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President's Letter
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Dear Fellow Member

It is a pleasure to welcomefour new Sponsoring Organisations, Acoustic Consultancy Services, Burgess -

Manning (incorporating Quiet/lo Engineering), Oscar Faber Acoustics and Zonic A 6 D Europe. The

support our Sponsor Members ofler us is very much appreciated by Council

The down side ofthe otherwise widely welcomed decision ofCouncil to produce six rather thanfour

issues ofthe Bulletin each year is that I now have to increase the production ofthese letters by a correv

sponding 50%. Normally, I am not lostfor words but my last letter covered many ofour recent activities

and I am now short ofmaterial’

I have therefore taken to looking back through previous copies of the ’oldformat’Bulletins (and its prede-

cessor the IDA Newswtter) of which there were nofewer than 62 issues. Ifind there are twofrequently

repeated themes. Thefirst is that successive holders of this office have exhorted the membership to

contribute to and participate in the activities ofthe Institute. The other is that there has been reported a

continuous, if occasionally lumpy, process ofchange in the depth and breadth ofthose activities. Since

1976 we have seen the establishment or incorporation, and occasionally the demise, ofmany special inter

est groups (there are at present seven) and ofsix active regional branches. The Institute’s Diploma in

Acoustics and Noise Control has not only become widely recognised, it is now being specified by potential

employers. The Certificate ofCompetence in Workplace Noise Assessment, which was set up only 2 years

ago, continues to attract an encouraging level ofdemand at the Centres accredited by the Institute.

The Institute’s ofl'ice in St Albans has increased somewhat in size through the acquisition ofthe remain-

der ofthe topfloor ofthe rather small, terraced office unit we occupy. Cathy tells me that members are

very welcome to visit 75 London Road ifthey are in the area, but sitting down might present a probwm.

Much dedicated work, byour staff (including painting and decorating!) and the installation ofan auto-

switchingfax machine and other similar high technology equipment have provided us with a convenient

and well-equipped basefor our operations.

In order to strengthen the place ofthe Bulletin in the activities of the Institute, I am pleased to announce

that a new Editorial Board has beenformed to assume responsibilityfor all of the Bulletin's content, alas

with the exception of the President’s letter..... .. which, as I was saying.....

mad/WW-
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AND TOPOGRAPHY
Tony F W Embleton

Introduction
One might think that sound propagation outdoors was a
very simple problem - sound From a point source spread-
ing in a hemispherical space above a more or less Flat
ground » but reality is For more interesting. The ground
may not be Flat, all grounds have Finite acoustical im-
pedance though some may be hard like concrete or soFl
like snow, and the atmosphere near the ground is her
izontally stratified and is almost always turbulent. Many
have contributed to this Field over the years and a review
can only touch on a Few oi the highlights.

Measurements oF sound propagation outdoors go
back at least to the 17th century. The Rev Dereham was
the minister at a church in Upminster. He Fired a pistol
From his church tower and, with a Fellow minister in an-
other church about 5. miles away, measured the diFFer-
ence in time between the arrival at the Flash at light and
the sound.

in 1728 the speed oF sound was measured under the
auspices ot the Academy in Paris - the value obtained
then is within 0.5% ot the currently accepted value, and
that was 2.5 centuries ago. In the 1860's there was inter-
est in Fog signalling For ships. Tyndall in Britain borrowed
a steam-driven horn From Joseph Henry - the First curator
oi the Smithsonian lnstitution in the United States - and
set up his experiment on South Foreland, near Dover.
There was considerable discussion with Stokes as to
whether the signal was absorbed or scattered by water
vapour or Fog particles.

During the First World War the interest had shiFled to
the location oF artillery; this is still a matter at interest to
the military but today we have smaller and better micro-
phones and do a lot at signal processing. In the 1930‘s
the loss oF brilliance oF music in concert halls was too
much to be explained by the absorption at surFaces.
Knudsen noted that the magnitude oF this eFFect was also
observable outdoors and depended on the dryness oF the
air, so he undertook experiments to substantiate this.
Meanwhile Kneser produced quantitative theory oF ab-
sorption by molecular processes, and thus our knowledge
at the oxygen-water vapour relaxation was born.

Since the 1960's noise produced by many Forms oF
new and widely used technology, like iet aircraFt, pow-
ered lawnmowers, and a great increase in motor vehicles
has become an important political and social problem. In
passing one should note that noise in society is not yet 0F
any real concern in the Third World, although the serious
possibility ot a noise curFew at a Few major airports is be-
ginning to arise. Acoustics Bulletin July / August 1991

OUTDOOR SOUND PROPAGATION -
THE SOUND FIELD, MICROM’ETEOROLOGY '

 

This past history indicates the range oF possible ap-
plications oF increasing knowledge and that what we
have learnt has come From solving specific problems in
several very diFFerent areas.

Geometrical Spreading and Molecular
Absorption

These two mechanisms are always present. Simply
stated, sound pressure levels or intensity levels decrease
with increasing distance From the source as the available
sound energy spreads over a waveFront oF ever-
increasing area. Depending on the measure used, and
the type at sound source, this decrease is basically either
3 or 6 decibels per doubling at distance.

As sound waves propagate through air some at the
ordered vibratory motion oF the air molecules is converted
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Frequency (Hz)  Fig. 1. The attenuation caused by molecular

absorption: (----) due to oxygen relaxation at relative
humidities of 1, 10 and 100%; (7) due to oxygen and
nitrogen relaxations at 40% relative humidity
respectively, and for absorption due to thermal, viscous
and rotational processes. The thick curve shows the
total absorption at 40% relative humidity and 20°C     
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into internal modes of vibration of the oxygen and nitro-
gen molecules. Above about 1 kHz the predominant
mechanism of molecular absorption of acoustic energy is
the oxygen-water vapour relaxation, see Fig. 1. The effect
amounts to many decibels per kilometre above about 1
kHz, (the actual frequency depending mainly on relative
humidity) and is negligible below that frequency. At fre—
quencies in the range of 100 to 1000 HZ there is a lesser
absorption of 1 to 3 dB per km due to the nitrogen-water
vapour relaxation.

Reflection at a Flat Ground Surface
When both source and receiver are relatively near the

ground, compared to their distance apart, the direct and
ground-reflected sound fields are of comparable mag
nitude, see Fig. 2. Their interference at any point depends
both.on the difference in path length to the receiver and
on the phase change on reflection at the ground. There
are often significant phase changes on reflection, be-

 

the specific impedance ratio for air and ground.

The legacy from before 1940
Let us look now at the major steps leading to our present
understanding of the properties of ground surfaces and
how they relate to sound fields in air. In 1909
A N Sommerfeld [1] published a paper entitled ‘Propaga-
tion of waves in wireless telegraphy' in which he dealt
with the boundary problem of radiation from an electro-
magnetic dipole above a flat ground. He divided the theo-
retical solution into two parts. One was the contribution
from geometrical ray theory, and the other was the nec-
essary correction to this that was required by wave the-
ory. Both items are necessary in order to satisfy Maxwell's
equations, and later on for us to satisfy the wave equation
in acoustics. The electromagnetic literature grew rapidly,
but it was not until 1935 that Norton found a sign error in
Sommerfeld‘s earlier work. This was significant because it
allowed for the existence of a trapped surface wave,

locked to the ground surface and

 

propagating as a cylindrical wave in
the air. Norton‘s finding partly
helped to explain some unusually
large values of field strength found
earlier by Rolf. It was also in 1935
that Weyl, van der P01 and others
were developing theories for the elec-
tromagnetic field near a surface that
could be dissipative. What we are
left with from electromagnetic field
theory of the 1930‘s, apart from the
well known Weyl-van der Pol equa-
tion, is the idea that the field has
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are near the ground

  

Fig. 2. Schematic diagram for interference when source and receiver, S and M,

three components:
i) the direct field,
ii) the reflected field which includes
an appropriate Fresnel term to ac-

count for wave effects, the com-
ponent we often call a ground wave,
and

  

cause the acoustical impedance of the ground surface is
complex and often within 10 or 20 times the character-
istic impedance pc for sound waves in air. We now know
that all ground surfaces are porous, or if not themselves
porous behave as if they are porous, due to the thermal
and viscous boundary layer on the surface. Apart from
studying the complex impedance of various ground sur-
faces, these simple facts introduce us to the range of phe-
nomena that have been the object of many studies during
the past 25 years. To match boundary conditions, the
sound field must include so-called ground waves if the im-
pedance is finite and if there is any curvature in the
wavefronts. Furthermore, porosity causes the resulting

complex impedance to be 'capacitative' rather than 'in-
ductive', and in most circumstances this leads to trapped
surface waves travelling in the air iust above the ground.
Yet another effect of porosity is to cause the acoustic-to-
seismic transfer of energy to be roughly three orders of
magnitude greater than one would predict simply from  

iii) a surface wave, that exists only
under certain circumstances.

In 1947 Rudnick [2] adapted the earlier electro-
magnetic work to acoustic waves reflected at the plane
boundary between two media, when the second medium
was either non-absorbing or had a porous-type imag-
inary impedance. In 1951 Ingard [3] produced theory for
the field of a point source near a plane boundary of finite
admittance. Also in 1951, Lawhead and Rudnick [4] re-
ported measurements of sound propagation above a lo-
cally reacting surface made from a close-packed array of
vertically oriented drinking straws.

Acoustical Measurements
During the late 1950‘s there were several early systematic
studies of sound propagation outdoors. Some related di‘
rectly to ground effects, others included meteorological
and other phenomena as well. Two that should be men-
tioned were both reported in 1959: 'Experimental study
of the propagation of sound over ground‘ by Wiener and

Acoustics Bulletin July / August 1991 



Keast [5], and 'Ground reflection of iet noise' by Howes
[6]. The Wiener and Keast work produced a large body
of measurements, including such non-ground effects as
propagation between two mountain peaks about 2 miles
apart.

In 1964 Parkin and Scholes [7] reported two extensive
sets of carefully conducted and well documented field
measurements on the horizontal propagation of sound
over grass-covered airfields from a iet engine close to the
ground. Their source was 1.8 m above the ground, the
receiver 15 m, and at distances ranging from 35 to
1100 m. They classified results according to wind direc-
tion and vertical gradients of temperature. in more recent
years we at NRC in Ottawa have often used Parkin and
Scholes as a benchmark against which to test our theories
or experimental results. One early example relating to
ground impedance is interesting, from about 15years
ago.

Figure 3 shows a small sample of Parkin and Scholes'
results. The horizontal range is 615 m. Focus your atten-
tion on the solid line labelled '0‘. The broad dip of re-
duced sound pressure levels in the frequency range from
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Fig. 3. Typical results for relative sound pressure level
spectra [from ref 7] at 615 m range: +5,0,-5 and -SL
represent downwind (5 m/s), zero vector wind, upwind
and upwind plus temperature lapse respectively

   

200 to about 1000 Hz is due to the finite impedance of
the grass-covered ground. The strong signal below 200
Hz is due to the acoustic ground wave in air. Note the
cut-off frequency of this ground wave, here about 200
Hz. Plotting cut-off frequency vs. distance, Fig. 4 shows
consistency between our own results from 20 cm to 20 m
and those of Parkin and Scholes from 35 m to 1100 m -
a range of distances covering almost 4 decades. The
slope of this curve implies that the magnitude [of the
ground impedance is inversely proportional to the square
root of frequency. The position of the curve gives a value
for the magnitude of the ground impedance, here about
4 or 5 times pc for air at 1000 Hz and consistent with
other results 1 shall show later.

Some other early work is that of Tillotson [8] who
measured the attenuation of sound over snow-covered
fields. He found that the characteristic impedance of fresh
snow at 800 Hz was 1.83 times pc for air and was ac-
companied by asmall capacitative reactance.

1970 marked the onset of considerable increase in
activity related to the measurement of ground impedance. Acoustics Bulletin July / August 1991  
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People realized that the fact that it was finite, and often

not many times greater than the characteristic impedance
of sound in air, significantly affected sound levels during
propagation outdoors. Evidence included sound barriers
that were usually not as effective as predicted, and urban
noise levels that were lower than predicted from geo-
metrical spreading and molecular absorption alone.

In 1970 Dickinson and Deck [9] measured the im-
pedance of a grass-covered surface using an impedance
tube with a sharp edge pushed into the ground, Fig. 5.

Accurate measurement of ground impedance has
proved to be remarkably difficult. Techniques that work
well at high frequencies become inaccurate at low fre-
quencies, or vice-verso; some techniques become in-

accurate at large impedances or long wavelengths. Real-
life environmental problems frustrate attempts to make ad-
equately precise measurements. To illustrate the kinds of
problems one can run into I want to quote from Dickinson
and Doak's paper in the Journal of Sound and Vibration:

‘Condensation quickly formed on the inside of the tube
and sound pressures fluctuated throughout its length so
that no standing wave could be plotted. After a few days,
earth worm casts proliferated inside the tube, although
few if any appeared outside, and the soil level inside had
risen several millimetres. As a large amount of work was
needed to screw the tube into the ground in the first
place, this latter phenomenon could not be attributed to a
subsidence of the tube itself. It became obvious that the
tube severely altered the micro-climatic conditions around
the plant, thus perhaps altering the plants' respiration and
physical characteristics.‘

30 they developed another technique based on meas-
uring thepressure profile along a line perpendicular to
the surface} below a loudspeaker suspended several me-
ters above the surface. The microstructure of the ground
remained undisturbed and the sound field was un'
confined. Selecting one typical example of their results,
they found both the real and imaginary parts of the spe-  



  

 

evolution

introducing a new measurement technique:
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in Studio
Measurements
(SEPA) Serial Excitation — Parallel Analysis

With the new Audio Analyzer Type

2012, Briiel & Kjaer introduces a new

measurement technique which over-

comes the classical limitations re-

garding choice of filter bandwidth and

sweep rate in electroacoustic meas-

urements. The new measurement

technique SEPA — Serial Excitation

- Parallel Analysis — combines the

best of serial and parallel measure-

ment technology. The swept sine

excitation provides optimal signal/

noise ratio, time and frequency se-

lectivity, and optimal measurement

capability for non-linear distortion.

SEPA provides fast and accurate

measurement results of linear and

non-linear transfer functions. It al-

lows free-field measurements to be

made without the need ofan anechoic

chamber, including selective meas-

urements of harmonic distortion.

The Type 2012Audio Analyzer

also incorporates other innovations.

Besides SEPA, the 2012 features

two other measurement modes:
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The Steady State Response (SSR)

mode uses stepped sine excitation

and an Adaptive Scan algorithm to

measure the complex frequency re—

sponse in a user definable frequency

format. In addition, the SSR mode

facilitates measurements of Harmonic

Intermodulation and Difference Fre-

quency Distortion. The second mode

generates a 1600 line FFT spectrum.

The 2012 is easy to use with an

Auto Sequence facility and extensive

on-line help facilities. It includes a

3 1/2" disk drive for storage of meas-

urement results. Up to 36 curves can

be simultaneously presented on a

12" high-resolution colour monitor.

Although the 2012 has been

optimized for electroacoustic meas-

urements, it is also suitable for

general signal analysis applications.

The 2012 is already two steps for—

ward — beyond the barriers of both

serial and parallel measurement. Call

Brijel & Kjaer representative today

and ask for a demonstration.

DK-2850 Naerum - Denmark - Telephone: +4542800500 - Telex: 37316 bruka dk - Fax: +4542801405 914MB



Review Article
[:1

 

Microphone

Probe tube
etched with a
vernier scale

Millimeter El
Scale

= To ampimu and generator
2 ifimm driver

   

   

  

   

 

Coaxial lead to
+saund level meter

  

Retaining
clip No:

  

Housing tor
speaker etc.

   

‘\ Acrylic tube

Probe tube
with spider

. \ .
Ground sample

  

Serrated cutting edge

Fig. 5. Schematic diagram of early measurement of
acoustic impedance of ground. [From Ref 9]

   

ciFic normal impedance ratio For a grass surFace to be
about Four at 1 kHz.

Also in 1970 both Oncley [10] in the U.S. and De-
. lany and Bazley [it] in Britain noted the so-called
ground absorption dip at Frequencies in the 200 to 600
Hz range For jet engine noise propagating over grass.
This agreed with Parkin and Scholes. It was clear that the
clip was related to phase changes during reflection at the
ground surFace, and Further progress depended on better
understanding at the complex impedance oF the ground.
It was observed statistically that increased moisture con-
tent and freezing in winter lowered the frequency oF the
ground«absorption clip.

Later Embleton, Piercy and Olson [l2] measured the
interFerence between the direct and reFlected sound Fields
oF a point source by moving a microphone along an in~
clined path. This defines a constant angle at reflection
and is the three-dimensional analog ol the one-
dimensional impedance tube. One measures the pressure
amplitude as a Function at position and calculates the
complex value at the ground impedance through the re-
Flection coetFicient at that particular angle oF incidence.
This method allowed measurements at oblique angles oF
incidence more appropriate to sound sources near the

ground but measurements were restricted to Frequencies
greater than about 400 Hz because the distance be-
tween interFerence minima becomes very large at near-
grazing angles oF incidence.

In 1983 Zuckerwar [13] used acavity, with one side
oF the cavity open and capable at being pushed into the
ground surFace, to obtain a direct pressure-vs-velocity,
and hence impedance, measurement. A motor-driven
mechanical source provides a known volume velocity 10

and a microphone measures the resulting pressure. This
technique is restricted to Frequencies below about 300 Hz
both by the capabilities of the sound source and by the
requirement that the sound wavelength be large com-
pared with the dimensions oF the cavity. More recently
Daigle and Stinson [14] have used a two-microphone
technique to measure pressure, phase and phase diFFer-
ence along a vertical line in the spherically spreading in-
terFerence Field below a source suspended several meters
above the ground. Measurements in air have been made
down to 30 HZ over grass-covered ground, and show
some oF the ground resonances For grass-covered sur-
Faces that have beenmeasured seismically and are pre~
dicted theoretically by Sabatier [15] and by At-
tenborough [16].

Measured values oF the real and imaginary parts ot
the complex impedance 0F grass as a Function 0F Fre-
quency are shown by the dashed curves in Fig. 6. Re-
member these are measured in diFFerent places, on diFFer-
ent soils and diFFerent moisture contents. General Features
are i) the real and imaginary parts are roughly equal, ii)
both decrease with increasing Frequency, and iii) above
about 300 Hz, both are less than about 10 times the
characteristic impedance oF air.

Theoretical Models
Also on Fig. 6 are several solid curves, again in pairs,
one For the real and one For the imaginary part oF the im-
pedance. These are derived From some oF the one to Four
parameter models that have beendeveloped to describe
ground surFaces. ‘

In 1970 Delany and Bazley [17] developed expres-
sions For the real and imaginary parts oF characteristic
impedance and oF propagation constant For Fibrous ab-
sorbent materials. These expressions were simple power-
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Fig. 6. Real and imaginary parts of normalised specific
normal impedance of various grass-covered surfaces:
(---- ->) experimental results from Embleton et al., Daigle
8. Stinson, and Zuckerwar; (—) predictions from
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law Functions at a single parameter, namely Flow re-
sistance divided by Frequency. Chessell [18] showed that

"Delany andcflazley's theory For Fibrous materials also pro-
vided a description ot the Embleton, Piercy and Olson re-
sults For grass-covered surFaces at all Frequencies, hor-
izontal ranges, and source and receiver heights. He
ascribed an eFFective Flow resistivity to these surFaces oF
about 200 to 300 cgs rayls (200,000 to 300,000 MKS
units). Chessell also matched the Field measurements at
Parkin and Scholes using a Flow resistivity oF 150 rayls.
Chessell's work provided a great simplification to our pic
ture oF surFace impedances as a Function oF Frequency.

The one-parameter model in terms oF Flow resistivity
predicts too large a value For both components oF ground
impedance below about300 Hz. Also, the one-parameter
model requires a value oF Flow resistivity approximately
one halt the directly measured value oF Flow resistivity.

Donato [19] considered the incidence and reFlection oF
spherical waves on a plane surFace whose surFace im-
pedance was derived From an exponentially increasing or
decreasing Flow resistivity with depth. In 1977 Thomasson
[20] published what was essentially a many-parameter
model in terms oF material parameters, and an extensive
set oF Field measurements with which there was excellent
agreement.

In the early 1980's Attenborough [21] adapted the-
ories on Flow in porous materials into several Forms that
were useFul to acoustics. This theory predicts the curves la-
belled ‘A‘ in Fig. 6. Basically it is a Four-parameter theory
For which the parameters are Flow resistivity, porosity,

grain shape Factor and pore shape Factor. These pa-
rameters can be readily understood and one or two oF
them can be measured directly or calculated simply. For
example the eFFective Flow resistivity mentioned earlier, as
the parameter in the one-parameter model oF Chessell,
and Delany and Bazley, is the tlow resistivity that one
could measure in a Flow»resistance apparatus multiplied
by the porosity.

In 1980 Bass [22] and his co-workers investigated the
surprisingly large signals From airborne sounds using bur~
ied geophones. Geophones respond to movement oF the
ground matrix and the large acoustic-to-seismic transFer
Function cannot be explained by modelling the ground as
a simple homogeneous material having the surFace-
impedance values actually measured. The currently ac-
cepted model has been developed by Sabatier [23], At-
tenborough [24] and their colleagues. It assumes that the
ground is an air Filled, porous elastic solid. The model is
derived From earlier work by Biot [25]. In very simple
terms, the air-Filled pores couple very readily with the
sound Field above the ground and support a slow wave.
The solid matrix has much larger elastic constants and so
supports a Fast wave. Viscous and thermal eFFects couple
these wave types so that they interact.

At low Frequencies these wave types are separate and
can interFere, have their own wave speeds, attenuation

rates and other Features. This produces so»called seismic
resonances that are generally in the Frequency range oF
about 50 to 200 Hz. These resonances are clearly observ-
able using geophones buried in the ground. As men- Acoustics Bulletin July / August 1991  
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tioned earlier, these resonances have also been observed
by Daigle and Stinson as Fine structure in the surFace im-
pedance oF grass-covered ground and its eFFects on the
airborne sound Field.

Near-surface Micrometeorology
Refraction
Vertical gradients oF wind speed and temperature are
usually strong within the First metre oF the ground and less
so at greater altitudes. It is convenient to think 0F 0 hor-
izontally layered atmosphere. When the sound speed in-
creases with height, the sound Field curves downwards, as
in a temperature inversion (common at night) or during
sound propagation downwind. When the sound speed
decreases with height the Field curves upwards, as in a
temperature lapse (a common daytime condition) or dur-
ing propagation upwind. In this latter case geometrical
ray theorysuggests that there is a sound shadow beyond
a certain distance. Sound levels are reduced in such shad-
ow regions but some sound doespenetrate by diFFraction
especially at low Frequencies.

During downward retraction the grazing angle oF in-
cidence ot the Field at the ground surFace is increased
compared with the situation in an atmosphere oF constant
sound speed. This reduces the phase changes on re-
Flection and reduces the destructive interFerence caused by
the Finite and relatively small values 0F ground im»
pedance. Sound levels at a distance then increase; that is
why the sound at a distant source such as an aircraFt on
the ground or a train usually sound louder at night than
during the daytime. (In the daytime the more common
presence at a sound shadow enhances the sound re-
duction caused by Finite ground impedance.) There is also
the possibility oF multiple sound paths reFlected at the
ground [26] in addition to the direct Field. This leads to
sets oF reFlected paths, each set having diFFerent angles oF
reFlection and reflection coeFFicients, see Fig. 7. This mod-
el has been investigated and theoretically can lead to an
increase in sound pressure level, compared to a neutral
atmosphere, oF about 1 .5 dB For typical grass surFaces.

These are simple theories that assume constant vertical
gradients at sound speed over large areas oF open, Flat
terrain. In practice gradients oF wind speed and tem-
perature, and hence sound speed, vary significantly with
height and other phenomena such as Focussing can occur.
This allows much greater increases to occur sometimes at
some locations; however Focussing on one place is ac-
companied by deFocussing and reduced sound levels in
another. In urban areas the presence at buildings chang-
es the wind distribution and creates turbulence behind
buildings, uneven temperature distributions occur due to
shading oF solar radiation, and the concept ot a hor-
izontally stratiFied atmosphere ceases to exist. It is better
to assume that, on average, the atmosphere is isotropic at
least to the height ot the buildings and that sound prop-
agation is dominated by reflection and scattering From the
building Facades and the ground. in Forested areas, be-
neath the canopy oF the Foliage, there is very little air mo-
tion due to wind and also little selective heating oF the
ground by radiation, so here also the atmosphere is iso-
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Fig. 7. (a) The multiple ray paths, 1, 2, 3 etc from
source to receiver possible during temperature
inversion or downwind; (b) the constituents of a source
S and its image I that form a composite tield
associated with one of the ray paths of part (a). The

angle w is different for each path.

   

tropic; Price [27) has shown that sound propagation is
dominated by scaHering from tree trunks and foliage and
by the low acoustical impedance of the ground.

Diffraction
Sound propagation involves waves whose wavelengths
are often comparable with other linear dimensions in-
volved, for example the heights of source, receiver, a
barrier or other scatterer. Furthermore phase re-
lationships are coherent at least over distances of a few
metres, even in a turbulent atmosphere, and so adiacent
parts of the sound field can mutually affect each other.
Processes of diffraction allow sound waves to penetrate
across the sharp shadow boundaries predicted by ray
theory to an extent that is more pronounced at low fre-
quencies than at high. Thus noise-reducing barriers are
more effective at high Frequencies, and tree trunks and
other small obstacles scatter more sound energy at high
frequencies than at low frequencies. Reflection can be re-
garded as the extreme case of diffraction, for example
the side of a building reflects sounds of high frequency
whereas low frequency sound can often diffract around
the ends of the building or over the roof.

Upward refraction is caused by an atmosphere in
which the sound speeddecreases with increasing height.
Sound therefore travels fastest if it travels through the
layer of air that is closest to the ground (the hottest layer).
This is the path by which the sound canreach a distant
receiver that is relatively close to the ground, including
locations deep within the shadow zone. This process in-

Pierce [28]; the sound propagates in a wave near the
ground, sound energy is continually shed upwards, and
that which is shed at the appropriate point travels along
a path predicted by the sound speed structure of the at- 12voIving a 'creeping wave‘ has been studied recently by'  

mosphere to reach the receiver location of interest. This .
path is shown schematically in Fig. 8(e). The strength of
the creeping wave, the rate at which it sheds energy, the
paths followed, and hence the sound level at any height
and distance within the shadow zone can all be pre-
dicted.

In recent years so-caIIed fast field programs, FFP, have
been adapted from work in underwater sound. When the
sound field is known, for example near the source, over
some surface, or at a grid of points, the FFP uses fast aI-
gorithms to construct the field over related surfaces pro-
gressing in sequence further away from the source
[29,30]. In this way the whole sound field can be
mapped. The FFP can allow for any arbitrary sound speed
structure of the atmosphere and any acoustic impedance
of the ground surface.

Turbulence
In describing interference, refraction and diffraction of
sound waves near the ground it has been assumed im-
plicitly that the sound speed is either the same throughout
the field, or if it varies in layers to produce refraction and
diffraction then at least it is constant with time. However,
the atmosphere is almost always turbulent. Wind-
generated turbulence arises as the moving air passes ob-
stacles and temperature-generated turbulence is caused
as some patches of ground (and the air layer immediately
above them) become either hotter or colder than others;
the hot air then rises to be replaced by an inflow ofcold
air that is sinking elsewhere. This is the 'source region' of
large-scale turbulence; its shape, size and occurrence are
usually unpredictable. The turbulent flows are unstable
and break down into a larger number of smaller eddies,
which in turn break down into still more smaller eddies.
This cascade process continues, producing a statistically
predictable and stable spectrum of eddy sizes, called a
Kolmogarov spectrum. Ultimately the turbulent energy is
converted into heat as the smallest eddies of the order of
a millimetre in diameter dissipate through viscous pro-
cesses [31,32].

The effect of turbulence on acoustic wave propagation
is significant because the size of turbulent eddies is similar
to the wavelength of sounds in the frequency range of
usual interest. One can consider turbulence as random
variations of an otherwise homogeneous propagation me-
dium, which degrade the predictable phase relationships
in the sound field. Alternatively one can consider tur-
bulence as a changing random array of scattering vor-
tices. The phase and amplitude of sound waves vary, both
with time and with location, and must be described by
mean values and standard deviations. In turn, the stan-
dard deviations can be related theoretically to the strength
and scales of the spectrum of turbulence [33]. As a sound
wave propagates through a turbulent medium one would
expect the fluctuations to increase with increasing dis-
tance. Figure 9 shows the results [32] of such measure-
ments on various occasions, many different distances (up

to about 200 m), at various frequencies between about
500 and 5000 Hz,‘ and show that the phase fluctuations
(open circles) increase without limit and the measured vaI-

Acoustics Bulletin July / August 1991  



Review Article
:2:

 

  
(a) i) Interference between direct and one reflected (b) i) Interference between direct and several reflected paths.

path. ii) One reflection point. iii) Small grazing angle ii) Reflection points near source and receiver. iii) grazing angles
are larger than in case (a).

    

S Creeping wave

  

  

 

1 Shadow
R ' region

  

(c) i) Interference between direct and several reflected paths. (d) i) Receiver in a shadow region. ii) Sound at re-

ii) Reflection points near source and receiver. iii) grazing angles ceiver is carried by a creeping wave and shed up

are larger than in case (a). wards to reach receiver,

       
(e) i) Receiver in a shadow region. ii) Sound at receiver is carried by a

creeping wave and shed upwards to reach receiver,

  
Fig. 8. An analogy based on ray paths: (a) flat ground and an acoustically neutral atmosphere (constant sound

speed and straight ray paths); (b) rising hillside and neutral atmosphere; (c) flat ground and downward refraction

(analogous to b); (d) falling hillside and neutral atmosphere; (e) flat ground and upward retraction (analogous to d). l

Both (d) and (e) have shadow regions that can be penetrated by creeping waves.  Acoustics Bulletin July / August 1991 13
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Fig. 9. The measured mean»square log-amplitude (solid points) and

phase fluctuations (open points, values are rad?) vs their calculated

values obtained through simultaneoust measured meteorological

variables related to turbulence. Phase fluctuations increase without limit,

rising hillside, but still in a neutral at-
mosphere. In general there are now 3
ground-reflected rays of different path
lengths, and they have reflection points that
are close to the source or receiver. For ex-
ample, when the receiver is on a hillside
100 m high and 5 km from a source that is
about t m above the ground, two of the re-
flection points are 50 to 100 m from the
source. This implies that, in the rising-
hillside case, the most significant areas of
the ground are those relatively near the
source and receiver, and that most of the
intervening ground may not have much in-
fluence on the sound propagation.

Figure 8(c) is the analogy to Fig. 8(b).
Both the ray paths and the ground shape
are 'bent downwards' compared with Fig.
8(b). The formerly straight ray paths be-
come concave downwards and the ground,
formerly concave upwards, becomes flat;
this is appropriate for sound propagation
either downwind or in a temperature in-
version. In both Figs. 8(b) and (c) the graz-
ing angle of reflection is larger than in Fig.
8(a) as shown by the dashed lines in Fig. 8
(c). Calculations and a few observations for

   

ues agree with those predicted. The measured values of
amplitude’fluctuation (solid circles) however are usually
smaller than those calculated for the particular circum-
stances of distance, frequency, and strength of tur-
bulence, and furthermore appear to saturate at a certain
limit.

The practical effect of turbulence is to degrade the
wave propagation phenomena that depend on exact or
constant phase relationships in a sound field. This is par-
ticularly noticeable experimentally in shadow regions, or
near interference minima. The sound pressure levels, in
regions of otherwise reduced sound levels, are increased
in a turbulent medium compared to the values predicted
for a steady medium [see later in Fig. ll).

Non-flat Terrain
It is difficult to study effects of shape of ground surface
(topography) on sound fields under the carefully con-
trolled conditions that are necessary to understand the
processes involved. A few measurements have been
made at specific sites but in general this work has not
been extrapolated to other locations because limits on the
validity of extrapolation have not yet been delineated in
useful form. However there is a close analogy betweena
flat ground and curved raypaths in an inhomogeneous
atmosphere, and a curved ground surface above which
there is an acoustically neutral atmosphere.

Figure 8 describes the analogy; Fig. 8(a) is the basic
diagram for a flat ground and neutral atmosphere, there
is one ray path designating a single reflection at the
ground surface. Figure 8(b) considers the change in this
basic concept when either source orreceiver is above a 14  

a hillside 50 to )00 m high at ranges of A
to 6 km agree reasonably well, both show increases in
the A-weighted sound level of a iet engine of 10 to 14
dB.

Figure 8(d) shows the opposite case of a falling hill-
side, as when source and receiver are separated by the
brow of a hill. The receiver is now in a shadow region
behind a topographical barrier and direct sound from
the source cannot reach it. At this point we must drop the
simple-minded picture of ray paths and remember that
we are dealing with wave propagation and that sound
waves have finite wavelengths. There is a principle of
least time that states that some sound energy reaches the
receiver via thepath that takes the minimum time from
source to receiver. This is the so-called 'creeping wave‘ of
diffraction or scattering theory that was described earlier.
For the configurations shown in both Figs. 8(d) and (e)
this sound energy will travel via the creeping wave above
the ground surface and at some point be shed upwards
to reach the receiver.

Some carefully controlled measurements carried out
over a curved surface in a large building in which the at-
mosphere was homogeneous and non-turbulent are
shown [34], in Fig. 10. The three configurations a, b and
c are shown by the small sketch and are respectively
above, on, and below the geometric shadow boundary.

The dashed curve in Fig. 10(a) is calculated by as-
suming a direct and reflected wave, but accounting for
reflection from a rigid curved surface: the curve shows
the effect of interference due to path-length differences
The short portion of solid curve is calculated from a re-
sidual series solution for the creeping wave. The calcula-
tion is only carried to ten terms and therefore ceases to

Acoustics Bulletin July / August 1991 
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Fig. 10. Relative sound pressure level spectra for
propagation over a rigid, acoustically hard, cylindrical
surface of radius 5 m. Source-to-receiver distance is
about 4 m: (a) (b) and (c) are respectively torthe
receiver above, on, and below the geometrical

shadow boundary. (-) experimental values, (—)
creeping wave theory, and (<----) simple interference
between the direct and reflected waves, using the

reflection coefficient for a curved surface.

   

converge beyond about l000 Hz. The results in (b) were
measured on the limiting ray and the solid curve is creep-
ing wave theory. A systematic discrepancy between the-
ory and experiment is observed in all the results in the vi»
cinity of the shadow boundary. The theoretical
calculation has converged at all frequencies and, there-
fore, adding more terms does not improve the agree-
ment. The discrepancy is still observed below the shadow
boundary in 9(c). Deeper within the shadow, however,
the theory agrees with all the measurements to within 0.5
dB, and in most cases this agreement is obtained with
only one term in the theory. 4

The results just discussed were for ideal atmospheric
conditions, and a rigid hard surface indoors. Outdoors
one expects the same theory to apply for similar con-
figurations, but with values for finite ground impedance.
Figure it shows experimental results (points) for two re-
ceiver heights in the shadow region behind a small
grass-covered hill of almost perfect cylindrical shape the
two sets of points (open and solid) are respectively for
two different curvatures of the hill. The dashed curves are
predicted for the case of a perfectly hard ground, and
the solid curves are the prediction for ground having the
typical impedance of a grass-covered surface. There is a
discrepancy above about 1 kHz in the lower set of results
that was not found indoors. The higher frequencies deep
within the shadow are normally where the best agree»
ment is expected and observed indoors. Therefore the or-
igin of the discrepancy at the higher frequencies differs
from the one observed close to the shadow boundary in
the case of the indoor measurements. It is usually spec-
ulated that energy scattered by atmospheric turbulence is
contributing to enhance the levels here (as noted earlier
in the section on turbulence). Acoustics Bulletin July / August 1991
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A Final Comment
Barriers
One topic not mentioned either under diffraction of sound
fields or under topography is the effect of barriers to re-
duce the level of sound. The performance of thin barriers
impervious to sound can be calculated using any one of
several theories of diffraction for thin screens, and the
presence of the ground on either side of the barrier
should be taken into account. In general terms, the pres-
ence of the ground reduces the effectiveness of the barrier
in reducing sound, compared with the predicted diffrac-
tion loss for the direct path only. Furthermore, in practice
one usually does not measure more than about 15 dB of
loss however much more .is predicted. The above dis-
cussion of theoretical predictions, measurements over
grass-covered earth berms outdoors and the general
agreement between the two, at least down to insertion
losses of about 40‘ dB at high frequencies, indicates that
more noise reduction can be achieved with earth berms
than with thin barriers, see Fig. l l.
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MEETING NOTICE

MODERN MEASUREMENT TECHNIQUES FOR
ENVIRONMENTAL NOISE & VIBRATION

18 September 1991

South Bank Polytechnic

S
M
E
I
N
V
O
I

Registration & coffee
Welcome by the Chairman, Professor H G Leventhall FIOA
EXPONENTIAL OR LINEAR AVERAGING - DOES IT MATTER?
A Miles, Lucas CEL Instruments Ltd

ROLE OF SHORT-TERM LAeq IN PROBLEM AREAS OF ENVIRON-
MENTAL NOISE MEASUREMENT
B F Berry MIOA, NPL & A D Wallis MIOA, Cirrus Research Ltd

11.15 coffee

11.30 A COMPREHENSIVE SYSTEM FOR ENVIRONMENTALNOISE ANALYSIS
D Marsh FIOA, Industrial & Marine Acoustics Ltd

12.00 MODERN TECHNIQUES FOR VIBRATION MEASUREMENT
R J Peters FIOA, NESCOT

12.30 lunch

14.00 AUTOMATIC NOISE SOURCE IDENTIFICATION
| H Flindell MIOA and P Wright, ISVR

14.30 REMOTE MONITORING MADE LESS REMOTE

C P Stollery AMIOA, Cirrus Research Ltd

15.00 tea

15.30 SUITABLE MEASUREMENT PERIODS FOR ENVIRONMENTAL NOISE
J P Seller MIOA

16.00 Discussion

MEASUREMENT TECHNIQUES
Please register me as a delegate
Name:

Organisation:

Address:

Tel no. for contact

  

I enclose a cheque for the meeting fee of £75 +£13.12 VAT: £88.12 (members) or £90 + £15.75 VAT: £105.75
Please invoice me for the meeting fee of £75 +£13.12 VAT: £88.12 (members) or £90 +£15.75 VAT: £105.75

I shall not attend. Please send a copy of the Proceedings: a cheque is enclosed for £20 (members)or £27

                      

Fietum to the Institute of Acoustics, PO BOX 320, StAlbans AL1 1P2 Tel 0727 48195, Fax 0727 50553 



   

Joint IOAIIOP Physical Acoustics Group Meeting

DEVELOPMENTS IN ACOUSTICS AND ULTRASONICS

24 - 25 September 1991

University of Leeds

This meeting seeks to present to delegates an overview of progress in acoustics and Ultrasonics in the
physical, medical, biological, chemical, food and oceanographic sciences. Developments in physical
acoustics and ultrasonic methods are increasingly taking place outside the traditional physics and elec-
tronic engineering environments from which they originally emerged. Many disparate disciplines now em-
ploy these techniques, frequently causing them to develop further. Since each discipline has developed
ultrasound techniques as a tool to another end, rather than as an end in itself, these developments are in
danger of not being communicated beyond a small circle. This meeting is designed to counter this.

The draft programme includes the following contributions:

Ultrasound measurements in high Tc superconductors/Evaluation of the kinetics of complex reactions in solution us-
ing ultrasonic relaxationmethods/Ultrasound propagation in heterogeneous biological materials/Broadband tech-
niques for the ultrasonic study of materials/Ultrasonic velocity and attenuation studies of bones/Ultrasound Doppler
flow measurement/Acoustic scattering and shoals of fish/Ultrasound developments in the study of foods/Ultrasound
measurement in meat/New directions for ultrasound/Ultrasonic measurement of cleaning in emulsions/What do ultra-
sound measurements in fruit and vegetables tell you?/An overview of ultrasound scattering in dispersed systems/Ac-
curacy in ultrasound measurement

For further information contact: Malcolm Povey or Julian McClements, Department of Food Science, The
University, Leeds L82 9JT. Tel/Fax: 0532 332980

INSTITUTE MEETINGS

September 13
Speech Group Meeting
NEURAL NETWORKS
BT, Manlesham Heath

September 18
IOA Formal Meeting
MODERN MEASUREMENT
TECHNIQUES FOR ENVIRON-
MENTAL NOISE
South Bank Polytechnic

September 18
London Branch Meeting
DRAFT CoP - OFF ROAD
MOTOR CYCLE NOISE

September 24 - 25
IOA/IOP Physical Acoustics
Group
ANNUAL REVIEW OF
PROGRESS IN PHYSICAL
ACOUSTICS & ULTRASONICS
University of Leeds

October 16
Eastern Branch Meeting
Dr Roy Patterson, lecture

October 16
London Branch Meeting
MITCHELL REPORT & AGM

October 16
Joint IOAIIOP Meeting
UNSTEADY COMBUSTION &
COMBUSTION/ACOUSTIC
INTERACTION
University of Hull

October 21
IOA Formal Meeting
RAILWAY NOISE & VIBRATION
English Speaking Union, London

October 31 - November 3
REPRODUCED SOUND 7
Hydro Hotel, Windermere

November 13
Eastern Branch Meeting & AGM

November 13
London Branch Dinner
The National Theatre

November 21 - 24
AUTUMN CONFERENCE,
NOISE IN THE NINETIES -
A QUIETER BRITAIN?
Hydro Hotel, Windermere

December 1 1
London Branch Meeting
SAFE WITH SOUND

1992
January
PC PROGRAMMES IN
ACOUSTICS
London

May 19
Institute AGM

September 14 - 18
IOA International Conference
EURONOISE 92
Imperial College London  

CALL FOR PAPERS

SOUND '92
Heathrow Penta Hotel

February 1992

Organised by the
Institute of Sound and

Communications Engineers

Contributions are invited for tech-
nical papers of (BO-minutes dura-
tion on the following topics:

- Audio Measurement
0 Acoustic Measurement

0 Sound System Design for
Public Places

- Case Histories of Sound

Systems for Public Places

Abstracts of 60 words by
31 August 1991 or requests for
further information to:-

Institute of Sound and
Communications Engineers
43 High Street
Bumham,

Slough SL1 7JH
Tel: 0628 667633

Fax: 0628 665882



09.45
10.30

11.00

11.30

12.00

12.30

14.00

14.30
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15.30

MEETING NOTICE

RAILWAY NOISE AND VIBRATION
21 October 1991

English Speaking Union, Dartmouth House, London

Registration & coffee
PREDICTION AND ASSESSMENT OF GROUNDBORNE NOISE FROM UNDER-
GROUND RAILWAYS
J G Walker (1) & S A Ridler (2), (1) ISVR, Southampton, (2) Arup Acoustics

DEVELOPMENT OF A NOISE SPECIFICATION FOR DIESEL LOCOMOTIVES
A E J Hardy, British Railways Board

NOISE AND VIBRATION FROM LUDGATE RAILWAY WORKS
C J Manning, Arup Acoustics

COMMUNITY RESPONSE TO NOISE FROM THE DOCKLANDS LIGHT RAILWAY
B Shields, L Matthews & A Zhukov, South Bank Polytechnic

lunch

RAILWAY NOISE - CALCULATION AND MEASUREMENT
G Rock, Somerset Scientific Services

VIBRATIONS AND NOISE FROM TRAINS IN TUNNELS
R Hood & R Greer, Ashdown Environmental

tea

A STUDY OF RAIL NOISE AFFECTING NEARBY RESIDENCES
R Heng, Sheffield City Polytechnic

PLANNING AND DESIGN OF NEW RAILWAYS - NOISE AND VIBRATION
CONTROL
R M Taylor, Consultant

RAILWAY NOISE AND VIBRATION
Please register me as a delegate
Name:

Organisation:

Address:

Tel no. for contact

I enclose a cheque for the meeting lee of
Please invoice me for the meeting fee of

I shall not attend. Please send a copy of the Proceedings: a cheque is enclosed for

    

£90 +£15.75 VAT: £105.75

£90 + £15.75 VAT: £105.75

£20 (members)or £27

  

£75 + £13.12 VAT: £88.12 (members) or

£75 + £13.12 VAT: £88.12 (members) or

                  

Return to the Institute of Acoustics, PO Box 320, St Albans AL1 1P2 Tel 0727 48195, Fax 0727 50553 



CALLS FOR PAPERS.

REPRODUCED SOUND 7
Hydro Hotel, Windermere, 31 October - 3 November 1991

(In collaboration with SCIF, AES, ABTT and APRS)

Incorporating an International Seminar on

COMPUTER AIDED DESIGN OF SOUND SYSTEMS
Formal & Poster Sessions on

Broadcasting and Motion Picture Sound Developments

Listening versus Measurement - Exploring theMythology

Electromagnetic Compatability and the 1992 Regulations

Transducer Developments at Both Ends of the Sound Reproduction Chain

Advances in the Technology and Practical Applications of Digital Sound

Invited speakers include Martin Colloms and Bob Stuart

Offers of contributions with 100 word abstracts to the Programme Committee Chairman, Dr Malcolm Hawksford F/OA, De-
partment of Electronic Systems Engineering, University of Essex, Wyvenhoe Park, Co/chester 004 580.

 

NOISE IN THE NINETIES: A QUIETER BRITAIN?
Hydro Hotel, Windermere, 2| - 24 November 1991

Formal & Poster Sessions on
Issues Arising from the Bethe Report

Entertainment and Neighbourhood Noise

Criteria for the Assessment of Environmental Noise (eg Inaudibility Re—visited?)

Revision of BS 4142 (Comparisons, Case Studies)

Sound Insulation in Buildings (10/73, Building Regulations, Construction Techniques, Test Methods)

EC Directives on Machinery Noise, and Techniques for Controlling Noise

Transportation Noise (Including Railway Noise and the Mitchell Report)

Problem Areas (eg Background Noise Measurements, Low Frequency and Impulsive Noise)

New Techniques for Predicting, Monitoring and Controlling Environmental Noise

Offers of contributions with 100 word abstracts to the Conference Organiser: Jeff G Charles FIOA, Bickerdike Allen Pan-

ners, 121 Salusbury Fload, London NW6 ERG. Programme Committee Chairmen: Dr L Fothergill FIOA (Building Acoustiw
Group) and Dr Fl J Peters FIOA (Industrial Noise Group).

 

PC PROGRAMMES IN ACOUSTICS
London, January 1992

Topics include
Data Collection and Manipulation

Prediction for Road Traffic, Railway and Aircraft Noise

Sound Insulation and Sound Power Measurement

Environment Noise Monitoring

General Utilities for Acousticians

Offers of contributions with 100 word abstracts to the Meeting Organiser: John Seller MIOA, Institute of Environmental En-
gineering, South Bank Polytechnic, Borough Road, London SE1 0AA

 

Contributions of sufficient technical merit presented in both formal and poster sessions in each of the above will be pub—
lished in Volumes 13 or 14 of the Proceedings of the Institute of Acoustics (1991,29 and available to delegates on arrival 
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D J Townend

Introduction
Underwater acoustic coatings have many uses in both
military and civilian applications. Frequencies of interest
span many decades stretching from a few tens of Hertz to
greater than 1 MHz. The majority of these coatings are
based on a polymeric matrix, and as a result, the acous-
tic properties are frequency and temperature dependent.
Mathematical models have been developed to predict the
acoustic performance of complex multilayer systems but
the coating designer also needs accurate measurements,

made under controlled laboratory conditions, to validate
his computer predictions.

In principle, measurements at high frequencies are
straightforward, wavelengths are short, diffraction effects
are minimal and adequate time domain resolution can be
achieved in small test tanks. However at low frequencies
measurements become more difficult. Diffraction effects
cannot be ignored and in restricted volumes of water mul-
tipath reflections make it difficult to isolate the signals of
interest. Whilst measurements can be carried out under
free field conditions, sea trials are expensive and they
require expensive test panels of large lateral dimensions
to minimise diffraction effects. Sea state conditions and
temperature are beyond the control of the operator and
such trials are only used to'validate the performance of
fully optimised coatings. I

At ARE (HH) a number of methods for evaluating coat-
ing performance have beendeveloped, both for free field
and laboratory measurement, This paper will confine
itself to two laboratory techniques. The first of these is the
pulse tube and the second is a high frequency parametric
array.

Pulse Tube Measurement
During the second world war the Germans realised that
submarines could be camouflaged against an active
sonar threat by coating the outside of the submarine with
an 'anechoic' coating. These early, resonant cavity, coat-
ings were codenamed 'Alberich' after a mythological
dwarf whose magic hat rendered him invisible. In order
to evaluate the performance of these coatings the Ger-
mans developed the first pulse (or impedance) tubes.
These were simply long steel tubes with a projector (used
in the send/receive mode) at one end, with the sample
introduced at the other end. By measuring the signal
reflected from the sample and comparing this with the
signal reflected from a perfect reflector (the air interface
at the top of the tube) it was possible to calculate the
reflection coefficient or echo reduction ER) for the sample.

The major advantage of the pulse tube is that it Acoustics Bulletin July / August 1991

The Use of Impulsive Excitation Test Methods to Evaluate the
Pfifma’ cc of Underwater Viscoelastic Acoustic Comm

  

behaves as an acoustic wave guide. Below the cut-off fre-
quency (determined by the diameter of the tube) only a
plane compressional wave will propagate Provided
the steel walls are massive the effects of tube wall com-

pliance are negligible [2]. The temperature of the water in
the tube can be controlled by the addition of a cooling/
heating jacket and the tube can be pressurised to simulate I
deep immersion.

Figure 1 shows a schematic diagram of a typical pulse
tube configuration, As well as measuring the ER of sam-
ples it is also useful to be able to measure the trans-
mission (or insertion) loss (TL). At low frequencies all
materials that are thin compared to a wavelength will
have low reflection coefficients (high ER) because most of
the incident energy penetrates the sample (ie TL is low).
This will happen irrespective of whether the sample is
designed as an absorber or not. By summing the trans-
mission and reflection coefficients a measure of the
energy dissipated by the sample can be deduced. With a
lossless sample the sum of these two coefficients will of

Pulse tube lid

Sound-jagso tion corfl
y rop one __ j

)3 Transmitted pulse 1- 7. ,

 

l Sample j

.
$—l7 Reflected pulse

Water tilled tube.jiw

Pulse tubewalls __ I

     

an
Echo reduction

 

  

Send pulse _
l

Transducer —:—j l
l

Transmission loss

Fig 1. Pulse tube schematic diagram  
l

Pulse tube modes
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course be unity. The terminating cone at the top of the
tube is present to absorb any energy transmitted through
the sample to prevent it being reflected from the top of the
tube and being re-transmitted back through the sample to
interfere with the signal of interest reflected from the front
face of the sample. This effect poses the first limitation on
the low frequency performance of the tube. It is not pos-

sible to manufacture a termination that has adequate
absorption at very low frequencies and interference
between the signal reflected from the front face of the
sample and the signal reflected from the top of the tube
results in a measured ER that is a composite answer for
the sample and cone combined. This effect can become a
major problem at frequencies lower than 1 kHz.

In order to overcome this limitation the measurement
technique has been modified. Hydrophones have been
embedded in the wall of the tube at points 1/3, 1/2 and
2/3 along its length. The sample is suspended on a nylon
monofilament thread iust below the top hydrophone ie
some distance down the tube. The absorbing cone is dis-
pensed with so that the reflection from the top of the tube
is clearly defined. The transducer at the bottom is now
only used as a projector. The top hydrophone is used to
monitor the signal transmitted through the sample whilst
the bottom hydrophone monitors the incident and reflect-

ed signals. The signals from these two hydrophones are
sampled with 16-bit precision and time domain aver-
aging is used to improve the signal to noise ratio. By
using a T/TOth cosine taper window arbitrarily posi-

, tioned on the traces the incident, reflected and transmitted
components can be isolated from the bottom and top
hydrophone signals. After transformation to the frequency
domain the transmission loss and echo reduction can then
be computed, the need for blank measurements from a
perfect reflector is eliminated and since the ER and TL
values are derived from the same incident signal, accu-

 

racy and consistency are greatly improved.

Excitation Signals
When acoustic measurements are made in pulse tubes or
small water tanks high time domain resolution, ie signals
that are short in duration, is required to enable incident
reflected and transmitted signals of interest to be isolated
from unwanted multipath reflected and diffracted signals.
With traditional techniques usingtone bursts the reflec-
tion coefficient was calculated by dividing the peak
amplitude in the reflected tone burst and comparing it
with the peak level of the signal reflected from a perfect
reflector, eg an air interface. Figure 2 illustrates the lim«
itations imposed by this method.

Figure 2 shows high (~ 5 kHz) and low (~ I kHz) fre-
quency incident and reflected tone bursts measured in
the ARE pulse tube. It can be seen that for the high fre-
quency signal, steady state conditions have been
achieved for both incident and reflected components and
a value for the reflection coefficient can be computed.
However for the low frequency signal, steady state condi-
tions have not been achieved for the reflected com-
ponent. Incident and reflected signals are starting to
overlap and it is becoming difficult to separate the two
components. The reflected signal cannot be used to give
a meaningful answer for the reflection coefficient of the
sample and the low frequency limit of resolution for the
tube has been reached. Apart from limited low frequency
resolution, a tone burst only yields an answer at one fre-
quency therefore it is necessary to repeat the experiment
at many other frequencies to obtain a wide frequency
range plot of acoustic performance.

Acoustic coatings of whatever type may be regarded
as low pass, high pass or band pass acoustic filters and
the properties of interest, eg ER or TL, are fully defined
by their impulse response in the time domain or by their
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Fig 2. High and low frequency tone bursts
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Fig. 3. Various time domain excitation signals. From
the top: tone burst, haversine, sin x/x, chirp.
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Fig. 4. Spectra ot various excitation signals. From the

top: tone burst, haversine, sin x/x, chirp.

  

transFer Function in the Frequency domain. Modern signal
processing techniques allow data to be sampled with
high precision (lévbit) at high sampling rates. FFT tech-
niques applied to the resultant time series allow easy
transFormation From time to Frequency and vice versa
whilst polynomial waveForm synthesizers allow complex
waveForms used to excite the sample to be generated
easily.

Figure 3 shows a number oF time domain signals that
have been used For perForming measurements at ARE
(HH) and Figure 4 shows their corresponding spectra.
The limitations ot the tone burst have already been dis-
cussed and this method is no longer used. The haversine
(0.5 (1- cos)) has very high time domain resolution

allowing diFFracted or multi-path reFlections to be isolated
From the signal at interest and this excitation source is
preferred For pulse tube and small tank measurements. Its
spectrum has the characteristics at a low pass Filter. The
sinx/x Function has the advantage that more energy can

Technical Contribution
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be projected into the water, whilst the time domain res-

olution is relatively poor its spectrum is an ideal band-
limited boxcar. The chirp (swept sine wave) allows even
more energy to be coupled into the water but again time
domain resolution is poor. However these two latter
signal types have proved useFul in sea trials where multi-
path reflections are not a problem.

Practical Considerations
Figure 5 shows the incident signal and the signal reFlect-
ed From an absorbing cone in a 7.5 m long pulse tube,
the incident signal being a 5 kHz haversine impulse. It
can be seen that the reflected signal has been consid-
erably stretched in time, distinct components From the
Front and rear surFaces of the cone are apparent indi-
cating strong resonant behaviour in the Frequency
domain. Between the incident and reflected signals a
number oF small perturbations are apparent, these are
caused by reflections From discontinuities in the tube walls
resulting From the insertion ot the side mounted hydro-
phones and other detects unFortunately built into the tube
at manuFacture.

Not immediately apparent in Figure 5 is a very low
level signal travelling in the steel wall otthe tube (it is iust
visible as a slight ripple prior to the arrival at the incident
signal). Energy From the water born wave is continuously
coupled into the steel wall where it travels, virtually

undamped, up and down the tube at ~ 5000 m/s. All
these various arteFacts have been analysed and Found to
be high pass Filtered attenuated Facsimiles ot the incident
signal. Some ot them cannot be eliminated using current
signal processing techniques and they set the limit on the
dynamic range at the tube. At 5 kHz the present dynamic
range is >70 dB whilst at 10 kHz this Falls to ~ 25 dB.
Work is currently underway to improve this high Fre-
quency limit to an acceptable level (~ 40 dB). However in
spite at these limitations the use oF an impulsive excitation
source has dramatically improved accuracy, dynamic
range and Frequency bandwidth. The high time domain
resolution resulting From the short (~ 250 us) impulsive
signal has allowed the various arteFacts described above
to be isolated and analysed, something which is virtually
impossible to envisage using tone burst excitation.

Acoustic coatings have varying levels oF perFormance.
Although the designer may strive For the highest levels oF
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Fig. 5. Incident and reflected signaltrom terminating

cone in 7.5m tube,.5 kHz haversine excitation signal.
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Fig. 6. Echo reduction of viscoelastic terminating cone.
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Fig. 7. Theoretical and experimental ER and TL
performance of 6 mm thick steel plate.

   

performance, increased sophistication may be overridden
by other important parameters such as cost, weight, ease
of application, and hydrodynamic considerations. Hence
the coating designer must be able to measure both high
and low levels of performance accurately. Figure 6 shows
the excellent ER performance of a terminating cone used
in the pulse tube computed from the time domain record
in Figure 5. The time domain window used has set a
lower frequency limit of ~ 250 Hz. The strong resonant
behaviour associated with cones and wedges is clearly
visible and the increased viscoelastic damping associated
with polymers operating in their main chain transition
region manifests itself in the gradually reducing Q of the
higher frequency resonant peaks. Figure 7 shows the ER
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Fig. 8. Tone burst reflected from two separated
Perspex sheets

   

and TL of a 6 mm thick steel plate (hatched line) com-
pared with the predicted values (solid line). Agreement is
good between ~ 500 Hz and 6 kHz The lower limit was
set by the time window used and the higher limit was
influenced by the tube discontinuities mentioned pre-
viously. Between 500 Hz and 6 kHz summation of the
transmission and reflection coefficients yielded a value of
1.08. Clearly some systematic errors still exist but this
result is considerably better than anything that was
achieved using tone burst excitation.

High Fre uency Parametric Array
As mentione previously a pulse tube will only support a

20

plane compressional wave below cut-off. However above
cut-off radial modes can propagate and, since these
effectively bounce off the side of the tube as they prop-
agate up the tube, they arrive at a fixed hydrophone site
delayed in time relative to the normal mode.

Since these radial modes have delays which are too
short to allow windowing out, high frequency pulse tube
results tend to be difficult to interpret.

A much more satisfactory technique at higher fre
quencies, >10 kHz, is to use a parametric array. Again
the excitation signal used to modulate the primary is
impulsive. In this case a 40 kHz triangular waveform, (a
single cycle ofa triangular wave with its start phase shift-
ed by 90") is used rather than a haversine, in order to
enhance the high frequency content of the secondary
signal.

Figure 8 shows a tone burst (~ 100 kHz) incident on
two 6 mm thick Perspex plates separated by a 25 mm
water gap. Multiple resonances betweemthe two plates
results in a complex reflected signal. Quite clearly steady

     

0.0008 0.0010 0.0012
Seconds

Fig. 9. Haversine impulse reflected from Perspex sheets

    

state conditions have not been reached and it is not pos-
sible to detect whether the reflected signal contains low
level diffracted and reflected components.

Figure 9 shows the incident and reflected signals from
the two Perspex sheets when the 1 MHz primary is mod-
ulated with a triangular waveform. The structure of the
reflected signal is clearly seen as a series of decaying
multiple reflections.

Using a l/lOth cosine window to separate the inci-
dent and reflected components and correcting for spher-
ical radiation effects yields the result for echo reduction
(hatched line) shown in Figure 10. The theoretical result is
shown as a solid line. Agreement in the range 10 kHz to
100 kHz is good. The discrepancy between experiment
and theory in this case is almost certainly due to a lack of
accurate information on the loss factor of Perspex in this
frequency range.

Conclusions
The use of impulsive excitation is applicable to both low
frequency pulse tube measurements and high frequency

Acoustics Bulletin July / August 1991  
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Fig. 10. Theoretical and experimental echo reduction tortwa 6 mm Perspex sheets 25 mm apart

parametric array measurements. A single 5 kHz Haver-
sine yields a bandwidth at 10 kHz in the pulse tube and
a 40 kHz triangular waveform yields a bandwidth from
10 kHz to 250 kHz in the parametric array. Although the
impulsive method yields low sound pressure levels time
domain averaging can greatly enhance the signal to
noise ratio. The high time domain resolution can greatly
improve the ability to discriminate against and identity
the source of unwanted signal components resulting in a
much improved dynamic range.
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VIBRATION
CONTROL
BY DESIGN

Do you need to specify, supply or install steel
spring or rubber isolators for the control of
structure-borne noise and vibration?

Do you need proper analysis and calculations to
demonstrate correct selection to avoid excessive
vibration amplitudes or machine noise trans-
mission?

Are you particularly interested in isolating

television and sound studios, heating and
ventilation machinery or diesel generators?

Christie & Grey have over 75 years experience
and the latest computer techniques for solving

the problems of structural isolation.

We also manufacture, supply and install the
isolators.

CHRISTIE & GREY LIMITED
Universal House,

Morley Road
Tonbridge

Kent TN9 1 RA.
Tel: 0732 366444
Fax: 0732 770048
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MSc/Dip in ACOUSTICS
VIBRATION and
NOISE CONTROL

by Distance Learning Video Instruction

A two—year course. starting in October, with
modules covering; Basic Acoustics, Building
Services Noise. Environmental Noise, Indus—
trial Noise. Architectural Acoustics. Vibration
Control. Signal Processing and Data Analysis,
Noise Control Engineering. Transportation
Nmse. Law and Administration.

Further details and
application forms are
available from:

HERIOT—WATT

UNIVERSITY

Charlie Fleming,
Department of Building
Engineering,
Heriot-Watt University,
Edinburgh EH14 4A8.
UK.
'1‘eI031449 5111 x 4626
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Traffic Noise

Prediction of traffic noise levels,
including advice on the use of the
DTp method 'Calculation of Traffic
Noise' which was developed in

the Unit

Design of roadside noise barriers,

including the use of computer models

to predict performance and to

optimise costs

Noise impact assessment of road

schemes

Tyre/road surface noise

Monitoring and analysis of traffic

noise

Road construction noise and vibration

Vibration

Assessment of the impact of traffic

vibration

Damaging effects of vibration on
buildings

Prediction of air and ground-borne
vibration

Control of vibration from vehicles

Protection of vibration sensitive

equipment

Vehicle Noise Control

Quiet vehicle engineering

Motorcycle noise

Vehicle testing and test track design

Vehicle noise assessment scale

development and noise quality

considerations
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NOISE AND VIBRATION UNIT
This unit offers specialist advice on a broad range of road traffic noise and
vibration topics and has developed particular expertise in the areas of
prediction modelling, psycho-acoustics, environmental monitoring and quiet
vehicle development and testing. The unit is well equipped with up-toedate
instrumentation and specially commissioned laboratories to provide a high

quality research service with full commercial confidentiality

Monitoring traffic

noise b

 

  

  

Experimental Facilities

Secure test track facilities which include

a vehicle noise test track conforming to
the latest ISO standard

Listening room laboratories for psycho-

acoustical studies

Anechoic chamber

Time and frequency domain analysis;

measurements of loudness   

TRFIL '5 ISO test

Noise barrier test

facility 1  
More Information
Noise and Vibration Unit

Transport and Road

Research Laboratory

Crowthorne
Berkshire RG11 GAU

Tel 0344 770022/770650

Telex 848272

Fax 0344 770356
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MICROPHONE CALIBRATION AT LOW FREQUENCIES

R G Barham ’

 

Standards for law-frequency acoustics
There are many situations in acoustics that call for the
measurement at sound at very low audible, and even in-
trasonic, Frequencies. Examples include the measurement
of noise trom sonic booms and the launching of rockets,
From quarry blasting and trom the wind. The so-called
reciprocity method of microphone calibration is the inter»
nationally-agreed method of realising the standard of
sound pressure over most at the audible Frequency
range. However, the accuracy at the reciprocity method
worsens towards low Frequencies, and this has prompted
the development at NPL ot a quite ditterent method at
microphone calibration, based on an instrument called a
laser pistonphone.
The NFL laser pistonphone
The NFL laser pistonphone is used For the absolute cal-
ibration ot microphones in the Frequency range tram l
Hz to 250 Hz. The instrument incorporates a closed cy-
lindrical cavity at length and diameter equal to 60 mm,
with a piston 15 mm in di-

 

raretractions). The leakage of air around the piston is
also not negligible. Corrections to the basic theory must
be made to allow for both at these ettects and the un-
certainties in these cause the uncertainty in the sound
pressure in the cavity to increase from 0.06 dB (0.7%) at
30 Hz (and above) to 0.3 dB (3.5%) at 1 Hz. Other tac-
tors in the uncertainty include the small additional volume
elements associated with the test microphone and the mi-
crophone port which can be ditticult to estimate precisely,
and the uncertainty in the cross sectional area of the pis-
ton.

Wider applications
The laser pistonphone is not simply adapted to the ab-
solute calibration ot microphones: there are many other
applications tor an instrument that can provide a unitorm
sound pressure in a Fairly large cavity. These include the
calibration of other transducers such as hydrophones and
pressure transducers, measurement at the relative phase
response at pairs at microphones (which is important in

 

ameter operating in one end
Face of the cavity. The piston
is driven sinusoidally with
an amplitude of about 1 mm
to produce (sound) pressure
variations in the cavity. The
magnitude of the sound
pressure can be calculated
from the dimensions ot the
cavity and the displacement

Microphone &
Pre-amplltler

Piston

E
 

=4]and area of the piston. The
piston has a mirrored Face
which is located in one arm
of a Michelson interfero-
meter (consisting ot the laser
beam, beam splitter, mirror
and the moving piston), and
its displacement is de-
termined by Fringe counting.
The test microphone is ex-
posed to the known sound

Cavity

 

Fibre Optic
Detector

Window
Lasar Beam

—-< >

Beam Splitter

O Ring Seat

Fixed Mirror

Fig 1 . Schematic at the Laser Pistonphone

  

pressure by inserting it into

a port in the.side ot the cavity. The output voltage of the
microphone is measured and the sensitivity at the micro

phone calculated. Sound pressure levels in the range 90
dB to T30 dB (0.63 Pa to 63 Pa) may be generated in
the cavity, although higher levels (comparable to those
produced a Few meters from a jet engine) can be pro-
duced over a reduced Frequency range.
Calibration uncertainties
At the very low frequencies at which the laser pis-
tonphone operates, the pressure changes in the cavity

are not adiabatic (that is heat Flows in to and out at the

walls at the cavity during the acoustic compressions and

Acoustics Bulletin July / August 1991

sound intensity measurement), and the study of the spa-
tial distribution of sound pressure in cylindrical cavities
(which has applications in other areas at acoustical stan-
dards). Several interchangable cavities have been man-
utactured tor the NFL laser pistonphone to cater tar these
various possibilities.
For Further intormation, contact R G Barham on 081 977
3222 Ext 6725.
R G Barham is in the Acoustics Branch at NPL. This or-
ticle originally appeared in NH News and is Crown
Copyright. The Editor gratefully acknowledges per-
mission to reproduce it in Acoustics Bulletin. £0  23



Conference and Meeting Reports
:2

 24 

Recent Advances in Underwater

Acoustics

Weymouth, 20 — 22 May 1991

This was in Fact the First Underwater
Group conference to be held in
Weymouth For many years,
although, as it was pointed out
other conFerences with very similar
titles have been held in the area!

The venue For this latest meeting
was the Hotel Prince Regent, which
is ideally situated on the sea-Front at
Weymouth. The eFticiency and help-
Fulness oF the hotel staFF, combined
with the idyllic weather we had to
suFter Forthe duration ot the conFer-
ence provided a relaxed and inFor-
mal setting. .

Out at a total 0F 41 abstracts
received, 24 were selected to typiFy
recent advances in International
underwater acoustics. Presentations
included papers From the UK, USSR,
USA, Canada, France, Germany,
Norway and Denmark.
A Further six papers were

received From authors in the USSR
which, although it was not practical
For them to be presented at the
conFerence, were deemed to be aF

  

the ConFerence Proceedings.
The conFerence itselF was

Formally opened by DrBrian Smith
and was subdivided into nine
sessions:~ Acoustic scattering, Prop-
agation through bubbly media,
Acoustics and the sea-bed, Shallow
water propagation, Remote sensing,
Acoustics and the Arctic, Theoretical
studies, Damping and decoupling
processes and Ambient noise meas-
urements.

The majority at the presentations
were oF a high standard and greatly
appreciated by the conFerence dele-
gates.

Whilst it is not customary to
single out particular authors, I
would like to give my special thanks
to the two invited speakers Protessor
Andrew Seybert at the University oF
Kentucky (Hybrid boundary element
- Finite element applications in
underwater acoustics) and Dr
Jacques Guigne oF C-CORE (Inter-
active acoustic mapping ot the sea-
bed) For their support and excellent

 

A small exhibition, with a total at
seven exhibitors, was held concur-
rent with the conFerence in order to
demonstrate some at the advances
made in hardware and soFtware in
the underwater acoustics Field. In
addition two poster sessions were
provided, one on AUV's - sensor
platForms ot the Future and one on
Fast signal processing methods.

As the organiser, it is parhaps
not appropriate For me to comment
on the success or otherwise oF the
conFerence. However, my observa-
tions are that delegates did appear
to be very satisFied with the arrange-
ments and the program ran exceed-
ingly smoothly. Certainly, the conFer-
ence dinner (deliberately inFormal)
seemed to be enjoyed by all
concerned.

This was the First conFerence I
have organised and the help i
received (particularly From Dr Rich-
ard Brind oF the DRA) proved inval-
uable. For any other members oF the
institute who are thinking at organ»
ising a conFerence For the First time i
have one word at advice - ensure
that you have agood secretary! My
secretary, Mrs Katie Cappello,
proved excellent and without her
organisational and administrative
abilities, the conFerence would not
have run as smoothly as it did!

sutFicient interest to be included in presentations. G W Neal MIOA
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London Branch
Meeting on EC Noise Directives for
Construction Equipment and
Machinery ’
The last London Evening Meeting
before the summer break was a
highly informative talk from Bill
Osborne, ol the Department of
Trade and Industry, on the current
situation regarding the EC noise
directives tor machinery such as
compressors, generators, concrete
breakers and earth movers. Bill
started with a brief history and an
explanation of the past problems
since the I957 Treaty of Rome
which required freedom of goods
and services within the Common
Market. There were two main prob-
lems involved in deciding on a
common obiective ie:

(i) too much technical detail on
individual machines

(ii) unanimity
These problems produced long

delays in any decision making
process and in 1985 a new
approach to technical hormon-
isation and standards was adopted.
The new approach was to agree the
essential requirements rather than
technical detail. The Single Euro-
pean Act (I 985) allowed a majority
vote rather than unanimity and the
technical standards were referred to
the European Committee for Stan-

dardisation (CEN).
Approximately twelve EC Direc-

tives have been issued since 1984
requiring a limit on the sound power
of various machines, which are then

permanently labelled. In addition
noise information is required where
the LAeq exceeds 70 dB, the peak
exceeds I30 dB and where the
sound power exceeds 85 dB(A) at
workstations. Sound pressure meas-
urements at specific positions can

also be accepted for very large
machinery where sound power
measurements may prove too dith-
cult.

The EC Directive on machinery
satety (89/392/EEC) requires infor-
motion which includes sound pres-
sure levels at workstations, the
sound power level and the methods
used to measure these levels. The
technical committee 211 at CEN is
working to produce European stan- Acoustics Bulletin July / August 1991
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Field portable with
comprehensive analysis

capabilities...
the Zonic A&D 3525‘”.

A hi h performance Full Function 2 channel Spectrum
Ana yzer with PC Interfacing capabilities.

Capable of almost every type of Signal Analysis with
ranges to 100 kHz.

MS DOS based Modal, Modification, and Forced
Response Software.

Built-in, PC compatible floppy disk drive.

Full and 1/3 Octave Acoustic Analysis.

Built-in thermal printer with variable plot size.D
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Group and Branch Reports
[:1

dards on methods oF measuring the
noise emitted by machinery and
also the principles oF reducing noise
emission. Three new standards will
be issued on methods oF measuring
emission sound pressure levels at
workstations. These are based upon
a complete revision oi the existing
standard [50 6081. Formal voting
on these standards is expected to
occur in CEN by December 1992.

Eleven new standards will .be
issued on methods at determining
sound power levels which will be
based on complete revisions oF the
existing ISO 3740 to 3747, together
with two new standards For sound
power determination From sound
intensity measurements which will
have the reference ISO 9614.
Voting on the Former is expected to
occur by September1991 and the
latter by September 1992.

At least three completely new
standards will be issued, dealing
with reduction at noise emission
From individual machines, reduction
at noise within workshops, and
measuring the noise-attenuation
performance oi devices such as
hoods, screens and muFFlers. Formal
voting on these standards, in the
CEN, is expected to occur by
December 1992.
A lively discussion Followed Bill's

talk which was completed in the
local public house.
Ken Scannell MIOA

Southern Branch
Evening Meeting
AFter 0 False start in the snowstorms
oF February the Southern Branch
Finally managed to go ahead with
their evening technical meeting on
'Entertainment and Recreation
Noise'. Held at the Winchester
Guildhall on 5 June 1991 the meet-
ing attracted some 30 members at
the Branch and was honoured to
have in attendance the Secretary oF
the Institute, Cathy Mackenzie.
Cathy was undoubtedly checking
that the Southern Branch Committee
were not slacking in their duties and
as always it was a pleasure to have
her company.

The meeting commenced with Dr
Chris Hill (known as Proi to his
Friends) explaining the work at his 26  

Noise Section at Surrey County
Council and their particular involve-
ment in the Framing oF noise guide
lines For the use at the District Plan-
ning Authorities and For the
guidance oF developers. Chris
explained in detail his work on a
diverse range oF leisure activities
including clay-pigeon shoots, hill-
climbing and motorised water
sports. The wealth oF experience at
the Surrey Noise Section had
enabled them to draw up compre-
hensive guidelines For all Forms oF
development activity and these are
at course well known to many other
LPA's who have relied on Surrey‘s
standards at Public Inquiry, The new
standards would be available From
Surrey CC For the princely sum oF
£5.00, although Chris explained
that due to pressure oF work in the

Planning Department these were
unlikely to become Committee
approved policy in the Foreseeable
Future. Dr Hill‘s talk resulted in a
great deal oi interest in particular in
respect oF standards to be adopted
For clay pigeon shoots and it was
interesting to note that he believed
that they would eventually move
away From an absolute noise stan-
dard to an impact assessment based
on some measure oi the pre-existing
noise level. The talk was rounded OFF
by a series oF slides illustrating the
various leisure sports involved
including some which looked curi-
ously like twin UFO's but which Dr
Hill explained were in Fact clays
emerging From a trap.

AFter a suitable break For coFFee
Jim GriFFiths oi Travers Morgan
explained with a very proiessional
overhead and slide presentation his
experience in entertainment noise
ranging From the design oF disco<
theques to the staging oi large rock
concerts. It was interesting to note
his company's diFFering remit rang-
ing From the designing oi disco~
theques with built-in quiet rest areas
For those Finding TOO - HO dB(A)
occasionally a little tiresome, to the
requirement to reduce the likelihood
oF annoyance at nearby residential
communities. OF particular interest
was the computerised control system
For Wembley Stadium which
allowed the Full PA system to be util-  

ised to apply localised sound
enhancement thus reducing to some
extent the overall noise levels
required From the central stack
systems. Jim GriFFiths also explained
some at the techniques which could
be implemented using cone-
speakers pointing down towards the
audience which could result in
reductions 0F 3 dB(A) to the nearby
residential communities.

At the end at the meeting both
speakers were thanked warmly For
their contributions to the evening
and the discussion was continued in
a nearby hostelry.

The Secretary For the Southern
Branch extends his groteFul thanks
to Dr Ian Flindell For organising the
meeting and ensuring that it was so
successiul.
Graham A Parry MIOA

Eastern Branch
Visit to CEL Hitchin
CEL hosted 13 members at the East-
ern Branch on the evening ot the 22
May to a visit to the Hitchin site. Ian
McDonald opened the evening aFter
suitable reFreshment at the travelling
visitors.

The position at CEL in the Lucas
group was outlined and then Ion
McDonald gave a very instructive
and inFormative presentation exp-
laining the market led philosophy at
the Hitchin operation. The company
have adopted many ot the more
progressive management techniques
in order to achieve their obiective oF
customer satisFaction. The result of
Product production cells, Canban
material control and a commitment
to quality, as just some examples,
has meant that CEL has become a
market, rather than a sales/product
led organisation. The reduction in
many oi the product lead times may
well help all who endure the end oF
Financial year purchasing rush.
Customer satisFaction has clearly
become a driving Force behind the
company operation.

The group were then treated to
an excellent buFFet during which the
CEL staFF were quizzed enthu-
siastically by the visiting group. This
was Followed by a tour oi the
Factory and oFFice areas. The logical
layout oFthe production areas was

Acoustics Bulletin July / August 1991  



Group and Branch Reports

clear to tollowahe evening closed
with a talk on the CEL involvement in
standards work and the reasoning
behind the decision to create the
NAMAS laboratory. Members were
impressed by the standard at opera-
tion at the Hitchin site and the
commitment to the customer.
Peter Hunnoball MIOA

Speech Group
Text - Phonetics Correspondences
and Conversion
On Monday Ist July the Speech
Group held a technical meeting at
the IBM UK Scientitic Centre in
Winchester, Hampshire, on the
theme of 'Text-phonetics corre-
spondence and conversion'. About
20 (people were present: From IBM; , l _ V
from universities such as South- I m.
ampton, Cambridge, York and Edin- v
burgh; and from research establish- ' - — I w 'rf’V—‘vm~we;«-%rrw ,_, m .. K. H

ments such as RSRE and CEREIL * -' '1 ". J ‘ ’

(France). Six talks were given, . . 1 S )

Followed by a demonstration of the
latest version atIBM's 'Tangora' PC»
based speech recogniser.

Bob Damper (Southampton),
spoke on the inductive interencing oi:
text-phonemics correspondences,
giving an overview of the various
approaches that have been tried.
iohndCoIeman (York), spoke on rule}; . ®
ase tormalisms or text-to-speec \

and speech-to-text, proposing a new
kind of Formal notation. Richard 0 I

Sherman (IBM) spoke on Markov
modelling For phonetic transcription,
proposing a probabilistic approach
to the text-tosphoneme problem.
Briony Williams (CSTR, Edinburgh)
spoke on a multi-Ievel data structure
and rule tormalism For use in the
ESPRIT proiect POLYGLOT, pointing
out its advantages in text-to-speech

’t synthesis. Eric Laporte (Centre
d'Etudes et de Recherches Infor-
matiques Linguistiques) spoke on

phonemic-to-phonetic conversion
with local Finite-state transducers.
Robert Luk (Southampton) spoke on
stochastic transduction tor text-

phonemics cenversion, hoping to ZONIC A s D LIMITED, 1 Stable Court,He1riard Perk. Basingstoks, Hampsniie H625 ZPL England

 

Cl An App|e® Macintosh computer and a powerful multi—channel

digital processor in a compact, portable package

Expandable from I to Io channels at 40 kHz bandwidth.

High resolution, built—in TFT Flat screen colour display.

 
Built—in RPM Tracking/Order Analysis capabilities.

Continuous data storage to high speed throughput disk.

Full range of application software for Structural Analysis.

Built—in pointer device replaces mouse for ease of use in the field.

Automated testing via command file “batches”.
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Lightweight and portable; fits in aircratt overheads,

 

combine a Formal grammar with
statistical modelling.

- The meeting was organised by
Bob 'Damper (Southampton) and
Richard Sharman (IBM).
Briony Williams MIOA '3'

Interested? We'll make it easy. Pick up your phone

and call 0256 810644.    Acoustics Bulletin July / August 1991 27
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Integrating Sound
Level Meter
The RlON NL—(JZ hand held. Type 2
meter from Quantitech. has many func-
tions, and is ideally suited for measuring
factory. traffic and community noise.
especially where a large fluctuation level
is expected.

Continuous A-weighted sound pressure
levels (ch) and single event noise expo-
sure levels (LAE) are easily measured
over manual or preset measurement
times from 10 seconds to 24 hours. The
integrating capabilities can be used to
determine the average in space as well as
time. The RlON NL-OZ will also measure
instantaneous sound pressure /~,
levels (Lp). /"     

    

 

  

«m’t '

A large
liquid crystal

~ display gives a
Clear reading with fourdisplay modes —
LP, LN. LAE and Elapsed Time. AC and
DC signal outlets are provided for data
analysis and recording.
Details from Keith Golding at Qmmtilcch.

  

  
  
  

   

Precision Sound Level Meter with

Real-time Octave Band Analyser
Quantitech Ltd. the ambient air monitor
ing specialist. has entered the sound and
vibration market with a range of Type 1
and Type 2 Sound meters and Octave

and ‘/.t Octave Band Analysers
from RlON of Japan.

The revolutionary RION
NA 29-E. for example.

comprises a pre n sound
level meter with a real-time octave
band analyser in a single.compaet,

powerful and reasonably
,3} priced instrument.
H The NA-29E with

 

   

its 60 dB range. large memory. 1500
LCD displays and RS 232E interface, is
a complete industrial and environmental
noise analyser.

This hand held instrument will save
Industrial Hygienists considerable time
by measuring LCq and SEL over every
period. in all octave bands. simulta-
neously. Environmental Health Officers
will find many functions to simplify the
measurement and statistical analysis of
environmental and traffic noise.

Full details from Keith Golding a!
Quantirech.

 

One Third Octave Band Analyser

 

At the top of the RlON range of noise
and vibration monitors from Quantitech

is the SA-27. a complete. real-time

octave and onc-third octave analyser.
with built-in printer. suitable for sound
pressure analysis. vibration and acous-
tieal measurements. This new instrument
meets lEC 225 standards. and offers a
large frequency range. A non-volatile
memory stores 1000 third-octave hand
spectra and may be extended with
memory cards. A built in noise generator
and optional hard»noisc unit with prt»
grammable frequency weighting curves
facilitate sound pressure and vibration
analysis.

Further information from Keith (70/1/ng
a! Qmmlilcch.

  
Vibration Meter
The pocket size Riovibro VM-65
vibration meter by RlON of Japan
combines a shear type piezoelectric
accelerometer and meter in a single
compact unit. By simply pre'ing the
instrument against a surface. displace-
ment (mm : P-P). velocity (cm/s : RMS)
and acceleration (m/m2 : Peak) measure-
ments can be obtained.
The instrument has many potential

applications involving on-site vibration
measurements for industrial equipment
maintenance and safety.

  

 

Quantitech Ltd 75 Garamonde Drive, Wymbush,
Milton Keynes, Bucks, MK8 8DD Tel: (0908) 564141 Fax: (0908) 260554

28

 

Full details from Kai/Ii Golding a!
Quantide

Quantitech
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New Products

 

ANTHONT BEST
DYNAMICS LTD
Free Running Plato
Anthony Best Dynamics have
announced an addition to their
PLATO software for rotating machin-
ery noise and vibration analysis.
PLATO software is currently used for
gearbox and axle noise measure-
ment and analysis. It is a multi-
channel system for spatially aver-
aged order analysis. Its main
application is on test rigs-and rolling
roads where noise is measured
during preset acceleration and
deceleration runs.

The FREE RUNNING PLATO soft~
ware eliminates the need for preset
test schedules and thus makes test-
ing very flexible. Now any sort of
test schedule can be accommodated
by recording the measured data in
up to 8 Mbytes of RAM then
processing it after recording.

The FREE RUNNING PLATO soft-

ware allows many analysis vari-
ations to be carried out, but for
further processing the results can be
transferred to Lotus 1,2,3 or similar
speadsheets for even more manip-
ulation. PLATO software requires a
CED 1401 intelligent data interface
plus an IBM PC or compatible. For
mobile work a laptop computer is
ideal, which means that the whole
system can be run off batteries.
Anthony Best Dynamics can supply

the software or complete systems.
The software and hardware are
both flexible and can be expanded
to meet customers‘ specific require-

ments.

Further information on this and
associated packages is available
from Anthony Best Dynamics, Holt
Road, Bradford on Avon, Wiltshire
BA15 1AJ. Telephone Andrew
Middleton or Andy Rumble on
02216 7575 or Dick Widenka on
081 423 3293.

ATELLUS LTD
Heraklith Sound Insulation Board

Heraklith Sound Insulation
boards are a purpose made prod- Acoustics Bulletin July / August 1991  

uct, which it is claimed, can improve
the airbourne sound insulation index

7 of a solid 250 mm brick wall by
1 3 dB.

The boards, 25 or 35 mm thick,
are a laminate of layers of Heraklith
>M-Original magnesiterbound wood
wool incorporating a flexible foam
care. It is the careful balance
between dynamic rigidity of the core
and the weight of the surface layer
which prevents significant resonance
incursions.

Heraklith Sound Insulation
boards are applied to existing walls
by adhesive or dowel Fasteners and
their M-Original surface may be
directly plastered or have plas-
terboard attached.

The boards are marketed by
Atellus Ltd who offer technical
advice on applications and installa-
tion of the product. For further infor-
mation contact James Muir of Atel»
Ius Ltd, Park House, Marlow Road,
Maidenhead, Berkshire. SL6 6NR.
Tel: 0628 34563.

BRUEI. & KJRR (UK) LTD
FFT for B&K 2143 Realtime Anal-

m
Bruel & Kiaer offers a retrofittable
FFT analyser option for its 2143
Portable Realtime Analyser.

This Firmware enhancement
means that the 2143, introduced by
Bruel and Kier to transport labor-
atory performance in digital signal
analysis into the field, will also offer
faster FFT analysis than most mains-
powered alternatives. Calculation of
a 400 lines spectrum takes less than
40 milliseconds which means that,
irrespective of the frequency range
or span selected, the analyser
always works in realtime.

The Type 7637 option provides
baseband analysis to 25.6 kHz,
with variable transform size to
provide 50 to 400-line spectra, and
10x or more realtime zoom for
high—resolution analysis throughout
the frequency range.

Single-channel operation allows
autospectrum, instantaneous spec-

trum and time record measurement

modes. A dual display function
enables both amplitude/phase and
real/imaginary part of the instan-  

taneous spectrum to be displayed
simultaneously. A delta cursor is
provided for calculation of the
energy or power of the spectrum or
any part of it, and a harmonic
cursor for identifying all harmonics ‘
in a signal where the fundamental
frequency is known.

Linear and exponential aver-
aging can be selected. The input ‘
signal can be A-weighted, and there
is a choice between Rectangular and
Hanning windows. Auto calibration
and an interactive softkey approach
make operation simple. The extra
features of the FFT analyser are
accessed through the 2143 help
page system.

For further information contact
Les Minikin, Bruel & Kiaer (UK) Ltd,
92 Uxbridge Road, Harrow, HA3
6BZ. Tel: 081 954 2366. Telex:
934150 BK UK G. FOX: 081 954

9504.
Bruel &'Kiar (UK) Ltd is a KEY
SPONSOR of the Institute.

FABERT $.A
Stabren Anti-vibration Pad
The Stabren anti-vibration pad has
been developed by the French
company FABERT after ten years of
research. It has a high absorption
over a wide frequency range and is
available in standard form as a
square pad measuring 200 mm x
200 mm.

It consists of two shaped
Neoprene sheets exactly fitting into
each other. In cross-section, each
has a sinusoidal internal profile,
which gives them their highly absor-
bent properties. On their outer faces
they cansist of 390 trapeziums. The
two sheets are normally supplied
with differing hardnesses. Vibration
is absorbed owing to the fact that
the degree of compression of the
sheet depends on the amplitude of
the vibration. The resilience of the
sheets‘ structure (shock resistance)
means that the trapeziums can be
greatly compressed or expanded.
Part of the energy from the incoming
wave is thus absorbed. The sinusoid-
ally varying hardness produced by
the two sheets makes the waves
travel at an angle, thus absorbing
even more energy across the whole  29
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spectrum.

'The compressibility of the lower
trapeziums also produces an
extremely ettective anchor tor
machines, removing the need tor
them to be secured. Depending on
their hardness, Stabren pads can
support From 2 to 10 tonnes each. In
addition, cutting the pads does not
attect their properties, and they
theretore can be cut into squares,
circles or strips as required.

Stabren pads are resistant to

attack From a large number at
aggressive chemicals, are ettective
over a wide temperature range and
are resistant to aging.

Fabert SA, 42 rue Fabert, 75007
Paris, France. Tel: (010 33 1) 45 55
60 26. Fax: (010 33 1) 45 56 05
24.

SARGENTS ACOUSTICS
New Air Conditioning Modules
Sargents Acoustics has introduced a
range 01 special ducting modules
known as turning vanes which are
said not only to improve the Flow of
air around bends in air moving
systems but to dramatically cut the
amount of noise such systems gener-
ate and transmit.

Sargents‘ vanes are Formed into
an aeroFoil section, using perio-
rated, pre-galvanised mild steel as
the outer skin, and packed with an
acoustically highly-absorbent intiII.

ATVs can be installed in any
bend wider than 300 mm and may
be constructed to any height to suit
ductwork dimensions.

Further information tram the
Marketing Department, Sargents
Acoustics, The Alders, Mereworth,
Maidstone, Kent, ME18 5JG. Tel:
0622 81 2861 .

SIDERISE
RPG Acoustic Treatment Products
Siderise Ltd have recently been
appointed UK distributors tor the
RPG range of acoustic treatment
products.

As well as the well known ‘Dittu-
sor‘ and 'Abttusor' designs the
range includes several new products
- the 'VAMPS' portable performance
shell system; the ‘Omnil'tusor' and 30  

'Omnittusor Terrace‘ omnidirectional
dittusors; the 'Dittractal', a no-
compromise solution that otters both
superb high and low Frequency
dittusion characteristics; the cement-
based ‘DiFtusorBlox' that can be
used in actual construction, thus
enabling walls to perform as ettec-
tive dittusor systems; and a new
range at ultra-lightweight 'QRD
Dittusors' manufactured tram
'Kydex' which is a tough new
thermo-plastic formulation.

For Further information an RPG
products contact Kelvin Holt ot Side-
rise Ltd. Tel: 081 549 6389 Fax:
081 546 2246.

News Items

ZONIC A & D EUROPE
A new sales and support ottice has
been opened in Basingstoke cover-
ing all signal processing products
from Zonic Corporation and A&D.

Previously sales and support
were carried out separately by each
company through offices in the UK
and Germany. Increased co»
operation between the two compa-
nies has led to a merging oi the two
product lines to give an unmatched
range of signal processing systems
For applications in noise and vibra-
tion analysis, structural testing, rotat-
ing machinery analysis, and control
system testing.

Zonic Corporation is an Amer-
ican company which has produced
several generations of multirchannel
systems. The most recent is the
System 7000, a powertul computer-
based parallel processing system
allowing a very wide range of
configurations tram 8 channels to
more than 1000 channels. Electro-
hydraulic excitation systems also
Form an important part at Zonic‘s
business.

A&D Company is a Japanese
company that has concentrated on
small, advanced single- and dual-
channel spectrum analysers.

Zonic and A&D now work closely
together to after the widest possible
range of signal processing equip-
ment, ranging from 1 channel to
1000 channels.

For more information contact

  

Andy Bates at Zonic A&D Europe ‘
Ltd, 1 Stable Court, Herriard Park, .
Basingstoke, Hampshire RG25 2PL,
or call 0256-8106114.
Zonic A&D Europe is a SPON-
SORING ORGANISATION of the
Institute.

INDUSTRIAL & MARINE
ACOUSTICS
Industrial & Marine Acoustics have
announced an agreement with US-
based Technology Integration tor the
UK support at its Airport Noise and
Operations Monitoring System
(ANOMS). This system matches
noise data from permanent or port-

able microphones with tlight tracks
to identity the noise source. Data is
automatically traced to particular
aircraft movements as an aid to
enforcement and noise abatement
procedures.
ANOMS uses inputs from Larson<

Davis microphones and community
noise analysers. This is said to allow
Industrial & Marine Acoustics to
otter and support a turnkey service
to UK airport users.

For Further information contact
Industrial & Marine Acoustics, 16
Scardale Crescent, Scarborough,
North Yorkshire, YOI2 6LA. Tel:
0723 364495.

CIVIL ENGINEERING
DYNAMICS
The established noise, vibration and
environmental consultancy practice
at Civil Engineering Dynamics Ltd
have moved to new ottices at 33
Louisville Road, London SW17 8RL.
Tel: 081 672 8298, Fax: 081 672
7582, Freephone: 0800 181 945.

They continue to otter protes~
sional advice on environmental
matters and make noise, vibration
and air-pollution equipment avail»
able tor hire.

TEST HOUSE DIRECTORY
John Seller MIOA is collecting infor-
motion for the third edition at this '
Directory which will be published in
the autumn. Over 5000 copies oi
the second edition have been distrib-
uted. He wishes to hear From organ- ‘
isations that are either involved in
conducting testing or are manu-
facturers ot test equipment. Contact

Acoustics Bulletin July / August 1991  
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John Seller MIOA, l Marlborough
Rise, Hemel Hempstead, Herts HP2
6DW.

COMMINS-
INGEMANSSON
This practice has announced a 3-
day course entitled Random Vibra»
tions and Noise: Applications to
Aerospace, Automotive, Ocean and

Oil Drilling Structures which will
take place in Paris on 14 - l6 Octo-
ber 1991. Further information From
Commins- lngemansson SA, 33 Rue
des Petits Ruisseaux, 91371
Verrieres - Le - Buisson, France. Tel:

33] 6013 32 50. Fax133l 6013
32 80.

HERIOT - WATT
UNIVERSITY
The University has announced the
award at a £60,000 Industrial
Fellowship, one oF nine Fellowships
awarded annually in the UK by the
Royal Society and the Science and
Enginering Research Council. Since
its introduction in 1981, only Five oF
these Fellowships have been

 

awarded to Scottish universities; this
is both the First awarded to Heriot-
Watt University and the First in the
UK awarded in the Field at building
science research.

The primary objective at the
Fellowship scheme is to enhance
communication in science and tech-
nology and their application
between industry and the academic
community, to the beneFit at both.
The Royal Society/SERC contribute
£60,000 and the industrial partner,
in this instance Proctor Insulation Ltd
at Blairgowrie contribute a matching
sum partly in equipment and Facil-
ities.

Dr Robin Mackenzie FIOA,
Reader in the Department at Build-
ing Engineering and Surveying at
Heriot—Watt University will hold the
Fellowship For two years and
engage in research on product
design For the building industry with
the industrial partner. The proposed
research is aimed at developing
more eFFicient and cost-eFFective
Forms oF Floating Floors For dwell-
ings. This involves the use oF open-

 

cell polymer Foams which replace
the need For expensive and less eFFi- .
cient mineral-Fibre quilts ‘

At a ceremony ’ to mark the
award Dr Mackenzie said "Building
product design is now at a
watershed. On 27 June 199] the
European Communities Construction
Products Directive became part oF
UK law, heralding a Flood at new
regulations and guidelines From
Brussels.

Progress during the initial phase
is likely to be slow while over 3000
British Standards are 'harmonised‘
with their European counterparts,
but in two years we shall begin to
see a Flood oF new regulations and
guidelines From Brussels. British
designers and manuFacturers must
use this 'breathing space' to design
and develop new products to coun-
ter the inFlux at new building materi-
als From other EC countries and the
possibility at cheap product competi-
tion From southern Europe".
Items For the New Products section
should be sent to J Sargent, BRE,
Garston, Watford WD2 7JR '3‘

 

measurements - long or, short
term applications -"the

catalogue can provide the
answer.

CEL 272

Lucas CEL Instruments 35-37 Bury Mead Road Hitchin Herts SG'51RT England Tel: 0462 422411 Acoustics Bulletin July / August 1991
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Institute of Sound and
Vibration Research

University
of Southampton

Highfield
Southampton
$09 SNH

Fax (0703) 593033
Telex 47661 SOTON G

POSTGRADUATE COURSES IN ACOUSTICS AND VIBRATIONS

The Institute of Sound and Vibration Research (ISVR) is widely acknowledged as one of the world's foremost centres for
research, teaching and consultancy in the increasingly important fields of acoustics and Vibrations. In addition to a come
prehensive programme 0? postgraduate research leading to the degrees of MlPhil. and Ph.D., the Institute also offers the fol-
lowing oneeyear full time postgraduate courses. All three MISC. courses include a six month instructional course followed
by a six month period of research. Students may also register for instructional courses of six months duration leading to the
award of Diploma of the University of Southampton

' M.Sc./Diploma in Sound and Vibration Studies
Taught courses include basic training for students from a range of backgrounds, followed by specialization in either
Engineering Acoustics, Structural Dynamics, Applied Digital Signal Processing or Human Response. The entry re-
quirements are generally a First degree in a scientific or engineering discipline. The course gives an ideal preparation
for work in a wide range of professional occupations.

MSG/Diploma in Automotive Engine and Vehicle Tedmology
A course aimed at providing students with the knowledge and technical ability to take up a position in the Industry.
Emphasis is on environmental aspects but basic engineering and design are also taught The course is also suitable as a
conversion course from other disciplines to automotive engineering and is recognised by the SERC for studentships.

M.Sc./Diploma in Audiology
Aimed primarily at training Audiological Scientists to work in the NHS. It covers all relevant aspects of diagnostic
and rehabilitative audiological theory and practice, including a major clinical practical component based on the
ISVR Audiology Clinics Applicants should have a good degree in any of the physical, natural or behavioural sciences

Forfurther information, contact the Admissions Oflice, ISVR, The University, Southampton 509 5NH, Telephone:
Southampton (0703) 592309

 

VIBRATION & NOISE TEST EQUIPMENT v
SALE OR HIRE (£180 p.w.)

Tel: (1817672 8293

Fax No: 081-672 7582

FREEPHONE 0800 181 945

CIVIL ENGINEERING DYNAMICS
33 Louisville Road,
London SW17 SRL
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—Cciling systems

Despite the recession, acoustic ceiling specialists Ecophon
International achieved and maintained a growth rate of
54% in 1990, a very difficult year for the Building Industry
and the trend seems set to continue throughout the rest of
the 90s.

General Manager Geoff Billett attributes the Company‘s
success to a number of factors:

“Whilst there has been an overall drop in demand for
products in the building trade generally, there has been an
increase in public awareness of the need to improve the
environment Noise pollution is a constant problem and its
control remains a priority.

Specifiers are now insisting on high quality, high perform-
ance products and end users are only too keen to avoid the
costly mistake of buying cheap, shoddy products that are
not made to last.

Here at Ecophon we are constantly testing and updating our
acoustic ceiling systems and there is an on-going prog-
ramme of research and development to ensure we stay
ahead of the competition".

Another important factor which has contributed towards
Ecophon's success is the excellent working relationship
which the Company has developed with Specifiers and
Ceiling Contractorts to ensure that the quality of the

installation does justice to the products used.

Ecophon recently set up anApproved Contractors Scheme
to establish a register of Contractors who had experience
and training in the installation of Ecophon peoducts.

A key feature of the scheme was substantial investment in
new training and conference facilities, made possible by the
acquisition of an adjoinin property on the Ramsdell site,

ACOUSTICS CEILINGS BOOM
which effectively doubled the size of Ecophon’s UK head-
quarters.

The conference room is a showpiece for Ecophon‘s
products. “Focus” panels in the ceiling are trimmed with a
border of painted “Festival” tiles at the windows and curved
“Quadro” panels link the ceiling to Ecophon wall panels in
“Colorado Grey" finish. Luminaires from Ecophon's own
Ecolux range are set into the ceiling.

An adjoining demonstration area has been set up for
practical training in the use of Ecophon products. Here,
Ecophon Approved Contractors learn the best way to
handle and cut the tiles as well as gaining practical
experience in installing, cleaning and other maintenance
techniques. Contractors also have the opportunity of work-
ing with some of Ecophon’s specialist systems, like “8 Line"
and “Super G”.

The facility is also used to show Architects and clients
“mock~ups" of ceiling systems and the different effects that
can be achieved by combing different edge details and
lights.

“Measures like these are reinforcing confidence in our
products and helping us to stay at the top of the acoustic
ceiling market,” says Geoff Billett, “and because more and
more people are appreciating the benefits of specifying
Ecophon, business is continuing to grow steadily".

ACOUSTIC TEST REPORTS ARE AVAILABLE ON ALL ECOPHON PRODUCTS

ECOPHON CEILING SYSTEMS, ECOPHON INTERNATIONAL, RAMSDELL, BASINGSTOKE R626 5PP.
TELEPHONE: 0256 850977. FAX: 0256 850600 



ACOUSTIC ENCLOSURES

WEATHER RESISTANT ACOUSTIC LOUVRES

VIBRATION CONTROL DEVICES

FLEXIBLE CONNECTORS & EXPANSION JOINTS

STUDIO DESIGN & BUILD

ABSORI’TIVE NOISE ATTENUATORS

I’ULSATION DAMI’ENERS

BLOW DOWN SILENCERS

GAS PRESSURE REDUCTION SILENCERS

REACTIVE BLOWER & COMPRESSOR SILENCERS

ISOLATED FLOORS, WALLS & CEILINGS

IACK UI7 FLOATING FLOORS

ACTIVE NOISE CONTROL

ISOLATED [NERTIA BASES

AUDIOMETRIC BOOTI iS

ANECHOIC & REVERBERATION CI IAMBERS

I’ACE ROOMS
— ACTIVE NOISE CONTROL

QLIALHYASSLIRANCE T0 3.8. 5750

Usually working in conjunction with the clients de51gn
team, AES have conceived many thousands of

Industrial and Environmental Noise Control schemes

in the UK and Overseas.

Subsequent manufacture and supply of the hardware,
by AES, has turned good theoretical practice into a

successful, cost effective and practical solutions.

If you require this service, we have nationwide
technical coverage ready and able to advise on most
aspects of acoustics and vibration control.

lesz’ amim‘! us fin'fm‘flzer infimlmthw and advice,

ACOUSTIC
ENGINEERING
SERVICES

Acoustic Engineering
Services Limited

Allied House
Abbot Close
Oyster Lane
Byfleet
Surrey KT14 7JN

Tel: 0932 352733
Telex: 946695
Fax: 0932 355265 


