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WORLD’S 1st BATTERY EW’ J The AD-3524 & 3525 can fully justify the claim as

pOWERED TWIN CHANNEL FFT **  pbeing the most powerful fully portable 2 channel
‘ FFT Analysers.

The AD-3524 & 3525 offer every major advanced
digital function as a standard, Acoustic Intensity,
Cepstrum, Hilbert Transform, Curve Fit, Open
and Close Loop, Octave and 1/3 Octave as well as
the full traditional 2 channel FFT analysis
package. Our software support allows accessto a
full Modal Analysis package, again designed to
offer immense power and flexibility in a simple
format at a very affordable price.

1 CHANNEL, PORTABLE FFT ANALYSER

* BATTERY POWERED WITH CRT
* BUILT IN COMPARITOR

* NON VOLITILE MASS STORES

* ZOOM FUNCTIONS

The AD-3522 is the Worlds first battery powered
FFT analyser with built in CRT. A very powerful
built-in comparator allows on-line production or
machinery health monitoring. A comprehensive
mathematics package gives access to in-depth
analysis yet it has been designed to be simple to
use. The AD-3521 is at home either in the
laboratory or ‘in the fields’ situation.

ACOUSTIC INTENSITY VECTOR ANALYSER

+ FULLY PORTABLE (BATTERY POWER)

* OCTAVE and } OCTAVE INC AUTO SCAN
+ ONE SHQT, NOISE LOCATION FACILITY
+ NON VOLATILE MEMORY

The VC-4100 is the world'’s first acoustic intensity
vector analyser. The system uses two pairs of
phased matched microphones to give direct read
out of a sound source location. Sound power and
vector plotting is also standard using software
included.

SUPER-G PIEZO PLASTIC ACCELEROMETER + ALL PLASTIC CONSTRUCTION

* WATERPROOF
* BUILT IN CHARGE AMPLIFIER
* VERY LOW COST

These transducers are designed to suit the
general purpose range of applications in the
vibration field and have responses down to 0.5Hz.
The structure is lightweight, all plastic, with a built
in cable and is fully waterproof.

ou Tomorrow Zba’ay/

HAKUTO INTERNATIONAL U .K. Ltd.
33-35 Eleanor Cross Road, Waltham Cross, Herts EN8 7LF. Telephone: 0992 769090
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ADVERTISEMENT

ACOUSTIC EDITOR

ACOUSTIC EDITOR is the latest of the Cirrus Research
acoustical processing programs for all IBM compatible
computers. It takes data from a Sound Level or Ly meter
and stores it as a series of raw data elements on the
computer’s disk. The acquisition can either be direct, that
is stored by the computer as it is acquired, or it can be
transferred from the memory of a Data Logging Sound
Level or Dose meter. When the data is on the computer
disk, ACOUSTIC EDITOR will allow the data to be
examined in many different ways and plotted out in many
different forms, a few of which are listed below. The
calculations in ACOUSTIC EDITOR are of sufficient
accuracy to meet the requirements of IEC 651 type 0.

Time History

In it's Time History mode, ACOUSTIC EDITOR can plot
the variation of Sound Level against time. The plot can
be of any length from 1 second up to several years and
the resolution can be from 5mSec up to about 24 hours.
The dynamic range can be from —10 right up to 190dB,
the limit being the Sound Level meter used to acquire the
data. If a Cirrus CRL 2.36 is used, the measuring span is
from about 20 to 140dB. Not only can the Time History
be plotted, but the data can be CODED. Thus a particular
event can be separated out from the rest of the data and
viewed or measured without the rest of the noise
influencing the results. Alternatively, the rest of the data
can be measured without some particular event. A dot
matrix printout taken near an airport is shown in fig. 1.

acoustic dlimate. Not only that, but the coded data of

_individual events can be piotted as well.

Statistical Levels

Any ‘L’ level from L, to Log can be listed with any chosen
time period between the listings. For example, L, Ly,
Lso, Lag and Lgs can be listed every 15 minutes over a 24
hour period. The program can then give the same L
values for the whole of the 24 hour pericd or any smaller
period. The program always gives the Leq for the
selected periods together with the ‘L’ levels plus the
overall Lgq of the file. An example of a data printout
shows the presentation in fig. 2.

Data input

Data for ACOUSTIC EDITOR can be self acquired or it
can come from many Cirrus or 01dB acquisition prog-
rams, such as LEQACQ, dBTRIG, dBARIA, 239READ or
222TRAN or some Quest dosemeters. These programs
offer a compatible filing system with clearly defined
parameters to ensure not only compatibility but also
correct data handling. Using a Cirrus CRC 102 card,
almost any current Sound Level meter can be interfaced
to the Cirrus system allowing you to keep your existing
meter in use. Special programs are available to do this.

Data output

While ACOUSTIC EDITOR or one of the dedicated
Cirrus programs can give almost any acoustic index you
File: HEATHROW LEQ

100 dBA Leq(1s) Tue 21-6-1988
90+
Pl
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Fig 1. Time history near an airpo?'t

Histogram

Both the normal and cumulative histograms can be
plotted with a class width of 0,1dB or greater, using all or
part of the stored data. Thus a series of histograms can
be plotted showing the time variation of the noise
distribution, giving a total picture of the variation of the

Place: Terminat 4

from 17h 26mn20s

until 17h 44mn20s Tue 21-06-1988

Elementary duration: 0.125 s dBA

Sub-period 2mn

period Leqg 5 L1 L10 L50 L90 L99
17h 26mn 63.2 37| 716 | 667 | 6804 | 584 | 576
17h 28mn 70.7 63| 784 | 755 | 66.0 | 60.8 | 585
17h 30mn 65.4 43| 76.1 | 669 | 618 | 59.8 | 590
17h 32mn 62.0 18 | 66.3 | 640 | 615 | 594 | 583
17h 34mn 675 70 | 779 | 720 | 611 | 5680 | 564
17h 36mn 735 | 128 | 854 | 774 | 601 | 578 | 564
17h 38mn 63.3 30| 701 | 664 | 616 | 59.0 | 578
17h 40mn 61.7 14 | 651 | 63.3 | 614 | 599 | 59.0
17h 42mn 67.5 52| 765 | 716 | 63,7 | 596 | 578
overall: 68.0 dBA

Fig 2. Data printout

may require, it is possibie to expornt data from ACOUS-
TIC EDITOR files to standard database or spreadsheet
programs such as LOTUS (tm}, SMARTWARE (tm)
dB111 (tm) etc. This allows the calculations to be put into
a standard report as part of the text without having to
retype the data. Data can also be fed to the program
dBIMP to calculate the Salience, Standard Deviation or
the Increment of highly impulsive noise using Leg's as
short as 5 milliseconds.

Other programs

If frequency analysis is required, dBARIA and 239 READ
are available. dBARIA uses an ARIA card fitted inside
the computer to take FFT data, while 239READ takes its
data from the hand held CRL 2.39B Real Time analyser.
dBARIA can analyse in octave, third octave and narrow
bands, while the CRL 2.39B can acquire up to 16,000
octaves in real time and store these in its internal
memory for later transfer to the computer, the first unit in
the world to be able to do this. 239READ can also
calculate all the ‘L’ series together with the L in all the
octave bands and has a built in notebook.

Cirrus also write customised software to be used on
special measuring tasks, such as the analysis of data
from fixed measuring locations or plotting acoustic maps
of specific locations or even simplitied versions of the
complex data programs for ‘single function’ use.

CIRRUS RESEARCH Ltd., ACOUSTIC HOUSE, HUNMANBY, UK. Tel: 0723 891655
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ACOUSTIC CONSULTANTS

Sound Research Laboratories have opportunities for
Acoustic Consultants at their offices in:-

Sudbury, Suffolk
Manchester
South London

The work involved is diverse and covers projects in
the building, environmental, industrial and petro-chem
sectors.

We are looking for individuals who have the enthusi-
asm and character to be involved in some of the most
prestigious and challenging projects in the U K.

Please write to :-

D F Sharps

Managing Director

Sound Research Laboratories Ltd
Holbrook House

Little Waldingfield

Sudbury

Suffolk CO10 OTH

SRL

_/
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The Institute of Acoustics was formed in 1974 by the amalgamation of the Acoustics
Group of the Institute of Physics and the British Acoustical Society and is now the largest
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 aerodynamic
noise, environmental acoustics, architectural acoustics, audiofogy, building acoustics.
hearing, electroacoustics, infrasonics. uftrasonics, noise. physical acoustics, speech,

transportation noise, underwater acoustics and vibration.
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ACOUSTIC CONSULTANTS

ATTRACTIVE NEGOTIABLE SALARY,
CAR AND EXCELLENT BENEFITS

AV Technology, one of Europe’s leading Noise and Vibration specialists in the industrial, Building and
Construction sector have vacancies for Acoustic Consultants within their Noise and Vibration team.

The work is varied and interesting, covering all aspects of industrial and environmental noise, building acoustics
and acoustic design of large process plant. In addition, the company operates a DTl approved Noise Test

Laboratory under the NAMAS accreditation scheme.

We are seeking high calibre, qualified and experienced engineers with good communication skills and the ability to

work with a minimum of supervision.

Salaries, commensurate with age and experience, are negotiable, and the package includes a company car and

other attractive benefits.

The working environment is friendly and stimulating, and career prospects are excellent within a company that has

planned for growth in the 1990s.

Please telephone Robin Monk or John Chappell on 061-491 2222, or write with your CV to the address below.

AV Technology Ltd, AVTECH House, Birdhall Lane, Cheadle Heath, Stockport, Cheshire SK3 0XU.
Tel: 061-491 2222 Fax: 061-428 0127

Sponsor Members

Admiralty Research Establishment
Portland, Dorset

Aptec Computer Systems Ltd
Guildford, Surrey

Atmospheric Control
Manchester

Sandy Brown Associates
London

Brijel & Kjar (UK) Lid
Harrow, Middlesex

Gracey & Associates
Chelveston, Northants

Hann Tucker Associates
Woking, Surrey

LMS-DIFA Ltd
London

Loughborough Sound Images Ltd
Loughborough

Lucas CEL Instruments
Hitchin, Herts

Mandoval Coatings Ltd
Nr Worksop, Notts.

Monitor Acoustic Control Ltd
Glasgow

Morison & Miller Engineering Ltd
Rutherglen, Glasgow

Redland Plasterboard
Horsham, W, Sussex

Scientific Atlanta
King’s Langley, Herts
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Dear Fellow Member,

I have great pleasure in announcing the decisions taken by Council in respect of its
1990 honours. There were many very high quality nominations submitted and the
Medals and Awards Committee was faced with a very difficult task in making its
recommendations.

The Rayleigh Medal has been awarded to Professor Frank J Fahy of the ISVR at
the University of Southampton, for his outstanding researches in acoustics and
structural/acoustic interactions. In addition to his undoubted scholarship he is a
dedicated and innovative teacher who has made invaluable contributions to the
national and international advancement of the profession of acoustics. He is without
doubt a worthy recipient of the Institute’s premier honour.

Dr Ann P Dowling of the Department of Engineering at the University of
Cambridge has been awarded the A B Wood Medal for her distinguished researches
in the area of underwater flow-related problems. She has made the science of flow-
acoustic-thermal interactions her own, and in a field of great practical significance has
addressed the need to influence engineering practice as thoroughly as she penetrates
the subject’s most fundamental foundations.

The biennial award of the Tyndall Medal has been made to Dr Nicholas G Pace of
the School of Physics at the University of Bath for his contributions to our
fundamental understanding of the interaction of acoustic waves with materials
including the seabed. His research is of international repute and ideally meets the
medal criterion of achievement and services in the field of acoustics.

The seventh R W B Stephens Lecturer will be Dr J M Bowsher of the Department
of Physics at the University of Surrey, in recognition of his prominence in the field of
musical acoustics. His research has been concerned not only with the fundamental
understanding of the many physical problems associated with musical instruments,
but also with the all-embracing nature of musical acoustics as an example of man'’s
heritage and culture. He is ideally placed to put his own work in the context of the
influence which the doyen of acoustics has had on so many of us.

The Institute has good reason to feel proud in having such eminent members to

honour. They will be presented with their awards at the Acoustics "9 Spring
Conference which will be held at Southampton from 27-30 March 1990.

Cg\,\,&,s lewt



Sound Systems for High Definition Television

D J Meares

Introduction

Within the foreseeable future High Definition Television
(HDTV) will be available in the UK, either as an extended
definition format such as High Definition Pal or as a fully
fledged HDTYV system with approximately double the defini-
tion in all three dimensions. That this has long been
recognized is evidenced by the large number of research
institutions around the world involved in related develop-
ments. What is not terribly surprising is that the vast majority
of the effort has so far been expended on the vision side of the
HDTV problem: very little effort, by comparison, has been
applied to the question of what form of sound should
accompany this new format of picture.

That is not to say that no effort has been applied to the
sound studies. Indeed, it is the purpose of this article to draw
together an outline of the work that has been carried out and
to indicate those areas where most work is still needed.

The vision format
Though there are competing formats around the world, based
on the local existing television systems and specifically the
picture repetition or frame rate, the scene can be adequately
set by referring to the HDTV system being developed in
Europe by the Eureka 95 Consortium.

Remembering that the existing UK TV system is 625/50/2:1
(i.e. 625 lines/50 fields per second/2:1 interlaced line structure),
the new HDTV proposal is for an ultimate studio standard of
1250/50/1:1. This means that there will be approximately
twice the definition of picture both horizontally and vertically.
Also the move from interlaced (2:1) to progressive (1:1)
scanning will give twice the temporal definition, i.e. motion
portrayal will be improved as well. This is shown schematically
in Figure 1, where to be more precise, the figures for the

-«+«— 720 pixels —»

25 frames /sec PAL 576 lines
4x3
- 1920 pixels et
U 152
frames HDTV lias
/sec
16x 9

Fig. 1. The shape of things to come

6

BBC Research Department

active picture area are shown. (Thus the overall line rate of
1250 lines per picture is shown as 1152 lines per active
picture.)

Also shown is one of the most immediately noticeable
features of HDTV, namely the change in aspect ratio from 4
% 3to 16 X 9. Subjectively this new aspect ratio is much more
pleasant to the viewer, perhaps reflecting the normally
horizontal nature of nature, or the fact that our eyes are
disposed that way and thus give a wider lateral perspective
than vertical perspective. Obviously there is nothing funda-
mentally new about this; the film industry has always worked
with wider aspect ratios, but it does make an impact in the
context of home viewing of television.

One should also bear in mind that these developments are
accompanied by the proposition that larger pictures will be
the norm for HDTV. Again, this may be partially following
the example of the film industry and/or real life, where the
image presented to the eye covers a much greater part of the
retina than would the image of a normal television picture at
normal viewing distances. But how large a picture will be
considered acceptable in the domestic environment as op-
posed to the cinema?

Tests recently carried out as part of the Eureka 95 study’-
looked specifically at this point, asking not only how large a
picture could be fitted into people’s existing home setups, but
also asking how large it could be even taking into account a
rearrangement of the TV room or lounge. Results of this
study confirmed suspicions that there was indeed an upper
limit to the size of picture that would be acceptable. For
existing arrangements the preferred size was 1 m, whilst for
rearranged conditions the preferred size was 1.2 m.

It would appear therefore that, with the advent of HDTV |
viewers will be subjected to pictures of much greater clarity
and size. Surely then the accompanying sound will have to be
that much more impressive as well.

Sound systems: the fundamental requirements
One way in which the sound system for HDTV could be more
impressive, would be to provide surround sound instead of
mono or stereo. In this context some of the pioneering work
of the seventies should be borne in mind, even though that
work was for sound-only systems.

The particular study of relevance”’ examined the acuity of
the ear to directional cues. (The term ear is used here to cover
the ear/brain combination.) Figure 2 shows the accuracy with
which a group of subjects were able to detect the direction of
a sound, whose source they could not see, from all directions
in an anechoic chamber. Though somewhat less accurate for
those directions out of the frontal quadrant, nowhere could
the results be said to be poor. Figure 3 shows the results for
the co-positioning of two sound sources under otherwise
similar test conditions. These results are even more accurate.

However, if one looks at the generation of phantom images
between pairs of loudspeakers arranged around a listener in a
square format (Fig. 4), very variable and uneven results are
produced. Whilst front and back quadrant results are rather
similar, the side quadrant images show a strong tendency to
be drawn to the front of the listener and are very unstable
with head movement. There is also a noticeably diffuse
quality to the side images making it less certain just where
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Fig. 2. Absolute sound localization in the free-field room

reference source position
mean moveable source
position and standard
deviation circles

Fig. 3. Relative sound localization in the free-fieid room

they are located. Thus the use of surround sound is not
conclusively the right way forward.

In the domestic environment there is seldom a household
where people listen/view only one at a time. It is much more
common and probably the norm for families to wish to view
collectively, at least some of the time, The BBC’s experimen-
tal Television Stereo work, now amounting to the preduction
of many hundreds of programmes, has shown that whilst aural
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Fig. 4. Interchannel level-difference versus image location for
adjacent pairs of loudspeakers, in a free-field room with a reflecting
floor

and visual directional cues can be made to match for a single
viewer/listener, it is much more difficult to achieve such a
result even for just two people sitting side by side. If,
therefore, those directional cues are to be considered a valid
and usable part of the producer’s armoury in creating an
element of a programme, he has to be sure of where the
sounds will be reproduced for his audience. It could be argued
in the context of HDTV that if the picture is both larger and
more detailed, then the importance of this factor is increased.

This point has been addressed in a recent CCIR (Comité
Consultatif International des Radiocommunications) submis-
sion from the Federal Republic of Germany®. Figure 5 shows
the relevant results demonstrating clearly that an increase in
the number of loudspeakers (and channels) used to reproduce
a frontal sound stage will increase the usable listening area for
a given accuracy of sound reproduction. The move from two
channel to three increases the width of the listening area by a
factor of about three, whilst the use of four channels increases
it by a further factor of four.

Another factor that should be borne in mind is that the eye
is more powerful than the ear: if there is doubt as to where a
sound is coming from the brain places more emphasis on
visual cues than on aural cues. Recent work by NHK (Nippon
Hoso Kyokai) in Japan® has examined this in some detail.
Figure 6 shows both the experimentai setup and the resuits for
this work. Specifically they found that for a picture of a
talking person, if the sound was mislocated by 10 deg listeners
were easily able to detect it, even if they were not disturbed
by the mislocation. However an error of 15 deg or more
started to cause some annoyance to the audience. Such an
error is easily created by off-centre listening.

What, then, is the optimum choice of sound system for
HDTV? Specifically, how many channels are needed, and
how should they be reproduced? Though the Japanese have
again addressed this question,’ it is one that is still being
explored by many workers in the field. The Japanese results
can be summarized by Figure 7. This shows seven different
loudspeaker, arrangements and the results of evaluations on
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Fig. 5. Listening areas for multichannel stereophony

them, both for realism and for stability and accuracy of sound
location for an off-centre listener. Interestingly, it is the two
surround systems with a central loudspeaker between the
stereo pair that score well on both counts. As far as
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directional cues are concerned the three-channel system also
scores highly. This work however only used one musical item
for its test material and thus much more work is required
before such results could be claimed to apply to the whole

gamut of television programmes. It
is, however, a useful pointer for
other workers.

It is just this question of how many
channels and how they should be
disposed that the author is studying
at the moment. With programme
colleagues at the BBC, several re-
cordings of multichannel sound with
HDTV have been made and subse-
quent mix down sessions in a Sypher
channel have now started. The first
sessions covering both the 1989
Wimbledon and FA Cup Final have
been completed and additional tests
on a Promenade Concert recording
and Top of the Pops recording are
being planned. The Sypher sessions
took the multichannel source tapes
and attempted to produce mix downs
that could be reproduced compatibly
in 5-channel, 4-channel, 3-channel,
stereo or mono. Similar work will
take place for other types of material
and then the success or otherwise of
the different forms of sound presen-
tation will be judged by way of
subjective tests.

Sound systems: additional factors
The significance of the question of
compatibility should not be under-
estimated. Whilst a system may be
developed that can provide, say, five-
channel surround sound for HDTV,
just how many of the audience will
want surround sound? When that
question was raised in the seventies
for Radio, the answer was ‘Not
many’. Admittedly there were other
factors involved, such as how could it
be transmitted, but public resistance
to the complexity of surround sound
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should be taken into account. In essence a specific room
would have to be given over to the activity of HDTV viewing
so that the correct loudspeaker arrangement could be set up.
Even given an arrangement that allowed more than one
~listener at a time, would an optimum arrangement require
centrally located seats or could the system be modified to
accommodate the conventional domestic arrangement of
seating, i.e. seats around the walls? In this context it is worth
quoting the final paragraph of reference 1.

The results help to confirm the view that the absolute size
of domestic HDTYV displays will be determined by practical
limits such as room size and the willingness or otherwise of
the householder to rearrange family viewing conditions to
suit the HDTV display.

Though written specifically on the question of screen size,
with a few choice word changes and the passage of a short
period of time it may well be shown to apply equally to the
sound side of HDTV.

And what of the non-surround listener? Would the
transmitted sound signals be optimized with him sufficiently in
mind? In the seventies it was clearly apparent that the
reduction from surround scund to stereo in a multichannel
system was not a simple matter. Some programmes, such as

music from any concert hall, required less reverberation in the
stereo than in the surround: thus rear channeis should
perhaps be attenuated in the compatible signals. For drama,
does the same compatibility matrix provide the right answer? .
Insufficient work has as yet been carried out to answer this
reliably.

There is also the thorny question of multilingual broad-
casts. If the HDTV signal is to be provided by a satellite
service then it is likely to cross international borders with
inordinate ease. Indeed, the cost of HDTV programmes may
mean they are viable only if made with an international
audience in mind. How many channels are needed to provide
a multilingual service? For programmes such as sport or music
with commentary, then a clean feed of surround sound effects
could be provided on, say, four or five channels (depending
on the answer to the earlier question) and each language
could be provided merely by adding one commentary channel
per language. This cannot, however, be assumed to be true
for other types of programme. As soon as the human voice
becomes part of the programme, as in drama, and is intended
to be in the environment being portrayed by the picture and
the surround sound presentation, then each language requires
a scparate surround sound mix. One can only portray a
person in a reverberant environment by ensuring that the
reverberation is triggered by that person’s voice.

Transmission factors

L E R As already mentioned the European
Fg} QF thrust into HDTV is being co-
ordinated by the Eureka 95 Consor-
\‘%30" tium. This covers all aspects from the
studio through transmission to the
'e] receiver. The transmission of HDTV
is being designed to be an evolution-
ary step from the Multiplexed Ana-
logue Components (MAC) form of
transmission. Thus as far as the
E‘BT sound signals are concerned, they
4CH-4:3-1(A) will be conveyed via the digital
‘packet system’ already part of the

c MAC/packet specification.”
Le BF. Rp The data capacity available to the
19 g < sound signals depends firstly on
which form of satellite service is
309 being considered. MAC signals des-
tined for onwards conveyance to the
> ultimate customer via a cable distri-

bution signal will be of the D2
format, whilst those intended for
direct reception will, in the main, be
of the D format. In rough terms the
D MAC format provides for the
equivalent of eight high quality audio
channels, whilst the D2 format pro-

4CH-5:3-1(B)

+2 @]' @ |'
N\eaugmmea/

vides for only four high quality audio
channels. Also, there is already
pressure to consider the release of
some of this capacity for other data
services, such as teletext. Under such

G
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circumstances the use of all four
channels of a D2 system just to
provide surround sound to the few
who want it could be considered a
very extravagant use of the available
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correspondence between picture and
sound localisation when an observer is
seated 70cm off axis.

Fig. 7. Assessment of multichannel sound systems
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capacity. Furthermore such an op-
tion leaves no capacity whatsoever
for the provision of multilingual
broadcasting. The hunt is on, there-
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fore, to try to find ways of releasing data capacity by reducing
the requirements of a surround sound service.

One such development, being studied by Philips in
Eindhoven, uses a variation on the theme of subband
encoding to reduce the data rate (see Figure 8). Essentially
the incoming signals are divided into ‘main’ and ‘hidden’
channels and pairs (one of each type) are processed together.
For each pair, both signals are processed via the subband
codec to determine how many bits of each audio word are
required to convey the necessary audio impression. The
‘main’ channel is then allocated the appropriate number of
MSBs (Most Significant Bits) in the digital word whilst the
remaining LSBs (Least Significant Bits) are used to convey
the ‘hidden’ channel. If the subband rules have been correctly
applied, then the combined signal will just sound like the
main signal, the other one being ‘hidden’ by the rules of
auditory masking. If this system can be shown to work on a
wide range of material, and at the time of writing the real-
time hardware is only just coming on-stream, then it will
mean that two signais can be conveyed via the capacity of one
channel. Additionally, the combined signal will have to be
compatibly received by MAC receivers without the subband
decoder.

Yet another strand of the Eureka study is accepting
conventional digital encoding of the first two audio channels
to provide the necessary MAC compatible reception of the
signals, and is proposing to use the full strength of either
subband or transform coding to reduce the data rate of the
remaining audio signals by factors of 4:1 or more. Thus
surround sound would require no more than two-and-a-half
channels of the four-channel D2 capacity.

But why not use one of the 4-2-4 phase/amplitude matrix
systems proposed in the seventies investigations? Specifically,

M
i

o artist in sho! and oddressing viewer / voice over stitls / trail voice/
droma BCU/ gome-show compere
2L more than one presenter, addressing each other and viewer
interviews when not addressing viewer / droma CUs in
intercut sequences
4+ game-show ponelists /sit-com in-shot speech
out of vision commentator
6_
drama in-shot speech
[11]
=
o Br
&2
10
12 drama OOV speech/crowds
14 comedy QQV
16 1 1 1 J
centre % 12 % full inLS

Fig. 9. Distribution of images: suggested limits of interchannel
difference
why not use the Dolby Surround
system now accepted as a de facto
standard in the film industry. The
main problem with these systems is
Mm' the very limited interchannel separa-

-=transmit

Y

jcombine

%
I}

*D
Y

)

tion that they provide unless one
resorts to the use of non-linear cir-
cuit, or logic, enhancement. Such
logic enhanced decoders subjectively
overcome the limited separation, but

attenuate

quantise

<2k
J"‘ h ;r\\\\

transmit \
—

separate

A impose severe limitations on the pro-
ducer’s freedom of placement of

y
Y

=y
-~
P4
PRl
C

sound images. Figure 9 shows just
how extensively the BBC producers
use the stereo sound stage in TV
stereo productions. Such complexity
of sound stage leads to very interest-
ing sound productions, as was clearly
demonstrated at a previous Repro-
duced Sound Conference. The use of
Dolby Surround would restrict a
p producer’s work and eliminate such
/ complex presentations.

Clearly, then, the way in which the
sound signals of an HDTV service

-—-encoder —»

Fig. 8. Surround sound encoding using ‘Hidden Channel’ techniques
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will be transmitted has not yet been
determined. Tt is obvious, however,
that whatever system is to be devel-
oped, it should not at this stage
predetermine what sound signals are
envisaged or could be conveyed.
Obviously, an upper limit of channels
may have to be set, but it should not
override the necessary programming
studies and conclusions of whether
surround sound or multilingual
broadcasting is appropriate.
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Conclusions
New HDTV video formats are being studied to bring to the
home viewer greater definition and reality to their program-
mes. On a similar basis new forms of sound system are being
examined.

Much work has already been carried out to study relevant
properties of the human hearing system, but much more still
needs to be done. Experimental programmes have been made
by the BBC and others in order to decide whether surround
sound or some lesser form of sound presentation is required
to support the new pictures. Similarly, the possibility of
multilingual programming is being studied, fully to exploit the
possibly expensive HDTV productions.

On the transmission front, various groups are studying
ways of combining the audio signals in a compatible way, such
that the scarce resource of available capacity is not squan-
dered.
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Acoustical Characteristics of
Rectangular Pistons

G Bank and J-R Wright - Celestion Internationat Ltd

Electrical circuit analogue modelling of the acoustical radia-
tion from circular pistons is a widely-used technique. With the
recent availability of radiation impedance data for various
rectangular pistons, this technique has been applied to
compare and contrast the behaviour of these two common
types of radiator. It is observed that a simple change in
geometry gives rise to an increase of up to 4 dB in acoustical
output.

Introduction

The acoustical characteristics of circular piston transducers
have been extensively modelled using established techniques,
usually employing an electrical circuit as an analogue of the
lumped (electrical, mechanical and acoustical) parameters of
the device under investigation. Normally the acoustical
elements (radiation impedance) of the system are neglected as
insignificant quantitics. This assumption can be acceptable
under such conditions as high piston mass and at low
frequencies.

In the case of rectangular pistons, the recent publication of
radiation impedance data' now permits an investigation and
comparison of the differing acoustical behaviour of these two
types of radiator. Also, the majority of rectangular pistons are
ribbon-type transducers, which are generally low-mass sys-
tems operating at higher audio frequencies. Therefore any
such comparison requires consideration of the acoustical
elements.

Past work on rectangular sources has usually involved the
assumption of constant diaphragm acceleration: a particularly
informative treatise in this vein was produced by Lipshitz and
Vanderkooy,” where finite-length line sources having either
monopole or dipole radiation characteristics were studied.
The radiation impedance was neglected and constant acceler-
ation was assumed. In reality the complex nature of the
radiation impedance will preclude this, and other simple
approximations.

The purpose of this paper is to analyse the effects of
radiation impedance on circular and rectangular pistons
operating in an infinite baffle environment. We will confine
our study to loudspeakers, although by reciprocity the
principle also applies to microphones.

Radiation impedance
The radiation resistance and radiation reactance functions for
a flat circular piston in an infinite baffle are well
documented.”® They are derived using a classic analytical
technigue. (These functions are shown in Figure 2a.)

This same technique has been adapted to evaluate the
radiation impedance functions of a rectangular diaphragm of
any given aspect ratio.

Theory

Consider an infinitesimal area S, on the surface of a flat
rectangular piston. The piston is mounted flush within an
infinite baffle and vibrating with simple barmonic motion with
velocity u given by

u = uyel
where uy is the velocity amplitude
j is the complex operator VvV —1

w = 2nf where f is the frequency of vibration
¢ is the time variable.
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Let dp be the small change in air pressure that a movement
of dS, causes at a point adjacent to another infinitesimal area
AYR

If the elements dS, and dS,; are separated by a distance #,
then this change in pressure is given by

Jeckuy

dp — ej(wr - kr)dS,

2mr

where p is the density of air (= 1.18 kg/m? at 22 °C)
k = 2nfic where ¢ is the velocity of sound in air (= 345
m/s at 22 °C)

Then the total acoustic pressure p adjacent to dS, is
obtained by integrating dp over the entire piston surface:

pP= JJ_]kauo. offwt — kr)dS,

2mr

Thus the total reaction force acting on the piston is

fro=—[[pdS,

Therefore

_ijku . —jkr
fr= 27:06]0’:”%0.”? dS!

The radiation impedance Zar can now be obtained from its
definition:

—fr

Uy € Jeat

Zar =

The geometry of the problem is described by Figure 1. The
rectangular piston has length £. and width W. In region [, 8 is

O.L X W-x w.L

as

Y
VI VI

0,0 w.0

Figure 1. Geemetry for the calcuiation of radiation impedance on
one side of a rectangular piston in an infinite baffle
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the angle between the horizontal and the line between dS,
and dS;. The area dS; is then represented by r.dr.dd The
area dS, is given simply by dx.dy.

The surface of the piston is originally divided into eight
triangular sections, in order that the surface integration can be
correctly constrained. In fact, we can make use of the
horizontal and vertical axes of symmetry to simplify the
calculation considerably. Because of the symmetrical nature
of the problem, it is only necessary to perform the surface
integration over sections I and II and multiply the result by a
factor of four. This gives rise to the following expression for
the radiation impedance:

W L
atan | L—y ] (W—x)
djpck W—x 1| Cos @ _
Zar = J‘ e " dr de
27
0 0
0 0
atan [W-—x (L—y)
L—y Cos 6 ]
+ J e % dr de dy dx
0 0

This expression can be divided by a normalizing term
(pcl.W) to give rise to radiation impedance functions
analogous to the traditional circular piston data.

The above quadruple integral can now be solved by
numerical methods. This can be achieved with any suitable
computer program. The data shown herein were obtained
using Simpson’s approximation with a variable step size,
giving results which are convergent to within 0.1%. Detailed
results are documented in ref. 1, but here we will consider one
particular case.

The radiation impedance functions are found to be
dependent on the aspect ratio of the rectangle, i.e. the ratio of
length to width (L:W). Here we choose to investigate the
behaviour of a rectangular piston having an aspect ratio of
50:1. Figure 2b shows the radiation impedance functions for
this geometry. Notice that the ordinate uses a normalized
frequency function, kV8d/m, where Sd is the area of the
piston. It has been established that this quantity is directly
analogous to the traditional normalized frequency kR for a
circular piston (where R is the radius of the circle) and, as
such, permits a direct comparison of the radiation impedance
functions for the two geometries.

Electrical circuit analogue modelling

Figure 3 shows an electrical circuit analogue for a loud-
speaker. Vg is the electrical input voltage; Re is the d.c.
resistance; Cmes is an electrical capacitance representing
‘static’ mechanical mass: Lces is an inductance representing
mechanical compliance; Res represents mechanical damping.
In the following analysis the frequency-dependent electrical
components Rem and Lem will be neglected, as these are
only significant in coil-type transducers.® Here we are
interested in the effects of different acoustical elements (Zerf
and Zerb). If we define the piston to be mounted in an infinite
baffle in anechoic space, then the radiation impedance acting
on the front of the diaphragm, Zerf, is identical to the rear
radiation impedance, Zerb. So the circuit can be reduced to
that of Figure 4.
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(a)

| 1 1
.1 1.@ ta.a

(b)

1 1 1
.1 1.8 18.80

Normalised Freguency, % Sd/7r

Figure 2. Normalized radiation impedance functions for (a) circular
piston, and (b} 50:1 rectangular piston, mounied in an infinite
baffle. Solid line — radialion resistance: broken line — radiation
reactance.

Sound pressure, sound power

Having calculated the surface velocity using the circuit
analogue, it is now possible to predict Sound Pressure Level
(SPL) or Sound Power Level (SWL).

At low frequencies or at large distances from the piston, the
radiation pattern can be assumed to be hemispherical. In this
case we can use an approximate formula for sound pressure,
p:

p= j?ckuoS(;e_jkr
2ﬂ'r0

where r; is the distance from the centre of the piston to the
observation point.

W
Vg V%

Cmes

&

Lces Res Zerf Zerb

V = Blu where Bl is the force factor of the motor system
and u is the (complex) velocity of the piston

Figure 3. Electrical circuit analogue for a loudspeaker

Re
S VAVAV,

<
I

<
||
[

Cmes Zerf Zerf

Figure 4. Simplified electrical circuit analogue for a loud-
speaker mounted in an infinite baffle

Lces Res
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Here we implicitly assume simple harmonic motion of the
form e/’. However, for high frequencies or for distances
close to the surface of the piston, a more rigorous approach is
to divide the surface of the piston into infintesimal hemi-
spherical sources (as with calculations of radiation impedance)
all having the same (known} velocity, and to integrate over
the surface to obtain p (Figs. 5 and 6).

Circular piston

Figure 5. Calculation of sound pressure due to a circular piston, at
any point along its axis

Rectangular piston

W
-
i
el
T 2 2 2
T o + X" +y
e
T o i
|2
L
W L
jPCku() —;RVr,, Ty 4y
p = dy dx
Vig+ 2t Y

Figure 6. Calculation of sound pressure due fo a rectanguilar piston,
at any point along its axis

In the case of Sound Power (W) we have the straightfor-
ward expression

ug’. Rerf
2

where Zerf = Rerf + j. Xerf. (Clearly knowledge of the
radiation resistance is crucial to this calculation.)

Now Sound Pressure Level and Sound Power Level can be
calculated from

SPL = 20.log(|p|/py) and SWL = 10.log(|W|/W,)
where p, = 2.10~° N/m? and W, = 1.107"? Wan
Results
A comparison is made between a circular piston and a

rectangular piston having identical electro-mechanical para-
meters, the only difference being the radiation impedance
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data. The diaphragms are taken to have very low static mass
(230 mg) because the radiation impedance is of greatest
significance, and therefore of greatest interest, in such
circumstances. The force factor (Bl) is 0.082 Tm, and the
diaphragm area is 5.83 x 107 m?. Compliance is taken to be
very high, such that it is insigniﬁcant except at very low
frequencies. The input electrical voltage is 0.26V. D.C.
resistance (Re) is 0.138 ohm. Remember that it is most
practical to assume an electrical input which is constant with
frequency. It is less realistic to assume, for example, constant
diaphragm acceleration, because of the complex nature of the
radiation impedance.

As previously noted, if we wish to model loudspeaker
behaviour at mid and high frequencies then we cannot ignore
the effects of radiation impedance. Hence, all following data
contain the functions shown in Figure 1 as representative of
Zerf.

Figure 7 shows the difference in particle velocity magni-
tudes of the two diaphragms. Notice the discontinuity in the
circular case.

.B3

. B85

.1 1.9 1a.a

Normalised Frequency, k. Sds/77

Figure 7. Moduius of particle velocity: broken line — circular
diaphragm; solid line — rectangular diaphragm

Figures 810 compare the SPLs of the two cases at varying
axial distances from the source. Note that the high-frequency
response of the rectangular diaphragm becomes more ex-
tended with increasing distance. Another way of interpreting
this phenomenon is that the soundfield becomes more
hemispherical in the far-field. Because the equivalent circular
piston has a maximum dimension (i.e. radivs) of R = 0.043 m
(cf. L. = 0.53 m for the rectangle) radiation is already virtually
hemispherical at r,, = 1 m. Hence there is no significant
change in SPL response shape for the circular radiator at ry =
4 m.

Figure 11 shows the Sound Power Level curves for the two
cases. The particle velocity is dependent upon the radiation
impedance (both resistance and reactance): hence there is a
complex interaction between velocity and radiation resistance
which determines the SWL. It is clearly inadequate to assume
a velocity function {(such as ‘constant with frequency’ or
‘inversely proportional to frequency’) when employing the
radiation resistance to calculate Sound Power output. In the
circular case the discontinuity in velocity is exaggerated by
discontinuities in the radiation resistance. The rectangle
exhibits a smooth roll-off in power response.

Perhaps the most significant observation is that the
rectangular diaphragm exhibits up to 4 dB increase in
efficiency in comparison with its circular counterpart. This is
primarily due to the considerable reduction in radiation
reactance (or ‘mass loading’” effect) at low frequencies. This is
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Figure 8. Comparison of the SPL models at a distance of 1 m along
the piston axis: broken line — circular; solid line — rectangufar
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Figure 9. Comparison of the SPL models at a distanice of 2 m along
the piston axis: broken line — circular; solid line — rectanguiar
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Figure 10. Comparison of the SPL models at a distance of
4 m along the piston axis: broken line — circular; solid line —
rectanguiar

a consequence of the change in geometry, but remember that
the radiating area is identical in both cases. The ‘hemispheri-
cal approximation’ formula is useful as a quick and simple
"indicator of this difference. At low frequencies, the predicted
SPLs at 1 m are 84.1 dB and 80.1 dB respectively.

References

1 Bank, G and Wright, J R. Radiation Impedance Calculations for a
Rectangular Piston, Audio Eng. Soc. Preprint 2777, March 1989.

2 Lipshitz, S P and Vanderkooy, J. The Acoustic Radiation of Line

16

ER) T T LE—

85

SHL
(dBj

73

oS | | 1
1 1.@ 18.@

Normalised Freguency, k/ Sds/m
Figure 11. Sound Power Levels. Broken line — circular, solid —

rectangular
Scurces of Finite Length, Audio Eng. Soc. Preprint 2417, November

1986.

3 Rayleigh, J W S, The Theory of Sound, Dover, New York, 1945
(first edn 1896), Vol. 2 art. 302.

4 Beranek, L L. Acoustics, Amer. Inst. of Physics, New York, 1986
(first edn 1954).

5 Kinsler, L E and Frey, A R. Fundamentals of Acoustics, Wiley,
New York, 1962, pp. 177-183.

6 Wright, J R. An Empirical Model for Loudspeaker Motor
Impedance, Audio Eng. Soc. Preprint 2776, March 1989.

Technical Articles
The editorial board would welcome offers of technical
articles on Acoustics and related subjects likely to be of
general interest. Please contact the Editor, John Tyler, at
11 Colwyn Close, Yateley, Camberley, Surrey GU17 7QH.

SOUND AND
VIBRATION
INSTRUMENT HIRE

* All leading makes supplied

* Application help by experts

* A wide range of accessories
and inter-connection cables

* Short term or contract hire

* Overnight delivery service

* Ring for our hire brochure

GRACEY & ASSOCIATES
Chelvesion
Northants NN9 6AS

Tel: 0933 624 212
Fax: 0933 624 600
Tlx: 312 315

Acoustics Bulletin January 1990



NOMINATIONS FOR IOA HONOURS AND AWARDS

The Institute of Acoustics annually honours people whose contribu-
tions to acoustics have been particularly noteworthy. The awards
under consideration during 1990 are the Rayleigh- and A B Wood
Medals, Honorary Fellowships and the Simon Alport Prize. The
Rayleigh Medal will be awarded to a foreign acoustician and the A B
Wood Medal to an acoustician from the USA/Canada. Nominations
for these honours are now being sought.

Rayleigh Medal

John William Strutt, Third Baron
Rayleigh (1842-1919) is remembered as
a most versatile physicist, both as an
experimentalist and as a theoretician. A
graduate, fellow and finally Chancellor
of Cambridge University, he was early
elected to Fellowship of the Royal
Society of which he was President from
1905 to 1908. He received the Nobel
Prize for physics in 1904.

Rayleigh’s work covered practically
every branch of physics and he was the
co-discoverer with William Ramsay of
the rare gas argon. In acoustics, he
published over 100 articles and his book
The Theory of Sound remains a land-
mark in the development of the subject.

The Rayleigh Medal, of gold-plated
silver and bearing the portrait of Lord
Rayleigh, is awarded without regard to
age to persons of undoubted renown for
outstanding contributions to acoustics.

The award is normally made to a
United Kingdom acoustician in even-
numbered years and to a foreign acous-
tician in odd-numbered years. The
Medal was instituted by the British
Acoustical Society and has been
awarded by the TOA since 1975.

The Institute is pleased to have hon-
oured these acousticians with the
Rayleigh Medal:

P H Parkin UK 1975

L M Brekhovskikh USSR 1977
E G S Paige UK 1978

E A G Shaw Canada 1979

P E Doak UK 1980

K U Ingard USA/Sweden 1981
G B Warburton UK 1982

E J Skudrzyk USA/Austria 1983
J E Ffowcs-Williams UK 1984
P ] Westervelt USA 1985

E J Richards UK 1986

M R Schroeder Germany 1987
> G Crighton UK 1988

H E von Gierke USA 1989

F J Fahy UK 1990

A B Wood Medal

Albert Beaumont Wood was born in
Yorkshire in 1890 and graduated from
Manchester University in 1912. In 1915
he became one of the first two research
scientists to work for the Admiralty on
anti-submarine problems and he later
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designed the first directional hyd-
rophone for use in submarine detection.
He was well known for his many contri-
butions to the science of underwater
acoustics and for the help he gave to his
yvounger colleagues.

The A B Woeod Medal and Prize,
instituted after his death as a result of
the generosity of his friends on both
sides of the Atlantic, is aimed at youn-
ger researchers whose work is associ-
ated with the sea. The silver-gilt medal,
parchment scroll and cash prize were
first awarded by the Institute of Physics
in 1970 and are awarded alternately to
acousticians domiciled in the UK or in
the USA/Canada.

Recipients of the A B Wood Medal
are as follows:

P A Crowther UK 1976

P R Stepanishen USA 1977
A D Hawkins UK 1978

P H Rogers USA 1979

I Roebuck UK 1980

R C Spindel USA 1981

M T Buckingham UK 1982
P N Mikhalevsky USA 1983
M J Earwicker UK 1984

T K Stanton USA 1985

P D Thorne UK 1986

D Chapman Canada 1987
V I Humphrey UK 1988
M G Brown USA 1989

A P Dowling UK 1990

Honorary Fellows

Honorary Fellowships are awarded to
distinguished persons intimately con-
nected with acoustics, or a science allied
thereto, whom the Institute wishes to
honour for exceptionally important ser-
vices in connection therewith, and any
distinguished person whom the Institute
may desire to honour for service to the

Institute or whose association therewith -

is of benefit to the Institute, shali be
cligible to become Honorary Fellow of
the Institute. The total number of Hon-
orary Fellows shall not exceed 2 per
cent of the number of persons elected as
Corporate Members of the Institute.
Honorary Fellows are:

W P Mason USA 1974

D G Tucker UK 1975

R W B Stephens UK 1977

L W Cremer W Germany 1977

J Lighthill UK 1978

W A Allen UK 1978

E J Richards UK 1978

J Lamb UK 1980

W Taylor UK 1980 .
F Interslev Denmark 1981
C A Taylor UK 1985

B Pippard UK 1985

P V Bruel UK 1986

C M McKinney USA 1986
M E Delany UK 1989

Simon Alport Prize

The prize is donated by Cirrus Research
and awarded by the Institute in memory
of Simon Alport, a young engineer
whose career in acoustics was tragically
cut short. It is presented to the person
or persons who, in the opinion of the
judges, have published during the year
of the award the best paper describing
work involving the use of computers in
acoustics. Papers published in English in
recognized journals or in the proceed-
ings of conferences or meetings will be
eligible for consideration. Recipients
must be under the age of 30 years on the
date of publication. The previous win-
ners arc:

J R Wright UK 1987
A M Raper UK 1988

NEW ELECTIONS

The following elections to membership
of the IOA were recently approved by
Council.

FIOA

D G Bull M A Jack
J R Cowell C L Morfey
B Haltoff

MIOA
J R Brocks S H James
G C Boutell G T H Junefelt
J T Cowling A KL Leung
G Dalgarno H M Leung
R B Gillham CK D Law
N L. Gross F R Mark
P M Guest R L Simpson
H H R Gwatkin S P S Tsoi
K Harpur

AMIOA
D C Anderson J Lloyd
J Britten P Mallard
)L Dalton S Mesure
C E F Herbert D R Moore
S J Holmes N D Porter
C J Jackson S D Stringer
R F Jones J D Waring

Associate
C P Chin W S Kwok
S Clark J P North
J W Howie C R Walsh

Student
A D Brierly J R Landick
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I0A Diploma Examination 1989

Report of the
Chief Examiner

Once again, a perturbation has been
induced in the Table of Results by a

ing Module. The Law and Adminis-
tration Module examiner also
changed this year, but this time

IOA Diploma Examination 1989

The following candidates are to be congratulated on qualifying for the award of the
Diploma in Acoustics and Noise Control

Bristel Polytechnic

Derbyshire College
L J Armstrong

M C Checkley

change of Specialist Examiner. This | P A Austin M C Dillon N J Norwood
year, the examiner for the Architec- | S P Brown T J Dixon M L Parenti
tural and Building Acoustics Module | § K Candy P J Dykes J Savage
was new, and the Results Table M R Cranfield H P Mackie

reflecis this fact. With an externally

assessed examination, it is inevitable Colchester Institute

that & change in examiner will upset | P R Anderson L Leadbetter C M Pink
the established pattern and style of | S R Barker S Looser B Rochester
questions and that this could resultin | S J Daniels H D McGregor IJ Sams
candidates behaving in a rather diffe- | M P Hollier D J Osberne A Smalls
rent way from before. This happened

in recent years of the Diploma with | Cornwall College

the Law and Administration Module | M Slater P A Trew A Whitfield
and with the Noise Control Engineer- | S P Smith K F Wakely

L M Gartside

without too many disturbances. The G D Aveyard IJ Cook R Knox
Chief Examiner is of the opinion that | N A Beardsley P J Dawson J E Prosser
these perturbations are not a cause | T J Braund N R Duffin N J Proudfoot
for serious concern and hopes that | M S Briggs L. Fawthrop S C Quick
the new Syllabus which comes into
effect with the 1990 examinations will Heriot-Watt University
help to reduce them in future. P I Allish M C C Duffy
A great deal of effort has been
devoted in the past year to the Leeds Polytechnic
creation of a new Syllabus to cover | D J Cherry C W Hill
the examination years 1990-1995,
and to reflect the importance of the Liverpool Polytechnic
Diploma as a part of the educational E M Bichard D M Foreman H A Thomas
qualifications for the grades of TEng R J Chuter L McLintock D R Tinker
and CEng which members are now C M Dawson P G Michel M A Walker
Continued on opposite page | A B Dunn P Slinger L J Williamson
G C Edwards
{OA Diploma Summary 1989
[aw
Architectural General and Noise Control | Transportation Vibration
Acoustics Acoustics Administration | Engineering Noise Control Project Totals Pass
College M P F M P F M P F M P F M P F M P F M P F M+P+F— T %
A 6 15 2 136 5 6 17 0 2 14 3 518 1 2 02 1 335 10 25 137 22 — 184 88.0
B 010 4 0131 0 1 0 01U 12 1 5 0 41 2 6 51 9— 66 86.4
C o 1 o | 0 0 0 ¢ 0 v 0 s 1 | 0 0 0 0 0 0 | 0 o2 0 0 8 L 9 88.9
D 00 0 o 4 4 0 4 U 0o 01 000 s 3 1 15 9= 25 64.0
E v o0 0 00 oo 00 0 0 0 0 0 0 o 00 0 02 0 2 1 3 66.7
F 0 0 0 200 21000 0 11 0 0 0 0 0 0 30 00 74 1 48 97.9
G 6 8 2 10 0 T 3041 213 0 L0 oo 2912 (7 65 16— 98 83.7
H 0 0 1 6 7 2 2 2 2 0 4 8 3 000 2G4 6 41 12 - 69 82.6
J 0 0 0 | 4 8 0 1 0 4 8 0 0 0 34 2 i 9 o0 15 3 3 32 94.2
K 0 0 0 0 1 0 v o1 0 o0 v 02 ¢ 0 0 0 0 2 0 0 6 0— & 100.0
L 60 0 0 9 v b5 3 07 2 00w 0 0 0 0 2 7 123 12 36 66.7
P 0 8 2 500 0 0 1 1 0 200 2 8 2 15 2 212 0 0 46 7 63 82.9
Totals 12 42 1 20118 12 13 66 7 iloss 1 14 60 9 8 16 5 011 3 Y& 468 Y3 — 659
Pass % 831 92.0 919 86.8 89.2 2.8 77.1 85.9 85.9
M — Merit P— Pass F— Fail T — Totai

Note: Candidates who did not submit their project report by the due date are shown Lo have failed in the Table of Results.

Key to Diploma Centres:

A North East Surrey College of Technology E Leeds Polytechnic J  Coichester Institute of Higher Education
B Liverpool Polytechnic F  Bristol Polytechnic K Heriot-Watt University
C  Newecastle Polytechnic G Tottenham College of Technology L North Staffordshire Polytechnic
D Cornwall College of Further and H Derby Lonsdale College of P Sheffield Polytechnic
Higher Education Higher Education
18
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NESCOT (North East Surrey College of Technology)

N Barrett

M ] Bates

S Byrne

J Dalton

P A Dinn

D F Dooley

M Gentles
St J Hawkes
G Heathcock
M Hewish

Newcastle Polytechnic
G R Anderson

J M Anderson

D Cudmore

Sheffield City Polytechnic
S R Butler

H J Cipcer

J C Compton

S Dawson

C P Jones

P L Jones

S C Jones

P J Kessel

A C Lewis

G B C Madden
S D McQuade
N H Nawell

P Nicholas

A R Page

C M Pennington

W C Gong
A

K
T A Mawdesley

R B Griffiths
P T Jackson

R Kirk

I J McKechnie

North Staffordshire Polytechnic

C A Britton

Tottenham College
C M Alston

S M Beaghan

J Britten

B P Creavin

M S Rowley

K Eleftheriou-Vaus
M G Esom

J R Gerring

N M Hargreaves

A ] Pipe

T L Powell
S A Rundle
P Saich

P J C Shortt
M A Stagg
J Summersell
T E Symonds
G Tierney

M Tomalin

M S Wright

P
P
J
J

M J Scott
M B Yeadon

D W Mosley
S Walker

P Whitaker
B J White

J W Sweetland

P Mallard
J Robinson
C N Savage

Congratulations also go to the candidates listed below for obtaining passes in
additional Specialist Modules in 1989

Colchester Institute
A Lockwood

Liverpool Polytechnic
R T F Dennison
J Gledhill

NESCOT

D S Cunningham
J ] Farr

L T Glass

Tottenham College
G F Bradford
A Conrad

M D Wheatley

S J Haigh

D G Langdown
R K Parkinson

S C Coxell

R Pemberton

G E Scott
G I Steady

A L Watts

Certificate of Competence in Work-place Noise Assessment Pass List

Colchester Institute
A D Coles

J C Galley

C P Gray

NESCOT
M East
M C Hinks

Sheftield City Polytechnic
D J Cherry

R M Ford

D Gresswell

R B Griffiths

J P Hunt

B G Hatch
R A Pettitt
W E Scott

S Mills

7
0
e
N
2
-
-
<
=~

Acoustics Bulletin January 1990

G Seal
D S Wood

S Rabson

D W Mosley

P Naylor

I Twynholm-Mason
S Walker

able to approach via the Institute of
Acoustics. An additional aim is to
make it clearer to both candidates
and tutors that the Diploma is in-
tended to train practical acousticians
having both a reasonable grounding
in the basic physics and also the
ability to tackle problems in the field.
An innovation in the Syllabus is the
appearance of Commentaries ex-
panding upon the underlying aims
and coverage of each module. A new
module on Sound Reproduction has
been added to reflect the increasing
importance of this aspect of acous-
tics.

An important change to the admin-
istration of examinations was insti-
tuted this year: the Chief Examiner
and Deputy Chief Examiner moder-
ated nearly every script submitted by
candidates. In particular, the Chief
Examiner scrutinized a significant
number of the General Module
scripts to test that the marking was
uniform and fair between Colleges
and also to investigate possible
reasons for the unusually high aver-
age mark. He is glad to report that all
was well; candidates had clearly been
very well prepared for the examina-
tion by most Colleges and marking
had been fair and careful.

As mentioned above, the Architec-
tural Acoustics Module caused more
than a little concern this year; to
resolve any possible doubts, it was
decided that the Chief Examiner
should remark the entire paper. The
result of this exercise was a marginal
change in overall marks, but the
distribution of Merits and Passes was
slightly affected by adjustments
made to the class boundaries by the
Chief Examiner as a result of the
greater knowledge he had gained
about the paper.

In the previous years, the Chief
Examiner’s report has expressed con-
cern about the inability of some
candidates to tackle problems which
were not exactly along the lines of
those in which they had been
coached. The scripts of the Architec-
tural Acoustics candidates reinforced
this concern: many candidates pre-
sented answers containing largely
irrelevant standard bookwork and
exhibited a disturbing lack of ability
to examine the problem which had
been posed in a systematic and scien-
tific way. The very low average mark
on the paper this year seems entirely
fair and appropriate. It is hoped that
Colleges will address this problem in
the future. JMB
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The 1989 A B Wood Medal and Prize

Michael G Brown
For his contributions to knowledge in
theoretical underwater acoustics.

Michael Brown was born in 1954. He
studied physics at the University of
California at Irvine and was awarded a
BA in 1977. Subsequently he carried
out research at the Scripps Institution of
Oceanography of the University of Cali-
fornia at San Diego for his PhD, which
was awarded in 1982. During this period
he investigated the problem as to
whether measured acoustic travel times

catalogue.
For noise and vibration
measurements - long or short term
applications - the catalogue can
provide the answer.

 the CEL Environmental Instrument |

between many different sources and
receivers could be inverted to yield
useful estimates of the three-dimen-
sional sound speed field. His major
contribution was the application of a
Green Function to acoustic propagation
in the oceans. This formed the bulk of
his thesis and was subsequently pub-
lished in 1982. Prior to his work the
procedure had been awkward; namely
to compute the multipath travel time
pattern using the parabolic wave equa-
tion. This approach only permits calcu-
lation within a very narrow band. In
order to consider the propagation of a
pulse it is necessary to add the solutions
from many adjoining narrow frequency
bands. Professor Brown showed that
the pulse response could be computed
directly, subject to the same underlying
assumptions. He demonstrated that the
two procedures led to identical results.
The work has been the backbone of
tomographic interpretation ever since.
The computer code he developed as
part of his studies has been extensively
used in interpreting a number of tomo-
graphic experiments and is now a stan-
dard code for rapidly computing the
impulse response for range independent
propagation along wholly refractive
paths in the ocean’s interior.

CEL 262

CEL 493/2

CEL 393

LUCAS CEL Instruments 35-37 Bury Mead Road, Hitchin, Herts. SG5 1RT Telephone: 0462 42241

In 1982 Professor Brown joined the
Rosentiel School of Marine and Atmos-
pheric Science at the University of
Miami as Assistant Professor and subse-
quently became Associate Professor in
1985. Here he began an investigation
which led to a series of papers that
extended our knowledge in several
areas of ocean acoustics. Prior to this
work there had been very few applica-
tions of catastrophe theory to the
marine environment. Ilis research has
led to the new and exciting prediction of
classical chaos due to a proliferation of
caustics in ray theoretical acoustic prop-
agation. As a consequence, even when
the ocean environment is known exactly
there exists a predictable horizon that
limits the range to which acoustic fields
can be predicted.

Professor Brown has recently turned
his attention to a new set of ocean
problems. These deal with tracer disper-
sal in a turbulent flow and also with new
methods of using freely floating drifters
for making underwater measurements.
He has demonstrated an outstanding
command of theoretical acoustics and
the maturity and insight to identify and
apply theories to new topics of study.

Professor Brown was presented with
the A B Wood Medal during the IOA
‘Sonar Signal Processing” Conference
held at Loughborough 11-13 December.

CEL 160
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A Note on Sponsors, Exhibitions
and Advertisements

You may have read, in the July edition of the Bulletin, that
the Institute is making some changes in its Sponsor Member-
ship Scheme. These include different levels of Sponsorship
and increased opportunities for commercial companies to
promote their products and services at Institute events.

There are many benefits to be gained by closer links with
commercial companies involved in Acoustics and the revised
scheme offers ways to improve these relationships. Many
companies benefit from the work the Institute does in creating
a market for acoustic products and services, and the Institute
gains from the information and knowledge available within
different commercial concerns. Closer links with the commer-
cial sector also provide financial and technical advantages for
the Institute.

There are now three grades of sponsoring which closely
follow the concept of corporate member grading. Initially
four commercial companies have become ‘Key Sponsors’;
Briel and Kjar, CEL, Cirrus Research and Hakuto, all of
whom have been closely concerned with the Institute and all
have staff members who are corporate members.

At present the main opportunity for direct communication
between members and commercial companies is via the
exhibitions which take place at Institute meetings and
conferences. This is an important area of activity which could
be improved to the benefit of both the exhibitors and the
members of the Institute. Certainly, many new measurement
techniques have first been shown to members at Institute
conferences.

For some time it has been felt that improvements could be
made to the exhibition format and to help produce these
improvements, an Exhibition Manager has been appointed.
This is, like all Institute activities, a purely voluntary post and
Andy Watson has ‘volunteered’ for this task. His job will be
to improve the quality of exhibitions and to increase the
number of opportunities available for commercial companies
to meet with Institute members. Andy will not be responsible

for organizing Institute events, but will be liaising with
organizers to ensure that exhibitions are given proper
consideration.

During the recent Windermere conferences, we had the
opportunity of discussing exhibitions with all of the companies
represented at these events and we were very pleased to learn
that there is a high degree of interest in our plans to improve
this side of the Institute’s activities. As a result of these
discussions, we will be producing a new Exhibition Policy
which should ensure that future events provide even greater
opportunities for successful exhibitions.

One of the first jobs to be carried out is the creation of a
database of companies interested in participating in our
events and this is being put together by our secretary Cathy
Mackenzie. This database will be used to distribute informa-
tion about exhibiting at Institute events.

We feel sure that every commercial company, consultancy
practice and educational establishment could benefit from a
presence at Institute events and this is a good time to ensure
that your organization is kept informed of these opportuni-
ties. Please contact Cathy Mackenzie or Andy Watson to
include your organization in the exhibition database and I
look forward to meeting many more new exhibitors at future
Institute events.

At the same time, our longstanding arrangement with our
Advertising Agent has ceased and the job is being taken on by
Keith Rose from the BBC. Keith has been a Fellow of the
Institute since 1977 and has been involved in Acoustics for
about 30 years; his book on Studio Design is a classic.

The initial task will be to broaden the advertiser base, to try
and make the Bulletin self-financing.

I have been given the task of coordinating these new
initiatives and will be responsible to Council for ensuring that
the new posts work together with the Secretariat; as
advertiser, sponsors and exhibitors tend to have many
common elements. Council is most concerned that these
changes do not in any way dilute the academic and
professional approach of the Institute, but only strengthen it
financially. Dudley Wallis

NON-INSTITUTE MEETINGS

1990

February Fourth Conference on Hydro- and Geophysical Acoustics, Rostock, E. Germany.

6-8 March International Congress on Recent Developments in Air and Structure Borne Sound and Vibration, organized by the
Dept. of Mechanical Engineering, 201 Ross Hall, Auburn University, AL 36849-3541, USA.

20-22 March IMechE International Conference on Engineering — A Quieter Europe, at the Centennial Centre, Birmingham.
Details from IMechE on 01-222 7899.

10-13 April First French Conference on Acoustics. Details from: Congrés Francais d’Acoustique, I.C.P.I. Lyon, 25 rue du Plat
(or 31 Place Bellecour) 69288 Lyon Cedex 02, France.

21-25 May Meeting of the Acoustical Society of America, State College, Pennsylvania.

6-8 June 16th World Congress of the International Association against Noise, AICB, hosted by The National Society for Clean
Air, at the Brighton Conference Centre. Details from: National Society for Clean Air, 136 North Street, Brighton,
BN1 1IRG. Tel: 02273 26313.

19-23 June Symposium on Physical Acoustics, Fundamental and Applications, at the Catholic University Leuven Campus
Kortrijk in Belgium. Details from: Prof. O. Leroy, Katholicke Universiteit Leuven Campus Kortrijk, E. Sabbelaan,
B-8500 Kortrijk, Belgium. Tel: (056) 21 79 31.

8-10 August International Tire/Road Noise Conference, Gothenburg, Sweden. Details from: U Sandberg, Swedish Road and
Traffic Research Institute, S-581 01 Lankoeping, Sweden. Tel: +46-13-115200.

13-15 August Internoise "90, International Conference of Noise Control Engineering, Gothenburg, Sweden. Contact: Internoise 90,

Chalmers University of Technology, Gothenburg, Sweden. Tel: INT+ 4631 72 22 11

27-31 August

12th International Symposium on Nonlinear Acoustics, in Austin, Texas. Details from: Mark Hamilton, Department of

Mechanical Engineering, The University of Texas at Austin, Austin TX 78712-1063, USA.

October
26-30 November

29th Acoustical Conference on Room and Building Acoustics — Czechoslovakia.
Meeting of the Acoustical Society of America — San Diego, California.

Information relating to meetings of possible interest to readers should be with the Editor at the address on page I no later than four months

before the date of the meeting.
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ADVERTISEMENT

30 years experience on offer
from ECOPHON

During the past 35 years
Ecophon and its sister com-
pany Bilsom, have been pro-
viding solutions to noise
problems within Commerce
and Industry throughout
Scandinavia.

As a wholly owned subsidiary
of Gullfiber Akustic, the
Swedish Glassfibre and
Rockwool Group, Ecophon
has developed a range of pro-
ducts designed to deal with
the widely differing acoustic
problems encountered in
today’s world.

The considerable expertise
gained in Scandinavia will
now be used by Ecophon
International Limited, the
UK subsidiary, which was

established approximately 5
years ago.

Initially their Suspended
Ceiling and Wall Panelling
ranges were launched and
these have already won
acclaim for their high acous-
tic performance. The Com-
pany is now poised to intro-
duce their range of Industrial
Noise Control products to
meet the increasingly strin-
gent demands of European
legislation.

Ecophon has developed glass-
fibre technology to a point
where they are able to offer a
wide range of products that
not only perform well but are
hygienically safe and aestheti-

cally pleasing and, by intro-
ducing colours and shapes,
the workplace can become
environmentally more com-
fortable and pleasant.

High performance is the cor-
ner-stone of Ecophon’s suc-
cess. By combining high
sound absorption with
humidity resistant, washable
products that can be fre-
quently handled without de-
terioration, Ecophon are able
to offer solutions to the old
problem of combining soft,
sound absorbing surfaces in
areas that are constantly
humid, such as Swimming
Pools or surfaces such as are
required in Food Processing,
the Pharmaceutical Indus-
tries and Hospitals.

Acoustic Test Reports available on all products

ECOPHON CEILING SYSTEMS, ECOPHON INTERNATIONAL,
RAMSDELL, BASINGSTOKE RG26 5PP
Telephone: 0256 850977 Fax: 0256 850600
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D
O

The Salex Group Limited

Noise Control Engineers

1965 to 1990
25 years’ comprehensive practical experience of
noise and vibration control for all applications.

NOISE SURVEYS

ACOQUSTIC & AERODYNAMIC LABORATORY TESTS
PRODUCT & SYSTEM DESIGN

PRODUCT DEVELOPMENT

MANUFACTURING

CONTRACT MANAGEMENT

TOTAL SYSTEM PACKAGES

INSTALLATION

COMMISSIONING

AFTER SALES SERVICE

The Salex Group Manufacturing Companies:
Sound Attenuators Limited

Sound Attenuators Industrial Limited

Salex Acoustic Materials Limited

HEAD OFFICE & FACTORY  LONDON MANCHESTER BRISTOL YORK GLASGOW
Eastgates Saxon House Six Acre House Maggs House Bolan House 1 Oak Lea
Colchester Downside Town Square 78 Queens Road  19a Front Street Silverton Hill
Essex Sunbury-on-Thames  Sale Clifton Acomb Hamilton
CO1 2TW Middlesex Cheshire Bristol York Scotland
Tel: 0206 866911 TW16 6RX M33 1XZ BSB 1QX Y02 3BW ML3 7NJ

Tel: 0932 765844 Tel: 0619697241  Tel 0272279723 Tel: 0904 798876  Tel: 0698 429461
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North West Branch

September evening meeting

The Branch held its September evening
meeting at Vibronoise Limited. Ken
Irish gave a warm welcome and intro-
duced Karl Pratt and his superb presen-
tation on the *Dynamic Analysis of
Structures using Finite Element
Methods’. With the aid of equipment
from Briiel & Kjar and Protek, we were
entertainingly guided step by step
through the dynamic analysis of a fabri-
cated mild steel bracket. Karl described
the various types of element used in
finite element analysis and then demon-
strated how to generate the three-
dimensional computer model of the test
bracket. He explained how the latest
computer software had simplified this
process, and reduced the timescale sig-
nificantly. For example, a few years ago
this simple structure would have taken
approximately two days to generate and
now takes approximately two-and-a-half
hours. Following discussion on bound-
ary conditions he illustrated the pre-
dicted natural frequency and character-
istic mode shapes. The modal stresses
were displayed and discussed; these can
sometimes be useful in checking if the
model is correct as some of the simpler
stresses can be calculated and checked
against the values obtained from the
model. The next stage was to add
damping in order to analyse the forced
response of the theoretical model. The
loss factors can be defined for the
various materials in the system based
upon energy sharing. He then carried
out modal analysis on the model struc-
ture and compared the results with
measurements made on the real struc-
ture. The results showed that extremely
close modal correlation can be achieved
between a theoretical model and the
real structure. Karl illustrated along the
way many of the pitfalls that can occur
when using these techniques. As a finale
Karl presented a set of high resolution
computer displays showing the modal
stress plots of typical structures. This
was followed by a lively discussion
which continued over the delicious re-
freshments.

Meet the IOA evening at Salford

In October approximately 90 undergra-
duates and NW Branch members
attended the ‘Meet the IOA’ evening at
the University of Salford. The meeting
provided an opportunity for anyone
studying acoustics to meet and discuss

24

the Institute and careers in acoustics.
Mike Ankers gave a presentation on the
aims and structure of the IOA and
introduced our invited speakers for the
evening, Duncan Templeton of BDP,
Nicola Alexander of Vibronoise and
Don Baines of ICL. Following the
presentations there was plenty of oppor-
tunity to visit the display stands and talk
to representatives from Accent Systems,
Briiel & Kjaer, CEL, Cirrus Research,
Dunegan, PDA, SUBS and Vibronoise.
I would like to thank all those who
supported this successful meeting, in
particular the guest speakers and the
representatives of all the companies
who attended.

Chris Waites

Eastern Region Branch

Visit to British Telecom Research Labs
A small group of 7 members were
treated to a very interesting afternoon
by BT Research Labs staff on 11 Octo-
ber last.

The first part of the visit was spent in
the sound and vibration labs. Excellent
practicals were given in the anechoic
and reverberation chambers, the former
being used for a vivid demonstration of
ambisonic sound. Vibration testing faci-
lities were also featured.

The hosts for the second part of the
afternoon were the speech and natural
language division. The initial demon-
stration featured a speech-activated
home banking system, with a high level

of security, which is in current public
use. This was followed by details of the
Skyphane system for use on aircraft
which is being developed from the
extensive speech processing techniques
available.

Annual General Meeting and Labora-
tory Visit, Woods of Colchester Ltd
The first annual general meeting of the
Eastern Branch was held at Woods of
Colchester on the evening of 15 Novem-
ber 1989. Eighteen members of the
branch attended. The meeting was for-
mally opened by chairman David Bull.
The secretary’s report was then pre-
sented, and a brief résumé follows:

The Eastern Branch has now success-
fully completed its first year of opera-
tion. So far four events have taken place
since the inaugural meeting held in Bury
St Edmunds on 11 October 1988.

The Spring/Summer programme be-
gan on 1 March 1989 at Colchester
Institute with a double headed meeting
‘Noise Standards and Legislation’, with
speakers, Alan Dove (HSE) and Bill
Uttley (BRE). An interesting presenta-
tion was followed by a lively debate.
‘Getting Computers to Talk™ in Bury St
Edmunds on 26 April was presented by
Marcel Tatham. Keith Rose co-hosted
two visits to the BBC radio studios, at
Chelmsford on 14 June and in Norwich
on 21 June. In both cases the feedback
was very positive.

A very informative visit to BT at
Ipswich in the afternoon of 11 October
was disappointingly attended by only
seven members.

The eight-strong committee of the
Eastern Branch under the guidance of
Chairman David Bull have now had a

Letter from the Vice-President Groups and Branches

I have some good news for overseas
members. At its recent meeting, Coun-
cil adopted the idea, originally put
forward by a member at a local branch
meeting, that we should have an Over-
seas Liaison Officer. The main task of
the appointee will be to improve the
links between the Institute and mem-
bers overseas so that their specific needs
can be covered a little better than they
have in the past. If there are any
members, cither at home or abroad,
who have suggestions for consideration
by the liaison officer, please let me
know in the first instance.

Branch activities in the UK seem to
be growing and I am particularly
pleased that secretaries are taking the
time and trouble to write reports for the
Bulletin. 1 know from those meetings 1
have attended and from members 1

have spoken to that the quality of the
speakers and visits is extremely high and
of great interest and benefit to those
who attend. On behalf of Council T wish
to thank those who have organized
these events and would point out that,
thanks to the Bulletin, their efforts do
not go unnoticed by the membership at
large.

For obvious reasons there is a grow-
ing interest in ‘noise in the workplace’.
Branches might wish to give some
thought to organizing a local meeting to
cover the latest developments. I'm sure
the HSE specialist inspectors will be
willing to help. Why not ask other local
socicties such as the Institute of Occupa-
tional Safety and Hygiene if they would
like to take part in a joint meeting?

Geoft Kerry
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total of six meetings and the future
programme covers a number of very
attractive events, and will be publicized
via the excellent newsletter which is
mailed direct to the IOA members in
the region, and produced by Terry
Metcalfe. The Branch has also forged
useful links with other professional
bodies and future events could include
some joint ventures.

The hidden sponsorship received by
the Branch in the form of support by the
committee’s employing organizations is
gratefully acknowledged; without it our
future success would certainly be less
secure.

The main thrust of future activity in
the Branch needs to be centred on the
expansion of membership and increased
interest and awareness of the IOA in
the region.

The treasurer gave a brief statement
of the branch funds. All of the present
committee members were re-elected en
bloc.

David Bull thanked the committee
and all those who had assisted in the
organization of events in the first year.

Members felt that half-day meetings
are worth having provided that the
content is worthwhile: the low attend-
ance at the BT visit was due to a
combination of many factors and future

events should be better supported. They
are likely to include some joint ventures
with other professional bodies such as
RIBA and the IEE; this will ensure that

the high quality of programmed cvents-

is maintained. Events for the coming
year will include *‘Computer based H&V
Acoustic design’ in March 1990, a visit
to Lotus Cars in April and possibly a
half-day meeting on Vibration with the
Environmental Health officers in June.
Further visits to BBC studios are
another possibility.

Woods of Colchester R&D visit

The branch was treated to a guided tour
of the Woods Laboratory; several dyna-
mic systems were demonstrated to show
the range of work undertaken at Col-
chester. For many people it was their
first opportunity to view ‘Industrial
Fans’ first hand.

The working model of a Low
Vibration/High Efficiency variable pitch
in motion axial fan, developed for the
clean room industry, was the first de-
monstration, This was followed by a
Jetfoil tunnel ventilation fan, a low
noise heat transfer fan, Axcent 2 mixed
flow fan in an Air handling unit and a
demonstration of the problems associ-
ated with Inverter Drives used for fan
speed control.

The work involved in the develop-
ment of fans was outlined and the
problems associated with special pro-
ducts such as fans to meet airstream
temperatures of 600 °C for 1 h were
discussed.

This tour was enthusiastically re-
ceived and guide Peter Hunnaball and
his staff were kept busy with the ques-
tions put to them by the visitors.

Peter Hunnaball

Copy for the Bulletin

Contributions and information
for the April issue of Acoustics
Bulletin should reach Marjorie
Winterbottom at 14 Witney Road,
Long Hanborough, Oxon OX7
2BJ, no later than Tuesday, 20
February.

Diploma in Acoustics & Noise Control
Prize Winner:
B Rochester — Colchester Institute

Highly Commended:

M S Briggs — Derbyshire College of
Higher Education

M C Checkley — Derbyshire College of
Higher Education

K M Gently - NESCOT

M P Hollier — Colchester Institute

P Mallard — Tottenham College

Grahame O’Connor

THE CORK INSULATION Co. LTD.

Thames House, Wellington Street
Woolwich, London SE18 6NZ

Specialist manufacturers, suppliers and
installers of Studio acoustics

® Modular Acoustic Absorbers and Functional Absorbers
@® Acoustic Doors
@® Acoustic Quilts/Blankets and Drama Curtains

@ Acoustic Screens. ‘Soundtrack’” Fabric Fixing System

All products conform to BBC specifications.

Further information and details from

01-311 3086 01-310 2666 Evenings 0322 91080
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PUBLICATIONS ON ACOUSTICS
From Elsevier Science Publishers

Applied Acoustics

Edited by:

P. Lord, Department of Applied Acoustics, University of Salford, UK.
7. Maekawa, Environmental Acoustics Laboratory, Osaka, Japan.

Aims and Scope

The journal is concerned with the application of acoustics in its widest sense. It is intended for engineers and scientists, for those concerned with
the design of buildings, measurements and control of industrial noise and vibration, transportation noise, hearing, the understanding of the
acoustics of musical instruments, the propagation of sound through the atmosphere and under water, and in fact all those whose business and
profession involve them in a need for an expanding knowledge of acoustic technology.

The journal aims to provide a forum for the frec exchange of practical experience, whether in the form of a complete paper, short technical note
or letter, and in so doing creates a fund of technological information that can be used for solving related problems. The presentation of
information in graphical or tabular form is especially encouraged: and where mathematical development is necessary care should be taken to
ensure that it is there only as an integral part of a practical solution to a problem. It is important to appreciate that all submitted manuscripts are
rigorously refereed.

Subscription Information
Applied Acoustics ISSN 0003-682X Yols 29-31 (1990) 4 issues in I velume
£285.00 UK delivery £315.00/US$535.50 Ouiside delivery

Noise and Vibration Worldwide

Edited by A, Partridge
Noise and Vibration Worldwide is the only international journal concerned with all aspects of the noise and vibration field. Three clearly
definable areas are covered: Noise and Vibration Engineering, Condition Monitering and Machine Diagnostics, Legislation, Standardisation
and the Environment.

INT, ER‘,\{“, 7 o,

Other subject areas include; methods of control, sources of specialist assistance and purchase and up-to-date information on proeducts and
development, technical features will also look at practical applications. Guest editorials will be featured, written by leading figures from within
mechanical and acoustic engineering socicties worldwide.

The journal is of particular interest to industrial engineers, designers, OEM's and R & D personnel, architects, consultants and all those
concerned with the control of noise and vibration.

Subscription Information
Noise and Vibration Worldwide ISSN 0/43-6481. Vol. 21 (1990) [0 issues in | volume.
£63.00 UK delivery. US$115.50 including postage and handling.

Sound Intensity

Edited by:
F. J. Fahy, Institute of Sound and Vibration Research, The University, Southampton, UK.
22 X 14cm. x + 278 pages. 114 illus. 1989.
£45.00/U5581.00 1851663193

This book, which is the first comprehensive treatise on sound intensity and its measurement, deals with all aspects of the subject from its basic
theoretical analysis to the practical application to engineering problems. The vital aspect of interpretation of measurements 1s strongly
emphasised. The early chapters on the theoretical analysis and physical characteristics of energy {low in sound fields, which contain numerous
graphical illustrations, provide a pedagogic base on which students and non-experts can build a thorough understanding of the subject.
Subsequent chapters set out the principles of measurement and instrumentation calibration procedures, together with analyses of the precision
achievable using the various types of currently available measurement techniques. The principles of application of sound intensity measurement
to practical problems are then expounded, and illustrated by numerous examples drawn from a wide range of acoustical literature. The final
chapter deals with the problem of int¢nsity measurement in air flow, which is a subject of current research.

Sound Intensity will be of value to all those concerned with the measurement and control of noise. The techniques which it describes find
application in many fields of engineering, including machinery design, building acoustics, vehicle and engine technology, and community and
workplace noise control.

Acoustics and the Built Environment

Edited by:
A. Lawrence, Graduate School of the Built Environmeni, The University of New South Wales, Australia.
22 X ldcm, x + 242 pages. 59 illus. 1989,
£43.00/US877.50 185166 308 8

This bock attempts to bridge the gap between the science of relevant aspects of acoustics and the practical requirements of planners and building
professionals, It also should provide a useful reference for acoustical consultants. [t commences with a brief introduction to the theory of sound
and sound propagation and its perception by people, which is followed by a chapter dealing with sources of noise in the community, such as
transpertation and industry, and their propagation. Guidance on land-use planning in the vicinity ol major community Noise sources are
included. Chapters on the principles of room acoustics and sound transmission in buildings are followed by the application of these principles to
the design of specific building types,

A comprehensive Table of Contents and a key-word index have been included to enable an architect or planner to refer directly to the application
of interest, which is then cross-referenced to more detailed explanatory matter. Worked examples and simple figures assist in understanding the
application of acoustic principles in practice. In addition, ¢ach chapter is provided with a list of contemporary references for further reading.

ELSEVIER SCIENCE PUBLISHERS LTD CROWN HOUSE LINTON ROAD BARKING ESSEX 1G11 8JU
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Submissions for inclusion in this section
should be sent direct to J W Sargent,
Building Research Establishment, Gar-
ston, Watford WD2 7JR.

Noise event card

The CEL 5739 Noise Event Card for the
CEL. 238A Secondary Processor is de-
signed to be used with the 100 dB span
CEL 493/2 Precision Integrating Sound
Level Meter. The combination monitors
all sound levels in the range 40-140
dB(A) and records the date and time,
duration and rating sound levels of any
noise event which exceeds the user-set
limit. In addition a graph of the sound
level caused by the event can be pro-
duced. All results are stored in a battery
backed up memory and can be subse-
quently printed on the CEL 238’s build-
in high resolution thermal printer, or
transferred over the computer interface
to a PC.

For further information please con-
tact Lucas CEL Instruments Ltd., 35-37
Bury Mead Road, Hitchin, Herts. SG5
IRT. Tel: 0462 422411; Fax: 0462
422511; Telex: 826015 CEL G.

Environmental noise analyser

The Model 870 Environmental Noise
Analyser from Larson Davis has a
measurement range of 115 dB(A) and is
to IEC 651 Type 0 accuracy. Its dual
statistical processors provide both short
term and long term reports of La.q, Ly,
SEL, Time History, and level exceed-
ances.

The Model 870 has a full complement
of detector modes with a choice of
‘'slow’, ‘fast’ or ‘impulse’ and in parallel
with these the weighted or unweighted
peak may be measured and stored
simultaneously. Additionally, there is
the facility to store three channels of
synchronous analogue data, such as
temperature, wind speed, wind direc-
tion, humidity, etc. For data download,
complete reports may be outputted
directly to a printer or to a computer
using the Larson Davis programs or the
user’s own program. The large memory
capacity of the 870 provides the choice
of data processing by the 870 or by the
computer. If required it can store over
three days worth of 1 second L. ’s. For
more complex applications, several

Model 870s can be linked for simulta-
neous measurements which can be re-
layed by radio modem to a central
computer.

For more information please contact
Alan Boyer, Industrial & Marine
Acoustics Ltd., 16 Scardale Crescent,
Scarborough, North Yorkshire YO12
6LA. Tel: 0723 364495; Fax (0723
500094.

New low-density infill material

Glass Fibre Thermo-Acoustic Batt has
been specially developed for insulation
specialists EBIS Ltd. to provide the
attenuation needed for industrial
silencer infill — whilst offering greatly
improved handling characteristics over
non self-supporting mineral fibre slabs.

The inherent advantage of the long
fibres in Thermo-Acoustic Batt allow
acoustic performance te be maintained
at relatively low densities. Normal bin-
der content has been raised from 5 to
7% ensuring high rigidity and resistance
to compression. The strength is equiva-
lent to mineral fibre slabs at much
higher densities.

Thermo-Acoustic Batts are rot-proof,
odourless, non-hydroscopic and do not
encourage the growth of fungi or
moulds. They are dimensionally stable
under varying conditions of temperature

THINK YOU'VE GOT TIME?

KNOW OF A SHORT CUT?

Pitman Tutorial College
Dept AB

Worcester Road
London SW19 7QQ

Tel: 01 -947 6993 (24 hrs)
Fax: O1 - 879 3619

NOT BEEN AFFECTED BEFORE?

NOISE CAN FORCE COMPANY CLOSURES

Lower noise action levels mean that three times as many

employees are covered by the new laws as before.

You haven’t! The new laws came into force on 1 January
1990. Your company should immediately introduce noise
control measures and communicate them to the workforce,
or run the risk of prosecution or even closure.

To get the full facts about what you should do, order your
copy of the Pitman Nolse at Work — Action Now! open
learning programme at once.

THE PACK WITH ITS VIDEO AND TEXT COSTS ONLY £199.95 AND IS AVAILABLE FROM:

NOISE AT WORK -
ACTION NOW!

Distance

Learning
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NEW PRODUCTS continued

and humidity and exhibited no settle-
ment when tested under vibration to BS
2975.

More information is available from
K. Lancaster, EBIS Ltd, Fryers Close,
Bloxwich, Walsall W83 2XQ). Tel: 0922
T10727.

Acoustic wall and ceiling panels
The Heraklith Acoustic range of ceiling
and wall panels has been introduced

= SYSTEM 90
Signal Analysis Workstation.

onto the British market by Atellus
Limited.

Manufactured from miagnesite bound
woodwool by a patented process proven
over 80 years, they contain no noxious
nor allergy-inducing elements and are
ecologically and biologically positive.

Heraklith panels are tough, durable,
impact resistant, dimensionally stable,
have high humidity resistance and pro-
vide high sound absorption and attenua-
tion performance. Ideally suited for the
interiors of sports halls, schools, swim-
ming pools, retail interiors and offices,

the performance of Heraklith Acoustic
panels makes them also suitable for
workshops and factories.

A variety of surface finishes, panel
thicknesses and sizes and edge details,
for different methods of installation, are
available as standard and panels can be
supplied either natural colour or white
as standard, with colours to special
order.

For further information please con-
tact James Muir, Atellus Limited, Park
House, Marlow Road, Maidenhead,
Berkshire SL6 6NR. Tel: 0628 34563.

'ROCKLAND IS BACK!

. Now part of the Physical Acoustics Group

@ITSA DOS COMPUTER
® IT°'S PORTABLE (Battery)

@ IT'S A WAVEFORM RECORDER
@ IT'S A 2 CHANNEL FFT ANALYSER

\ DUNEGAN PAC

' LIMITED

For further details please contact:
Dunegan PAC Ltd, Norman Way, Over, Cambridge CB4 5QE Tel: 0954 31612 Fax: 0954 31102

A mamber 0f the PHYSICAL ACOUSTICE OROUP

Sound technology for productivity and safety.

DESIGNFOR
A QUIET LIFE

¢ Self-adhesive backing
¢ Clean & simple to apply

A4
FOAM=LEAD-FOAM SOUND BARRIER
| NOISE CONTROL MATERIAL
CAN ACHIEVE 40-50 DECIBEL REDUC’I'IONS

o Extensive range ex-stock V

. Die-cut to your clrawmgs

-
-

FERGUSON _IL_
TIMPSDN'II'

S,

OFFICES AT: LONDON, BIRMINGHAM, HULL,

FERGUSON &TIMPSON LIMITED 5ATHOLL AVENUE HILLINGTON, -1
GLASGOW G52 4UA. TELEX: 77108. TEL: 041.882 4891, FAX: 041810 3402,
BRANCH LIVERPOOL

) I T 1 I 1 I F
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One of the leading publications in its field, Acoustics
Bulletin provides an important key readership repre-
senting the major interests in the rapidly growing

Advertisement Rates

Full page £300 + VAT
Half page £200 + VAT
Quarter page £150 + VAT

Rates for special positions,

Publication dates: January, April, July, October.
Copy deadline: 1st of preceding month.

Brook Cottage, Royston Lane,
Comberton, Cambridge CB3 7EE
Tel: (223 263800 {(evenings)
Tel: 01-576 719G (days)

acoustics market.

colour, series etc on
request.

Litho

Enquiries to:
Keith Rose
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1990
February
March

27-30 March

14-21 May
May

Z2 EZ2 =2
o

BAG
June

@@

Noise from Electric Motors

PC Programmes in Acoustics & Speech
Spring Conference — Acoustics 90

September
September

==

Military Aircraft Noise

In-situ Transmission Loss Measurement

High-intensity Sound

October

November
22-25 November

ZZ2 XX

Key '

M = Meetings Committee Programme
BAG = Building Acoustics Group
ING = Industrial Noise Group

MAG = Musical Acoustics Group
PAG = Phyvsical Acoustics Group

5G = Specch Group

UAG = Underwater Acoustics Group
LB = London Branch

EB = Eastcrn Branch

EMB = East Midlands Branch
NEB = North East Branch
NWEB = North West Branch
SB = Southern Branch

ScB = Scottish Branch

SWB = South West Branch

YHB = Yorkshire and Humberside Branch

 Institute of Acoustics
Meetings

Bratby/Nottingham
London

University of
Southampton

Noise and Vibration from the Channel Tunnel Project Ashford, Kent
Measurement of Vibration in and around Buildings

London

Lakenheath

London
London

Low-frequency Noise and Vibration in Transportation London

Reproduced Sound 6
/SG Autumn Conference 90 — Speech

Windermere
Windermere

Further details from:

I[nstitute of Acoustics
P.O. Box 320

St Albans

Herts. ALL 1PZ
Tel: 0727 48195

NEW ELECTIONS

Elections to membership of the IOA at the grades shown

were approved by Council in October 1989:

FIOA
A P Dowling W Stubbs
P Howell

MIOA
N J H Alexander D Markham
CF Au R C MclLean
K A Broughton R T McMillan
M Budd P W Moore
S G Carden D E Poley
K C Cheung A K Pratt
H G Cox K Scannell
J Dye S A W Skrautvol
R M Ford M R Smith
N J Fowler E E Snow
S L Goodman P Tarrant
C Grimwood J D Tattersall
C D Harheld D G B Thomas
N Hill K-K Tsang
M Kleiner K-Y Tsang
W-T L Lau I Twynholm-Mason
T H Lewers E K Wong
> J-F Luquet M L Wright

AMIOA

P J Allish
C M Alston

D G Langdon
A Lockwood

G D Aveyard D Maundrill ,
C Barlow P A McLean
JJ L Beard H D McGregor
C Beckett J P Newton
S P Boyle N J Norwood
T J Braund A J Pipe
C A Britton N J Proudfoot
I D Clarke J Robinson
C M Dawson P Saish
P J Dawson M H D Santer
S Dawson K ] Thomas
D M Foreman H M Thornton
A A Gibson K F Wakely
R B Griffiths S J Walsh
J L Horner B A Wilkins
B R Q Hunter J W H Wong
R N Hunter M E Wainwright
D King
Associates
S J Diston T Leung
M E Wong Y K Leung
K Cheung W Lok
Y A Hon C HNg
Y K Lat C Tam
Students
H A Akil P ] Moys
I A Mair P Robinson




‘ *STUDIO DESIGN & BUILD
*ATTENUATORS REACTIVE & PASSIVE
. *FLOATING FLOORS
*ACTIVE NOISE CONTROL
*ACOUSTIC DOORS
*INERTIA BASES
*ENVIRONMENTAL NOISE CONTROL
* AUDIOMETRIC BOOTHS
*NOISE MONITORING .
*ANECHOIC & REVERBERATION CHAMBERS
*PACE ROOMS
*QUALITY ASSURANCE TO B.S. 5750
We have thousands of successfully designed in-
stallations in the offices and factories of British
Industry.
Our national coverage of sales engineers can ad-
vise you on almost every aspect of acoustic and
vibration control.
For further information and a brochure on our
product range please call:
ACOUSTIC ENGINEERING

ACOQOUSTIC ENGINEERING SERVICES LTD

*ACOUSTIC ENCLOSURES
* INDUSTRIAL NOISE CONTROL
*ALL WEATHER ACOUSTIC LOUVRES
*ANTI VIBRATION MOUNTS & MATERIALS

SERVICES LTD

Allied House, Abbot Close,

Ovyster Lane, Byfleet,

Surrey KT14 7JN ‘ ]
Telephone: 09323 52733 E5
Telex: 9466395

Fax: 08323 552605



