels of different frequency bands while listening to- the
effects, Incrasing the lovls bolow 1 Hz makes the guiar
sound trong in lower partials. Increasing levels
Botmoon 3 ote and 2 K makes the guitar sound nasal and
“honky"". Increasing the levels between 2 kHz and 5 kHz makes
the guitar incisive and clear, while increasing the levcls above

frequency,
playing response. Why this obvious unevenness does not
seem to trouble many guitarists is not easily explained, since
other guitarists pay close attention to the evenness of lower
range notes in the instruments they play.

The spectral envelopes of the higher range notes vary over
the note’s duration according to the decay rates of the partials
forming the envelopes, and they will reflect the characteristic
response curve of any given guitar, a response curve which
depends on the considered structure and materials the maker
has invested in that guitar. While the radiated spectrum
generated by the vibrating guitar body will vary in space
round the gutar, the mverg cutput esponee curve wil e
represented to the listener in the reverberant sound field
Generated within the envronment n whioh the gutar s heard.

partial
sum
Sound level
Pressure
dB
E.82Hz
L 6.98Hz
0
20— 1 Ati0Hz
10—
C.130Hz
| L
/
01471z
50 100 2bo 3bo 4bosoo z

Figure 4: Relative strengths of three lowest partials n five lower range

‘guitar notes. While the partial strengths vary dramaticall, the sum o

their sound pressures, shown at right twhich is a rough index of guher

output) does not dramatically_across the
levels e taken as
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5 kHz makes the “edgy” and brittle. All of these terms
describing usical quality convey subjective experiences and

fective way to understand the musical
effects of quantifiable changes in response curves.

Finally we recall that the average higher response profile
depends on structural preferences and wood selection, and
thus we may dnscuss variation of tonal propertie
guitar d ood properties, thereby specifying
Betwosn prceived musicalculty and workbomch procedure

CONCLUSION
The guitar is a portable stringed musical instrument m simple
but subtle configuration which has recently become alm most
universal in local and international musical trac
expansion in both classical and steel string gu.w lschmque
and composition this century has interacted wi

ic study, featuring physical analysis
which has tackled advanced problems in vibration of complex
structures and the attendant sound radiation processes in
different frequency regimes. Communication between scientists
and guitar makers during recent decades has ensured the
effectiveness of the analysis and continues as a vital part of an
endeavour of excellence uniting musicianship, craft and
science.

REFERENCES

1 Hutchins, C.M. “The Acoustics of Violin Plates”, Sci. Am., Oct.
1981, 170-186.

2 Moral, J.A. and Jansson, EV. “Input Admittance, Eigenmodes

and Quality of Violi ustica 50, (1982) 329337,
3 tuchion, M. ~A of Violin Research”, J. Acoust. Soc.
\m. 73 (5) (1983, Nazria

For G @mple: Morse, P-M. “Vibration and Sound”, McGraw.Hill,
1948,

5 Fletcher, N.H. “Plucked Strings — A Review", Catgut Acoust
. No. 26, (Nov. 1976).

O

Another ultrasonics application
One of the problems in the hot extrusion method
for production of copper pipes is the maintenance of
concentricity of the shell. Small variations in extru-
sion press alignment, billet temperature, die and con-
tainer conditions, and stability of the central mandrel
during extrusion, can all influence the quality of the
extruded shell.
aim of a collaborative project between Motal
Manufacturers Ltd. and CSIRO Division of Applied
Physics, Sydney was to devise a robust system that
would pick up the beginnings of misalignment and
provide. Information about the  causes of the eccentr-
city. The prototype monitor built by Dr. Don Price
and colleagues at the Division comprises three trans-
ducers, or probes, a multiplexer and a microcomputer,
It is proving to be a most useful ‘early warning device’
giving readings of eccentricity to within 2 per cent
while also indicating the location of the point of mini-
mum wall thickness in the extruded tubing (‘shell).
This device transmits ultrasonic pulses to the inner
and outer walls of extruded shells and measures the
times taken for echoes from the surfaces to be re-
ceived. The time _difference is proportional to the
thickness of the wall. The accuracy of the eccentricity
figure is limited mainly by the assumption that the two
surfaces have circular cross-section, but is more than
adequate for present purposes.
From CSIRO Industrial Research News No. 173.

Analysis of Guitar Top-Plate Modes
S. Mart

rty

School of Electrical Engineering, University of Sydney,
Australia
B. F Oreb and P. Hariharan

.S.LR.0. Division of Applied Physics, P.0. Box 218,
Cindiaia, Austraia 9070

The design of the present-day classical acoustic
uitar is essentially that developed by Antonio Torres

id-nineleenth ceniury with only minor changes

in the m
Guitar construction has been, by ai
an art than a science, and ‘it is on\y recently that

studies have been undertaken to identify the objective
SHieria which determio.th quality of ‘an instrument.
These have shown that the performance of a guitar is
mainly dependent on the amplitude distribution and
quality factors (Q) of the top-plate modes in the fre-
quency range up to about 700 Hz (Christensen 1983).
A scientific_approach to the development of an
improved instrument must therefore be based on
measurement techniques which can give detailed in-
formation on these modes and permit assessing the
effects of changes in construction.

Measurements of the frequency response were made
by @pplying a mechanical impuiss o the body of the
instrument_and performing a fast Fourier transform

on the acoustic time response (Boulosa, 1981).
he impulse was applied by a small striker rod
attached to an Advance vibrator type & which was
excited with a single pulse from an LE.C. F53A func-
tion generator. The acoustic signal from the guitar
was picked up by an_electret microphone placed
directly in front of the bridge at a distance of 0.5m
and taken 1o_a Nicolet 3091 digital oscilloscope with
12-bit resolution which sampled and stored the signal
at 4000 points. The stored data were then transferred
1o 8 Sirlus microcomputer which carried out a FFT on
L

Measuvements of the ampmuae distribution in_the
top-plate modes were made olographicinter-
forometry (Jansson 1671, Richardson 1989), For thess
measurements the guitar was mounted veriically on &
metal stand on the holographic table and excited by
a ype MM 002 magnetic transducer coupled to
a small mumetal disc attached to the soundboard at a
suitable point. The resonant frequencies were located
by recording a hologram of the guitar with no excita-
tion and then observing on a TV monitor the real-time
fringes corresponding to the various top-plate modes
as the excitation frequency was varied. Ater optimiz-
ing the settings to excite the desired mode, atimi
averaged hologram of that mode was recorded.

Figure 1 shows the tmg-averaged fringe pattorns
corresponding to six of the top-plate modes of a
Ramirez guitar at resonant frequencies of 195, 292,
and 905 Hz respectively. As can be ‘seen,
the antinode of the fundamental top-plate mode i3
displaced laterally o the wing of the bridge due to
Coymmetry of the Intornal ‘bracing. Whils this has jitle
07’0 effect on the acoustic outbut from this mode,
results in the other modes in the low- to mid-frequency
range vadmnng quite strongly, resulting in a “warm’
Spanish sou

We have used these techniques to study a number
of prototype guitars incorporating a new radial sound-
board bracing pattern developed by ons of the authors

Other innovations studied were
Garbon fibre-balsa composite as the bracing material
as well as a new design for the bridge. These changes
have led lo substantial improvemerts boty in- ihe
acoustic output and the performance at high fre-
quencies, resulting in an instrument which is very well
suited to’ contrapuntal styles of music.
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(a) 195 (b) 292, (c) 385 (d) 537, (e) 709 and
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NEW PRODUCTS -

BRADFORD INSULATION
TUFF-SKIN BATTS
Tuff-Skin Fibreglas:
were specifically davelopeu for speedy
installation in steel framed partitions
rnal walls. They are a random

felted mat of name attenuated glass
ermosetting

ion that is necessa n building
clemants. Tulf.Skin Fibraglass Partition
insula-

ressive re:

ance with

Part 3-1976, Tufi-Skin Fibreglass Parti-

tion Batts ‘scored nil for ignitability,

spread of flame, heat evolved and smoke

developed, which is the best atiainable
ng.

FLEX-SKIN
Flex-Skin is a revolutionary surface
treatment, that increases Fiberte

ing, Industia, acouslic and air handiing
applica

Fle is an important practical
feature of Fibertex Rockwool because it
supports the outer skin of the Rockwool
blanket during installation as well as
providing a_smooth
surface. Flex-Skin
fom suitace.of faced ductiners giving
them the additional_tensile  strength,
rigidity and_handleability often neede
when handiing large Sheets of matorial
With the addition of Flex-Skin, faced
ductiiners are  covered,  providing
smooth and easy to handle surfaces.

ACOUSTIC BAFFLE — 602

Fibretex Acoustic Baffles are manu-

batts are
plasic fim which s suspanded.from
the_ceilin “ s. Bradford
Floroion Aboustc Ballls.oré & simple
golutonfor _reverberation contrl in
buildings because of their outstanding
Sound absorption characteritics.

The new Fibretox Acouslic Baffes are
fully enclosed s
be wiped Soan. They are alto rn;ls(anl
to oil and moisture vapours making

ol n buidings ‘whore’ motars and
noise control are vital factors. They also
have an attractive appearance which
can be further enhanced by imaginative
layout as they can be installed at various
heights and_ spacings to_build up. any
desired pat

Further lmormnuon Sradiord Innuation
Group, Carme! M, Cer

oo,

BRUEL & KJAER
MACHINE HEALTH MONITORING
SYSTEM

The Type 3542 is a semi-automatic
system for condition monitoring on ro-
tating_ machines. It monitors machine
vibration levels and employs advanced
spectrum-comparison techniques for the
carliost possiole detection "of fauts

, trond an-

Viaiotenance  proceaures can
planned ahead, so as to_keep costly
down time to a minimum. The System is
extremely easy to use. Extensive help
facilities are built in and the entire
system is operated via a central terminal.

toring System
ccelerometer Ty

7 Typo 7400 and Visual
Display Terminal Type 4
VOLT AND PHASE METEFIS

Bruel & Kjaer introduce two new
struments for electronic_and_electro-

acoustic testing and measurement. The
Type 2432 Voltmeter and the Type 2977
Phase Meter are versatile and casy-to-
use instruments designed for stand-
alone use with straightforward front

el contrl and for system uso on the
IEEE 488/ IEC 625-1 interface bus. Bol
instruments feature unique facilit
eliminating ground loop _interference,
with Garefully designed input Girculs
with analogue circuis' electricall
isolated from the _digital _(iterface)

8

VERSATILE SOUND LEVEL METER
Bruel & Kjaer's Precision Sound Level

Meter Type versatile, compre-
hensively equipped IEC Type 1 instru-
nt, suitable for general ose
e of

us-

audiometer calioration and. fre-
quency analyses. It measures sound
pressure levels from 24 dB up to 130 dB,

extended to

2235 can measure the maxi-
mum or instantancous sound pressurs
lovel with automatic (1) or manual re-
set in accordance with IEC and Japan-
ese standards. Measurements can be
made with RMS or Peak detector modes,
with Siow, Fast or Impulse time welght:

ing. and-with A,  or Lin Trequoncy
weighting. Measdremants are displayed

Wity 0B resonion on & digial
Gisplay.

sms TEST CONTROLLER
Kjaer's Vibration Exciter Con-
ol Type 1050 is a technically advanced
ept_sine_control

nvestigation with a

frequency resolution to 1 mHz. Piezo-

electric accelerometers and force trans-

ducers can be directly connected 10 the
‘ype 1050 for control of any vibration

measurement parameter, o for vibration
measurement

Further Informaion; Bruel & Kjser, P.O.

x 120, Concord, N.S.W. 2137.
Petenhons (053738 1758,

THNRRERARARARRARARARAROROO RO
GEORGE CHENCO

Specialising in Noise and

ration Engineering

21 PROSPECT ROAD

ROSANNA, VIC. 3084
(03) 459 7461

iy
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BO0K REVIEWS — —

SPATIAL HEARING
Jens Blauert
(Translated by J. S. Allen)
MIT Press, Camlmdgs Mass., 1983.
Review copy from Book & Film
Services, P.O. Box 226, Artarmon,
N.S.W. 2064. Price $93.50 (Aust.).
In the preface of his original volume,
Blagert dofines et o spaa atinbutes
auditory perceptions and the signals
hat sccompany these sttributes const -
tute the phenomenon of sp:
What folows in tne four hapters of (nis
review of the literature
and_experimental analysis which has
gocurrad during the development of this
broad sul
Before prmnn n outline of the
structurs of the bosk, 1 s worth noting
that most of fts conient was originally
published in German in 1974, The
ent volume was published in 1963 and
Gontains an' Engioh. anslanion of h

interest in spatial hearing. The scope of
the audience to which this book s direc-

ted is as broad as the subject and in-
cludes those with interests in -psychol-
gy, psychophysics, physiology, medi-
cine (especially otology and audiology),
engineering, physics, musical analysis
and archit
The organ of the major chap-
ters (1 10.3) is el rely logical Tho first
chapter (Introduct tablishes the
fechnical and experimental foundations
upon which the later chapters are built.
udtory - events,  auditory
space and methods of analysis, and
concludes with a technical discussion
experimental procedures. The secon
ncerned with the analysis
when the input 10 the
o sound
opening discussion of loc:
under these somewhat si

18 ToToweet by an analyieal description
field at the

of the nature of the

0 ears (particularly directional
hearing in the median plane) and when
there are nonidentical inputs to the two
ears. The
with the
intensity differences and the “trading”
between these differences. The chapter
concludes with a i
theories which incl
vestibular and tactile inputs in the per-
cept of spatial hearing.

ird chapter of the book deals
yith spatal hoaring in the more complex
(but more realistic) situations in which
{here ore, matle. Sourcss of sound of
the sounds are generated in an enclosed

space. The major impact of his chapter
is in the analysis of s
over, he. ore. GemandingGoncems
assoclated with room echoes, muitiple
sources of sound and the evidence for
neuronal _inhibition n_these circum-
stances (the cocktail party) receive con-
siderable attention. The fourt
by the aulhors admiss
sents a few,
the study of spatial hearing.
, the text Is concise and,
though heavily analytical, it is_easily
road. There Is also a wealth of orginal

lus_conditions, recording _techniques,
analytical considerations and in the d
velopment of models is also a feature of

lo and the exposition of a model or a
definitive view. Briefly, on the negative
side, minor lapses in translation or edit-
ing 'have _allowed
e a word of Latin origin is incor-
roctly luralized and reference is made
Figure which is not in the
* Finaly, It Should be, stressed thai this
text is largely the juxtaposition of the
analysis of sounds at the human head
and human spatial perception of audi-
tory stimul of very different form and
mode of presentation. As such the book
g for i those ‘wilh

bent who are interested in what occurs
between these extremes.
—Alan Pettigrew

E® Acoustics

AUDIOMETRIC TEST BOOTHS

Noise Isolation Class 39

ACQUSTIC DOO

RS
STC 36, 38, 40, 43, dB

SOUND FIELD ROOMS

Installation Service available

Building Station, Ryde, N.S.W.

Timber Finish
100% Australian Content

Manufactured by

Kell & Rigby (Builders) Pty. Limited

8 Dunlop Street, Enfield, N.S.W.
Telephone: (02) 642 5999

Certified by Commonwealth Experimental
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SOUND HEALTH

Steven Halpern and

Louis Savary

Harper and Row, Sydney, 1985,

211 pp., paper!

ISBN: 07-3120572 A:Qs

Review copy from Book and Film

Services, Unit 38, Artarmon

Industrial Estaté, Artarmon 2064.
This is an unusual book de:

ing almost all aspects of sound and
noise. The physical, psychological and
overed

but also to present a
0 use relaxing and

ty of ays
healing sounds”

Supporters of orthodoxy will no doubt

legree of speculation

quotations

remember _th;

on human beings. Legitimate specula-
tion still has a place in scientific (and
human) endeavour.

The sections dealing with music
its sftects aro most. enlightoning:

and
the

emotions _ generated usic, the
choice of music for relaxation, the
R u 0o aerobic

 howa performer can project
the inner meaning of music are som
of the topics covered.

The final part of the book lists
references to books, articles, records,
cassetles, video lapes, ‘ol that sre
available 'on the subje

Howard Pollard

NEW PUBLICRTIONS —

The following publications nave been
eceived by the Society a

in_contravention of copyright condi
tions) may be ordered by contacting
nulla_ Secretarial jices _on

Cror
(03) 527-3173.
for photocopying and postage.

JOURNALS
Canadian Acoustics V. 14 No. 1 Jan.
1986

Contents: M. Morin, Noise |wlnlun
standards in _condominiums;

Polara, A broposal Jer sound testing
prior to occupancy of ~multi-family
Gwellings.

V.14 No. 2 ApL 1986

Contonts: 8. . Semercigl, K. Mc-
Caugrian, . Popplowel A’ non-con:

pl
mcllng "Optical dispacoment transducer;
rica;

dynamic forces from footst
Slev, " international ' Go-oporation
acoustics.

Applied Acoustics V. 19 Nos. 1, 2, 3

1
Acta Acustica V. 11 No. 1 Jan 1986

(Text in Chinese, captions and sum-
maries in English)
Contents _includ chroeder,

Some new results ol hearlng research,
J. Aust. Assoc. Mus. Instr. Makers V. 5
Nos. 1, 2 1986
Contents include articles on violin
making.

REPORTS

Quarterly Progress and Status Report
ech Communication & Music
Fluyal Institute  of Tech-
nology, Stockhol

Apr. 1986 Oanlenu:

F. J. Lundin, A

2k Some current prolects at KTH
related to speech recognition;"G. Plant,

Y¢ CHANGE THE GRADE BY
CHANGING TI
MICROPHONE

¢ PEAK HOLD, FAST,
SLOW, IMPULSE
RESPONSE, AUTO
MEMORY

M. B. & K. J. DAVIDSON
PTY.

Vie.: 17 Roborna St Moorabbin 3189

MEET THE VERSATILE CONVERTIBLE CIRRUS CRL 2.35A

JUST ONE OF THE WIDE RANGE OF CIRRUS RESEARCH SOUND MEASURING EQUIPMENT

¥r USES THE SIMPLE AND
QUICK L3M SYSTEM

PLUG-INS INCLUDE:—
TACHOMETER
VIBRATION
INTEGRATING UNIT
LIQUID CRYSTAL .
DISPLAY
OCTAVE FILTER .
DIGITAL FREQUENCY
MAINS POWER PLUG-IN”

ANALOGUE OUTPUTS
FOR LOGGING

*

¥

HINCO ENGINEERING
LTD.

WA 1309 Hay 8
co, W.A. 6
(us}:mun
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A single-transducer vibrotactle aid_ to
ipre: A-M. Ost

mplartation 'on
— a case_study;
\n experienced
user of tactile information as a supple-

ment to_lipreading — an _evaluation
study; N-E. Molin et al, Parameters
influsncingeigenmodes’ of  violin

plates.
CSIRO oivision of Bullding Research,

Progvess ol' Reseurch 198571986.

Institte of Sound and _Vibration

Ressarch, Univorsity of Southampton
Repors.

es , The application
optinal ‘Contrer moihoss 1o ths do-
convoluimn of velocity metor signals.
Neawall, Acoustcally com-
pact Translon sauroas. of underwater
measurement and_callbration.
T30 L. ‘Chow, R. J. Pinnington,
On the prediction of loss factors due
1o saueeze fim damping’ mechanisms.
R C. N Power trans-
ised”gearbox.

an
an _instructional
fioe tape, by-3. Sundserg ot o
Tis video tape demonsirates various
f phonation, as analysed by
Toverse flltoring. . Hominvasive, real-
time method for. studying the human
voice source. Spoker s in
English; duration 19_min; avallzble in
various 'video
Firther detais: The Mum Acoustics
Committee, Royal Academy of Music,
Blssiehoimstorg 8, S-111 48 stockhoim,

Motor Vehicle and
Traffic Noise Proceedings

The Proceedings of the 1985 Con-
forence of the Australlan Acousical

cctety are now avallable for purchase.
Thesa rocen clude the Keynote
Paper by Dr. A. 3 the
OECD, on “Sirengthening Motor Vehicle

paper
many aspects of traffic noise i the
noise from different types of motor
vehlcles

cost of the Proceedings, includ-
ing nnnulrng packing and surface post-
ge. is $35 (Aust).

rs and payments (to AAS NSW
Diision) should b6 senH
AAS 1985 Conference, AAS NSW Divi-
slon, 3543 Ciarence’ Streot, Sydney,

Goldan Boomerang Avurd

was yestorday  given the

ang Award in recogni-
tion of its ousianding export periorm-
ance.

The award was presented by the
N.SMW. Export Davolopment Group, in
conjunction_with 1 mber
of Commerca, Ausllade nd spomeors,

n S o prize roplaces tho 18-
Year e Exporier o1 1 r Award,

(P Ausiralan, 24 Map 1966)

PUBLICATIONS BY RUSTRALIANG —

We are grateful to Richard Rosen-

hors. Within each year the lsting is
aiphabetical by first author.

A comwho.: of Thres Speech Coding
sin

I Acoustic Modsl of
Mo

imp
B 4 BLAMEV L F A. MARTIN, G. M.

eph nl Olaluryngolagy. Univ. of Melb.,

The Royal Vic. Eye and Ear Hospital,
32"Gisborne Sirech, Vic. 3002
J. Acoust. Soc. Am. 77 (1), 209217

(1985).
Responas to » Reduction In Tratfc
Nm

own s HALL, J. KYLELITTLE
School of Aust. Env. Siudlios, Crittn
Univ., Nathan, Brisbane 4111
J. Sound. Vib. 98 (2), 235-246 (1985)

Reverberation Times In British
ing Rooms

1) M. A, BURGESS
2 w. EY
1o Schnol of Architecture, The Univ. of
/, PO Box 1, Kensingte
12 BRE, Bulding Rec, Smmn, ammn,
atford
Appl. Acousnvs l 369-380 (1985).

The Use of Acoustic Pressure Measure-
ments to Determine the Particle Motions
Associsted wih the Low Order Acoustic
Modes in Enclosure
K. P. BYRNE
School of Mech. & Ind. Eng., The Univ.
of NSW, PO Box 1, Kensington,

ISW 2033

J. Acoust. Soc. Am. 77 (2), 739-746
(i983).

Modal Filters in Rectangular Ducts

A GABELLL |. G, SHEPHERD,

csmo .ol Enory Tochn., Melbourne
. Sound. Vib. 99 (2), 285-292 (1985)

Soll Impedance Messurements by an

Acous uc r u- Iquo

C. G,

Sent of Appl Phy.l iahoim inst. of
Techn., Vic. 3

et soe Am. 77 (4), 1601-1609
(1985).

An Open Tube Technique for the
ment of Acoustic P:
Porous Auminn Materials
J. 1. DUNLO
Sohool of Shys

The Univ. of NSW,
Box 1, Kensington 2033
lionse Acoust. Sec. Am. 77 (6), 21732178

The Future of Architectural Acoustics
nmm:h und Testing in Australia

F

e S Dept.

Sydney Univ., Sydney

Appl. Acoustics 18 (4), 283-292 (1985).

A Biological Chorus in Deep Water
orth-West of Australia

UG KELLY, D. J. KEWLEY, A. S.

Dept. of Def. Weapons Syst. Res. Lab.,

Def. Res. Centre, Salisbury, SA 5108
b ohcoust"soc.” A (2), 508-511

oz

Improved Computer Model of Direct-
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FUTURE EVENTS -

© Indicates an Australian Conference
1986

September 2-6, HUNGARY
6th FASE SYMPOSIUM.
objective

er
\SE-Opt. Akuszt. _Filmt.,

Anker-koz 1, H—14761 Budapest.
September 16-19, POLAND
XXXIll_SEMINAR ON ACOUSTICS —
Detais: Zaklad Akustyki, Instytut Fizyki
WSP, ul. Re/xana 16a, p.228, 35 31C
Rzeszow, Polanc
September 19-28, LONDON
ULTRASOUND SYMPOSIUM
Details:* M. J. Ullman, Medical Semi-
nars In. Inc 22195 Foscoe 8., Suito
04, Canoga Park, CA QVGM us.

3 TOUWOOMBA

ON COMMUNITY

Details: Ms Nola Eddington, Division of
Noise Abatement, 64-70 May Stroet,
BRISBANE, Q. 4000.

October 7-9, THE HAGUE

2nd INTERNATIONAL SYVPOSIUM ON
SHIPBOARD ACOUSTI

ootails: . Buitn, /nsmura of Aplied

Physics TNO, x 155, 2600 Al
Dol ne Netnarainds

October 7-10, BASEL

XIV AICB CONGRESS

Trafiic No'se and Urban Planning

Detals: Dr. W. Aechorl, Hischonplatz

7, Luzern, Switzerland 6004.

© October 17-21, PERTH

|S|I| ANNUAL MEETING OF AUST. SOC.
"OR ULTRASOUND IN MEDICINE

Dslurls AUSM 16th Annual Meelmg, P.O.

Box 40, West Perth, W.A. 600

October 21-24, TOKYO

mh INTERNATIONAL ACOUSTIC EMIS-

N VM

. Yamaguchi, Insti-
o ai Indusionr ' Science, Universiy of
Tof oppongi-7, - Minalo-Ku,
TORYO 106, JAPAN

November 3-6, CZECHOSLOVAKIA
26th ACOUSTICAL CONFERENCE ON
uLraasol

betals: House o Technology, Ing. Vani
Skultetyho ul. 1 832 27 Bratislava.
November 17-19,
WILLIAMSBURG, USA
ULTRASONICS SYMPOSIUM
Qetails: inst. Elec. & Electronic, Eng,
Conference Cor-ordination, HUSE4
St New York, NY 10017, U.S.

Decemb‘sv 12, CALIFORNIA
MEETI N THE  ACOUSTICAL
SOCIETY OF AMERlCA
Chairman: Alan H, Marsh, DyTeq En-
gineering Inc., 5092 Tasman . Drive,
Huntington EBBL‘h CA 5254]7 US.A.
December 8-12, HONG KONG
1st ASIAN PACIFIC CONFERENCE ON
DEAFNESS
Dotalls: Hong Kong Soc. of Do, 901
Duke of Windsor Social Serv. Bldg., 15
Hennessy, Road, Hong Kong.
December 9- 10. WEYMOUT", UK.
INTERN. ' CONI FLUCTUATlQN
FHEN%ME@A IN UNDEFWAT

Details: Institute of Acoustics, 28 Cham-
bers Sireet, Edinburgh, EH1 THU.

1987

January 26-30, NEW ZEALAND
56th ANZAAS

cience i a Changing Society”.
Details: 56th ANZAAS, P.0. Box 5156,
Pelmerston North, New Zealand.
March 24-26, AACHEN
DAGA '87
Dotails: H) Kutruft,
Akustik dor, AWTH,

Inst. Technische
55,

June 19, MADRID

ACOUSTICS AND OCEAN BOTTOM
Details: SEA - FASE 87, Calle Serrano,
144, Madrid 6, Spain.

June 23-25, LISBON

5th FASE CONGRESS

Details: SPA - FASE 87, Lab, Nac Engen-
haria Civil, Av." Brasi, 799" Lisboa
Codex, Portugal.

July, ANTWERP, BELGIUM

{525, SUMMER_SCHOOL ON INTER-
NAL FRICTION PROCESSES.
2730, CONFERENCE ON INTERNAL

EREN
FRICTION AND ULTRASONIC: ATTEN-
UATION IN' SOLI!

Details: R. do Bﬂ!ls! S.CK. — C.E.
Boeretang 200, 2400 MOL, Belgium.

August 24-28, U.S.S.R.
11th INTER. SYMPOSIUM ON NON-
LINEAR ACGUSTICS

ails: V. K. Kedrinskii, Lavrontyev
[itoto oi Ryradymamics, Lavrentyev
Prospekt 15, 630090 Novosibirsk.

September 1517, CHINA

INTER-NOISE 87

“Noise Control in Industry".

Dotalls: Inter-Noise 87, 5 Zhonggvancun
St., P.O. Box 2712, Beljing, China.

N,

D-5100 Aachen.
May 11-151 INDIANAPOLIS
MEETING OF ACOUSTICAL SOCIETY
OF

Dam/ls ms? 5. Goodiiend, AS.A, 535
" New York, NY 10017,

® May zo-‘n, MELBOURNE
MA\NTENANCE ENGINEERING CON-
FERENCE

“Effective Malmenance the road to
rofit”

Details: Institution of Engineers, 11
National c,rbun Barton, A.C.T. 2600.

May 19-21, Im)um:
INTEHNATIONAL CONFERENCE.

“How to teach Ac

Dotails: Prof! Dr. A. Sllwlnskl University

Gdansk, |institute of Experimental
Physics, 80 952 Gaansk, Wita Stwosza
57.

o

June 1-4, YUGOSLAVIA
XXXI ETAN CONFERENCE >
Details: Prof: P. Pravica, Electrotech-
nical Faculty, Bulevar Revoluoije 73,
Belgrade, Yugoslavia 11000.

\
® June 17-19, BRISBANE:
COMPUTING 'SYSTEMS CONFERENCE
i h

Details: _Institution of Engingers, 11
National Circiit, Barton, A.C.T. 2600.

UK.
CONFERENCE OF BRITISH SOCIETY
OF AUDIDLO
Details: and, 14 Bryony Road,
Waoloy Hil, Blrmlnghsm 529 4BU.

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

Details: Mr.m B. Goodlrend, A.S.A., 335
East 45th St New York, NY 70017,

1988

May 16-20, SEATTLE

MEETING OF ACOUSTICAL SOCIETY
Detals e, 5. Goodfriend, A.S.A., 335
Eost 45th St New York, NY 10017,

August 21-25, STOCKHOLM

§th, INTER, CONGRESS ON NOISE AS
AFUSLIC HEALTH PROBL

Dertals: Noise 56, /- Hase. Congress
Setvica, S5175 92 Siobkhoim.

August 29 - September 1;
EDINBURGH

7th FASE SYMPOSIUM ON SPEECH
Detail: Mrs. C. Magkenzio, 1.0, Aco

25 Chambers St Edinburgh, EHT
50, Sectiand
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