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be granted to us, and the method.by which it is to be performed, to be
particularly 5     described in and by the following statement:
5 This invention relates to a method of attenuating a given sound field by
means of a radiation pattern which interferes with and reduces the effect
of the original field. Up till now, most attempts to achieve a reduction in
noise level have -been confined either to reducing the efficiency of the
source generating the sound or to passive 10      methods of control, eg.
by lagging with absorbing material or by deliberate impedance  10
mismatching to prevent efficient transmission of the sound. A method of
generating sound waves which interfere destructively with the sound field
to be attenuated was described by Jessel and Mangiante in the "Journal of
Sound and Vibration" 1972 in a paper under the tide "Active Sound Absorbers
in an Air 15     Duct". However the method described is inefficient and the
reasons for this inefficiency  15 are fully described later in this
specification. 20          Acording to one aspect of the invention there is
provided a method of attenuating a sound wave propagating in a given
direction along a duct through a fluid contained in the duct, in  ich an
array of  similar  sources, located adjacent the wall of the 20      duct
respectivey at different positions along the duct and each capable of
generating  20 a pair of sound waves which travel through the fluid
respectively in opposite directions along the duct from the position of the
source generating that pair of sound waves, is operated in such a manner
that destructive interference occurs between the wave to be attenuated and
the resultant of the waves generated by the array and travelling in 25
said given direction while the resultant of the waves generated by the
array and  25 travelling in the direction opposite to said given direction
is negligible. According to another aspect of the invention there is
provided an apparatus for use in attenuating sound waves propagating along
a duct through a fluid contained in the duct, the apparatus comprising an
array of similar sound. sources located 30      adjacent the wall of the
duct respectively at different positions along the duct and  30 each
capable of generating a pair of sound waves which travel through the fluid
re- spectively in opposite directions along the duct from the position of
the source generat- ing that pair sound waves, and means for operating the
array of sources in such a manner that destructive interference will occur
between an unwanted sound wave 35      propagating in a given direction
along the duct through the fluid and the resultant  35 of the waves
generated by the array and travelling in said given direction while the
resultant of the waves generated by the array and travelling in the
direction opposite to said given direction will be negligible. It is to be
understood that the expression "sound" used in this specification is to 40
be construed in a broad sense without implying any limitation of the
frequency of the  40 relevant wave motion to the audible range. Depending
upon the precise circumstances of application, the operation of the array
of sources can be related to the operation of the source of unwanted sound 



waves, or it can be controlled in response to detection of the unwanted
sound waves. 45      In the latter case, it may be appropriate to utilise a
sound detection system comprising  45 an array of sound detectors similar
in disposition to the array of sources. The invention is particularly well
suited to the control of longitudinal propagation of sound waves or
pressure pulses in ducts. As will be more fully explained below, for such
an application it maybe appropriate to use composite sound sources each
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2 prising a plurality of discrete sound generating devices distributed
around the wall of the duct at the relevant position along the duct; thus
where the duct is of circular cross-section a suitable arrangement involves
the use of three devices distributed sym- metrically round the
circumference and where the duct is of square cross-section a 5
suitable arrangement involves the use of four devices respectively situated
centrally in  5 the four sides. A further general point that may
conveniently be mentioned here is that in the following description the
terms "downstream" and "upstream" are used to refer re- spectively to the
directions corresponding and opposite to the direction of propagation. 10
along the duct of the wave to be attenuated (i.e. said given direction),
and are not  10 used with reference to any general flow of fluid along the
duct, which may occur in either of these directions. The invention will now
be explained in greater detail with reference to the accom- panying
drawings. The case of plane waves will be treated in greatest detail below,
l5       since this is the simplest problem, and yet one which has a number
of possible applica-  15 tions. However, the invention is not to be
construed as being limited to this case. The methods of the invention are
applicable not only to problems where the fre- quencies are in the audible
spectrum 20-20,000 Hertz, but also to higher or lower frequencies. In
fact,, the problem which originally led to this invention was one of 20
controlling very low frequency pressure fluctuations-of the order of 1
Hertz-in a    20 large pipeline. This was to be used for extracting waste
gas from a factory and duct- ing it over a comparatively long distance of
1.5 km. The pipe was to be of large dia- meter and relatively cheap
construction with the result that it would be incapable of withstanding a
large pressure reduction inside. A control system had to be devised 25
to ensure that fluctuations in the gas pressure on entry to the pipeline
were sufficiently  25 small that collapse could not occur. However, the
possible application of active control would appear to be of much wider
variety. For example, in the case of gas turbines used in turbofan
aircraft, and being considered for, use in automobiles and trains, the
compressor is responsible for 30       generating a considerable proportion
of the noise, and this noise is mainly directed for-  30 ward out of the
front of the nacelle. The basic problem in the plane may be expressed as
follows. A fluid is flowing steadily and uniformly down a long duct at Mach
Number M, and a propagating plane sound wave is travelling through the
fluid along the duct; the Mach Number M is 35       taken to be positive or
negative according to whether the direction of flow is the same  35 as or
opposite to the direction of propagation of the sound wave. The objective
is to find a suitable distribution of discrete point sources mounted in the
duct wall, which will generate a plane- wave interfering destructively with
the incident plane wave and thus reducing its effect; in practical
embodiments it is of course necessary to use 40       sound generatng
devices having a finite size (such as loudspeakers) rather than true  40
point sources, but this does not affect the principles involved in the
following discus- sion. At the same time it must be ensured that no
propagating transverse modes are excited, while retaining as much
simplicity in the final arrangement as possible. Figure 



1 shows schematically the duct 1, the flow (arrow 2), the incident plane
wave 3, and 45       an array of point sources 4.
45 As stated this problem is somewhat open-ended, but it simplifies
considerably and may be expressed more precisely once it is realised that
the question of the generation of transverse modes can be eliminated from
the discussion at an early stage, as follows. 50 Any given distribution of
point sources mounted in the duct walls may be re-             50 garded as
a superposition of composite sources, each obtained by considering a
localised cross-section of the duct as illustrated in Figure 2 and each
incorporating a Plurality of point sources distributed around the periphery
of the relevant cross-section. Such composite sources are referred to
hereinafter as "ring sources"regardless of whether or 55       not the
cross-section of the duct is circular. The contribution to the plane wave
term  55 made by a single ring source 4' depends only on its total source
strength-not upon the way the point sources are distributed around the
periphery of the cross-section. But the distribution around the periphery
does determine which of the higher modes are generated, and it can be shown
that there is a certain angular frequency 60       denoted by [err] (M)
above which a single ring source must excite propagating transverse  60
modes-no matter how the peripheral distribution is chosen. This will be
taken to represent a natural upper operating limit and it becomes apparent
that to operate above this frequency it must either be accepted that
transverse modes will be generated or the complexity of the overall source
array must be considerably increased. 65          It turns out that for a
circular duct, [err](M) 2 1[err](M), where [err](M) is the funda-  65    3
1,456,018   3 mental cut-off frequency of the duct-i.e. that frequency
below which no transverse. modes can propagate. It is also found that a
ring source incorporating a simple arrange- ment of three point sources
symmetrically placed around the wall of the duct as shown in Figure 3a will
give results as good as or better than those given by any other 5
configuration and such a source will not generate any transverse modes
below [err](M),  5 The equivalent result for the square duct yields
[err](M)=2.8[err](M) and this can be achieved by using a ring source
incorporating four point sources, one mounted at the centre of each side of
the duct, as shown in Figure 3b. In each case the first propagating mode to
be excited is a symmetric mode having 10      a rise in pressure at the
duct centre accompanied by a reduction in pressure at the  10 wall, as
sketched in Figures 3a and 3b, andineachcase any form of ring source other
than that specified in the relevant one of the last two paragraphs is bound
to generate either this mode or some mode having a lower cut-off frequency
So, providing the source array is made up from ring sources of one of the
above 15     types, each with three or four point sources as appropriate,
and providing consider-  15 tion is confined to frequencies below [err](M),
only the total source strength m(t) of each ring source and its
corresponding contribution to the plane wave need be con- sidered. This
contribution, as a function of time t and distance x along the duct from.
the source (x being positive in the downstream direction and negative in
the upstream 20       direction), is given by the expressions
20 [err] for the downstream direction and [err] for the upstream direction.
25       where A is the duct area of cross-section and [err] is the
velocity of propagation of sound  25 through the fluid. The exact values
for [err](M) are: 



[err]/R for a circular duct of radius R and [err]/a for a square duct of
side a. 30           For a circular duct 1 meter diameter, with M=0.5 and
[err]=320 m/sec, then       30 [err] So now the problem is to find a
combination of ring sources that will generate a plane wave to interfere
with the incident wave on the downstream side of the sources. At first
sight it might appear that the required result could be obtained by using
35       a single ring source an arranging for the downstream output to be
equal and opposite  35 to the incident plane wave, thus producing zero
disturbance downstream. But this would not be very satisfactory as an
equivalent upstream-directed output would be generated, so that the net
effect would be equivalent to reflection of the incident wave at the
position of the ring source. Moreover, if there were any upstream
obstruction 40       which subsequently reflected this output back again it
would be necessary to control  40 both the incident wave and the reflected
wave. It is therefore necessary to find a configuration which will not
re-radiate the sound upstream, and this is equivalent to finding a
combination of ring sources which in the absence of an incident wave is
capable of producing an output in the downstream 45       direction only.
.      45 It is possible to produce this effect by taking two ring sources
[err] say at x=0 and x=b respectively, as shown in Figure 4, and arranging
that [err], where [err] is the time taken for a signal to travel upstream
from. [err]. The total output upstream is zero, but the residual output
downstream is [err]    4                                   .  1,456,018
.                 .4- where [err] (the time taken for a signal to pass from
[err] and then back again). In general this is a non-zero-in fact if [err]
have sinusoidal outputs of amplitude [err] and frequency w, the output
downstream has amplitude . [err] Now a single source of amplitude [err]
operating alone in the fluid would produce a downstream output [err] and
this, serves as a means of comparison. The useful frequency range of the
source 10   .  doublet would be expected to be that range over which the
output downstream is    10 greater than or equal to the downstream output
of an isolated source. This occurs over the frequency ranges where n has
the valves 0, 1, 2 etc. The fundamental interval gives a frequency range 15
of X5 or [err] octaves, and the maximum output in this band occurs when the
source   15 separation is [err] wavelength X (1 -M). This is shown in the
graph of Figure 4a in which the output amplitude A of the two source
doublet, relative to that of a single source, is plotted against frequency
w.. Now consider the effect of introducing-an extra source [err](t) at x=d,
d>b, to see 20       how this frequency range can be improved. Since there
is only one equation to satisfy, _    20 namely that the upstream output is
zero, there is complete freedom in the choice of -- one of the sources, say
[err](t). But this effectively comprises-the superposition of two      -
source pairs, one formed by [err](t) and [err](t) and the other by m,(t)
and [err](t). It is found that a "natural" choice [err] may be made,
corresponding to arranging that the downstream outputs of the two 



source doublets reinforce one another. (Incidentally, there are two other
"natural" choices corresponding to -a regrouping of the--source pairs, but
it is unnecessary to consider these further since the same effect could be
obtained by taking 'd' or 'b' 30       negative).               30 With
this choice, the downstream output at x=d is  --- [err] [err] where [err]
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5 For a given frequency w and an amplitude [err] for the source [err] the
amplitude of this output is [err] 5        X downstream output of single
source of amplitude [err].                           5 By plotting the:
function for various values of [err] as shown in Figures 5a, 5b and 5c it
is found that the ratio 2: 3 shown in Figure 5b represents a sensible
choice, giving a useful frequency 10      range of X20 or [err] octaves.
This should be adequate for most purposes. On an octave  10 scale, the,
mid-band frequency occurs for "d", the overall separation, equal to 0.34
(1-M) x wavelength. For two sources, again on an octave scale, the mid-band
fre- quency occurs when the source separation is only 0.19 (1-M)
Xwavelength. Thus by using three sources an increase in frequency range is
obtained at the expense of a 15      corresponding increase in the overall
length of the array.       -                  15 It should be noted that
one could also obtain a unidirectional plane wave output by suitably
superposing a. single source and a dipole source, the latter consisting of
two equal but opposite sources positioned very close together. This is the
arrangement described by Jessel. and Mangiante in the paper mentioned
previously. But under these 20       circumstances, where the overall
source separation is very small compared to the wave-  20 length of the
emitted sound, the efficiency of the undirectional generator is very low-
this arrangement would be directly equivalent to operating in the region
near to w=0 of the curve 4[err]. On the other hand, by separating the
sources longitudinally along the axis of the duct it is possible to achieve
a considerably greater output-in fact the 25  maximum output occurs when
the separation is [err] wavelengthx(I-M),where Mis the       25 Mach
Number of the flow in the duct. This in turn means that when one uses the
output to interfere with and hence to absorb an incident disturbance wave,
one would achieve the maximum possible capacity for absorption by choosing
a separation of [err]  wavelengthx(1 -M). In comparison, an absorber
constructed from a monopole- dipole combination would be extremely
inefficient. It has been shown that by using a combination of two or three
ring sources, each consisting in appropriate cases of three or four point
sources, a unidirectional plane wave downstream output can be generated. To
control a disturbance plane wave it is simply necessary to arrange that
this output interferes with and nullifies the disturb- 35      ance.
35 Let the initial disturbance wave be described by [err] Then for two ring
sources the equation which it is required to satisfy for values of x
greater than b is [err] The equivalent relation for three ring sources is
[err] 



If the appropriate equation can be satisfied, this will achieve the object
of having no downstream disturbance, while upstream of the sources the only
disturbance will be the incident wave. Now it is clear that it is not
possible to satisfy these equations for all frequencies, 5       and if the
amplitudes of motion of the sources are not to become excessive one will be
5 confiled to the "useful" frequency ranges already discussed. But before
discussing the design of a practical control system which would detect the
disturbance wave and operate the sources in a suitable manner, it will be
assumed that consideration is confined to frequencies for which the
equations can be satisfied in 10      order to discuss the way in which the
sources absorb the incident energy.          10 Consider the case
illustrated in Figure 6 where the sources consist of two pistons 5a and 5b
mounted in the side of a duct, and in which, for simplicity, it will be
assumed that the flow velocity is zero. Then for frequencies well below the
cut-off frequency of the first transverse mode, the flow is essentially
incompressible on a 15      length scale comparable with the pipe diameter.
Hence if 'b'-the separation between  15 the pistons measured along the
pipe-is sufficiently small, the fluid in the region shown Will behave
approximately as an incompressible fluid. The combined effect of the
incident wave on the surface 'A' and the appropriate motion of the two
pistons is just such that the surface 'B' is not permitted to move. 20
Then the work done by the incident wave is exactly equal to the work done
on the  20 pistons. In practice the sources would be driven by some form of
feedback amplifier and the excess energy would be absorbed in the output
stage of the amplifier-in the same way that a feedback servo mechanism
absorbs energy when the servo is moved 25       so that the output force
does work on the servo. The actual amounts of acoustic energy  25 involved
in any application would be very small and absorbing this should present no
problems. If the sources are loudspeaker cones, the energy would be
radiated off the back of the cone into the space outside the duct. The
outside of the source system could 30       then be enclosed in a box
well-lined with absorbent material and this would be equiva-  30 lent to
exacting the sound from the flow where there is only a limited time
available for absorption, and diverting it into a static region where as
much time is available as it takes to absorb it. A more detailed analysis
can be made, again for zero Mach Number, but no 35       longer assuming
locally incompressible flow. It can be shown that the work done by a  35
source in the absence of convection is [err] where p is the excess pressure
over the surface of the source. Since the downstream source operates in
such a way that the excess pressure due to the plane wave mode is 40
always zero, it does not absorb any energy-it acts as a simple reflector.
It is the up-  40 stream source-operating in a non-zero pressure field-that
absorbs the incident energy. But it does not absorb it immediately-some of
the energy gets past, to be reflected back by the second source and
absorbed later in the cycle. It should be noted that the presence of the
non-propagating transverse modes does 45       modify the rate of working
of each source, but the total rate of working against the  45 transverse
modes can easily be shown to be zero. This means that in practice the down-
stream  source may require energy to drive it, but this will be matched by
an equivalent increase in the energy absorbed by the upstream source. It
remains to devise a system which will operate the sources to satisfy the
equa- 50        tions. In some application, where the source initially
generating the unwanted sound  50 



has a fixed frequency or frequencies it may be possible to drive the
control sources by a suitable synchronising signal from the generating
source, but in more general applications it will be necessary to detect the
incoming radiation The problem of detection is easy to overcome, since by
using an array of detectors 55       6 as shown in Figure 7 in exactly the
same way as the sources 4 were coupled together  55 plane waves travelling
downstream can be detected while waves travelling upstream are rejected.
This should prevent any possibility of resonance or instability arising
from interaction between the source output -and the signal picked up by the
detectors. If detectors of composite form similar to that of the ring
sources are used, propagating 60      transverse modes below [err](M) will
not be detected.                                60    7
1,456,018                                       7 For example take two
detectors [err](t) and [err](t) separated by a distance 'b' and at x= -1,
-1+b (say). If the output is taken as [err] this is zero for a wave
travelling upstream, but the disturbance wave [err] will yield an 5
output
5 [err] where Similarly if three detectors and three ring sources are used,
the output from the 10       detectors would be
10 [err] while the equation to be satisfied is By taking the Laplace
Transform, the relation between [err](p) and D(p) becomes: [err] This
consists of a single time delay [err] and two circuits in series each with
transfer function 20           Now the latter is a simple feedback circuit
involving two pure time delays [err] and  20 [err] as shownin Figure 8, but
in its present form it would exhibit D.C instability, and moreover if
[err]=2: 3 there would be resonance at frequencies [err] The D.C
instability may be removed by incorporating a high pass (D.C) filter 25
in the loop at 7, while if [err]=2: 2.8 is chosen most of the desirable
characteristics  25 of the choice 2:3 are retained, but the first resonance
now occurs at w = [err]. This is well outside the useful frequency range
and it should be possible to overcome this by using a low pass filter. The
Nyquist Plot for such a feedback loop, with a D.C. filter [err] is shown in
Figure 9.The "useful" frequency range is approximately    8
1,456,018                                     8 - [err] or X20. Now the
gain margin is not very great and to attempt to drive the system at fre-
quencies outside the range given above would produce excessively large
output ampli- 5       tudes. Thus it will be necessary to filter the output
from the detectors to remove fre-  5 quencies outside this range. 



Consider the inclusion of such a filter F(iw) in the circuit. Providing the
system equations are accurately represented over the passband of F(iw) the
final output down- stream is [l-F(iw)][err](iw). Now a conventional filter
would tend to have rapid phase 10      changes occurring at the ends of the
pass-band and this could lead to a local amplifica-  10 tion of the output.
But if the cut-off of the filter is sufficiently sharp this effect will be
confined to a very narrow frequency band and should be more than
compensated for by the reduction in intensity in the main pass-band. But it
should be noted that since it is necessary to introduce a time delay [err]
between signal detection and operation of the sources a time lead has
effectively been gained and this should enable the design of filters with
much better gain/phase characteristics than is usually the case. Also this
lead can be used to compensate for any undesirable characteristics in the
frequency response of the detectors or sources. 20       The latter point
is very important-the main system is open loop and preservation of  20 the
phase of the detected signal is important if accurate attenuation is to be
obtained. In practice some form of downstream monitoring of the final
output would prob- ably be included. For frequencies well below the cut-off
[err] the phase lags involved in downstream detection would be very small
and the transverse modes will have decayed 25       exponentially in a
distance of about one pipe diameter, so one could mount detectors  25 this
distance downstream and get accurate monitoring of the residual field. For
higher frequencies this will not be possible, but some form of optimisation
process could be used to vary certain parameters of the system and get
maximum reduction in intensity. The techniques described may be extended to
the control of a finite number of 30       higher transverse modes, thus
enabling the upper frequency limits to be raised.    30 It is easy to show
that for uniform flow in a duct the problems of detecting and generating
sound waves propagating along the duct in a given transverse mode are com-
plementary-this is a direct consequence of Green's Reciprocal Theorem. So
it is only necessary to consider the problem of generating a given mode,
and the problem of 35       detecting the same mode will be automatically
satisfied if one chooses the same array  35 of detectors as sources. When
considering transverse modes below a prescribed cut-off frequency [err]
these take the form of a finite number of propagating modes with different
angular dependence with respect to the axis of the duct. Corresponding to
each of these types 40       of angular dependence there is prescribed
number of radially dependent modes. For a  40 duct of circular
cross-section, the modes as a whole can be characterised mathematically by
the expression [err] where 45           [err] is the Bessel function of
order n,                            45 r is the radial dependence, [err] is
the angular dependence, [err] is the appropriate mode wave number, n and m
are integers such that n =< N[err] and m =< [err], and 50           [err]
is equal to [err]/R, where y is the [err] zero of the differential
coefficient  50 [err](z)/dz, R is the duct radius and [err] is the velocity
of sound. If one takes a ring source comprising (N + 1) point sources
uniformly distributed around the duct wall, and drives them respectively in
proportion to values of the quantity cos[err] corresponding to their
angular positions, g being an integer not greater    9
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than N, then one will generate only the modes characterised by [err] and
non-propagating modes with an angular dependence given by [err], where p is
an integer greater than N. If moreover one takes [err] such ring sources,
it should be possible in general to satisfy the appropriate [err] equations
giving zero output up 5       stream and downstream outputs of the desired
amplitude for each of the modes charac-  5 terised by [err]. One could
simultaneously drive each ring source in a similar manner to that indicated
but replacing g with h (another integer not greater than N), and thus
generate the set of modes characterised by [err]; in other words, in order
to 10      generate modes of different 0-dependence it is not necessary to
use different ring  10 sources-one can use the same set of ring sources and
superpose the different 0-de- pendent inputs. Hence one should be able to
obtain control of all the propagating modes for frequencies below [err] by
using a total number of ring sources equal to twice the highest value that
[err] has for any value of n not greater than [err]. However 15      there
will be frequencies for which the output of the array will be zero for an
given    15 mode, just as was found in the case of two ring sources in the
plane wave problem. So it will be necessary in practice to include some
extra ring sources to cover these "dead" spots.. In conclusion it should be
emphasised that the principal advantage which such a 20       system would
have over conventional passive methods of control is the short distance,
20 required to attenuate the sound field. For narrow band noise (2
octaves), a 2-source/2- detector system could be used and for low
frequencies the detectors need not be placed much more than one pipe
diameter upstream of the sources. So the overall length required to detect
and absorb the field need not be much more than (1-M)x0.5 25
wavelength.
.   25 Two practical embodiments of the present invention are shown in
Figures 10 and 11 of the accompanying drawings. Both these embodiments
relate to the reduction of noise in aircraft jet engines which is a subject
of considerable importance. 30           Figure 10 shows diagramatically a
typical bypass jet engine. Noise from such  30 an engine arises both
forward from the compressor and aft from the combustion cham- bers and
turbine. Thus at an inlet 10 of the engine is located an array of three
sound sources 11, 11a, 11b, each consisting of three loudspeakers spaced
equally around the circular cross-section of the air inlet. A similar array
of sound detectors 12, 12a, 12b, 35       each consisting of microphones
arranged similarly to the loudspeakers, is located adja-  35 cent the
compressor of the engine. The longitudinal arrangement of the source and
detectorarrays is in accordance with the calculations regarding the
attenuation of trans- versely propagated waves discussed previously in the
specification. This is because the noise field generated in the front end
of a jet engine is propagated in waves which 40       -are predominantly of
this kind. The outputs of the detectors. 12, 12a, 12b are ampli-  40 fied,
suitably delayed and used to drive the sources 11, 11a, 11b. The noise
arising from the rear end of the engine contains a substantially higher
proportion of longitudinally propagated sound waves. Thus at the rear of
the engine is arranged an array of three sound sources 13, 13a, 13b,each
consisting of three loudspeakers spaced equally around 45       the
circular cross-section of the engine outlet. A similar array of sound
detectors 14,  45 14a, 14b is located upstream of the source array and
consists of microphones arranged in the same configuration as the
loudspeakers of the source array. As with the front end of the engine, the
outputs of the detectors 14, 14a, 14b are amplified, suitably delayed and
used to drive the sources 13, 13a, 13b. Naturally the need for noise re- 50
. dunction is of greatest importance during take-off and landing and the
device need not  50 be employed during normal flying. The embodiment shown
in Figure 11 is concerned with attenuating the low fre- quency content of
jet exhaust noise during ground testing. This nse can be particu- 



larly objectionable, to nearby residents as it probably will be of much
greater duration 55       than that which occurs during landing and
take-off of jet aircraft                 55 In the embodiment of Figure 11
jet engine 21 has attached to it a silencer 22 of well known design. Such
silencers are extremely inefficient in removing the low frequency content
of jet engine exhaust noise. The silencer 22 is rectanguar in cross-
section and has mounted on it an array of three sound detectors 23, 23',
23", each 60       detector consisting of four microphones symmetrically
positioned around the walls of the  60 duct in a manner similar to that
shown  in the cross-section diagram in Figure 3b. A similar array of sounnd
sources 24, 24', 24", constituted by loudspeakers arranged in the same
configuration as the microphones of the detector array, is mounted down-
stream of the detector array and is driven therefrom by means of suitable
amplifying    10         1,456,018 and delay circuitry  shown at 25, to
interfere destructively with the sound field propa- gated longitudinally
down the silencer 22. WHAT WE CLAIM IS:- 1. A method of attenuating a sound
wave propagating in a given direction along a duct through a fluid
contained in the duct, in which ad array of similar sound    5 sources,
located adjacent the wall of the duct respectively at different positions
along the duct and each capable of generating a pair of sound waves which
travel through the fluid respectively in opposite directions along the duct
from the position of the source generating that pair of sound waves, is
operated in such a manner that destructive 10      interference occurs
between the wave to be attenuated and the resultant of the waves  10
generated by the array and travelling in said given direction while the
resultant of the waves generated by the array and travelling in the
direction opposite to said given direction is negligble..                 -
2. A method according.to Claim 1, in which the operation of the array of
sources is controlled in response to the detection of sound waves
propagated along the duct  15 through the fluidin said given direction. 3.
A method according to Claim 2, in which the detection is effected by a
sound detection system responsive only to sound waves propagated in said
given.direction, said system comprising an array of similar sound detectors
located adjacent the wall 20       of the duct respectively at different
positions along the duct all of which are displaced  20 from the array of
sources in the direction opposite to said given direction. 4. A method
according to Claim 3, in which the number of detectors is equal to the
number of sources and the two arrays are of similar geometrical
disposition. 5. A method according to any of the preceding claims, in which
each of the 25      sources comprises a plurality of discrete sound
generating devices distributed sym-  25 metrically around the wall of the
duct. 6. A method according to Claim 5, as dependent on Claim 4, in which
each of the detectors comprises a plurality of discrete sound detecting
devices distributed sym- metrically around the wall of the duct, the number
and distribution of the detecting 30       devices for each detector being
thesame as the number and distribution of the generat-  30 ing devices for
each source. 7. A method according to any one of the preceding claims, in
which the wave to be attenuated and the waves generated by the sources are
all plane waves. 8. An apparatus for use in attenuating sound waves
propagating along a duct 35      through a fluid contained in-the duct, the
apparatus comprising an array of similar  35 sound sources located adjacent
the wall of the duct respectively at different positions along the duct and
each capable of generating a pair of sound waves which travel through the
fluid respectively in opposite directions along the duct from the position 



of the source generating that pair of sound waves, and means for operating
the array 40       of sources in such a manner that destructive interface
will occur between an unwanted  40 sound wave propagating in a given
direction along the duct through the fluid and the resultant of the waves
generated by the array and' travelling in said given direction while the
resultant of the waves generated. by the array and travelling in the
direction opposite to said given direction will be negligible. 45      .
9. An'apparatus according to Claim 8, comprising a sound detection system
re-  45 sponsive to sound waves propagated along the duct through the fluid
in said given direction, and means for utilising the output of said system
to control the operation of the array of sources. 10. An apparatus
according to Claim 9, in which the sound detection system is 50
responsive only to sound waves propagated in said given direction, said
system compris  50 ing an array of similar sound detectors located adjacent
the wall of the duct respec- tively at different positions along the duct
all of which are displaced from the array of sources in the direction
opposite to said given direction. 11. An apparatus according to Claim 10,
in which the number of detectors is 55       equal to the number of sources
and the two arrays are of similar geometrical disposi  55 12. An apparatus
according to any one of Claims 8 to 11, in which each of the sources
comprises a. plurality of discrete sound generating devices distributed
sym- metrically around the wall of the duct. 60            13. An apparatus
according to Claim 12,as dependent on Claim 11, in which    60 each of the
detectors comprises a plurality of discrete sound detecting devices distri-
buted symmetrically around the wall of the duct, the number and
distribution of the    10                                      1,456,018
10 and delay circuitry, shown at 25, to interfere destructively with the
sound field propa- gated longitudinally down the silencer 22. WHAT WE CLAIM
IS:- 1. A method of attenuating a sound wave propagating in a given
direction along a 5      duct through a fluid contained in the duct, in
which an array of similar sound       5 sources, located adjacent the wall
of the duct respectively at different positions along the duct and each
capable of generating a pair of sound waves which travel through the fluid
respectively in opposite directions along the duct from the position of the
source generating that pair of sound waves, is operated in such a manner
that destructive 10      interference occurs between the wave to be
attenuated and the resultant of the waves  10 generated by the array and
travelling in said given direction while the resultant of the waves
generated by the array and travelling in the direction opposite to said
given direction is negligible. 2. A method according to Claim 1, in which
the operation of the array of sources 15     is controlled in response to
the detection of sound waves propagated along the duct  15 through the
fluid in said given direction. 3. A method according to Claim 2, in which
the detection is effected by a sound detection system responsive only to
sound waves propagated in said given direction, said system comprising an
array of similar sound detectors located adjacent the wall 20       of the
duct respectively at different positions along the duct all of which are
displaced  20 from the array of sources in the direction opposite to said
given direction. 4. A method according to Claim 3, in which the number of
detectors is equal to the number of sources and the two arrays are of
similar geometrical disposition. 5. A method according to any of the
preceding claims, in which each of the 25      sources comprises a
plurality of discrete sound generating devices distributed sym-  25
metrically around the wall of the duct. 



6. A method according to Claim 5, as dependent on  Claim 4, in which each
of the detectors comprises a plurality of discrete sound detecting devices
distributed sym- metrically around the wall of the duct, the number and
distribution of the detecting 30      devices for each detector being the
same as the number and distribution of the generat-  30 ing devices for
each source. 7. A method according to any one of the preceding claims, in
which the wave to be attenuated and the waves generated by the sources are
all plane waves. 8. An apparatus for use in attenuating sound waves
propagating along a duct 35      through a fluid contained in the duct, the
apparatus comprising an array of similar  35 sound sources located adjacent
the wall of the duct respectively at different positions along the duct and
each capable of generating a pair of sound waves which travel through the
fluid respectively in opposite directions along the duct from the position
of the source generating that pair of sound waves, and means for operating
the array 40       of sources in such a manner that destructive interface
will occur between an unwanted  40 sound wave propagating in a given
direction along the duct through the fluid and the resultant of the waves
generated by the array and travelling in said given direction while the
resultant of the waves generated by the array and travelling in the
direction opposite to said given direction will be negligible. 45
9. An apparatus according to Claim 8, comprising a sound detection system
re-  45 sponsive to sound waves propagated along the duct through the fluid
in said given direction, and means for utilising the output of said system
to control the operation of the array of sources. 10. An apparatus
according to Claim 9, in which the sound detection system is 50
responsive only to sound waves propagated in said given direction, said
system compris-  50 ing an array of similar sound detectors located
adjacent the wall of the duct respec- tively at different positions along
the duct all of which are displaced from the array of sources in the
direction opposite to said given direction. 11. An apparatus according to
Claim 10, in which the number of detectors is 55       equal to the number
of sources and the two arrays are of similar geometrical disposi-  55 tion.
12. An apparatus according to any one of Claims 8 to 11, in which each of
the sources comprises a plurality of discrete sound generating devices
distributed sym- metrically around the wall of the duct. 60         13. An
apparatus according to Claim 12, as dependent on Claim 11, in which   60
each of the detectors comprises a plurality of discrete sound detecting
devices distri- buted symmetrically around the wall of the duct, the number
and distribution of the    -,  11
1,456,018 detecting devices for each detector being the same as the number
and distribution of the generating devices for each source. 14. An
apparatus according to any one of Claims 8 to 13, in which the sources are
adapted to generate plane waves. D. H. BRIDGES, Chartered Patent Agents,
Agents for the Applicants. Printed for Her Majesty's Stationery Office, by
the Courier Press, Leamington Spa, 1976 Published by The Patent Office, 25
Southampton Buildings, London, WC2A 1AY, from which copies may be obtained.


