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Calls for Papers

The Meetings Committee of the Institute of Acoustics is always pleased
to receive offers of contributions to any of its meetings. Contributions
are particularly sought for the following:

Acoustics and the Sea Bed

University of Bath, 6-7 April 1983
Meeting Organiser: Dr N G Pace
School of Physics, University of Bath, Claverton Down, Bath BA2 7AY

(200 word abstracts immediately)

Sonic Emission

Late July 1983
Meeting Organiser: Dr R W B Stephens
Department of Physics, Chelsea College, Pulton Place, London SW6

(200 word abstracts as soon as possible)

Studio Design

Autumn 1983
Meeting Organiser: Mr N Spring
Sandy Brown Associates, 6 Fareham Street, London WIV 3AH

(200 word abstracts required)

Local Government Noise Problems and Construction Industry Noise

Autumn 1983
Meeting Organiser: Mr R Hill

"AIRO, Duxon’s Turn, Maylands Avenue,
Hemel Hempstead, Herts HP2 4SE
(200 word abstracts required)

I0A Policy on
advertisements

Members of the Institute will be aware
that advertising material is printed
within the Bulletin and also accom-
panies various occasional communica-
tions to Members.

The rates for all such advertising are
available from our Advertisement
Manager, Mr Collins, and are quite
competitive. The income generated
from this source on occasions amounts
to over one third of the production
cost of the Bulletin, and this has
helped in a small way to keep subscrip-
tions down.

Because the Bulletin is only published
quarterly, the majority of the adver-
tisements it contains can be considered
as long-term and of continuing useful-
ness — both to the advertisers and to
the readers. Where the timing is appro-
priate, advertisements for job vacan-
cies, etc, are also published in the
Bulletin.

Since there are several other occasions
throughout the year when it is desir-
able or necessary to communicate with
Members the opportunity exists to use
these occasions to distribute additional
advertising material. Such material,
particularly for job vacancies where
the advertiser seeks an early appoint-
ment, is presumed to be of direct
interest to Members, and Council has
therefore for a trial period of one vear
decided to offer the additional facility
of a monthly Appointments Sheet,
details of which are given on page 25
of this Bulletin.

The policy on acceptability of adverts
is that they must be of relevance to the
field of acoustics generally or be of
such a general and non-controversial
nature that the standards of pro-
fessionalism on which we pride our-
selves are not lowered. It should of
course be noted that we do rot publish
a list of Members’ names and addresses
as do some societies, since it is known
that this is a cause of much unsolicited
material through the post over which
none of us would have any control []

D J Johns
Chairman, Publications Committee

Material for the April issue of
Acoustics Bulletin should reach
Mrs F A Hill at 25 Elm Drive,
St Albans, Herts AL4 OEJ, no
later than Friday 25 February.
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The Institute of Acoustics was tormed in 1974 by the amalgamation of the Acoustics
Group of the Institute of Physics and the British Acoustical Society and is now the
{argest organisation in the United Kingdom concerned with acoustics. The present
membership is in excess of one thousand and since the beginning of 1977 it is a
fully professional Institute. .

The Institute has representation in practically all the major research, educational,
planning and industrial establishments covering all aspects of acoustics including
aerodynamié noise, environmental acoustics, architectural acoustics, audiology,
building acoustics, hearing, electroacoustics, infrasonics, uffrasonics, noise, physical
acoustics, speech, transporfation noise, underwater acoustics and vibration.
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Membership of the Institute of Acoustics

Membership of the Institute is generally open to all
individuals concerned with the study or application of
acoustics. There are two main categories of membership,
Corporate and Non-corporate. Corporate Membership
(Honorary Fellow, Fellow, Member) confers the right to
attend and vote at all Institute General Meetings and to
stand for election to Council; it also confers recognition
of high professional standing. A brief outline of the
various membership grades is given below.

Honorary Fellow (HonFIOA)

Honocrary Fellowship of the Institute is conferred by
Council on distinguished persons intimately connecied
with acoustics whom it specially desires to honour.

Fellow (FIOA)

Candidates for election to Fellow shall normally have
attained the age of 35 years, have had at least seven years
of responsible work in acoustics or its application, and
have made a significant contribution to the science or
profession of acoustics.

Member (MIOA)

Candidates for election to Member shail normally have
attained the age of 25 years, must either (a) have obtained
a degree or diplema acceptable to Council and have had
experience of at least three years of responsible work in
acoustics, or (b} possess an eguivalent knowledge of

acoustics and cognate subjects, have had experience for
not less than seven years of responsible work in acoustics
or its application, and must have been a Non-corporate
member of the Institute in the class of Associate for not
less than three years.

Associate

Candidates for election to the class of Associate shall
have attained the age of 18 vears and (a) be a graduate in
acoustics or a discipline approved by Council, or (b) be a
technician in a branch of acoustics approved by Council,
or {c) be engaged or interested in acoustics or a related
discipline.

Student

Candidates for election to the class of Student shall have
attained the age of 16 years and at the time of application
be a bona-fide student in acoustics or in a related subject
to which acoustics forms an integral part. Normally a
student shall cease to be a Student at the end of the year
in which he attains the age of 25 years or after five years
in the class of Student, whichever is the earlier.

Full details and membership application form are avail-
able from: The Secretary,

Institute of Acoustics

25 Chambers Street

Edinburgh EH1 1HU

Sponsor

Admiralty Underwater Weapons
Establishment, Portland, Dorset

Briiel & Kjaer UK Ltd
Hounslow, Middlesex

Sandy Brown Associates
London

Burgess Manning Ltd
Ware, Herts

Computer Enginecring Ltd
Hitchin, Herts

Fokker B V
Schiphol-Oost, The Netherlands

GenRad Ltd
Maidenhead, Berks

Members

Greater London Council
The County Hall, London

Hann Tucker Associates
Woking, Surrey

Isophon Ltd
Gillingham, Kent

Moniton Technic Ltd
Basingstoke, Hants

Nicolet Instruments Ltd
Warwick

Scientific Atlanta
Hitchin, Herts

Whittingham Acoustics Ltd
Altrincham, Manchester
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Institute of Acoustics

President

Dr D E Weston
Admiralty Underwater
Weapons Establishment

Immediate Past President

Prof B L Clarkson
ISVR, Southampton University

President-Elect

Prof D J Johns
Loughborough University

Vice-Presidents

Mr J Bickerdike
Leeds Polytechnic

Dr H G Leventhall
Atkins R & D, Epsom

Mr T Smith
British Gas R & D, Killingworth

Honorary Treasurer

Dr R Lawrence
Liverpool Polytechnic

Honorary Secretary

Dr F J Fahy
ISVR, Southampton University
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Dear Member,

At the Autumn Conference, smoothly organised by Tohn Walker and his
colleagues, there were two special and happy occasions that I would like to
mention. Frank Fahy's citation for the 1982 Tvyndall Medal appeared in the
Bulletin last April, and at the Conference I presented him with the Medal itself.
We were then treated 1o an interesting discourse on measurement of sound
intensity. This came complete with some ambitious demonstrations, reminding
us thar acoustics is largely an experimental discipline.

Ray Stephens’ birthday and his retirement as Chief Diploma Examiner were
acknowledged in the last Bulletin. It was very pleasing that both Dr and Mrs
Stephens were able to attend the Conference Dinner as Guests of Honour.

At our October Council Meeting we decided we would like to institute a named
lecture to be known as the Stephens Lecture. Dr Stephens has kindly agreed to
let us make free with his name in this way, and it was therefore possible to
announce this development during the Dinner. The details remain to be
worked out.

Continuing on the subject of conferences, there will be the usual wide range of
specialist meetings next yvear. But unfortunately it does seem there will not be
an Autumn Conference, nor a major Spring Conference covering a range of
topics. The reason for this is the channelling of energies into the Inter-Noise
Meeting in Edinburgh in July 1983. This shows every promise of being a very
popular and populous meeting, with a few hundred papers and probably several
hundred delegates. The 10A Annual General Meeting will be held at 5.30 pm
on Thursday 7 April at the University of Bath, during the Conference on
Acoustics and the Sea-Bed organised by the Underwater Acoustics Group of the
Institute.

The October Bulletin seems too early to wish people a Happy Christmas,
especially when one is actually writing in August. This Bulletin is rather late
for the purpose — but at least | can wish vou all a merry and prosperous
New Year!

Yours sincerely,

N awe A s



I0A Autumn Conference -

Bournemouth

The weather ai Bournemouth during registration for the Autumn Conference
rivalled the worst that the Lake District, venue of earlier Autumn Conferences,
could have provided. 1t was very wet and windy but thankfully it improved in
the following two days to allow those with time to spare to enjoy a stroll on the

East Cliff close to the hotel.

By the end of the two days, 93 participants had registered for the Conference,
which was organised by ISVR of Southampron University. Four technical
sessions were arranged on Speech Communication, Sound Inrensity Measure-
ment, Machinery Noise Control and Subjective Effects of Noise. The Confer-
ence also marked the occasion of the Tyndall Medal Presentation and Lecture
by Dr F 1 Fahy of ISVR. A rechnical exhibition was open from Sunday evening
until Monday evening. This provided an opportunity for delegates to keep
abreast of the latest developments in acoustical and vibrational measurement

and analysis equipment.

THI-: CENTRE PIECE of the Conference
was the Tyndall Medal Present-
ation and Lecture. The Medal is pre-
sented by the Institute in recognition
of contributions to teaching and re-
search in acoustics. Dr Fahy was a
well-deserved choice this year and he
was presented with the medal by the
IOA President, Dr David Weston.
Dr Fahy’s lecture was entitled Sound
waves and energy but before embark-
ing on that topic he took the oppor-
tunity to review Tyndall’s life and
achievements in the area of scientific
teaching. It became clear to us all that
Tyndall was a man whose knowledge
extended over many branches of
science and that his qualities as a
lecturer were acknowledged in both
Europe and the United States. Dr Fahy
left Tyndall’s life story to move on to
a more modern approach to the sub-
ject of sound waves and energy. He
presented a series of convincing
demonstrations under quite difficult
conditions, illustrating the relation-
ships between sound pressure, ampli-
tude, particle velocity and sound
intensity.

The brief reports on the technical
sessions which now follow have been
contributed by Dr W Ainsworth,
Dr F J Fahy, Professor E J Richards
and Professor D W Robinson, who
were coordinators and Chairmen for
the Sessions on Speech Communica-
tion, Sound Intensity Measurements,
Machinery Noise Control and Subjec-
tive Effects of Noise, respectively.

Speech Communication

This session began with three papers
on speech production. C Scully and
E Allwood (University of Leeds) pre-
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Dr Frank Fahy, surrounded by the
equipment used in his demonstra-
tions, receives the Tyndall Medal
from the President, Dr David Weston

sented a paper on Glotral losses in a
composite model of speech production.
The effects described in the paper were
illustrated by some most interesting
tape recordings. The next paper, The
target theory of speech production in
the light of mandibular dvnamics was
presented by two visitors from Stock-
holm University, B Lindblom and
R Schulman. They reported some re-
cent articulatory measurements and
discussed them in relation to the vowel
target theory. Next, L. Roves from
Nijmegen University discussed Specrral
properties of glortal flow pulses as a
function of speakers, vowel and stress
level.

The theme changed to that of speech
analysis. N D Black and R Linggard
from Queen’s University, Belfast,
described A4 filter bank model of the
cochlea, which incorporated a mech-
anism for spectral enhancement.
R W Bladon (University of Oxford)
then gave an entertaining paper on
Problems of normalising the spectral
effects of variations in the fundament-
al. He suggested that the formant fre-
quencies of certain vowels vary with
the fundamental much more than most
of the audience had realised. Finally,
R Linggard and P McCullagh (Queen’s
University, Belfast) outlined a Neural
firing model of the basilar membrane.

In the afternoon session three papers
on automatic speech recognition were
presented. R K Moore and his col-
leagues from RSRE, Malvern, present-
ed a paper entitled Towards an in-
tegrated discriminative nerwork for
automatic  speech  recognition, in
which they described a technique for
automatically differentiating between
similar sounding words. J S Bridle and
M D Brown (JSRU, Cheltenham) dis-
cussed A dara-adaptive frame rate
technique and irs use in qutomatic
speech recognition. It was shown that
this technique enables good recog-
nition performance to be obtained with
reduced computation and storage.
M J Russell, R K Moore and
M J Tomlinson (RSRE) then presented
a paper on Automaric speech recog-
nition using local timescale variability
information. )

On Tuesday morning, R Linggard and
D Rankin (Queen’s University, Bel-
fast) described Secrorgrams — a new
way of looking at speech, which they
thought might be useful for normalis-
ing speech. However, some of their
disadvantages were also pointed out.
In the next paper, The computer
analysis of prosody, D Lindsav and
W A Ainsworth (University of Keele)
discussed a program for choosing the
optimal prosodic rules to describe in-
tonation contours. The human analysis
of prosody was the subject of the fol-
lowing paper by D R Scott and
A Cutler (University of Sussex) who
described some experiments concern-
ing  Segmental cues to svatactic
structure.

The author of the next paper, The
synthesis of rhythmic structure. S Isard
(University of Sussex), was not able to
attend the conference, so it was read
by Donia Scott. The topic of synthesis
continued with The use of multi-pulse
excitation in speech synthesis from
text by A P Varga and F Fallside
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(University of Cambridge). This was
followed by two papers on speech
coding: Adaptive transform coding of
speech ar 9.6 kB/s and below by
I M Rvye and B C Dupree (JSRU) and
Speech coding ar 32 k bit/s for use in
the switched telephone network by
L. S Moye and J A S Angus (Standard
Telecommunication Labs Ltd) This
latter was amusingly illustrated with
tape recordings.

The final session was on the subject of
speech perception. C J Darwin and
J Seton (University of Sussex) began
with a paper on Perceptual cues to the
end of aspiration. B Cranen, R van
Bezooijen and L Boves (University of
Niimegen) discussed an experiment
relating to the Acoustic correlates of
auditory ratings of some vocal speech
parameters. Finally, G A Foster
(University of Sussex) described The
integration of audio-visual stimuli as a
function of temporal desynchronis-
ation.

Sound Intensity Measurement

The session had an international
flavour, four of the seven papers being
presented by visitors from overseas.
Bernard Ginn of Briiel and Kjer illus-
trated his talk with examples of applic-
ation to the determination of the sound
powers of a motor-pump assembly and
of a bottle labelling machine, and, in
the workshop session, showed how the
contribution of aircraft cabin window
vibration to the total sound power
transmitted into the cabin was isolated
using intensity measurement.

The presentation by M Pascal of
CETIM, France, was announced as
being a first for the TOA —a lecture in
French—but M Pascal unexpectedly.
and very clearly, gave an exposition in
English of the origin and evaluation
of errors associated with discrete
spatial sampling of intensity fields.
Ulf Kristiansen, of the University of
Trondheim, in Norway, then provided
a4 most entertaining display of energy
flow diagrams for sound fields gener-
ated by vibrating beams.

In the first of two papers, Peter
Watkinson of ISVR described the
technique and problems of measuring
in situ sound absorption by studio
absorbers using sound intensity
measurements. The technique is of
practical interest because the absorp-
tion of individual items can be evalu-
ated separately from other absorbers
present in a room. In his second paper,
Dr Watkinson showed how sound in-
tensity fields of transient sources can
differ from steady state sound fields
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from the same sources and presented
examples of measurements made
around a model impact machine.

Frank Fahy of ISVR compared the
results of measurements of transmis-
sion losses of panels using standard
and intensity based techniques. He also
showed that the intensity distribution
in so-called diffuse fields in rooms
lacks energy near grazing angles.
Finally, Mr Krystad of Norwegian
Electronics described a very interest-
ing new transducer for measuring
acoustic particle velocity which will be
used together with a conventional
microphone  to  make  intensity
measurements.

The Workshop indicated a strong
and growing interest in applications of
intensity measurement among en-
gineers in industry and research
laboratories.

Machinery Noise Control

The session on Machinery Noise Con-
trol proved to be very successful and
a very successful forum for sharing

new ideas. Two topics dominated the
presentations, that of noise source
identification, quantification and re-
duction, and that of active cancellation
assuming that the source cannot in
itself be modified.

Papers on the FEnergy Accountancy
Method were recognised to carry
ecnormous promise, and a fertile area
for more work of interest to both
structural and acoustic engineers.
Active cancellation was recognised as
a palliative in the operator area after
other methods of noise control had
been exhausted and the two areas of
work were seen essentially to be com-
plementary.

One paper scanned the two areas of
study, it being a study of how active
canczllation of vibration could lead to
as much as 10 decibels reduction in the
acoustic power output.

Practically all the papers recognised
that the primary source consisted of an
impact mechanism, and much of the
discussion centred on the difficulty,
particularly in the high frequencies of

The Civic Reception: the Mayor, Mrs Sheila McQueen, welcomes the
organiser of the Conference, Dr John Walker of ISVR. They are watched
by the Escort to the Mayor — her husband lan — and the IOA President
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cancelling sharp impulsive emissions.
One paper from Holland on cigarette
machine noise was particularly recog-
nised as an example of how a detailed
study by those receiving and using
machinery could influence future de-
sign at very little cost.

The Working Group discussion meet-
ing attracted very few people not
already working in the field, which was
a pity. As the central theme remains
that of relating impact to structural
vibration and from this to acoustic
emission, the attendance suffered from
there being no ‘vibration’ sessions.

Subjective Effects of Noise

The seven papers in this session were
linked thematically by a progression
from so-called non-auditory effects to
direct damage to the ear caused by
noise. They could also be viewed as a
sequence of effects on an ascending
scale of noise and ranged from the
realm of speculative research to hard
realities of legislative action.

C G Rice gave a succinct account of
the state of knowledge on sleep dis-
turbance illustrating common ground
between disparate laboratory and sur-
vey studies and distinguishing between
going-to-sleep and not being awakened.
Both an average (or equivalent con-
tinuous) night-time noise level as well
as the number and maximum level of
loud events which punctuate it have to
be accounted for.

D E Broadbent described experiments
contrived to simulate disturbance
caused to people engaged in mental
tasks or creative work at home or in
the office. Psychological tests are
notoriously susceptible of explanations
post hoc facto and some of the results
described were superficially contradic-
tory. It takes ingenuity to find a theory
subtle yet flexible enough to fit them
into a pattern. Dr Broadbent showed
convincingly that effects on perform-
ance are repeatable when all essential
test conditions are replicated, and ex-
plained why contrary results could
arise from quite small changes of test
detail. It appears that people use the
faculties of association, short-term
memory and internal speech in a way
that optimises their performance.
Which faculty is dominant depends
crucially on the precise task and noise
may change it, occasionally for the
better.

A possibility that noise may be at least
a contributory cause of accidents in
industry was reviewed by P A Wilkins.
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One may simply not hear premonitory
sounds or mishear verbal warnings,
either because of the noise itself, be-
cause of temporary hearing threshold
elevation or because of too efficient
hearing protection. Dulled attentive-
ness and resulting carelessness may
also play a part. Accident statistics on
this important subject are meagre and
indeed the total literature is sparse if
one judges by the usual standards
required of scientific evidence. The
problem of experiments is formidable:
situations cannot be contrived for the
benefit of the experimenter. The only
method is prolonged observation and
cven then a control situation similar
except for the noise is necessary for
comparison.

Tinnitus, of the temporary or persist-
ent kind, has long been known to be a
concomitant of loud industrial noise.
Until recently it remained a symptom
without remedy and for that reason
was uneasily disregarded in the context
of hearing conservation, although
R R A Coles, in discussing this topic,
observed that it has sometimes attract-
ed extra compensation in individual
civil cases. As a backcloth he described
pilot results of the MRC National
Study of Hearing, showing that a
phenomenal number of people, about
1 in 5 of the population, experienced
tinnitus, even discounting the temp-
orary variety that is the immediate
aftermath of loud noise. Significantly,
the proportion sharply increases be-
tween those who do not work in a
noisy place (about 1 in 7) and those
who do (about 1 in 4).

The remaining papers dealt with
practical aspects of hearing loss pre-
vention in industry. For the occupa-
tional hygienist a big problem in
monitoring observance of noise limits
is the actual determination of in-
dividual noise exposures. S J Karmy
described an experiment in self-
reporting by the employees in a large
and varied workshop. They had only to
mark a check list of the tools used and
to estimate how long in each case. The
total exposure calculated from this
compared quite well with direct
measurement using personal sound
exposure meters. The self-reporting
method would not replace the use of
instruments but it could be an
economical way of supplementing
measurements when large numbers of
employees are involved.

Turning to broader aspects of hearing
conservation, A Sinclair contrasted
experience of the 1972 Department of
Employment’s Code of Practice with

the more rigid requirements fore-
shalowed in the latest HSE Consult-
ative Document, whilst conceding that
even the latter was not an end point so
long as some risk to hearing remained.
iHe argued for a national re-appraisal
of the proposals in the light of indus-
try’s general financial position, ad-
vocating statement of principles and
less emphasis on the means of achiev-
ing them. Dr Sinclair highlighted the
dilemma of industrial audiometry. To
confine it to employees at high risk,
above 105 db(A), would merely
quantify the damage occurring in a
small number of employees. To extend
it to low risk was ethically correct but
means of doing so have to take into
account the case load of referrals to
the industrial physician as well as the
overheads in staff, equipment and
record keeping.

A R Dove gave the final paper, com-
paring the HSE proposals with those
in a draft directive of the Commission
of the European Communities (CEC)
which is now on its way to the Council
of Ministers having been published in
the Official Journal on 5 November.
The Luropean proposals go further
than the domestic ones by including
safety risks, and they would at best
harmonise on hearing damage risk for
only five years after coming into force.
Thereafter the noise limit would be
compulsorily reduced to 85 db(A).
Scope for applving the doctrine of
‘reasonable practicability’ would be
diminished though not extinguished.
Hearing protection, except on safety
grounds, would be compulsory above
85 dB(A) and so, by implication, would
audiometry. Mr Dove pointed out
ominous social implications in enforc-
ing the wearing of protectors by per-
haps one quarter of the entire manual
work force and also of compulsory
health surveillance and what it might
lead to. One ray of light is the likeli-
hood that the CEC proposal will be
tempered in its political passage
through the Council and National
Parliaments, but its timing and ultim-
ate fate are unpredictable.

It is regrettable that the wealth of new
and important material in this session
should have been imparted to an
abysmally small audience. This cir-
cumstance may in part by remedied
by the publication of the Proceedings.
Unfortunately the same does not apply
to the open forum session which fol-
lowed. It was attended by an almost
identical audience and provoked an
animated discussion, in which the pros
and cons of industrial audiometry
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featured prominently, but its record is
lost to posterity. The rival attraction
of a (well-attended) IOA regional
meeting on the HSE consultative
document the following week may
have had some influence on the
attendance.

Dr Stephens holds up the Wedg-
wood plate presented in honour of
his eightieth birthday

Away from the technical aspects of the
Conference, two enjoyable social func-
tions were provided. The Conference
participants were invited by the Mayor,
on behalf of the Council of Bourne-
mouth, to attend a Civic Reception at
the Town Hall. This was a most
pleasant occasion. We were all im-
pressed by the welcome given by the
Mavyor and the interest shown in the
Institute by the Mayor herself as well

as by several former Mayors of the
Borough who also attended.

We returned from the Town Hall to
the Queen’s Hotel for the Conference
Dinner. The President, Dr Weston,
took the opportunity to mark the
occasion of Dr Raymond Stephens’
80th birthday by presenting Dr
Stephens and his wife with a beautiful
Wedgwood plate. It was also an-
nounced that in recognition of Dr
Stephens’ life-time work in acoustics a
special Lecture named after him would
be given in future, details of which
have yet to be finalised.

So, after a short gap, the Autumn
Conference has been revived success-
fully, but whether the 10A continues
to arrange two major conferences each
year is a matter for the Council to
decide. As it is held during term-time,
it is of necessity organised away from
an academic location. The Queen’s
Hotel served us admirably in giving us
accommodation and conference facili-
ties within the same building. The
Borough of Bournemouth made us
most welcome and had, during all the
stages of organisation, been most help-
ful with advice and guidance. Tt re-
mains for me to thank, on behalf of
the Institute, all the contributors and
particularly the Session Co-ordinators
who provided us with such an interest-
ing programme. Finally my thanks are
due to the secretarial staff at IOA and
ISVR who contributed so much to the
smooth organisation of the Confer-

ence. []
J G Walker

NEW ELECTIONS

At its meeting on 28 October 1982,
Council approved the following elec-
tions.

Fellow

D E Commins S G Morgan

Member
R A F Barnes J R Shattock
A J Bennetts W Sherry
P Berriman D Sims

Theory of Wave Propagation
in Random Media

An informal, interdisciplinary meeting
on the above topic was held in
Robinson College, Cambridge, on 9
and 10 September. It was attended by
about 40 participants drawn mainly
from the fields of acoustics and solid
state physics.

The theory of wave propagation in
systems with some type of disorder is
of relevance to a wide variety of dis-
ciplines. In acoustics one thinks im-
mediately of the scattering of under-
water sound by fluctuations in the
ocean, of sound waves by turbulence,
or of ultrasonic waves by regions of
stress in a solid. In structural acoustics
one may be concerned with the propa-
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gation of vibrations in engineering
structures with periodic stiffeners; in
practice all such structures will have
random deviations from the ideal
design which may influence the propa-
gation to a greater or lesser extent. In
solid state physics there are phenomena
which are essentially acoustical in
nature, for example the vibrations of a
lattice of atoms (the ‘phonons’). How-
ever the effect of disorder on the elec-
trical transport properties of solids is
of even greater importance in this
field. The electrons which carry the
charge are governed by a wave
equation, the Schridinger equation,
which has the same general mathe-
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matical structure as linear wave

¢cquations in acoustics. For electrons

the source of the disorder is the

aperiodic potential which they feel

when in an imperfect or amorphous
material. This potential plays the same
role as the fluctuating local speed of
sound or refractive index for the
scattering of acoustic or electromag-
netic waves.

Since 1958 solid state physicists have
come to realise that disorder can have
a profound effect on the electron
wavefunctions  {the solutions of
Schrodinger’s equation), so much so
that imperfect or amorphous materials
may cease to conduct electricity. That
yvear marked the publication by Philip
Anderson at Bell Laboratories of a
celebrated, if rather difficult, paper
entitled Absence of diffusion in certain
random lattices, often quoted, seldom
read, according to him. Sir Nevill Mott
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of the Cavendish Laboratory opened
the meeting at Robinson College by
describing the impact this paper has
had on our understanding of electrical
conduction in disordered materials. As
Mott had pointed out soon after 1958,
Anderson’s theory means that, for
sufficient disorder, the electron wave-
functions no longer extend throughout
space but are localised in different
regions of the material in such a way
that they cannot transport electric
charge over large distances. In 1977
Mott and Anderson were awarded the
Nobel prize for physics largely as a
result of their work on this subject.

The two other talks given by members
ol the solid state ‘camp’ were also con-
cerned to a large extent with *Anderson
localisation’. This simply reflects the
overriding importance the phen-
omenon, which is still imperfectly
understood from a theoretical point of
view, has come to assume for physicists
interested in the electronic properties
of disordered materials. Denis Weaire
from University College, Dublin,
illustrated this with a graph showing
an exponential rate of increase in the
number of articles devoted to this sub-
ject in the solid state journals over the
last few years. He discussed the part
numerical simulations have played in
helping to elucidate localisation be-
haviour in systems of varying dimen-
sionality.

John Pendry of Imperial College,
London, showed that a disordered one
dimensional wave system always be-
comes non-transmitting if made long
enough, a consequence of localisation
related to the absence of diffusion or
conduction (there is no disorder
threshold for localisation in one dimen-
sion). He did this by calculating
moments of the statistical distribution
of transmitted intensities, an approach
rather similar to that used by the
speakers on underwater acoustics.

Talks given by members of the acous-
tics ‘camp’ covered a variety of topics
using different theoretical techaiques
cach adapted to the particular applica-
tion in hand. Manfred Heckl from
Berlin gave a wide-ranging talk taking
in sound propagation in open plan
offices, reverberation in forests (of
randomly distributed square trees!)
and structure-borne sound. (During
this talk a solid state physicist was
heard muttering ‘acoustical phonons’
on the subject of railway track vibra-
tions.)

Charles Macaskill and Barry Uscinskii

from the Department of Applied
Mathematics, Cambridge, discussed
8

Proceedings of the Institute of Acoustics

After extensive discussions

in Publications Committee and Council,

amendments to IOA publications policy have been agreed, with the
uitimate aim that the Proceedings should constitute an archival public-

ation of the Institute.

To this end, as from January 1983, the maximum length of papers is to be
extended to eight pages and the pagination and numbering of the papers
for each Meeting will be re-ordered to form Parts of integrated annual

Volumes.

Delegates at Meetings will receive those Parts for which they have paid
in their Meeting fee; it is hoped that with the increased content of the
papers more libraries and individuals will have an interest in acquiring the
complete Volumes. Abstracts of papers will continue to be published in

Acoustics Bulletin.

Intending authors are asked to read carefully the notes on preparation
of papers for Meetings sent to them by Meetings Organisers. [ |

the application of multiple scattering
theory to sound propagation experi-
ments in the ocean. Internal gravity
waves in the ocean scatter acoustic
waves primarily in forward directions,
which allows the use of the parabolic
approximation to the wave equation.
In this approximation differential
equations for the propagation of statis-
tical moments of the wave fields can be
derived and solved. The dependence
on range of the ‘scintillation index’
{the mean square fluctuation in wave
intensity) calculated in this way was
compared with experiment and with
other theoretical approaches.

Michael Howe from the Department
of Mathematics, Southampton, investi-
gated the propagation of sound in
lined ducts using kinetic theory (solid
state physicists call this the Boltzmann
equation approach to transport theory).
Waveguide modes in a duct are more
readily attenuated the closer they are
to cut-off (where the group velocity
goes to zero). This suggests that for
maximum attenuation a liner should
be designed to scatter between modes,
thus transferring energy into those
near cut-off. Neither axially nor peri-
pherally segmented liners can do this,
the former because they do not break
the cylindrical symmetry, the latter be-
cause they must conserve frequency
and axial wavenumber simultaneously.
But checkerboard liners (segmented
both axially and peripherally) can, and
are therefore more efficient as Howe's
calculations showed.

Jim Woodhouse and Chris Hodges of
Topexpress, Cambridge, attempted to
provide a bridge between the two dis-
ciplines by showing that Anderson
localisation can be important in an

acoustical context. They described ex-
periments on a vibrating string with
masses whose spacing can be varied.
Moving the masses from regular to
irregular positions can decrease the
transmission along the string very sub-
stantially. This effect was shown to be
due to the localisation of the modes
(the acoustical equivalent of electron
wavefunctions), whose shapes on the
string had been measured. On a more
theoretical note Woodhouse and
Hodges pointed out that, in this sort of
problem, the use of different types of
ensemble average (eg linear or logarith-
mic) can lead to apparently very differ-
ent conclusions, which shows that the
underlying statistics are rather subtle.

This talk provoked a lively discussion
as to the more general relevance of
localisation to acoustics. Localisation
is a result of backscattering and is most
important in systems of low dimension-
ality. It is probably not relevant (o the
sort of problem discussed by Macaskill
and Uscinskii where backscattering is
thought to be unimportant. It may
however be very relevant to vibration
isolation In engineering structures
which are often effectively one-
dimensional (parallel stiffeners) and
where the blocking of transmission can
be strong. Several other areas of
possible applications of localisation
were also discussed.

A solid state physicist’s impression of
the meeting is given in a current issue
of the Physics Bulletin. Notes and
references relating to the conference
are available from Chris Hodges,
Topexpress Ltd, 1 Portugal Place,
Cambridge CB5 8AF. []

Chris Hodges
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Influences of Bottom Profile on Ocean
Acoustic Propagation

D E Weston
AUWE, Portland, Dorset

A review of acoustic propagation in ocean
ducts shows that much progress can be
made merely by noting water depth, or for
a range-dependent duct by noting the
bottom profile, and leaving consideration of
detailed bottom characteristics till later. A
formula for the range-averaged level in
layered water involves the cycle distance.
There are difficulties in defining this dis-
tance, and previous attempts are extended
to include a novel definition based on
horizontal and vertical flux rates. The same
formula works for range dependent ducts,
provided the horizontal changes are slow:
A very simple criterion for slowness and for
adiabatic transfer of energy involves the
cycle distance and the bottom profile,
specifically the third range-derivative of
depth. In addition a special treatment for
profiles such as the error function shows
that the adiabatic approach can be very
accurate indeed. The adiabatic assumption
and the cycle both enter inte the calcula-
tion of summed botiom losses, and also
provide another viewpoint on mode cut-off
effects in upslope propagation.

Acoustic Properties
of Sediments

Seismo-Acoustic Wave Velocities and
Sadiment Engineering Properties

D Taylor $Smith

Marine Science Laboratories, UCNW
Measured interrelationships between
seisma-acoustic propagation phenomena

and geotechnical properties of the medium
are inevitable. The time-honoured correla-
tion for marine sediments is between sound
speed and porosity leading to relationships
involving density and hence to impedance
and reflecting characteristics. But this
apparently fundamental correlation only
tells part of the story. A more detailed
theoretical examination, such as that due to
Biot, has to involve not only the porosity
and elastic bulk moduli of the various con-
stituents but alsc the system bulk medulus,
its rigidity medulus and the permeability of
the medium under consideration. Thus,
while it is fashionable to talk of shear wave
characteristics in explaining compressional
wave reflexion losses at a boundary, shear
wave velocity measurements have a much
more significant part to play in elucidating
the variocus components of Biot's equations.

The usefulness of these equations cannot
be over-emphasised particularly when using
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Effective Stress on Vs,

them to derive geotechnical quantities from
measured seismo-acoustic data. Given the
various  wave velocities, particularly
measured at a range of frequencies, their
vertical gradients and an independent
assessment of porosity (such as might be
provided by an electrical resistivity observ-
ation), it is now possible to give a fairly
precise estimate of the consolidation be-
haviour of most sediments as well as their
permeabilities. While engineers argue that
this estimate only defines the behaviour at
low strain levels, building performance
seems to indicate that this (the geo-
physically-derived quantity) is more appro-
priate than those engineering observations
traditionally measured at high strains.

influence of Packing Structure and
Vp and the
Calculated Dynamic and Static Moduli in
Sediments

The

P J Schultheiss
10S Wormley

Small piezo-electric transducers, capable
of measuring shear wave velocities (V) in
unconsolidated sediments under a wide
range of effective stresses, have been de-
veloped. These transducers have been
installed on an in situ probe and incorpor-
ated into various sediment test cells,
together with compressional wave velocity
(Vp) transducers. These developments
have enabled V_ and V  to be measured
simultaneously in surficial sediments in situ,
monitored during variable porosity and
cyclic icading tests on sands, and recorded
during consclidation and triaxial tests on
sands, silts and clays.

Results have shown that a wide variation in
V, occurs for changes in packing. structure
and effective stress. Dynamic moduli calcu-
lated from V, and V_ exhibit considerable
differences both in magnitude and as a
function of stress compared to the static
mechanical moduli. Continucus measure-
ments of V, and V_ during cyclic loading
have more clearly defined the behaviour of
sand around the point of liquefaction.

It has also been postulated that the second.
slower, bulk compressional wave, predicted
in theory but rarely observed, might be
more appropriate for calculating dynamic
sediment moduli.

Transducers for Shear Wave Measurements
in Walter-saturated Marine Sediments

L Bjgrng

The Industrial Acoustics Laboratory, Tech-
nical University of Denmark, Lyngby,
Denmark .

Information about shear wave velocity and
attenuation is crucial by modelling of sound
propagation in shallow-water areas where
the rigidity of the sea-bed has an essential

influence on the loss of acoustic energy
from the water column.

Shear waves can today be generated and
observed, though not with the flexibility and
technical standard of compressional waves,
but great uncertainties are most frequently
involved in the determination of shear wave
parameters from samplaes removed from the
sea-bed and brought to the surface, due to
disturbances inherent in sampling and
recovery. As a result, attempts are being
made at the Technical University of Den-
mark to develop transducers for measure-
ment in situ of shear wave velocity and
attenuation in water-saturated sediments.

Various transducer designs are being
studied, including piezoelectric ceramic
transducers, where the electric field is

applied perpendicular to the direction of
electrical polarisation, and various trans-
ducers for transformation of compressional
waves to shear waves including transducers
for resorance generation of flexural waves
in plates radiating shear waves from the
plate ends.

Various procedures for improvement of the
coupling between the transducers and the
sediments are being studied.

The paper will report on the results of the
transducer developments as well as on
values of shear wave velocity and attenu-
ation measured during the laboratory tests
performed in the tank f{facilities of the
Industrial Acoustics Laboratory.

The Relationship Between Sediment Para-
meters and Acoustic Reflectivity of the
Sea-Bed

K Winn, G Becker and F Theilen
University of Kiel, Federal Fepublic of
Germany

Reflections from the uppermost 10 cm of
the surface sediment cover at the sea-bed
from an 18 kHz echosounder have been
analysed with a high resolution echo-
strength recorder. It is capable of measur-
ing reflection strengths from ten intervals
with individual time windows of 133, 267,
533 and 1087 microseconds. The acoustic
signals have alsc been digitalised and pro-
cessed for the determination of the reflec-
tion coefficient from the amplitudes.

A comparison of the digitalised seismic
sections with the sediment succession in
selected cores shows a good correlation.
These full wave sections allow an estim-
ation of the degree of interference caused
by the reflections at closely spaced thin
layers, which affects the amplitude of the
seismic wavelets and consequently the
reflection coefficients. This can be avoided
by using undisturbed signals. .

The results of both methods are compared
with sediment -parameters such as the
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median grain size, water and clay contents.
A log-linear relationship between the echo-
strengths or reflection coefficients and the
median grain size of the sediments could
be established. The results show that the
echostrengths can be used generally for a
broad identification of sediment types at the
sea-bed. ’

The Determination of Material Properties of
the Sea-Bed from the Acoustic Plane-wave
Reflection Response

D J Thomson
Naval Underwater Systems Center,
London, Connecticut, USA

New

Investigations of acoustic bottom reflectivity
attempt to infer the structure of the sea-bed
{density and souad-speed profiles} from a
limited knowledge of the reflection co-
efficient. For many applications, an adequate
model for studying the acoustic interaction
is provided by the scattering of plane waves
by a one-dimensional inhomogeneous
medium.

In contrast to formally exact solutions to
this inverse scattering problem, Candel et a/f
{J Sound Vib (1980), 68 (4}, pp 571-595)
propose an approximate scheme which is
readily implemented numerically. Their
method is based on applying the forward
scattering approximation to a local wave
decomposition of the acoustic field. As a
result, the reflection coefficient is obtained
"as a non-linear Fourier transform of the
logarithmic derivative of admittance. Inver-
‘sion of the integral transform enables the
recovery of admittance versus depth via
numerical integration using a single im-
pulse response of the sea-bed. Separate
recovery of both density and sound-speed
profiles requires at least two impulse re-
sponses corresponding to two distinct
grazing angtes.

In this paper, an implementation of Candel
et al’s inversion algorithm is appraised for
several bandlimited synthetic impulse re-
sponses generated for realistic geo-acoustic
models of the sea-bed.

Impulsive Response of Sediment Layers
with Variable Density Gradient

C Ranz-Guerra and R Carb6-Fité
Instituto de Acuastica, Laboratorio de
Hidroacistica, Madrid, Spain

The geo-acoustic behaviour of: (a) a semi-
infinite sediment layer, with a continuously
increasing density gradient, covered by a
water semi-infinite medium and {(b) a sedi-
ment stratum also with continuously in-
creasing density gradient, sandwiched
between two semi-infinite media {water and
hard rock), was studied. Through the
impulse response of above-mentioned
bottoms, i is feasible to get the shape of
the echo of a given sonar pulse. The
analysis of the echo gives quantitative in-
formation about the stratum, ie density and
gradient, thickness and velocity.

This work was carried out by a computer.
The analogue sonar signal of a frequency
of 1 kHz was introduced into the computer,
digitised and processed together with the
impulse response obtained by a specific
computer program.
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The sonar echo reflected back by a bottom
shows a very low frequency modulation that
is directly dependent on the density
gradient. This modulation increases with
the density gradient in frequency as well as
in level,

A Depositional-process-oriented Impedance
Modei for Marine Sediments

L A Mayer
Department of Oceanography, DCalhousie
University, Halitax, Nova Scotia, Canada

The remote identification of sediment pro-
perties by acoustic means depends on a
thorough understanding of the causal re-
lationships between the physical and
acoustic properties of the sediment. As our
understanding of these relationships in-
creases, it becomes possible to predict the
expected range and type of downcore
variation in acoustic properties for a
particular depositional environment. It is
this concept of relating acoustic properties
to depositional environment, first intro-
duced by Hamilton, that is the key to
remote sediment property identification. For
example, detailed acousto-stratigraphic
studies of deep-sea carbonates have shown
that variations in the acoustic properties of
these sediments ultimately result from
fluctuations in oceanic conditions and
climatic ¢hange. Thus downcore acoustic
property variations in this regime show a
characteristic range in values and cyclicity.
Sediments from other depositional environ-
ments (eg deep-sea clays or turbidites)
have different but characteristic shapes to
their downcore acoustic property curves.
This paper examines several approaches
(spectral analysis, linear prediction) to
quantifying these differences, and evaluates
their usefulness in the remote identification
of sediment properties.

Semi-Empirical Sea-Bed Models based on
the Biot Theory

Suzanne T McDaniel and J H Beebe
Applied Research Laboratory, The Pennsy!-
vania State University, USA

The prediction of sound propagation in the
ocean requires a knowledge of the acoustic
properties of the sea-bed. In general, a
knowledge of the complex compressional
and shear moduli, and the density as func-
tions of depth in the sediment arg needed.
The comprehensive theory of Biot
{J Acoust Soc Am, 34, 1254-1264, 1962)
predicts wave velocities and attenuations
that agree favourably with experimental
results for both sands and fine-grained
sediments over a wide range of frequen-
cies. To apply this theory, however, a
detailed knowledge of the sediment struc-
ture is required. In particular, the per-
meability and its variation with the mean
grain size and sorting have a large effect
upon the predicted velocity and attenuation.
We develop empirical relationships between
these and other parameters. needed to
implement the Biot model, and then apply
this modef to compute the acoustical pro-
perties ‘of interest. The result is a semi-
empirical sea-bed model that requires only
a single sediment descriptor: mean grain
size. When used to predict sound propaga-
tion, in environments where strong bottom

interaction occurs, this model provides
good agreement with experimental results.

Acoustic Propagation in Coastal Floating
Soft-Mud Sediment

A Tsuchiya and M Nishimura
Faculty of Marine Science and Technology,
Tokai University, Japan

A Kaya
Oki Electric Industry Co Ltd, Tokyo, Japan

This paper presents a new theory of sound
speed and attenuation as a function of
volume concentration, particle size and
acoustic frequency in coastal floating soft-
mud sediment. Since coastal soft-mud
sediment contains not only mud particles
but also concentrated pulp microfibres, the
new theory is based on a 3-phase suspen-
sion model composed of sea water, mineral
particles and porous organic particles. The
ratio, by volume, of the organic particles to
the suspended particles and the porosity of
organic particles are introduced in the
theory as new physical properties.

The applicability of the theory was con-
firmed through experiments measuring
physical properties and sound speed or
attenuation at 200 and 800 kHz in the two
types of sediment samples. In the case of
the composite type containing porous
organic particles, the measured results of
sound speed or attenuation show better
agreement with the results” calculated by
the 3-phase theory than with the results of
the 2-phase theory developed by Urick and
Ament. On the other hand, in the case of
the simple type not c¢ontaining porous
arganic particles, the results of the 3-phase
theory are the same as those for the 2-
phase theory because the ratio by volume
and the porosity of the particles are
negligible.

Consequently, the 3-phase theory is more
acceptable than the 2-phase theory for an
estimation of acoustical properties in
coastal soft-mud sediment.

Linked Seis of Acoustical Processes and
Geo-Acoustic Profiles Describing the Inter-
action of Sound with a Class of Seafloor
Structures

P J Vidmar
Applied Research Laboratories, The Univer-
sity of Texas at Austin, USA

The major acoustical processes influencing
the interaction of sound with a seafloor
having a single, horizontally stratified,
depth dependent {but unlayered) sediment

‘over a semi-infinite substrate are reviewed

and used to develop a coherent structure
for use in modelling applications. Four
linked sets of acoustical processes and
geo-acoustic profiles are presented. The
first, and simplest, set includes only the
fluid parameters of the water-sediment
interface. The dominant process is reflec-
tion from the water-sediment interface. The
second set adds the depth dependent com-
pressional wave velocity and absorption as
geo-acoustic parameters, This profile adds
compressional wave refraction and absorp-
tion within the sediment as acoustical pro-
cesses. The -third set adds the substrate
parameters and the sediment shear velocity
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at the substrate to the geo-acoustic profile,
and the efiects of interaction with the sub-
trate and energy lost to sediment shear
waves generated at the substrate interface
to the list of acoustical processes. The
fourth, and most detailed, profile adds the
depth dependent shear velocity and attenu-
ation. This profile adds effects related to
sediment shear wave propagation through
the sediment layer and the reconversion of
energy back to compressional waves. The
use of a particular set depends on fre-
quency and grazing angle.

A Transport-Theoretic Analysis of Pulse
Propagation Through Refracting Ocean
Sediments

1 Besieris and W Kohler
Virginia Polytechnic Institute and State U,
Blacksburg, Virginia, USA

H Freese
Arete Associates, Arlington, Yirginia, USA

The reflection of acoustic pulses from the
sedimentary layers of the ocean abyssal
plains is analysed. The sediment model
considered is one wherein the sediment
density and sound speed are assumed to
have mean values that increase slowly with

depth. Superimposed upon this mean value-

variation, however, are small, zero mean,
highly anisotropic random fluctuations. The
transverse correlation length of these fluc-
fuations is assumed to be large while the
correlation length in the depth direction is
assumed to be small. The {two-point, two-
time) mutual coherence function for the
reflected complex pressure is computed
using an extension of the stochastic trans-
port theory originally developed by
Barabanenkov et al {lzv Vyssh Uchebn,
Zaved, Radiofiz 15, 1852, 1972). Our work
extends the analysis already appearing in
the literature {J Acoust Soc Amer 72(3),
Sept 1982, 937-946) to the refracting case.

Acoustic Scattering

Some Statistics of the Sea-Bed and Acoustic
Scattering Therefrom

P A Crowther
MSDS Research Laboratory, GEC Hirst
Research Centre, Wembley, London

Acoustic backscatter, data on the mean
speed of sound, density and attenuation in
sea-bed sediments and their variability are
reviewed, together with mathematical
models relating scatter to material proper-
ties. A critical comparison is made of the
likely contributions expected from scatter-
ing due to {a) roughness of the water-bed
interface and (b) variability of scund speed
and density within the bed, both on a
wavelength and on a micro scale. The data
point to a tentative conclusion that the
former dominates in the harder bed types,
eg exposed bedrock and stone, whilst the
latter may dominate in softer sedimentary
beds. Some higher order statistics of sea-
bed backscatter are also reviewed in terms
of the variability in scattered power with
transit time and beam separation. Data are
analysed in terms of the statistics of the
acoustic character of the sea-bed on a
longer or meso scale, using a simple
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Markov derived patch model, based on 3
parameters, the median patch dimension,
L, the high/low scatter contrast ratio, -,
and the high scatter patch density, p.
Experiments in the 1.8-8 kHz band indicate
median values of L 2 100 m, v == 12 dB,
p ~ 0.002.

A Random Process Treatment of Acoustic
Scattering from the Sea-Bed

W C Meecham
School of Engineering and Applied Science,
University of Calitornia, USA

In typical acoustic, ocean-bottom scattering
we have relatively little information about
the bottom irregularities involved. In such
a case it seems particularly important to
use a statistical treatment. Previous work
has largely focused. attention on single-
surface types of scattering. Of course
attempting to deal with an ensemble
(collection) of ocean bottoms might be
expected to complicate the problem. How-
ever, the use of a stochastic representation
{we employ the Wiener-Hermite version
which has been used extensively in turbu-
lence work) reduces the complexity to a
set of single functions to be found. The
expansion converges most rapidly when
k,Z, is small, where k; is the sound wave
number and £, is the rms surface displace-
ment. The expansion then becomes, for low
order terms, a kind of perturbation treat-
ment wherein it is relatively easy to calcu-
late the first few higher order correction
terms. In the limit k£, large, where we can
often use physical optics, the treatment is
different, and will also be discussed. As an
example of a simply obtained result we
consider a surface at which the field
vanishes. The surface is Gaussian and we
have an acoustic field normally incident.
The lowest order term in the specular re-
flection in this case has an amplitude of
. — (172) K(f;ﬁ. The first one or two higher

order terms are obtainable. The extension
of this kind of treatment to a bottom, where
the boundary condition is that the normal
derivative of the field should vanish. is
straightforward and will also be discussed.

Numerical and Experimental Studies of the
Spatial Coherence of Acoustic Signals
Scattered from a Rough Surface

W A Kinney

NORDA Code 340, NSTL Station,
Mississippi, USA

C S Clay

Department of Geology and Geophysics,
University of Wisconsin, USA

Simplified computations of acoustic spatial
coherence using Eckart's coherent reflec-
tion coefficient are often inaccurate.
Measured coherence values are usually
larger than predicted. The authors have
been developing the facet-ensemble method
to compute the complex field scattered by
a corrugated surface with large roughness
{W A Kinney, C S Clay and G A Sandness,
J Acoust Soc Am, in press). A comparison
is provided here between amplitude values
and spatial coherence values measured in
water-tank acoustic scattering experiments
and values predicted using the facet-
ensemble method. M the experiments,
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underwater signals were scattered from
both mechanically generated and wind-
generated wave surfaces. Overall agree-
ment between measured and predicted
values is shown. The use of the facet-
ensemble method for predicting the co-
herence of ocean-bottom interacting signals
is discussed. (Work supported by NORDA
and ONR.}

Broad-Band Studies of Acoustic Scattering
from a Model Rough Surface

P D Thorne
108, Taunton

N G Pace
University of Bath

Experimental measurements at near normal
incidence of the underwater acoustic back-
scattering from a pressure release model
rough surface with Gaussian statistics were
conducted in a laboratory tank. Scattering
measurements were obtained over the fre-
quency range 20-1200 kHz, for a variety of
transmitter and receiver positions. To obtain
a source that has sufficient directivity and
a wide enough bandwidth performance, to
carry out the investigation, advantage was
taken ot the parametric array’s unique
properties.

Theoretical expressions for the mean inten-
sity were developed,.using the Helmholtz?
Kirchhoff Integrat. The Fresnel and:
Fraunhofer phase -approximations =~ were
used to evaluate the scattering integral, and
predictions for the mean intensities were
compared with the measured values. The
Fresnel approach ‘gave scattering co-
efficients which were in closer agreement
with the experimental values.

Experimental Studies c;fNear Grazing, Low
Frequency, Forward Scatter at Rough
Surfaces -

H Medwin .
Physics Department, Naval Postgraduate
School, California, USA '

Most theoretical studies of near grazing
scatter from a rough surface fail to be con-
vincing because of the use of the Kirchhoff
assumption, or the assumptions of ‘small
surface slopes' and ‘no shadowing’ and ‘no
secondary scatter’ at the surface. On the
other hand, starting in 1979 (J Acoust Soc
Am 66, 1135.-1144) | Tolstoy, by using
N A Biot's and M J Lighthill's equivalent
multipole boundary conditions, has investi-
gated near grazing scatter without these
assumptions, for deterministic surfaces
such as hemispherical or ellipsoidal bosses
on a plane. These works predict the exist-
ence of a weakly dispersive, coherently
scattered, cylindrically divergent boundary
wave with an amplitude which can exceed
that of the direct volume wave at large
ranges from a point source.

Qur group has constructed several surfaces
to verify and to extend the predictions of
boundary wave propagation. In general, cur
results for grazing incidence at rigid deter-
ministic surfaces agree with theory: For
point source radiation over hemispherical
roughness elements, the ratio of boundary
wave . amplitude to direct volume wave
amplitude (BWA/VWAY) is directly propor-
tional to k32 and R1/%, where k — wave

1
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number and R — range; the high frequency
cut-off is kh = 1, where h is the distance
between scattering elements; for a surface
of half-gylindrical roughness elements
BWA/VWA is nearly proportional to cos® g
where § is the angle between the propaga-

tion direction and the normal to the
cylinders.
We have discovered certain laws which

have not been predicted: At a ridge be-
tween two rough planes the boundary wave
diffracts in the same manner as the volume
wave so that BWA/VWA is proportional to
k% for a randomly rough surface, the high
frequency cut-off is at kL = 1 where L is
the spatial correlation length of the heights;
BWA/VWA is directly proportional to the
rms height of a randomly rough surface, as
well as to k32 and RV/2

The results of the laboratory model experi-
ments can now be extended to a rocky
sea-bed with the expectation that the for-
ward scattered boundary wave behaviour
may be used to determine the rms height
and the spatial correlation length of a sur-
face of steep-sloped, randomly spaced,
roughness elements.

(This work was supported by the US Cffice
of Naval Research.}

Sea-Bed Characterisation from Measure-
ments of Backscattering Strength

P N Denbigh and A Tucker
University of Cape Town, South Africa

The variation of sea-bed backscattering
strength  with grazing angle has been
measured by many authors. Particularly if
the results close to normal incidence are
included, the variation can often enable the
sea-bed to be characterised. It is possible,
for .example, to distinguish a sand bottom
from a gravel bottom. The measurements
are, however, tedious and not generally
used for this purpose.

The technique is described whereby the
variation of backscattering strength with
angle can be measured using a simple
echo sounder of the type available on most
boats. When the boat is moving echo signals
from different grazing angles undergoc
different Doppler Shifts and the principle of
the technique is therefore to measure the
power spectrum of the return signal. This
power spectrum is directly related to the
angular variation of the backscattering
strength. The power spectrum is Fourier
Transform related to the autocorrelation
function and it is in fact found to be
particularly beneficial to measure this.latter
quantity.

This paper shows results of experiments
using various surfaces in a small water
tank. Each autocorrelation function is seen
to be characteristic of the corresponding
surface.

Computer Model Predictions of Ocean
Basin Reverberation for Large Underwater
Explosions

Jean A Goertner
Naval Surface Weapons. Center, Maryland,
USA . .

Ocean basin reverberation results from
interaction of the pressure wave from a
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large underwater explosion with the bound-
aries of the basin and of the seamounts and
islands within it. Its net effect is to raise the
ambient noise level at low frequencies for
pericds lasting for up to several hours,
depending on the size of the ocean basin
and on the acoustic source level of the
explosion.

A computer model for predicting the rever-
berant field for large underwater explo-
sions, developed at the Naval Surface
Weapons Center, has adequately matched
experimental data for varying conditions in
both the North Atlantic and the North
Pacific Oceans, for high-explosive yields of
up to one kiloton.

Experience to date indicates that the model
can be applied to predicting the character
of the reverberant field in either the North
Atlantic or North Pacific Oceans for any
explosive vyield. |t is probably safe to
assume also that the model in its present
form would correctly predict the general
character of the received signal in other
ocean basins, although signal levels might
be grossly in error if propagation losses
vary significantly from the average condi-
tions that seem to obtain in the two basins
considered here.

Measured Dependence of Transmission
Loss and Reverberation from the Sea
Bottom at the Fladenground Experiment

R Thiele

Forschungsanstalt der Bundeswehr fiir
Wasserschall und Geophysik

Kiel, Federal Republic of Germany

During the Fladenground Experiment
{FLEX) — part of the Joint North Sea Data
Acquisition Program (JONSDAP '76) —
acoustical measurements on propagation
loss, reverberation and ambient noise were
carried out. In the area there exist two
bottom types, well distinguishable by the
medium grain size of the sediment and the
acoustical transparency of the upper layer
of the bottom observed by echo sounders.
The one type of bottom seems to be a
pleistocene bottom and the other with
smaller grain size a recent one. Propaga-
tion loss measurements at frequencies of
100 Hz to 10 kHz show a significant differ-
ence in the absorption for the two types of
bottom. It is remarkable that the recent, soft
and more absorbing bottom produces much
more reverberation, in disagreement with
the literature. This was observed with
repeated measurements at positions only
about 30 nautical miles apart. The irregular
behaviour of the reverberation is interpreted
by backscattering out of the volume of the
sediment rather than by surface scattering.

Statistical Properties of Sea-Floor
Roughness

J M Berkson and J E Matthews
Naval Ocean Research and Development
Activity, NSTL Station, Mississippi, USA

The topography of the sea-bed can be an
important factor affecting underwater sound
propagation in the ocean. From the point
of view of acoustical significance, sizes of
topographic features and interfaces fall into
three overlapping categories that are a
function of acoustical experimental geo-

metry and frequency: large features that
block propagation, intermediate features
that primarily act as sloping bottoms, and
small-scale features that act as scatterers.
In this paper, statistical parameters of
bottom topography of the latter two
categories are obtained for use in acous-
tical scattering and propagation models.
Power spectra of ocean bottom and sub-
bottom roughness were determined from
submarine topographic data obtained by
narrow beamwidth echosounding, seismic
reflection profiling, and sea bottom photo-
grammetry. Published spectra obtained
from deep tow vehicle echosounding were
also included. The spectra were compared
to the asymptotic expression, C(K}=aK-b,
where C(K) is the power spectral density,
a is a proportionality constant, K is the
wavenumber, and b is a constant which is
characteristic of the class of roughness.
Roughness power spectra are often
assumed to have a dependence of b=3;
however, the present study shows the value
of b to range from about 0 fo 3, The proba-
bility density functions of the topography
samples free of seamounts and fracture
zones were found to have a distinct
symmetric central tendency closely approx-
imating a Gaussian distribution.

Acoustic
Propagation Studies

Effects of the Sea-Bed on Acoustic
Propagation

T Akal and F B Jensen

~SACLANT ASW Research Centre, La Spezia, -

Italy

The sea-bed is known to be the controlling
factor in low-frequency ocean acoustics. A
lossy sea-bed causes attenuation of water-
borne sound due to both compressional-
wave attenuation in the bottem and to the
coupling of sound into shear waves. The
complicated frequency-dependent effect of
the sea-bed on propagation has been
studied theoretically, and it is found that
bottom losses increase with decreasing
frequency down to near the cut-off fre-
quency of the ocean waveguide, where
interface waves on the sea floor become
important propagation paths. 1t is also
found that while propagation levels in the
water column are strongly dependent on
bottom type, a feature such as the optimum
frequency of water-column propagation is
only slightly dependent on sea-bed proper-
ties. An extensive set of broadband propa-
gation data collected in different areas of
the Mediterranean Sea and of the eastern
North Atlantic are shown to support the
above theoretical findings.

Modelling Low Frequency Sound Propaga-
tion in Solid/Fluid Layers

C H Harrison
CAP Scientific, London

This paper reviews current techniques for
modelling acoustic propagation loss under
shallow water conditions where the effects
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of shear in the sea-bed are important. A
point of particular interest is the case
where the velocity of sound in the water is
less than the compression velocity in the
sea-bed but greater than the shear velocity.
Here, normal modes that would be trapped
in the absence of shear waves become
lossy and decay with range through con-

version inte downward refracted shear
waves.
After discussing the loss mechanisms

briefly in terms of ray theory several wave
treatments are described. These include
numerical technigues for dealing with the
discrete and continuous spectrum of modes
and virtual or lossy modes. No model is
suitable for all conditions, but one,
Kutschale and Di Napoli's Fast Field Pro-
gram, is a powerful tool which copes with
the complete spectrum of modes including
interface waves in a mixture of solid and
liquid layers. The FFP is particularly useful
at low frequencies when there are no dis-
crete modes (because the sediment shear
ar compression velocities are low) or when
the modes are lossy or near cut-off.

Some examples from an upgraded version
of this program are discussed.

Some New Models for Sound Propagation
in Boitom-Limited Ocean Environments

S A Chin-Bing, R B Evans, K E Gilbert,
W A Kuperman and DeWayne White

Naval Ocean Research and Development
Activity, NSTL Station, Mississippi, USA

The interaction of sound with the ocean
bottomn requires that acoustic propagation
models have capabilities which usually are
not available in models designed to handle
only water-borne energy. Three new models
are discussed that are designed specifically
to handle the requirements imposed by
interaction of sound with the ocean bottom.
The first model is a normal mode model
which uses exact complex eigenfunctions
and eigenvalues. Previcus normal mode
models generally approximate the true
(complex) eigenfunctions with real eigen-
functions and then perturbatively compute
the complex eigenvalues using the real
eigenfunctions as basis functions. The new
model (COMODE) does not use perturba-
tion methods but rather computes the exact
complex eigenvalues and eigenfunctions.
The absolute accuracy of COMODE has
been checked against a direct numerical
integration of the wave equation. The con-
nection between COMODE and the direct
method (the ‘fast field program’ or FFP) is
briefly discussed.

The second model discussed is a coupled
normal mede program which, like COMODE,
uses exact complex eigenfunctions and
eigenvalues. Unlike COMODE, however, the
coupled mode model can handle environ-
mental parameters {eg bathymetry} that
vary with range. In addition, the coupled
mode model computes not only energy
propagating away from the source but also
backscattered energy. The model thus
serves as a useful benchmark for approx-
imate solutions which do not include
backward-going energy.

The last model discussed is a parabolic
equation (PE) model. The PE model gives
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the numerical solution to a ‘one-way’ wave
equation. The one-way equation, which
allows energy to propagate only outward
from the source, can be applied simply to a
range-dependent problem. The PE model
thus gives an approximate but efficient
numerical solution for sound propagation
in an environment that changes with range.
The PE model discussed here uses an
implicit finite-difference (IFD) method of
solution and is designed to handle the
closely related problems of strong bottom
interaction and wide-angle propagation. The
accuracy of the IFD method has been test-
ed by comparison with selected benchmark
calculations for both range-dependent and
range-independent bottom-limited ocean en-
vironments. The efficiency of the method
has been tested by comparison with a
previous PE model which solves the para-
bolic equation using the ‘split-step’ Fourier
method developed by Tappert.

A B Wood Memorial Lecture

Acoustic Propagation in a Wedge-Shaped
Ocean

M J Buckingham
RAE, Farnborough

The radiation field in a wedge-shaped
domain is of interest in connection with
acoustic propagation in the ocean over the
continental slope. In order to determine the
field, the wave equation must be solved,
and for the case of perfectly reflecting
boundaries a solution can be obtained and
is known to consist of a sum of normal
modes. More generally, when the bottom is
not perfectly reflecting, the problem is
much more complicated because the wave
equation is no longer separable, implying
that the modes have range-dependent
eigenvalues. In this case a possible tech-
nique for determining the field in the ocean
(but not in the bottom) is to introduce an
‘effective’ pressure-release bottom parallel
to and below the real bottom. This
adequately represents the phase change
that is experienced by the modes on being
reflected from the bottom, provided the
critical grazing angle is not too large, and
it enables the solution for the ‘perfect’
wedge to be utilised in the more general
case by a simple shift in origin of the co-
ordinate system. Other factors, such as the
up-slope, range-dependent mode cut-off
depth, are incorporated into the new solu-
tion by treating the bottom as locally flat.

Underwater Acoustic Propagation Depend-
ence on Sediment Type for a Sloping
Bottom

A Koch
Applied Research Laboratories, The Univer-
sity of Texas at Austin, USA

An adiabatic normal mode description of
low frequency underwater acoustic propa-
gation over thickly sedimented sloping
bottoms empleys the physical mechanisms
of spreading loss, renormalisation loss or
gain, attenuation, differential mode excit-
ation and reception, and mode cut-off.
Combinations of these mechanisms deter-
mine the depth dependence of propagation
on range, source and receiver depth, sedi-
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ment type, and sediment attenuation value.
A study with a numerical normal mode
model shows the sensitivity of propagation
predictions to uncertainties in the physical
parameters characterising the "sea-bed.
Similarly, the model results give estimates
of the accuracy required of acoustic field
measurements in order to obtain values for
these environmental parameters. For
accurate predictions of the acoustic field
after it has propagated over a sloping sea-
bed, accurate values of the sediment
attenuation in the shallow portions of the
slope are generally more important than are
such values for the deeper end of the slope.
On the other hand, the variation of the
acoustic field levels with source or receiver
depth may be more substantial than vari-
ations in level associated with the depend-
ence of propagation on sediment attenu-
ation value or sediment type .For upslope
propagation predictions the importance of
including, in an environmental description
of slopes, local variations in sediment type
also depends upon receiver depth, the
range of the receiver from the region of
local sediment variations, and the acoustic
field property being examined.

Ray Invariants, Plane Wave Specira, and
Adiabatic Modes for Range Dependent
Shallow Ocean Acoustics

J M Arnold

Department of Electrical and Electronic
Engineering, University of Nottingham

L B Felsen

Department of Electrical Engineering and

Computer Science, Polylechnic Inst, New
York, USA

Ray acoustics and adiabatic mode theory
offer alternative ways of analysing sound
propagation in a shallow ocean with
gradually sloping bottom. The respective
utility of these formulations resides in the
fact that they are related by spectral
Fourier transforms so that, via Poisson
Summatian, the one describes collectively
the effects of the other. The stability of the
collective behaviour in the range dependent
environment can be meaningfully phrased
in terms of invariants that smear out a
group of rays so that it forms an adiabatic
mode or a group of adiabatic modes so that
it forms equivalent rays, This direct connec-
tion fails when bottom slopes cause an
originally totally .reflected ray to pass
through critical incidence, or when an
originally trapped mode passes through
cut-off. The resulting coupling to the radi-
ation spectrum can be addressed by flesh-
ing out the ray acoustic skeleton with
coherent plane waves {Arnold and Felsen,
paper submitted to J Acous Soc Am, April
1982) or by providing local plane wave
generating functions for the adiabatic
modes (Kamel and Felsen, paper submitted
to J Acous Soc Am, April 1982}, thereby
repairing the singular behaviour in the
critical region in either case. Thus, the
plane wave spectrum is seen to play a
fundamemntal role in expressing the general
relation between rays and modes, in stating
the corresponding invariants and in pro-
viding uniform transition functions in critical
regions. These aspects are here fully de-
veloped with strong emphasis on the
physical content of the various represent-
ations and on their numerical utility. =~
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Interface Waves .

Ocean-Bottom Interface Waves of the
Stoneley-/Scholte-Type: Properties, Observ-
ations and Possible Use

D Rauch and B Schmalfeldt
SACLANT ASW Research Centre, La Spezia,
Italy

The physics of seismic interface wave
propagaticn aiong the sea-floor are dis-
cussed briefly together with some ¢losely
related bottom-interaction phenomena
occurring in underwater acoustics. To over-
come the existing lack of field-data, three-

component  QOcean-Bottom-Seismometers
with VHF-telemetry and variable-depth
hydrophone have been developed at

SACLANTCEN. Since 1979 they have been
deployed during several sea-trials in coastal
waters to record the ground-roll- from small
explosions or sweep-signals from towed
L.F-projectors. in addition to these propaga-
tion-data noise-samples of the ambient
background and passing merchant ships
were taken. Numerous time-series were
analysed with different software-packages
to obtain seismic sections, particle-hodo-
graphs, dispersion-curves, attenuation-
coefficients and power- or cross-spectra.
Propagating quite slowly, transmitting only
very low frequencies and forming site-
dependent mode-patterns the observed
wave-type indicates a high sensitivity to the
not easily measurable shear-parameters.
Therefore interface wave measurements
offer a good indirect methed to probe the
upper sea-bed jn situ -over ranges of several
miles,

Shear Modulus Profiling of Near Botiom
Sediments Using Boundary Waves

R M Holt, J M Hovem and J Syrstad ...
Elecironics Research Laboratory (ELAB),
Trondheim, Norway

Knowing the shear modulus is an essential
element in the estimation of the mechanical
strength of sediments and rocks. Theory
and experience show that the propagation
of boundary waves (Scholte-, Love- or
Stoneley-type) along a liquid/solid or
solid/solid interface is highly dependent on
the shear moduli. The boundary waves are
dispersive, and measuring the velogity of a
boundary wave vs frequency is a method for
shear modulus profiling. .

This paper presents theoretical models for
evaluating such profiles from measured
velocities, based on the depth separated
wave equation. Experimental resulis using
a variable mono-frequency vibration exciter
as a source and mono-axis seismometers
as detectors are discussed. This instrument-
ation results in a wave propagation along a
sediment/water (or sand/air} interface
which is completely dominated by boundary
waves. A frequency range 10-100 Hz could
be covered. Allowing a penetration of
510 m in loose sand deposits, the range of
applicability of the present equipment is
estimated to be a maximum of 30-40 m.
Shear velocity profiles are estimated from
the measured data.

Concepts for the development of a fiefld
operative instrumentation for geotechnical
and geophysical surveys are discussed. -
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Excitation and Propagation of
Waves in a Stratified Sea-Bed

H Schmidt
SACLANT ASW Research Centre, La Spezia,
Italy

Interface

A numerical model based on the Thompson-
Haskell matrix method and Marsh's approx-
imation of the Hankel transform is used to
model the stress waves propagation
through a stratified medium from a point
source in one of the layers. Special em-
phasis is given to the excitation and propa-
gation of interface waves in shallow water
sea-beds. For realistic material parameters
the geometry- and frequency-dependence
is analysed. For selected cases synthetic
seismograms and hydrophone signals are
determined and compared to experimental
data.

Acoustic Phase Changes and Beundary
Waves on a Rough Sea-Floor

1 Tolstoy
Castle Dougias, Scotland

The acoustic scatter from a surface with a
dense distribution of small bosses can be
obtained by (a} integrating the Rayleigh
scatter from the bosses over the surface
and (b) replacing the resulting integral by
a boundary condition. This apprecach, first
used by Biot {1968) for hemispherical
bosses on a rigid wall, bypasses the usual
small slope limitations of perturbation
theory and has been generalised to the
case of arbitrarily shaped roughness
elements at an interface bhetween fiuids
(Tolstoy, 1982). Interesting predictions of
the theory are (1) a phase change for
reflected waves and (2) the possibility of a
subsonic boundary wave, the field ampli-
tude of which may exceed that of the direct
acoustic arrivals from a source of sound
near the surface. The existence and proper-
ties of the latter have been verified experi-
mentally on a rough rigid wall model
(Medwin ef alf, 1979). Conditions for the
existence of this wave on a rough sea-bed
are determined here, with particular refer-
ence to a pebbled model. (This work was
supported by the Office of Naval Research.)

Equipment.
Developments

Electronically Focused, Multibeam Side
Scan Sonar

P A Fox and P N Denbigh
University of Cape Town, South Africa

The along-track resolution of a side scan
sonar can be increased by increasing the
length of the transducer array, effectively
narrowing the beamwidth. This causes the
near field to extend to an excessive range.
In order to implement short range, high
resolution imaging the transducer array
must be focused. A problem then occurs
that the requirements of total operating
range and maximum resolution place un-
reasonable constraints on the maximum
towing speed.

An imaging system is described wherein a
bank of digitalty programmable phase

.system

shifters is controlled by a microprocessor
to simultaneously focus a transducer array
and form multiple beams. The multiple
heams are required to ease the towing
speed constraint by imaging a larger area
for each transmitted pulse (‘'ping’) than
could be achieved with a single beam
system of the same resolution.

The system is extremely flexible, providing
a number of cperating modes, eg maximum
resolution at minimum range with the
resolution degrading as range increases, or
constant resoiution over the full range. A
number of towing speeds are possible,
whereby the system automatically degrades
the resolution at increased towing speeds
to ensure the formation of a contiguous
image.

Development of a Sonar to Measure the
Size of Sea-Bed Material )

M K Gurcan, D J Creasey and B K Gazey
Department of Electronic and Electrical
Engineering, University of Birmingham

A transducer has been developed at the
University of Birmingham capable of work-
ing efficiently over the frequency band
400 kHz to 600 kHz. By using this trans-
ducer the backscattering power spectra of
sea-bed surfaces can be wmeasured at
various angles of incidence. In situations
where multiple-Bragg scattering occurs the
size of the particles can be measured from
the resonance peaks observed in the power
spectra. An experimental sonar system has
now heen produced which transmits a wide-
band signal over the 400 kHz to 600 kHz
band. A microprocessor-based spectrum
analyser measures the power spectrum of
the backscattered echo signals. The paper
will describe this system together with
some recent results. It will highlight situ-
ations where the technique has been able
to measure particle sizes accurately as well
as discussing areas where problems have
yet to be overcome,

The Chirp Sonar: A New, Quantiiative,
High-resolution Subbottom Profiling System

L A Mayer )
Department of Oceanography, Dalhousie
University, Halifax, Nova Scotia, Canada

L R LeBlanc
Department of Ocean Engineering, Univer-
sity of Rhode Island, USA

For the past two years we have been
developing (with US Office of Naval Re-
search support} a guantitative, extremely
high-rescluticn sub-bottom profiler. This
(the Chirp Sonar) uses a long
(typically 100 msec} 2.5-5 kHz FM pulse to
drive a specially designed transducer and
provide the bandwidth and energy ouiput
necessary for high resolution with sub-
stantial penetration. The transducer, re-
ceiving array, instrument motion sensors,
and associated electronics are mounted in
a vehicle that is towed approximately 100
meters above the bottom. Data telemetered
up the coaxial tow-cable is digitised in real-
time by a shipboard computer. This com-
puter also generates the outgoing pulse
and can be used to experiment with various
outgoing pulse schemes {eg FSK). Post-
processing consists of: (1) correction for
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instrument motion; (2) stacking; (3)
matched filter processing (o compress
the chirp): (4) correction for spherical
spreading loss and energy lost at inter-
faces; (5) calculation of sediment attenu-
ation (by examining the frequency depend-
ence of energy from a particular horizon);
{6) correction for sediment afienuation;
and (7) display on a graphic recorder. The
resulting record should be a near artifact-
free image of the impulse response of the
sediment column. This record is then used
to estimate quantitative sediment character-
istics based on the application of statistical
and geological sediment classification
models.

A Deep-towed Sound Source and Hydro-
phone Array System: Performance Predic-
tion Analysis and Hardware Description

M G Fagot
Naval Ocean Research and Development
Activity, NSTL Station, Mississippi, USA

A deep-towed system with a new measure-
ment capability is being developed. This new
capability will be of extreme interest to
those members of the marine science com-
munity who are concerned with geological,
geophysical, and geoacoustic parameters
of the deep ocean floor and subbottom.
The system is designed to operate at tow
depths to 6000 meters and subbottom
acoustic penetration of 500 to 1000 meters.

The basic system configuration has a sound
source at the head of a multi-channel
hydrophone array. When towed near the
hottom, the system provides the geometry
for improving geoacoustic parameter
measurement precision. The performance
prediction analysis presented compares the
improvements_that can be achieved from
this deep-towed configuration with the more
conventional  surface-towed approaches
which operate in the deep ocean environ-
ment. Also presented are trade-offs for the
deep-towed system characteristics, includ-
ing array length and array altitude.

Hardware fabrication has been initiated to
meet the stringent requirements of the
deep-towed configuration. This hardware
includes a low-frequency sound source; a
24-channel, 725-meterlong hydrophone
array; a digital duplex telemetry system;
and a digital recording system. A descrip-
tion of this hardware is also presented.

The deep-towed sound source system,
which operates over a frequency band from
260 Hz to 650 Hz and has a peak source
javel of 199 dB/1,Pa at 1 meter, has been
tested. The remaining subsystems are
currently under construction in preparation
for a June 1983 sea test

Poster
Presentations

Determination of the Acouslic Properties of
the Sea Floor by Measuring the Electric
Impedance of a Transducer

B S Fedders and G H Ziehm
Forschungsanstalt der Bundeswehr fir
Wasserschall und Geophysik

Kiel, Federal Republic of Germany
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Rayleigh's refiection coefficient of sound
waves at the sea floor — assumed to be
quasi liquid — depends on density, sound
velocity and attenuation of the sediment.
This paper presents a method to determine
these properties of the bottom by measur-
ing the complex electric impedance of a
transducer, which is in physical contact
with the bottom. The relation between the
acoustic properties and the electric im-
pedance of a transducer embedded in a
lossy medium can be derived under certain
assumptions.

An eguipment has been set up to measure
the admittance diagram of a transducer,
and some in situ experiments have been
run at selected positions. Difficulties arose
in getting a definite coupling between the
radiating surface of the transducer and the
sediment. The measured admittance
diagrams are significantly different for
different types of sediment. The shape of
the admittance diagram yields the type of
the sediment. The attempt to fit the
measured diagrams in diagrams which
were computed with parameters of actual
sediments was only of partial success.
Qualitative reasons for this behaviour will
be given.

Acoustic Velocity Measurements in Surficial
Sediments of the Beaufort Sea

A G McKay
NS Research Foundation, Dartmouth, Nova
Scotia, Canada

A geotechnical site investigation of a
continental shelf area now customarily in-
cludes the acquisition of high resclution
subbottom profiling information by means
of a ship-decoupled or ‘deep-tow’ profiler.
Such devices normally . comprise an
acoustic source of mid-audic frequency
together with an appropriate hydrophone or
short receiving array mounted together on
the end of a long tow cable by means ol

‘which they can be deployed close to the

sea-bed. In this way, vertical-incidence
travel time sections are obtained with
enhanced resolution and decreased noise
as compared with surface-tow devices. The
author has previously reported improve-
ments to such tools which can be made by
extending their acoustic receiving capability
from single to multiple channel over an
appropriate horizontal spread in order to
observe reflections at various angles and
so derive interval velocities in sediment
layers.

Experience during the summer of 1982 in
the Beaufort Sea (Canadian Arctic) in-
dicates that it is possible (without disrupt-
ing their basic profiling function) to extend
further the use of such deep-tow systems
for the observation of headwaves in appro-
priate sediment conditions, namely when
sediment acoustic velocity increases to
¢ 1.10 times that of the bottom water within
¢ 2 meters of the sea-bed. This method
allows acoustic velocities to be determined
in areas where the lower boundary of a
sediment layer cannot be discerned
sufficiently precisely to allow the use of the
wide angle reflection method. In Arctic
regions the possibility of ice-bonding in
sea-bed sediments is a potential engineer-
ing hazard. The identification of ice-bond-
ing with anomalously high compressional
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wave velocities makes the measurement of
that parameter important in these areas.

The Influence of the Sedimentary Succession
upon the Acoustic Penetration in the
Western Baitic

K Winn
Geologisch-Paldontologisches Institut der
Universitit, Federal Republic of Germany

The acoustic penetration in the sea-bed has
been investigated along a transect in the
Western Baltic where the various near-
surface geological units are known through
sediment cores. An 18 kHz echosounder
fitted with a high resolution echosounder
was used. Interval reflection strengths
having time windows of 133 microseconds
in the near-surface to 1067 microseconds
down to a maximum of ten time windows
have been analysed.

Penetration was very limited where sands
and gravels constitute the surface sediment
cover of the sea-bed, as most of the
acoustic energy was reflected from the top-
most layer, and fair to good in muds and
clays, which sometimes have intergalated
sands or are underiain by glacial deposits.
The tatter normally forms a strong reflector.
and a fairly good correlatiocn could be
established between the grain size para-
meters and interval reflection strengths. The
reflector could normally also be followed
through various depths and is typified by
higher reflection strengths whose values
are related to the difference in grain size
between the various sediment layers.

Microstructure on Viscous
in Unconsolidated Sediments

Influence of
Attenuation

K Attenborough . .
Engineering Mechanics Discipline,. The
Open University, Milton Keynes.

The viscous attenuation of compressicnal
waves within unconsclidated sediments has
been predicted to depend upon the product
bF{i} in which b is related to the per-
meability, and , is given by I (mp;/ )}
where ¢ is angular frequency, y and p, are
fluid viscosity coefficient and density re-
spectively and { is a parameter with the
dimsnsion of length that depends upon
both the size and shape of the pores. The
effect of tortuosity of pores g has been
incorporated implicitly in the choice of /
also. However tortuosity is included ex-
plicitly in a density parameter mzqur/_rg
which appears in the equations of motion
where O is the volume porosity of connect-
ed pores.

Recent developments in the theory of
sound propagation in air-filled rigid porous
media separate effects of pore shape and
of tortuosity explicitly. Thus a shape factor
ratio (n/+/s) is introduced where n is a
dynamic shape factor and s is a steady
flow factor that influences permeability.
Tortuosity is related to an impedance
facter (f,) measured and calculated for
fluid diffusion through -granular media
through g2—=f,~1 It should be noted that
tortuosity influences permeability also.
Values of tortuosity and shape factor ratio
appropriate to underwater sediments are
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discussed. The sensitivity of viscous attenu-
ation in model sediments to these para-
meters supposing extreme values of stiff-
ness, rigidity and frequency are demon-
strated.

Acoustically Induced Changes in Sea-Bed
Reverberation

J M Ace-Hopkins
Ferranti, Weymouth

This paper describes and attempts to ex-
plain a side eifect whereby the viewing
sonar triggered the sediment into liberating
its gas and consequently changing its back-
scattering qualities. The extent, existence
and acoustic effects of naturally occurring
gas in sediments is reviewed.

The phenomenon was cbserved whilst in-
vestigating the causes of sonar contact loss
at 100 kHz. This involved a continuous
monitor of the acoustic and environmental
conditions prevailing in a 72-hour period
whilst anchored over a ‘fixed’ acoustic
range off Dunoon in the Clyde estuary.

Forty-two hours into the experiment the
sonar blanked out — reducing to the noise
level at all ranges -— whilst the environ-
mental sensors yielded no change, except-
ing the acoustic velocometer which gave
apparently irrational values. After half an
hour the transmission characteristics were
back te their previous levels although the
sea-bed reverberation was significantly
reduced.

The only valid explanation for these effects
was that the sediment had degassed. Why,
though, had the sediment suddenly de-
gassed itself?

Although the power incident on the sea-bed
was in the order of milliwatts the resonant
sediment entrained bubbles were en-
couraged by deformation to migrate to the
sea-water at a faster rate than normal. The
increased gradient in the bubble population
with depth encouraged the bubbles within
the ancxic layer also to migrate faster. The
action of this increased traffic through the
sediment finally caused it to break down
and liberate the remaining bubbles as a
cloud whose concentration did not allow
quick resolution into the sea-water.

The direct evidence as to the existence of
this mechanism is lacking; however, on
subsequent, similar experiments the effect
was again observed.

At present the phenomenon is a scientific
curio which probably has no commercial
value, however, it may be as well to be
wary of the effect when studying reverber-
ation in detritus rich sediments.

Normal Modes of Acoustic Waves in the
Ocean with Poro-elastic Botloms

T Yamamoto
Rosenstiel School of Marine and Atmos-
pheric  Science, University of Miami,
Florida, USA

The solution for normal modes of acoustic
waves propagating in the ocean with
porous elastic bottoms varying continuously
with depth is obtained. The dynamics of the
verlically heterogeneous bottom is repre-
sented by the propagator rmatrix derived
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from the Biot’s theory. The effects of basic
soil properties, such as porosity B, per-
meability k., and rigidity, G, on the acoustic
propagation are examined numericaily. The
acoustic altenuation in the ocean is gov-
erned by the three non-dimensional bottom
parameters: k f/yB, 6[2.71.7 B], and
[27-1.7 B]K,/G. Here, f=ifrequency,
v =kinematic viscosity of fluid, K;=bulk
modulus of fluid.

Good agreements are obtained between the
theoretical calculations and the experiment-
al data from the Mediterranean Sea.

(Research sponsored by ONR.)

Acoustic Propagation Measurements with a
Bottom-mounted Array

P Staal
Defence Research Establishment,
Scotia, Canada

Nova

Acoustic propagation measurements were
taken with a bottom-mounted array on the
UK continental shelf in the summer. Propa-
gation loss, homogeneity and coherence
results from these measurements are pre-
sented here. This work is part of a con-
tinuing effort at DREA in shallow water
acoustics. A 54 m modular digital hydro-
phone array with a 1 Hz to 3 kHz frequency
response was deployed horizontally on the
bottom in approximately 100 m of water.
Many runs out to 100 km were made with
explosive and cw sources. The most in-
teresting deployment was near a boundary
between exposed and sediment-covered
bedrock. The bottom structure along the
runs was determined largely with a sub-
bottom vertical reflection profiler. Large
low-frequency propagation losses measured
on runs over exposed bedrock show the
need for shear-wave conversion in our
models. The spatial homogeneity and
spatial coherence of signals arriving at the
horizontal array are also discussed.

Geoacoustic Modelling of Deep Ocean
Abyssal Plains

M R Chapman, C A Zelt and A E Busch
Defence Research Establishment Pacific,
Victoria, British Columbia, Canada

Geoacoustic models ¢f the ocean bottom
have been developed for two abyssal plain
sites in the northeast Pacific Ocean. The
first site is an acoustically ‘hard’ bottom of
retatively thin layers of sandy turbidites in
the Tufts Abyssal Plain, and the second
site, located in the Alaskan Abyssal plain,
overlies an acoustically ‘soft’ bottom where
the artificial sediments are predominantly
silt and the sediment column is at least
1 km thick. At the first site, interaction of
low frequency sound with the bottom is
confined to near-surface strongly-reflecting
layers, whereas the 'soft’ layer of uncon-
solidated sediments at the second site per-
mits the development of a caustic beneath
the sea floor. Consequently, the Alaskan
Plain site was modelled by regions of can-
stant sound speed gradient corresponding
to layers of shallow unconsoclidated and
deeper consolidated sediment. The Tufts
Plain site was modelled by layers of con-
stant sound speed. Model parameters were
determined from analysis of seismic reflec-
tion and refraction profiles taken at the

sites, and also from traditional bottom loss
measurements. The validity of the geo-
acoustic models was demonstrated by
direct comparison of propagation loss
measurements with numerical predictions
from normal mode calculations using the
model parameters to describe the bottom.

A Microcomputer Based Multichannel
Seismic Profiling System

M Shishido
Ocean Engineering Department,
Electric Co Lid

Nippon

A fully microcomputerised multichannel
seismic profiling system has been de-
veloped by the co-operative works of Ocean
Research Institute of Tokyo University and
Nippon Electric Co Ltd since 1978.

The built-in microcomputer has two-fold
functions. One is a real-time data logging
processer to sample and record multi-
channel seismic data on digital magnetic
tapes in what is called SEG-B format.

The other is off-line processing of seismic
records such as demultiplexing, CDP stack-
ing, filtering or deconvolution. The pro-
cessed data are recorded on an electro-
static printer plotter on-board.

The sampling intervals and the record
lengths of the system for 12-channe!
streamer cable are from 05 msec for
1 second length to 4 msec for 8 second
length. The short interval can be as short as
10 seconds for 8 seconds record including
read-after-write operation. The system has a
nominal dynamic range of 168 dB with the
use of quarternal gain control.

The system has been tested successfully
several times in conjunction with either air
guns or water guns in the Japan Trench
along the Pacific coast and significant im-
provements have been obtained through
these trials.

A Hydrographic Depth Display and Analysis
System

C H Harrison
CAP Scientific, London

Broad beam echo sounders typically re-
ceive many echoes from wide angle reflec-
tions, layers and fish especially in deep
water. This paper describes a real-time and
post analysis system to aid hydrographic
surveying by tracking and analysing many
echoes simultaneously. Both processed and
unprocessed data are displayed in colour
coded form on a graphics display allowing
the operator to monitor processing and
make alterations it desired.

Echo tracks appear as a line along the
leading edge of each echo. The one auto-
matically selected as representing the true
sea-bed is displayed in a different colour
enabling quick identification. In the off-line
system the criteria for selection of this echo
are operator adjustable. This facility is a
valuable research tool since it enables one
to classify echoes, investigate their
statistics and extract any particular type of
echo according to its shape or time history.
In post analysis mode the operator can
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select different echoes or make hand drawn
or computed modifications to correct for
hyperbolic echoes.

The tracking algorithms can deat with deep
or shallow soundings from most echo
sounders including the Precision Depth
Recorder where echoes are interspersed
with bursts of several pings alternating with
quiet periods.

Acoustic Precise Measurement of Physical
Properties of Floating Soft-Mud Sediment

A Kaya

Oki Electric Industry Co Ltd, Shibaura,
Tokyo, Japan

A Tsuchiya and M Nishimura

Faculty of Marine Science and Technology,
Tokai University, Japan

In order to measure precisely the density
or concentration and thickness of floating
soft-mud layer lying above solid bottom
layer in sediment, acoustic reflection
method operated under short puise of high
frequency such as 200 kHz seems to be
available. In this method, measurement of
transfer function which relates to the
physical properties in the layers is essen-
tial. In such high frequency, this function
should be obtained easily because sedi-
mentary model can be simplified in 2-layer
system.

Thus, since the function depends on
acoustic impedance of the layers, the re-
lationships between the acoustic impedance
and density or concentration of the soft-
mud can be expressed by the transfer
function. Furthermore, a natural frequency
to the transfer function which corresponds
to the thickness of the soft-mud is clarified.
The transfer function of the soft-mud and
sediment layers formed in laboratory tank
was obtained by the digital sampling of
incident and refiected pulse wave at 200
kHz, while core sampling of these layers
was made to calculate theoretically the
transfer function. As the results, the experi-
mental values of density, concentration and
thickness agree with the theoretical values
within a few percent error.

The conclusion is that the acoustic method
is available to obtain precisely the physical
properties of the floating soft-mud sediment.

Transient Parametric Arrays Terminated at
a Water/Sand Interface

N G Pace and R V Ceen
University of Bath

A spatial impulse response model of the
parametri¢ array is developed and used to
give physical insight into its behaviour
when operated in a transient mode.
Particular emphasis is given to the cases
where the primary field is discontinuously
terminated. In such cases effects due to the
finite aperture of the parametric array and
effects due to its termination may be seen
by a point hydrophone either as separated
or superposed events in time, depending on
the geometry.

Experimental results consisting of signals
received on a hydrophone from terminated
parametric arrays are presented and dis-
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cussed in terms of the model. The termin-
ation is achieved either by a sheet of
absorbing pc-rubber or by a water/sand
interface, the hydrophone being positioned
at a greater range from the transducer than
the termination. The experimental results
presented for the case when the hydro-
phone is buried in sand are exiensive.

Frequency Limitations of the Truncated
Parametric Array

P F Dobbins

British Aerospace Dynamics Group,
Bracknell Division, Weymouth Underwater
Engineering Unit

Recent research in non-linear generation of
sound offers new solutions to the problem
of obtaining a low frequency narrow beam
sound source for bottom penetrating sonars.
In the application considered here shalow
water operation is required, and the para-
metric array is truncated at the sea-bed.
There are constraints on operating fre-
quency and bandwidth, such as resolution
and absorption in the sediment, but the
distances involved are orders of magnitude
greater than those previously considered in
laboratory experiments, A theoretical in-
vesfigation of the terminated parametric
array in the frequency domain has shown
that the effect of these dimensional require-
ments is to introduce nulls in the frequency
response within the range of frequencies of
practical interest. Results are presented
giving usable bandwidth of a parametric
array in terms of source to sea-bed range,
transducer dimensions and angle of in-
cidence between secondary beam and sea-
bed. Examples are also given of the effects
on typical sonar waveforms of exceeding
this frequency limit.

Computer Modelling of a Sea-Bed Mounted
Acousiic Wave Spectra Instrument

K Boby and J W R Griffiths

Department of Electronic and Electrical
Engineering, University of Technology,
Loughborough :

This paper describes the computer model-
ling of an echo sounder system that
measures the height of sea waves and
shows the distortion in the measured
spectra of these waves.

The results that are obtained agree with
those that would be expected from the real
echo sounder system. These show that the
distortion in the measured wave spectra is
ingcreased for short length and high amphi-
tude waves and is reduced by decreasing
the beam width and depth of the echo
sounder.

Three types of wave profiles are used in the
model. The most important of these is the
Stokes wave, which is a very good repre-
sentation of a fully developed sea wave.

Two techniques are used to produce sea
surfaces. The first utilises a digital filter to
produce a random sea surface. The other
is more general and ¢ombines a number of
individual waves to create a sea surface.
This second technique is a precise repre-
sentation of the sea surface and produces
resuilts that verify this.

Acoustics and the Sea-Bed

Applications of Acoustic Techniques in
Sediment Transport Research

P D Thorne, A P Salkield and A J Marks
Institute of Oceanographic Sciences,
Crossway, Taunton

Visual observations of sediment transport in
the marine environment are {requently
restricted by water turbidity. In some cir-
cumstances this can be overcome by
acoustic techniques. Five developments
currently under investigation are described:

1 The use of acoustic noise made by
mobile neon-cohesive sediments (sand and
gravel) to determine the threshold of move-
ment and estimate the size and quantity of
mobile material.

2 Suspended sand is being measured by
the use of a probe which monitors the
number of sand grain impacts impinging on
a piezoelectric ceramic sensor.

3 The concentration of suspended sand is
also being quantified by backscattering
2 MHz acoustic puises from range gated
cells within the water column immediately
above the bed.

4 Doppler processing of the backscattered
signal is under investigation te achieve
simultanecus velocity and concentration
measurements of suspended sediment near
the sea-bed.

5 In order to determine accurately the
rate and scale ot the movement of sand
bedforms under adverse conditions a self
recording echo scunder known as the

acoustic bedform monitor has been
developed.
Unconditionally Stable Ocean Bottom

Reflectivity Calculations

L N Frazer and D L Bates
Hawaii institute of Geophysics, University
of Hawaii, Honolulu

The main purpose of this paper is to draw
attention to the usefulness, in bottom-
interaction calculations, of the method of
B L N Kennett (1974 et seq). The character-
istics of this method are: (a) the quantities
2 Ao, Qp and Qg may have any specified
variation with depth; (b} A, M Q@ and Qg
may have any specified variation with fre-
quency at each depth; (¢} the method is
exact in the sense that all interactions be-
tween up- and down-going waves and
between shear and compressional waves
are explicitly included; {d) the equations
used in programming the method for the
computer have a clear physical interpret-
ation; and, most important, (e} the method
is unconditionally stable for all real values
of frequency, . and horizontal wave-
number, k. The method can be applied to
any of the problems of marine seismology.
eg seismogram synthesis, calculation of
dispersion curves. The only real restriction
on it is that the medium to which it is
applied must be stratified.

Here we apply the method to the problem
of calculating plane wave reflection co-
efficients from a visco-elastic ocean bottom
at high frequencies and low grazing angles.
For many velocity profiles the differences
between a visco-acoustic bottom and a
visco-elastic bottom are quite striking.
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IOA Branch and Group
Vieetings

January to May 1983

19 Jan 14.15 h. Visit to BBC Solent, Southampton. SB

20 Jan 18.30 h. The role of the computer in acoustics, D McNeal, Audible intruder NwWB
alarms, AFA Minerva. At Liverpool Polytechnic.

26 Jan 18.15 h. Visit to BBC North East, Newcastle upon Tyne. NEB
16 Feb 14.15 h. Visit to BBC Research Laboratories, Kingswood Warren. SB
23 Feb 18.15 h. AGM and Bar Sports, Newcastle upon Tyne Polytechnic. NEB
24 Feb- 18.30 h. AGM. Noise from office and home appliances, D Baines. At Maxwell NWB

Building, Salford University.

16 Mar 10.00-16.00 h. Planning and Noise. At Town Hall, Darlington. NEB
28 Mar Speech Production and Perception. At_University College Tondon. SG
39 Mar : 10.30-16.30 h. Hearing Protection. At Portsmouth Management Centre. SB
13 Apl 19.30 h. Low frequency noise, H Dawsorn. At Civic Centre, Southampton, SB
20 Apl 14.00 h. Planning and Noise, R Atherton. At Civic Centre, Carlisle, NEB
20 Apl 14.00 h. Visit to British Aerospace, Woodford. NWB
6 May 20.00 h. Visit to Church Organ Builders, Stamfordham. . NEB
Datetobe -  ‘Dinner.on the Occident Express.” Dining car service on the Watercress Line, SB
announced Alresford to Ropley.

Please send details of Branch and Group activities at least a fortnight before the Acoustics Bulletin copy
date to Mr T Smith, Vice-President for Branches and Groups, British Gas (R & D Division), Engineering
Research Station, Killingworth, Newcastle upon Tyne NE99 1LH. The following information should be in-
cluded: date, time, venue or meeting point, and name and affiliation of speaker where appropriate,
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Hong Kong Branch (HKB)

Chairman

Mr T K Willson FIOA
Treasurer

Mr F Mak MIOA
Secretary

Mr D G Lees MIQOA
W S Atkins Overseas
20th Floor

8 10 QOdell Street
Hong Kong

North East Branch (NEB)

Chatrman
Mr T Smith FIOA

Treasurer
Mr B Oakes FIOA

Secretary
Mr C Norris MIOA
32 Shap Close
Biddick
Washington 7
Tyne & Wear

North-West Branch (NWB)

Chairman
Mr M S Ankers MIOA

Treasurer
Mr G Kerry MIOA

Secretary
Mr R P Atherton MIOA
62 Eton Avenue
Oldham
TLancs OL8 4HQ

Southern Branch (SB)

Chairman
Mr T J Sharland FIOA

Treasurer
Mr G R Charnley MIOA

Secretary
Dr R Shack MIOA
School of Architecture
Portsmouth Polytechnic
King Henry Building
King Henry 1 Street
Portsmouth PO1 2DY

Diamond Exchange Building

Officers of

South-West Branch (SWB)

Chairman
Mr M Latham MIOA

Freasurer
Mr D Leech MIOA

Secretary
Mr M Squires
1 Feebers Cottage
Westwood
Broadclyst
Nr Exeter
Devon

Yorkshire & Humberside Branch
(YHB)

Chairman
Mr J Bickerdike FIOA

Treasurer
Mr B T Heald M1IOA

Secretary
Mr D Marsh FIOA
16 Scardale Crescent
Scarborough
North Yoerkshire YO12 6LA

Building Acoustics Group (BAG)

Chairman
Dr G M Jackson MIOA

Treasurer
Mr N Spring FIOA

Secretary
Dr D B Fleming
Bickerdike Allen Partners
121 Salusbury Road
Londen NW6 6RG

Industrial Noise Group (ING)

Secretary
Mr T Kelly FIOA
9 Maltmans Road
Lymm
Cheshire WAI3 9PA

IOA Branches and Groups

Mausical Acoustics Group (MAG)

Chairman
Prof C A Taylor FIOA

Treasurer
Dr R A Smith MIOA

Secretary
Dr A E Brown FIQA
1752 Great Cambridge Road
Waltham Cross
Herts EN8 8EY

Speech Group (8G)

Chairman
Dr W A Ainsworth FIOA

Treasurer
Mr L § Moye

Secretary
Dr R K Moore MIOA
BITON
RSRE
Leigh Sinton Road
Malvern
Worcs

Underwater Acoustics Group
(UAG) '

Chairman
Dr A Pratt MIOA

Treasurer
Mr J Mills MIOA

Programme Secretary
Mr B Robinson MIOA

Secretary
Dr N G Pace MIOA
School of Physics
University of Bath
Claverton Down
Bath BA2 7AY
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INTER-NOISE ‘83

The Institute is privileged to be hosting Inter-Noise "83 in Edinburgh, 13-15 July.
Inter-Noise. conferences are held annually, being located in the USA and in
member countries of International INCE in alternate years. Inter-Noise is the
premier noise conference, attracting large numbers of delegates from many
parts of the world. All the signs indicate that Inter-Noise "83 will attain the
high standards set in previous years and the organising Committee is presently
dealing with more than 330 abstracts which have been submitted. It is
anticipated that delegate numbers will be in excess of 500. A figure as high as
700 has aiso been suggested!

At Inter-Noise conferences, the largest group of delegates is always from the
host country and we expect several hundred from the United Kingdom.
Registration information will be available shortly so that it is not too early to
start planning how to cover the £60 Registration Fee, travei and other costs.

Inter-Noise has had its anticipated effect on the normal Meetings Programme
of the Institute. Members will have noticed the absence of noise-related con-
ferences in the period up to July. Prospective speakers are saving their
contributions for Inter-Noise, with the result that noise is out until late 1983.
However, the Meetings Committee is working on a full programme for 1984,
when we will return to our customary arrangements. [ ]

H G Leventhall

In case you didn’t
hear . . .

FASE has a new President — our
Immediate Past President, Professor
Clarkson, previously the TIOA repre-
sentative on FASE.

The Federation has also recently
announced the signing of a formal
agreement with ASA, according to
which the two organisations will work
toward increased co-operation.

CEL have been awarded a contract,
valued at more than £100,000, to
supply a multi-channel computer con-
trolled noise monitoring installation
for Moscow Sheremetievo Alirport.
The equipment, based on the CEL-200
system, has been upgraded to with-
stand the severe Russian winters, and
a comprehensive software package has
also been provided which allows for
both aircraft certification work and
environmental noise monitoring work
to be undertaken. [

STANDING COMMITTEES

of each Standing Commitiee, except Medals and Awards.

THE INSTITUTE OF ACOUSTICS

The President, Honorary Secretary and Honorary Treasurer are ex-officio members

] Membership Committee
Mr J Bickerdike (Chairman)
Mrs C M Mackenzie (Secretary)
"Dr W A Allen
Mr M S Ankers
Dr J M Bowsher
Dr R W G Haslett.
Br J N Holmes
Mr J H Kuehn
Dr R K Mackenzie
Dr J A Powell

Publicalions Committee
Professor D J Johns {Chairman)
Dr S J Flockton {Secretary)
- r M E Delany
Mrs F A Hill
Dr H G Leventhall
Mrs C M Mackenzie
Dr N Pace
Dr A J Pretlove
Dr R W B Stephens

Meetings Committee
Dr H G Leventhall {Chairman)
Mrs C M Mackenzie {Secretary)
Dr W A Ainsworth
Mr M S Ankers
Dr J M Bowsher
Dr R C Chivers
Mr B C Grover
Mr R C Hill
Mr B QOakes
Dr A Pratt
Mr N Spring

Medals and Awards Commitliee
Dr D E Weston {(Chairman)
Mrs C M Mackenzie (Secretary)
Mr J Bickerdike
Professor B L Clarkson
Professor D J Johns
Dr H G Leventhall
Mr T Smith

Education Committee
Cr B J Smith (Chairman)
Mrs C Farrow (Secretary)
Mr P H Allaway
Mr J Bickerdike
Mr A Dove
Mr J Hay
br J J Knight
Dr H G Leventhall
Dr R W B Stephens
Mrs S Stern
Mr H Willis

Diploma Board of Examiners
Dr H G Leventhall {Chief Examiner}
Or R W B Stephens (Assistant Chief
Examiner)
Mrs C Farrow {Secretary)
Mr J Bickerdike
Mr M Dearden
Dr J J Knight
Dr R Lawrence
Dr R Peters
Dr B J Smith
Mr H Willis
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INSTRUMENTATION
HIRE & SALES

For sound, vibration & signal analysis

GRACEY &
ASSOCIATES

Threeways, Chelveston,
Northants, NN9 6AJ.
Telephone 0933 624212
Telex 312517

ISVR Courses 1983

21-23 March Engine Noise and Vibration
Control

21-25 March Noise and Vibration Control
for Environmental Health Of-
ficers

21-25 March instrumentation -and" Measure-
ment Techniques for Vibration
Control

21-24 March Applied Digital Signal Proces-
sing

18- 22 April Clinical Audiology

19- 21 April Finite Element Vibration
Analysis

18- 20 May Occupational Deafness

13-17 lune Instrumentation and Measure-

ment Techniques for Noise
Control

12- 16 September Industrial Audiology and
Hearing Conservation

19-23 September 12th Advanced Noise and
Vibration Course

19-23 September Technical Audiology ‘B’

10 - 14 October ISVR/CONCAWE Noise Course
for Process Plant Engineers

Further information may be obtained from:
Mrs M Z Strickland

ISVR Conference Secretary
The University
Southampton SQO9 5NH Ext. 2310

Telephone: 0703 559122

Precision 'Integrating
Sound Level Meter
2221

The First truly pocket-sized
precision L.q sound level meter

» Erratic noise
* Fluctuating noise
* Pass-by noise and any other kind of
« Non-stationary noise

The new 2221, with Leq and precision
- {type 1) performance, gives you accurate
and repeatable measurements of these
difficult-to-assess types of noise

It’s not only small in size, it’s
inexpensive and meets
BS-5969 type 1

Call us for a data sheet or demonstration

~ Bruel & Kjaer (UK) Ltd.

Cross Lances Road, Hounslow, Middtesex TW3 2AE. Telephone: 01-570 7774
Northern Division: Globe House Gordon Street, Chadderton,
Oldham QLS 8QW. Telephone: 061- 678 0229
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Bell Research at

Loughborough

To the campanologist the name of Loughborough is inextricably linked with
bell founding., Although the firm of John Taylor and Company has been resident
in Loughborough only since 1840 its origins can be traced back 1o the fourteenth
century. Prior to the development of canals and railways bells were always cast
on site, bur improved communications made it possible to have the advantages
of a permanent foundry and Taylors found Loughborough's central location
ideal. They now have an international clientele, not only for ‘musical’ bells for
churches, clocks and carillons, but also for such diverse items as ship’s fire alarm
gongs and bells for channel marking buoys.

BELLS are cast in a nominal 80 -20
copper-tin alloy and their general
appearance has hardly changed since
mediagval times. The oldest English
beils are from the fourteenth century,
a little more conical than their modern
counterparts and much less musical,
but nevertheless obviously bells. The
improvement in sound of the modern
bell is probably due to the absence of
some very anharmonic modes which
are present in the ancient bell. The
significant step of tuning bells came
with the Hemony brothers in The
Netherlands in the seventeenth cen-
tury. They succeeded in making some
very good bells, but unfortunately the
secret was lost and it was not until the
1890s that tuning was put on a system-
atic basis by Taylors. In this they had
the enthusiastic assistance of Canon
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Profile of a
modern Taylor bell

Figure 1 typical
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Simpson, a keen campanologist who
recorded the notes of church bells
from all over the country using a set
of tuning forks, always matching the
figures with a musical judgement. The
happy relationship came to an abrupt
end in 1895 when he published Taylors’
secret tuning methods as two articles
in Pall Mall Magazine.® About the
same time Rayleigh® also published his
paper on the normal modes of bells.

The precise shape of the bell varies
considerably with the founder. Many
continental bells have shapes defined
by a complex pattern of arcs of circles,
but some are just traditional shapes
and outside The Netherlands, Ger-
many and Austria they are not tuned.
Taylors” bells differ in that their shape
is defined by a fairly simple system of
straight lines, circles and eflipses and
they claim that this makes tuning

simpler. Figure 1 shows hall the
vertical cross-section of a typical
Taylor bell. The great increase in

thickness just above the rim should be
noted. Qriginally this was probably
intended to strengthen the bell at the
point of impact of the clapper. How-
ever, as will be explained later, it has
a crucial effect on the behaviour of the
bell and is a feature which is common
to all European bells but absent in
their oriental counterparts. In spite of
the various shape definitions, there is
very little difference between the
modal patterns and frequency ratios
measured by Grutzmacher ef al’ on a
modern German bell, the classic work
of van Heuven* on a variety of ancient
and modern Dutch bells and our own
on Taylor bells. And, of course, all
this agrees with Rayleigh, if we allow
for the fact that modern bells are
tuned — unlike Rayleigh’s — and to
an equitempered scale so that a bell is
in tune with others in the peal or
carillon as well as ‘with itself’. Normal-
Iy, in England, only the modes with
the five lowest frequencies are tuned,

although a vast number actually con-
tribute to the sound when the bell is
rung. Typical frequency ratios and the
traditional terminology are given in
the Table.

When the Physics Department was
formed in 1966 one of its aims was to
be useful to local industry, and Taylors
were quick to take advantage of this.
For the members of the Physics staff
with previous experience in acoustics
it was interesting to change from sup-
pressing noise to creating it! The im-
mediate problem with which we were
faced arose from the tuning of the
small bells of the Canberra carillon.
This required an understanding of the
normal modes of bells and the phen-
omenon of bell ‘warble’. An interest
in the behaviour of other systems with
axial symmetry naturally followed. We
have just completed an exhaustive
study of the normal modes of the
modern English church bell and pro-
pose to make a similar investigation of
a copy of a fourteenth century bell.
Studies are also proceeding on the
geometrical basis of the modern Tavlor
bell profile.

It has been proved by the authors
using group theoretical arguments”
that the symmetries of an ideal basic
bell require that the nodal patterns of
its normal modes must consist of n
circles (n = () parailel to the rim and
2m meridians (m > ) at equally
spaced azimuths. For any mode with
m >> ( there must exist a partner mode
equal in frequency, so that the pair
form a degenerate doublet, the nodal
patterns of the two being identical
except that the meridians of one lie
mid-way between those of the other.
The absolute locations of these
mertdians are indeterminate, all
azimuths being dynamically equivalent
because of the bell’s axial symmetry.
Modes with m =0 are singlets since no
such partners can exist for them This
degeneracy structure has been con-
firmed experimentally. *

In practice bells are almost alwavs im-
perfect due to geometry and/or metal-
lurgy so that the symmetries of the
ideal bell are broken in small, complex
and unpredictable ways. The results of
these imperfections are: (1) to fix the
absolute locations of the nodal merid-
ians such that there is no obvious con-
nection ‘between those from different
doublets, (2) to cause slight distortions
of the nodal patterns, (3) to cause
slight splittings between the frequen-
cies of doublet members. Tt was first
pointed out by Rayleigh? that it is
beats between members of slightly split
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Characteristics of the ‘musical’ partials of a typical good quality church

bell (actually a 70 cm Taylor bell)

Name Frequency Ratio

Idealt Observed
Hum I 1
Fundamental 2 2.002
Tierce 2.378 2.367
Quint 2.997 3.014
Nominal 4 4.003

Nodal Nodal
Meridians Circles
4 0
4 | (near rim)
G 1 {in waist).
6 1 (near rim)
8 I (in waist)

+ These frequency ratios are based on the requirement that the bell be well
tempered. It is common practice in the literature to round up the theoretical
ratios and quote those of Tierce and Quint as 2.4 and 3 respectively.

doublets which causes the phenomenon
known by campanologists as ‘warbie’.

It is common practice, for historical
reasons, to refer to the components of
the sound produced by a bell as
‘partials’: in the case of a singlet mode
the partial is that mode alone, while
for a doublet it consists of the pair
(any splitting being only slight for a
good bell). Analysis shows that for a
typical church bell there are contribu-
tions from of the order of 100 partials
in the audible region, but most found-
ers maintain that only five of them,
usually the lowest in frequency, are of
substantial musical importance. The
fact that warble can occur in any or all
of these ‘musical’ partials is a reflec-
tion of the fact that they are all
doublets (m > 0), and the fact that
the warble frequencies can be different
in all of them is a reflection of the
complex nature of the imperfections
responsible for the perturbation.

It is helpful in trying to interpret the
sound of a bell to know the relative
amplitudes of the various musical
partials at various times after the
strike. Figure 2 shows the basic decay
curves (with the effects of warble re-
moved) for these partials for the same
bell, and is typical of the bells we have
been able to examine. Notice that for
the first second or so it is the Nominal
which dominates, for the next eight or
nine seconds it is the Fundamental and
Tierce, and from about ten seconds
onwards the Hum is completely domin-
ant. This is probably the reason why
the inexperienced ear detects warble
most easily in the Hum.

A serious difficulty in trying to discuss
warble is that basic research still seems
to be needed into its psycho-acoustical
aspects. The questions to which
answers are needed concern the upper
and lower frequency limits for warble
to be (a) noticeable and (b) offensive.
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It has to be borne in mind that not
only is the amplitude of the oscillation
decaying but so also is the base level
about which the oscillation is taking
place. A lower limit on noticeability is
obtained by requiring the warble
period to be longer than the decay
time of the partial concerned, but this
condition is probably over-severe.

Another complication is that whether
warble matters in all musical partials,
in some only or in none of them de-
pends upon the bell’s function. In
change ringing only about the first
second of the note following the strike
will usually be heard properly, so from
Figure 2 one sces that only a fairly
rapid warble on the Nominal should be
detectable. On the other hand if the
bell is to be used for tolling or as a
clock bell then warble in all partials,
except perhaps the Quint, needs to be

kepi within strict limits, but it is not
desirable to remove it completely as 1t
is one of the factors which contributes
to the individual character of the bell.
With carillon bells the situation is
rather different and, although it is a
matter of subjective judgement, it
seems to us that warble should be re-
duced to a minimum, and if possible
eliminated, in order to produce a good
quality of note. Unfortunately it is in
small carillon bells where warble is
most frequently offensive in the im-
mediate post-casting state.

There seem to be three possible
approaches to suppressing warble:
(1} to make the beat frequencies too
low to be noticed, or at least to be
offensive, in all the musical partials,
(2y to make them too high to be
noticed, (3) to arrange that only one
component of each musical partial
shall be excited. The first of these is
the approach in fact used by founders,
who rely upon careful casting to result
in very small imperfections. For a
church bell this is usually adequate,
such small warble as remains being
regarded as adding to the bell’s in-
dividual character. If it is offensive this

can be taken as an indication that ’

something is seriously wrong with the
internal structure and the bell is recast.
In the case of very small carillon bells
however, because of their relatively
thick walls. warble on the Hum of the
as-cast bell is by no means uncommon.
With such bells—due to the character-
istics of the human ear—the Hum is

secs

Figure 2

Relative decay of musical partiais for a 70 cm Taylor bell
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1I0A REMUNERATION SURVEY

The Council of the Institute recently approved a proposal to carry oul a
remuneration survey of Institute Members. The survey will be simiiar to that
of other professional bodies, but due to our comparatively small membership,
the scope and detail of the analysis will be restricted. It is therefore important
to achieve as high a response rate as possible in order to obtain meaningful

results.

A short questionnaire will be circulated to all members along with a more
detailed description of the survey. The confidentiality of all replies will be
strictly observed. Names will obviously not be asked for and only an indication
of age grouping will be required, the completed forms being returned to the

Institute’s Office.

It is hoped that all members will co-operate with the survey as the data should
prove valuable to those in both public and private sector employment. [ ]

M Blackaller and ] Hyde

the note which dominates after impact
and any warble on it must therefore be
removed. The founders have developed
a technique of grinding certain spots
on the inside of the bell to remove the
Hum-warble, but it is a matter of great
skill to do this without increasing the
warble of the higher partials because
the locations of the nodal meridians of
the various partials are unrelated.

The second approach to warble sup-
pression mentioned above is really not
practicable, as it changes the timbre of
the bell unacceptably by increasing the
warble frequency until it becomes a
difference tone.

The third approach aims at controlling
warble by reducing its amplitude
rather than its frequency. It exploits
the fact that one can remove warble
from any one partial by arranging to
strike at a nodal meridian of one
doublet member, and hence at an anti-
nodal meridian of the other. Even if
the impact point is a short distance
from the nodal meridian, that com-
ponent will only be excited by a small
amount compared with the other and
the warble amplitude -will still be very
small. The reason why this method
cannot easily be used to eliminate
warble completely from all partials
simultaneously is that in general no
azimuth exists where all the partials
have a common nodal meridian, due to
the way in which their absolute
locations are fixed by the imperfec-
tions. However, by applying a con-
trolled perturbation to the basic
system large enough to swamp the
effects of the smali uncontrolled im-
perfections it should be possible to pro-
duce a known common nodal meridian
location. We have found that the most
acceptable method of achieving this is
to cast two ornamental ribs along
diametrically opposed meridians and
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arrange for the clapper to swing along
the line joining them.

The mouth diameters of the bells in a
carillon range from about 1.5 m down
to about 15 cm. If they are all made
the same shape the beils with the
higher frequencies are very small and
much too quiet, as they have only
small radiating surfaces and are too
thin to withstand a really heavy blow
from a clapper. In the past two or
more small balls were used together
for the higher notes to increase the
intensity, but this led to mechanical
problems in getting the two clappers
to strike exactly in unison and also the
bells had to be very precisely tuned to
avoid beats. Taylors therefore moved
towards the use of thicker bells for the
higher notes: a thicker bell is stiffer
and a large thick bell can therefore be
made with the same frequency as a
small thin one. The problems arise
when it comes to be tuned, as tuning
is even more critical with a carillon
than with bells for change-ringing.

A church bell, or large carillon bell, is
cast so that its tunable notes are a few
Hz higher than specification and metal
is turned from appropriate parts of the
inner surface until the five lowest
notes are correct. The cutting locations
are known to tuners skilled in the art
and depend upon the location of the
nodal circles in a rather complex, but
consistent, manner. However with
small thick bells not only is conven-
tional tuning made difficult by the
abnormal locations of the nodal
circles, but extra modes appear inside
the band which has to be tuned, and
these have to be ‘tuned out’. We en-
abled Taylors to solve this problem
consistently by introducing them to
the use of small transducers in order to
monitor both nodal patterns and fre-
quencies during the tuning process.

- element

It will be noticed from the Table that
the Tierce and the Quint have equal
numbers of nodal meridians and circles
but that the latter are differently
located. This situation arises frequent-
ly amaongst bell partials. Consequently
the traditional ad hoc method for
classifying bell partials has been to
quote the number of nodal meridians,
2m, and the number and position of
nodal circles, n, for the component
modes. This has never been satisfac-
tory because of the anomalous position
of the Hum, being the only partial
with no circles. We have found that
there are also problems with numerous
higher partials, probably unknown to
earlier workers, with a variety of
numbers and positions of rings. Clearly
a better understanding of the mechan-
isms responsible for the various modes
is required in order to replace the ad
hoc scheme with one on a sound
physical basis.

We have taken a good quality modern
English church bell and measured the
frequencies and nodal patterns of all
the partials up to about 9 kHz as
accurately as our equipment would
allow. Accurate measurements of the
geometry of the bell were then made
and used as the basis for a finite
calculation of the normal
modes. We were then able to match up
experimental and theoretical modes
and so decide the physical nature of
each experimentally found partial by
looking at the finite element solution
for its form. Families of partials were
then identified which had a real
physical basis.

Firstly there are modes which are
primarily in the plane of Figure 1 and
divide into ‘ring’ driven and ‘shell’
driven. For a given value of 2m there
is always omne partial which corres-
ponds to the heavy ring on the rim of
the bell going into its inextensional
radial mode,” and driving the shell
along with it. Conseguently the num-
ber of nodal rings varies with 2m
depending upon the details of the
nearest ‘shell-alone’ mode. This family
includes the Hum, Tierce and Nomin-
al, which shows the crucial importance
of the thick rim. A second ‘ring’
driven mode for each value of 2m
corresponds to the heavy ring going
into its axial mode.

The remaining ‘primarily in-plane’
modes, which form a large majority in
the region up to 9 kHz, are all essen-
tially due to the shell going into its
inextensional radial modes with the
heavy ring at the rim being almost at
rest and supplying a nodal ring close to
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the rim. For a given value of 2m there
is a sequence of these modes having
1, 2, 3, ... nodal circles. The Funda-
mental and Quint are of this type,
Again the role of the thick rim is
clearly of prime importance.

The modes which are primariiy out of
the plane of Figure 1| are relatively
high in frequency, difficult to excite
and of little acoustical importance,
eg torsional modes about the symmetry
axis.

While it is a fairly simple matter to use
a computer program to predict the
normal modes of a bell with a
numerically defined profile, it would be
preferable to have an analytical ex-
pression for the profile since there
would then be the possibility of obtain-
ing analytical solutions for the normal
modes. There is some hope of achiev-
ing this as we now know that it was
originally defined in terms of arcs of
ellipses and circles which were located
with respect to a straight line ‘frame’.
This information is not required by the
modern founders who operate by
scaling from an ‘ideal’ standard shape
established after a century of experi-
mentation and consequently the
geometrical basis of this shape has
been forgotten through disuse. Tt is
unfortunate that the shape develop-
ment proceeded simultaneously with
the tuning development. The contem-
porary founders’ notebooks, although
very detailed, are therefore confusing.
We are currently engaged in tracing
these developments. [ ]

R Perrin
T Charnley
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ments for inclusion

phone: 01-647- 1393.

Monthly Appointments Sheet

A monthly Appointments Sheet service is to be offered to
advertisers and I0A Members for Situations Vacant and Wanted
in fields relevant to acoustics. The Sheet will be mailed looseleaf,
approximately monthly with Acoustics Bulletin and with other
material mailed from Headquarters.

It is hoped that this service will be of use to those requiring staff
or employment at relatively short notice. In order to keep cost
and production delay to the minimum advertisements shouid be -
supplied to quarter-page size, in simple typescript or Letraset,
ready for reproduction by photostatic plain paper copier. Display
material will continue to be published in the Bulletin and
advertisers wishing to use both outlets will receive favourable

The service will be offered initially for one year and its continu-
ation or suspension after this will depend on the level of use. The
cost per guarter-page advert will be £30. Enquiries and advertise-
in the Appointments Sheet should be
addressed to our Advertisement Manager, Mr R Collins, H. A
Collins Ltd, 37 Ruskin Road, Carshalton, Surrey SM5 3BQ, Tele-

INSTITUTE MEDALS
1984

Rayleigh Medal

The medal is awarded, without regard
to age, to persons of undoubted acous-
tic renown for outstanding contribu-
tions to acoustics. The medal is norm-
ally awarded to a United Kingdom and
to a foreign acoustician alternately.
A suitable citation accompanies the

presentation of the medal to the re-

cipient. As a condition of the award,
each recipient is required to give a
presentation in a suitable form, to the
I[nstitute, of an acoustical topic of his
interest.

Tyndall Medal

This medal is awarded biennially to a
citizen of the United Kingdom, prefer-
ably under the age of 40, for achieve-
ment and services in the field of acous-
tics. A suitable citation accompanies
the presentation of the medal to the
recipient. As a condition of the award,
each recipient is required to give a talk
on an acoustical subject of his choice.
The award is made in even-numbered
years.

A B Wood Medal and Prize

This is an annual award made for dis-
tinguished contributions in the applic-
ation of acoustics, preference being
given to candidates whose work is
associated with the sea. The-award
consists of a silver-gilt medal, a- parch-

ment scroll, and a ‘cash prize It is |

made alternately to a’person domiciled
in (i) the United Kingdom and (ii) in

the USA or Canada. The recipient is

preferably under 35 years of age in the

year of award, which is normally made

on a suitable occasion in the United
Kingdom. Opportunity is given for the
recipient to deliver a lecture at the
time of the presentation.

Anyone wishing 1o put forward a
name for consideration by the Medals
and Awards Commitiee should write
in strict confidence to the President,
enclosing a brief outline of achieve-
ments, etc, before the end of February.
The 1984 Medals will all be awarded to
UK citizens. [

Acoustics in Physics
and Engineering

A limited number of reprints of this
1981 Rayleigh Medal Lecture are
available to Members working in the
field of Physical Acoustics. The Lec-
ture, by K U lingard of the Aero-
physics Laboratory, Massachusetts
Institute of Technology, was presented
at the Spring Meeting of the TOA at
Newcastle-upon-Tyne on 22 April 1981
and subsequently published in Acus-
tica 5/51 by S Hirzel Verlag of Stutt-
gart. Anyone interested in obtaining a
{free) copy should contact Mrs Cathy
Mackenzie at- TOA Headquarters in
Edinburgh. ] - R >
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Submissions for inclusion in this section
should be sent direct to I W Sargent,
Building Research  Establishment,
Garston, Waiford WD2 7IR.

Nicolet 804A FFT

Analyser

The 804A is an expandable FFT
analyser with a signal processing pro-
gram that provides the power of a
computer and the simplicity of an
instrument.

Multi Channel

It incorporates a 68000 microprocessor
and was developed using PASCAL
sofiware language; contains a very
large internal memory—320k bytes of
RAM (expandable to 4M bytes) and a
built-in 300k byte floppy disk for pro-
gram and data storage (with provision
to integrate four more external disks);
uses block floating point calculations
for wide dynamic range, and provides
4-channel simultaneous processing.

The model 804A has -all the single
functions (power spectra, RMS
spectra, spectra of averaged time) on
up to four channels simultaneously,
the normal cross-functions (cross-
spectra, transfer function, coherence
and coherent output power) and the
inverse functions (correlation and im-
pulse response). It processes to 40 kHz
with high 400-line resolution increased
to 2.5 mHz by 2000: 1 zoom.

As a Signal Processor the 804A per-
forms complex math functions. en-
gineering unit scaling, data conver-
sions, editing and waveform synthesis.
It creates and repeats stored programs
for calculations such as sound inten-
sity, equalisation and openloop gain
determination, and it interfaces to
virtually anv calculator, computer or
plotter, including Wicolet’s own new
Zeta 8 continuous 8 pen digital plotter.
Further details from: Nicolet Instru-
ments Ltd. Budbrooke Road, Warwick
CV34 5XH. Tel: 0926 494111.

ICI Acoustics — Audiology Services

The Audiology Services Group of TCT
Acoustics has recéntly introduced a
new brochure which gives full tech-
nical details of the company’s new
modular acoustic panel system de-
veloped for the rapid erection of
‘noise-secure” audiology and life
science test and research rooms.
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The group offer a Turnkey Package
for the supply of items ranging from
smal] single-person screening booths to
large schemes for the appraisal, design,
manufacture and installation of fully
integrated suites of audiology rooms
complete with services, builders work
and furnishings.

The brochure is obtainable from: 1CI
Acoustics, Rosanne House, Bridge
Road, Welwyn Garden City, Herts
AL8 6UF. Tel: Ray Rogers 07073
23400 Ext 7401,

New Program Analyses Sine and
Random Vibration Test Data

New from GenRad is a program
written specifically for the analysis of

data recorded during swept sine or
random vibration control tests or
trials.

Introduced as MCAVA (Multi Chan-
nel Acoustic and Vibration Analysis),
this new program is capable of simul-
taneously acquiring and processing up
to 16 channels of random or sine data.
The results of this analysis can be
presented either as spectra, or as the
transfer functions between selected
channels. Subsequently, they can be
transferred to the SDRC MODAL
structural analysis program for further
processing and comparison with low-
level modal testing results.

MCAVA can be implemented using a
GenRad Series 2500 Modal Anaivsis
System with a PDP 11/34 processor,
16 ADS channel, CTS board, 128K-
byte memory and CDC Hawk disc file.

Further details from: GenRad [L.id,
Norreys Drive, Maidenhead, Berk-
shire. Tel: 0628 39181. [

FASE/DAGA '82

This joint meeting was held from 13 to
17 September (982 in the pleasant
university of Gottingen. Over 400
delegates attended and the lectures
were grouped into fourteen different
subjects. The provision of seven lec-
ture theatres arranged around a semi-
circular gallery and the excellent
timing arrangements prevented any
difficulty in transferring from one
theatre to another in the five-minute
intervals between lectures. The first
day was occupied by a colloauium on
Speech Processing Aids and Cochlear
Tmplants and the rest of the meeting
followed the pattern of invited lectures
in the morning followed by two
sessions (of four to five lectures each)
in the afternoons making a total of 56
sessions. Nearly a quarter of these
were devoted to Speech (12) while
others dealing essentially with audio
frequencies were: Psychoacoustics (7),
Noise (7), Room Acoustics (5), Build-
ing Acoustics (4) and Musical Acous-
tics (1). Physical Acoustics, Ultra-
sonics, Non-linear Acoustics and
Sound Propagation occupied nine
sessions and the other subject com-
manding considerable interest was
Flow Acoustics (5).

The UK was represented among the
invited speakers by M S Howe (South-
ampton) whose topic was The produc-
tion of sound by boundary layers and

shear lavers; P E Doak (Southampton)
on The acoustics of factories and other
non-Sabine spaces; and E F Evans
(Keele University), whose ialk on
Recent developments in understanding
hearing mechanisms and hearing im-
pairments was  well delivered and
stimulated great interest. The prin-
ciples and applications of acousto-
optics was the title of the lecture given
by a prominent worker in the field,
A Alippi (Rome), while W Lauterborn
(Gottingen) gave a lecture of wide in-
terest entitled Solitons and determin-
istic chaos: New concepts in non-linear
acoustics. Although the summaries in
the Programme Bocklet were quite in-
formative, attendees, and others, will
keenly await the arrival of the volume
of the Proceedings early in the New
Year.

Additional to the normal lecture pro-
gramme was an evening lecture with
demonstrations at the Third Physik-
alisches Institut given by its head,
Prof M R Schroeder, The subject was
Demonstration experiments in Acous-
tics, Optics, Microwave Physics and
Digiral Signal Processing and was so
popular that it was repeated on the
same evening. Finally a word of praise
for the excellent arrangements made
for visits of delegates and accompany-
ing persons. [ ]

RWBS
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BRANCH AND GROUP NEWS

East Midlands Branch

A steering committee was set up in
June 1982, under the guidance of
Trevor Smith, to assess the viability of
an East Midlands Branch. As a result
an inaugural meeting was held at
Derby Lonsdale College of Higher
Education on Tuesday 16 November.
A Meeting Notice was sent out to all
Members of the Institute with the
October Bulletin and in addition Mid-
fands Members received notice a few
days in advance of this.

The speaker was Professor E C
Richards OBE Hon FIOA, of ISVR,
who gave an interesting and inform-
ative talk on the causes, assessment
and reduction of impact-generated
noise in machinery.

Over fifty people attended the meeting,
many of whom stayed after the talk
for a drink in the bar. The steering
committee was very encouraged by the
response and as a result will be making
formal representation to Council for
approval to establish an East Midlands
Branch, with officers eclected at a
General Meeting.

Martin Dearden MTIOA, 42 Robincroft
Road, Allestree, Derby DE3 2FR.
Tel: home 0332 558889; work 0332
47181.

Standards

The following developments
noted during the last quarter.

BS Draft for Public Comment
82/53118 DC Acoustics. Specification
for pure tone air-conduction threshold
audiometry for hearing conservation
purposes (ISO/DIS 6189.2).

International Standard )
1ISO 2631: Guide for the evaluation of
human exposure to whole-body vibra-
tion.
ISO 2631: Addendum 2: 1982 (No
equivalent BS).

WETC

International New Work Started
Noise of metal working machine tools.
Will give a method of measurement
(ISO/TC 39/SC 6/WG 4).

Noise of power presses. Will give a
method of measurement (ISO/TC 39/
5C 6/WG 4).

Noise of woodworking machines. Will
give a method of measurement (ISO/
TC 39/SC 6/WG 3). [

B C Grover
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Speech Group Meeting: Speech Pro-
cessing in the Auditory System

A meeting on Speech Processing in the
Auditory System was held in the De-
partment of Communication and
Neuroscience, University of Keele. on
2 July. The meeting began with a re-
view by Professor E F Evans (Univer-
sity of Keele) on the Representarion of
complex sounds at the cochlear nerve
and cochlear nucleus levels. He de-
scribed what was known about fre-
quency and intensity analysis. Fre-
quency coding is fairly well under-
stood, but intensity coding is still in
some respects a mystery. It is en-
couraging, however, that speech
sounds are beginning to be used as
stimuli in neurophysiological experi-
ments.

The next two papers were concerned
with computer models of different
parts of the auditory system.
P McCullagh and R Linggard (Queen’s
University, Belfast) presented their
work on a Space/time incremental
model of the basilar membrane; then
P Frost (University of Keele) described
his Model ear program for speech
recognition. The latter incorporated
some of the results from the experi-
ments described by Professor Evans.
Tt became apparent from these two
papers that present-day computers are
not really powerful enough for model-
ling the vrocessing in the auditorv
system of any but the simplest of
speech sounds.

Tt is sometimes forgotton that speech
recognition can be influenced by visual
information as well as auditory. This
bias was corrected bv M McGrath and
Q Summerfield (MRC TInstitute of

Hearing Research, Nottingham) who
described some experiments involving
the Detection and resolution of audio-
visual conflict in the perception of
vowels.

After tea, R A W Bladon, C G Henton
and J B Pickering (University of
Oxford) presented some ideas Towards
an auditory basis for speaker normal-
i{sarion. This was followed by an in-
teresting talk by G C R Green, A Rees
and G A Stefanatos (Universities of
Newcastle-upon-Tyne and Oxford) on
The auditory analysis of frequency and
amplitude modulaiion. They had
measured scalp potentials evoked by
auditory AM and FM signals, and
found that the responses to FM were
different in receptive developmental
dyphasic children from those of nor-
mal children.

Finally, J R Foster and some of his
colleagues from the MRC Institute of
Hearing Research presented A com-
parison of two forced-choice identifi-
cation tests, one of which had been
developed at WNottingham. and the
other at Keele,

Thirty-five people travelled from many
parts of the country for the meeting,
and contributed much lively discussion
at the end of each paper. []

I10A Annual

Subscription

As detailed in a circular sent to all
Members of the TOA, the following
subscription rates will apply for 1983,
Fellow: £39

Member: £28

Associate (over 30); £25

Associate (under 30): £21

Student: £10

NON-INSTITUTE MEETINGS

1983
22 - 24 February. London.

Sound Eighty Three. Exhibition of professional

sound equipment organised by The Association of Sound and Communications
Engineers. Contact: ASCE, 4 Snitterfield Farm, Grays Park Road, Stoke Poges

SL2 4HX.

15 - 18 March. 73rd Converntion of the Audio Engineering Society. Eindhoven,

The Netherlands. Contact: Alex Balster,

Polygram Record Operations Inter-

national, PO Box 23, 3780 AA Baarn, The Netherlands.

2i April.

Research and Developments in Shock, Noise-and Vibration. SEE

Symposium at Imperial College, London. Contact: SEE, Owles Hall, Bunting-

ford, Herts SG9 SPL.

26-29 April. 4th Seminar on Noise Control—Engineers’ Responsibility in Noise
Control. Szombathely, Hungary. Contact: OPAKFI, Budapest, Anker koz I,

H-1061, Hungary.
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for the performing arts, including recital halls,
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Letterpress, blocks screen 47. ment agencies in the Middle and Far East, Europe,

Mexico, Canada, and South America. Areas of

Publication dates: January, April, July, scope include rcom acoustics, procedures for the

Qctober. control of noise and vibration of mechanical

equipment, acoustic isolation, and the design and
specification of electronic sound reinforcement,
and electronic sound enhancement systems.

Copy deadline: 1st of preceding month.

Enquiries to: H A COLLINS LTD

37 Ruskin Road 7 ARTEC CONSULTANTS INC
Carshalton ) 245 Seventh Avenue
Surrey SM5 3BQ New York City, 10001
Telephone: 01-647 1393 Telephone 212-242-0120

Undeater Weapon and Sonar s« teex

Located in the Home Counties, my client is a new, rapidly expanding, medium-sized, successful company, determin-
ed to maintain world ieadership in the design, development and manufacture of some of the world’s most advanced
underwater systems. They currently require engineers to work on the following activities assoctated with new, state-
of-the-arl, major projects and private-venture work:

Analytical Studies Acoustic Signal Processing

including studies of target echo_characteristics including filtering and correlation techniques and the in-
and boundary reverberation studies. terpretation of acoustic data for weapons control.
Software Design & . .

Programming Systems Engineering

including dealing with either total weapons systems or
sub sysiems; developing the philosophy of criginal
development and experimentation needed to support
advanced systems development; Performance Speci-
flcation; Performance Evaluation; Algorithm

involving Assembler, Fortran or Coral and in-
cluding development and assessment of advanc-
ed software; logic for control purposes; interface
software; analysis of data from Trial or simuia-

tions. _II?e_veIo ment; Trials Planning; Trials Engineering;
Gomputer Modelling rials Analysis; Data Analysis.

including generation of overall weapons systems .

reakiime models for pr?rfﬁrmance evaluation Technical Managem ent &

using very high-speed, high-power digital com- Team I.eadership

puting facilities inciuding VAX 11/780; AD10 and e o

FPS 120B array processors, acoustic modelling to head-up multi-discipline and specialist teams on new
of the environment. major projects and private venture work.

You would be in at ihe start of challenging new projects, at the forefront of ungerwater technology, and be a part of
small, dedicated, enthusiastic, multi-disciplined teams, in which everybody's efforts will have a tangible effect. The
tasks generally invelve an interesting mix of practical and theoretical work. Being a new, rapidly expanding company
that is aggressively developing new business areas, the prospects will be far reaching and first class.

For an early interview please telephone BERNARD INNES in complete confidence on: HEMEL
HEMPSTEAD(0442) 212655 (five lines) during office hours or on HEMEL HEMPSTEAD (0442) 211814 evenings
or week-ends {not an answering machine). Alternatively write to him at the address below.

' Executive Recruitment Services
31.33 Bridge Street, .

Hemel Hempstead, Herts HP1 1EG
Tel: (0442) 212655 (S lines)
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Institute of Acoustics
Meetings

1983

24 March LEM The Practical Applications of The County Hall, London
Audiometry in Industry

6-8 April UWAG  Acoustics and the Sea Bed Bath
IOA Annual General Meeting

12 April IEE Speech Synthesis and Devices London

21-22 April HPA Processing of Ultrasonic Signals, Durham
Analogue and Digital

28 April LEM A Survey of Vibration Nuisance The County Hall, London
from Road Traffic

18 May BSA Noise Induced Hearing Loss L.ondon

26 May LEM A Code of Practice to Minimise The County Hall, London

Hearing Damage Risk in
Discotheques

23 June LEM Automatic Monitoring—do we know  The County Hall, London
what.we are measuring?

July SG Speech Perception : Nottingharmi
13-15 July M Inter-Noise 83 Edinburgh
Late July M(P) Sonic Emisston Chelsea College, London
Autumn BAG Studio Design - london
Autunmn BAG Local Government Noise Problems London
and Construction Industry Noise
1984
February/March M(P) Forensic Uses of Tape Recording London
and Speech Analysis
10-12 April M Acoustics 84 — Spring Meeting Swansea

The Institute believes that one of the most important services offered to Members is the provision of a wide
range of conferences. The Meetings Committee will be pleased to receive suggestions for conference topics as
well as to have comments on the present Meetings Programme. Please send your views via the Secretariat

in Edinburgh.

Key

M =Meectings Committee Programme

(P)=Provisional Further details from:
BAG =Building Acoustics Group Institute of Acoustics
HPA =Jointly with Hospital Physicists Association ) ' 25 Chambers Street
BSA =Jointly with British Society of Audiology | Edinburgh. EH1 1HU

UWAG =Underwater Acoustics Group

LEM=London Evening Meeting

IEE = Jointly with the Institute of Electrical Engineers

SG=Speech Group o o
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