
Loudspeaker The present invention relates to
loudspeakers, and particularly relates to dome-shaped
transducers, for example high frequency transducers
commonly referred to as "tweeters". High frequency
dome-shaped transducers may be operated with or
without the presence of a surrounding horn. The horn
may be a static horn, or it may itself be an
acoustically radiating diaphragm, such as a cone
diaphragm, for example. The present invention seeks to
provide a loudspeaker utilising a convex dome-shaped
transducer, which has improved acoustic properties
compared to known arrangements. Accordingly, the
invention provides a loudspeaker comprising a horn
waveguide having a waveguide surface, and a transducer
located in, or adjacent to, a throat of the horn
waveguide, the transducer having a substantially rigid
convex dome-shaped acoustically radiating surface,
wherein: (a) a horn angle subtended between a
longitudinal axis of the horn waveguide and the
waveguide surface at the throat of the horn, is in the
range 20 to 60 degrees; and (b) an intersection angle
subtended between a plane tangential to the dome shape
of the acoustically radiating surface and a plane
tangential to the waveguide surface at a point where
the dome shape or an extrapolation of the dome shape
meets the waveguide surface or an extrapolation of the
waveguide surface, is in the range 85 to 110 degrees.
The inventors of the present invention have found that
a loudspeaker having the above-defined combination of
features is able to generate 



acoustic waves having a dramatically enhanced
consistency over a greater range of frequencies, than
hitherto. In1particular, the inventors have foundthat
the acoustic waves generated by the loudspeaker of the
invention can have a more consistent response over a
wider range of frequencies and angles of direction,
than known loudspeakers. The term "sphericity" (with
regard to an acoustic wave) is used in this
specification to define the degree to which the
wavefront of the wave approximates to a segment of a
pulsating spherical surface. The sphericity of the
acoustic waves generated by a dome-shaped transducer
is important for two main reasons. Firstly, the
greater the sphericity of an acoustic wave, the more
even (generally speaking) will be its directivity,
i.e. the sound pressure level produced by the wave
will generally be more consistent over its entire
wavefront. Secondly, an acoustic wave having a high
degree of sphericity will generally avoid significant
response irregularities, particularly if the
sphericity substantially "matches" the shape of the
horn waveguide along which it propagates (e.g. such
that the wavefront is substantially perpendicular to
the waveguide surface where the wavefront meets the
waveguide surface). The present inventors have found
(in addition to the findings referred to above) that
acoustic waves generated and propagated by
loudspeakers according to the invention can have a
greater degree of sphericity than those generated and
propagated by known loudspeakers comprising a convex
dome-shaped transducer and a horn waveguide. The
present inventors have found that especially good
acoustic results can be achieved with loudspeakers in
accordance with the invention if the intersection
angle falls within a preferred range of angles that
varies with horn angle in a particular way. Thus, in
some preferred embodiments of the 



invention, for horn angles in the range 20 to 40
degrees, the minimum intersection angle of the range
of intersection angles is 85 degrees. Preferably, for
horn angles in the range from 40 to 50 degrees, the
minimum intersection angle of the range of
intersection angles varies substantially linearly from
85 to 90 degrees. Preferably, for horn angles in the
range from50 to 60 degrees, the minimum intersection
angle of the range of intersection angles varies
substantially linearly from 90 to 100 degrees.
Advantageously, for horn angles in the range from 20
to 45 degrees, the maximum intersection angle of the
range of intersection angles preferably varies
substantially linearly from 100 to 110 degrees.
Preferably, for horn angles in the range 45 to 60
degrees, the maximum intersection angle of the range
of intersection angles is 110 degrees. The
acoustically radiating surface of the transducer is
dome-shaped. At least in the broadest aspects of the
invention, the shape of the dome may be substantially
any dome shape, but preferably the acoustically
radiating surface of the dome is substantially smooth.
In some embodiments of the invention, the dome shape
of the acoustically radiating surface is substantially
spheroid, e.g. the surface generated by the
half-revolution of an ellipse about its major axis.
For most embodiments of the invention, however, more
preferably, the dome shape of the acoustically
radiating surface of the transducer is substantially
the shape of a segment of a sphere (i.e. the dome
preferably is a substantially spherical dome). The
dome-shaped acoustically radiating surface of the
transducer of loudspeakers according to the invention
is substantially rigid. Such rigidity may, for
example, be achieved by means of the choice of
material from which the dome is formed. (Some
preferred materials are referred to 



below.) Additionally or alternatively, the transducer
may be reinforced in order to improve or provide its
rigidity. A particularly preferred transducer for use
in the present invention is disclosed in the UK patent
application filed by the present applicant on the same
date as the present application, and entitled
"Electro-acoustic Transducer". Thus, in some preferred
embodiments of the present invention, the transducer
comprises a front part having an acoustically
radiating surface, a supporting part that supports
thefront part and that extends from the front part
(preferably from a peripheral region of the front
part) in a direction away from the acoustically
radiating surface, and a reinforcing part that
provides rigidity to the transducer. The reinforcing
part preferabjy extends from the supporting part to
the rean of the front part such that a portion of the
reinforcing part is spaced from the front part and/or
the supporting part. The inventors have also found
that other criteria can, at least for some embodiments
of the invention, ensure enhanced acoustic properties
for the loudspeaker. For example, any separation (in a
radial direction substantially perpendicular to the
longitudinal axis of the horn waveguide) at any point
between the throat of the horn waveguide at the
waveguide surface and the dome-shaped acoustically
radiating surface of the transducer, preferably is no
greater than 2.5 mm, more preferably no greater than 2
mm, e.g. 1.5 mm or less. This preferred criterion may
be expressed in another way as follows, or an
alternative preferred criterion is as follows: a
minimum diameter of the throat of the horn waveguide
at the waveguide surface preferably is no more than 5
mm larger than a maximum diameter of the dome-shaped
acoustically radiating surface of the transducer. More
preferably, the minimum diameter of the throat of the
horn waveguide is no 



more than 4 mm larger than a maximum diameter of the
dome of the transducer, e.g. no more than 3 mm larger.
Preferably there are substantially no cavities
exhibiting resonances in the audio range between the
transducer and the horn waveguide. In preferred
embodiments of the invention, the dome-shaped
acoustically radiating surface of the transducer is
attached via a surround to a support situated around
the transducer, at least part of the surround being
flexible. The surround preferably comprises a
generally annular web, at least part of the width of
which (i.e. in the direction perpendicular t o the
longitudinal axis of .the horn) is flexible, thus
allowing for the substantiallyaxial movement of the
dome which generates the acoustic waves. Preferably,
the dome-shaped acoustically radiating surface of the
transducer is spaced apart from the support in a
radial direction substantially perpendicular t o the
longitudinal axis of the horn waveguide, by no more
than 2.5 mm, e.g by no more than 2 mm. This preferred
criterion may be expressed in another way as follows,
or an alternative preferred criterion is as follows: a
minimum diameter of the support situated around the
transducer preferably is no more than 5 mm larger,
e.g. no more than 4 mm larger, than a maximum diameter
of the dome-shaped acoustically radiating surface of
the transducer. As mentioned above, the horn angle
(subtended between a longitudinal axis of the horn
waveguide and the waveguide surface at the throat of
the horn) for loudspeakers according to the invention
is between 20 degrees and 60 degrees. Preferably, the
horn angle is no greater than 55 degrees, especially
no greater than 50 degrees. Preferably the horn angle
is at least 25 degrees, more preferably at least 30
degrees, especially at least 



35 degrees, e.g. 40 degrees. I n at least some
embodiments of the invention, the horn waveguide is
non-circular in cross-section perpendicular to its
longitudinal axis. For example, the horn may be oval
in cross-section, or indeed substantially any shape.
However, for many embodiments of the invention, the
horn waveguide is substantially circular in
cross-section perpendicular to its longitudinal axis.
The horn waveguide may be substantially frusto-conical
(i.e. the horn waveguide may be substantially conical
but truncated at the throat of the horn). However, the
horn waveguide may be flared, e.g. flared such that it
follows a substantially exponential curve, or a
substantially parabolic curve, or another flared
curve. Other horn waveguide shapes are also
possible.Preferably the horn waveguide has an axial
length of at least 1.5 times the height of the dome of
the transducer, more preferably at least 2.0 times the
height of the dome of the transducer. The height of
the dome of the transducer is defined as being
measured along the longitudinal axis of the horn
waveguide from the point of intersection of the dome
shape of the acoustically radiating surface of the
transducer with the waveguide surface (or
extrapolations therefrom) to the acoustically
radiating surface of the dome where it intersects the
longitudinal axis of the horn. (That is, the height of
the dome is its height measured along the longitudinal
axis of the horn.) The axial length of the horn is
defined as being measured along the axis of the horn
from the inwardmost edge of the waveguide surface (the
throat) to the outwardmost edge of the waveguide
surface (the mouth). As indicated above, the horn
waveguide may be a static waveguide, or it may itself
be an acoustically radiating diaphragm, e.g a cone
diaphragm. 



Consequently, in some embodiments of the invention,
the horn waveguide may comprise a driven acoustically
radiating diaphragm. The diaphragm may be driven
substantially independently of the dome-shaped
transducer, for example such that the diaphragm is
arranged to radiate acoustic waves of generally lower
frequency than is the dome-shaped transducer.
Alternatively, the diaphragm and the dome-shaped
transducer may be driven together substantially as a
unit, for example. Consequently, the loudspeaker
preferably includes one or more drive units to drive
the diaphragm and/or the dome-shaped transducer. An
example of a suitable arrangement (albeit at least
with a different intersection angle to the present
invention) in which the horn waveguide itself
comprises an acoustically radiating diaphragm, is
disclosed in United States Patent No. 5,548,657. The
dome-shaped transducer preferably is formed from a
substantially rigid low, density material, for example
a metal or metal alloy material, acomposite material,
a plastics material, or a ceramic material. Some
preferred metals for forming a suitable metal or metal
alloy material include: titanium; aluminium; and
beryllium. The acoustically radiating surface of the
dome-shaped transducer may be formed from a specialist
material, for I example diamond (especially chemically
deposited diamond). The horn waveguide may be formed
from any suitable material, for example a metal or
metal alloy material, a composite material, a plastics
material, a fabric material, or a ceramic material.
For those embodiments of the invention in which the
horn waveguide is an acoustically radiating diaphragm,
it preferably is formed from a plastics material or a
fabric material, for example. Metal or paper may be
preferable in some cases. 



In some embodiments of the invention, the loudspeaker
may include one or more further transducers and/or
driven acoustically radiating diaphragms, for example.
A second aspect of the invention provides a
loudspeaker system comprising a plurality of
loudspeakers according to the first aspect of the
invention. Other preferred and optional features of
the invention are described below and in the dependent
claims. Examples of some preferred embodiments of the
invention will now be described, by way of example,
with reference to the accompanying drawings, of which:
Figure 1 shows, schematically and in cross-section,
part of a loudspeaker according to the present
invention;Figure 2 shows a detail of Figure 1; Figure
3 is a schematic illustration of the "intersection
angle" (as defined herein) of a loudspeaker according
to the invention; Figure 4 ((a) to (f) shows graphical
representations of sound pressure level (in dB) versus
sound frequency (in Hz, and also in normalised wave
number ka) modelled for a loudspeaker according to the
invention at six differing horn angles, and at various
differing intersections angles for each horn angle;
Figure 5 is a graphical representation showing some
preferred ranges of intersection angle as a function
of horn angle, for loudspeakers according to the
invention; Figures 6(a) and 6(b) illustrate
schematically some of the dimensions of preferred
loudspeakers according to the invention; 



Figure 7 ((a) and (b)) shows finite element computer
modelling results for various relative values of
particular dimensions of loudspeakers according to the
invention; and Figure 8 shows finite element computer
modelling results for a particular example of a
loudspeaker according to the invention. Figures 1 and
2 show, schematically and in cross-section, part of a
loudspeaker 1 according to the present invention.
(Both figures show only one half of the loudspeaker on
one side of a longitudinal axis 12. The loudspeaker is
symmetrical about the axis.) The loudspeaker 1
comprises a horn waveguide 3 having a waveguide
surface 5, and a convex dome-shaped transducer 7
located generally in the throat 9 of the horn
waveguide. Theconvex dome-shaped transducer 7 has a
substantially rigid acoustically radiating surface 11,
which is shaped substantially as a segment of a sphere
(i.e. the curvature of the surface 11 is a
substantially spherical curvature). The horn waveguide
3 is a generally frusjro- conical flared static
waveguide having a longitudinal axis 12. A surround 31
of the dome-shaped transducer 7 is attached to a
support 13 behind the throat 9 of the horn waveguide 3
. A drive unit 15 of the dome-shaped transducer 7
comprises a pot 17, a disc-shaped magnet 19 and a
disc-shaped inner pole 21. The pot 17 is substantially
cylindrical and has an opening 23 to receive the
disc-shaped magnet 19 and the inner pole 21. The
opening 23 is defined by a radiallyinwardly extending
lip 25 that forms an outer pole of the drive unit 15.
A substantially cylindrical former (or support) 27 of
the dome-shaped transducer 7 carries a coil 29 of an
electrical conductor (e.g. a wire) that is wound
around the former 27. The coil 29 and former 27 extend
between the inner and outer poles 21 and 25 of the
drive unit. The dome-shaped 



transducer 7 is driven substantially along the axis 12
by the drive unit, and is stabilized by the flexible
surround 31. Preferably at least the outer 50% of the
radial width of the surround 31 is overlapped by the
throat 9 of the horn waveguide. Figure 3 is a
schematic illustration of the "intersection angle" (as
defined herein) of a loudspeaker according to the
invention. As illustrated, the intersection angle is
an angle subtended between a 33 tangential to the
spherical curvature of the acoustically radiating
surface 11 and a plane 35 tangential to the waveguide
surface 5 of the horn waveguide 3 at a point where the
spherical curve meets an imaginary surface 37
extrapolated from the waveguide surface. The
intersection angle illustrated in Figure 3 is 87
degrees, as indicated.Figure 4 shows graphical
representations of the results of finite element
analysis computer modelling of sound pressure level
(in dB) versus sound frequency (in Hz) modelled for a
loudspeaker according t o the invention at six
differing horn angles and at various intersection
angles. The computer modelling assumed, for
simplicity, that the convex dome-shaped transducer had
an acoustically radiating surface in the shape of a
segment of a sphere, and that the surface was driven
along the longitudinal axis of an infinitely extending
conical horn waveguide. As the skilled person knows,
in order for a loudspeaker t o perform adequately it
is necessary for the sound pressure level of sounds
produced by the loudspeaker to be as smooth and loud
as practicable (for a given input power) over
substantially the entire operating sound frequency
range of the loudspeaker. For preferred loudspeakers
according to the invention, the operating frequency
range will normally be from about 2 kHz to about 20
kHz 



(or possibly higher; for Super Audio Compact Disc
(SACD) systems, for example, the operating frequency
range extends above 20 kHz). It is therefore desired
for loudspeakers according to the invention to have a
sound pressure level response over this frequency
range that is as smooth and loud as possible. As the
skilled person also knows, the sound pressure level
will normally vary (for a particular loudspeaker) with
the direction relative to the loudspeaker at which the
sound pressure level is measured (or modelled).
Consequently, the computer modelling of the present
invention was carried out at two principle
"directions" relative to the dome-shaped transducer,
namely "on-axis" and at the waveguide surface of the
horn. Figures 4 (a) to 4 (f) show the results of the
modelling for a horn waveguide having a horn angle of
20, 30, 35, 40, 50 and 60 degrees, respectively, and
at various differing intersection angles for each horn
angle. In each case, as mentioned above, the sound
pressure level ("SPL") was modelled on the
longitudinal axis of the horn ("on-axis"), and at
thewaveguide surface of the horn ("off-axis"). Each
graph shows an upper series of plots, and a separate
lower series of plots, each plot comprising modelling
results for a particular specified horn angle and a
particular specified intersection angle. The upper
series show the modelling results for the on-axis SPL,
and the lower series show the difference between the
onaxis and the off-axis modelling results at each of
three of the intersection angles. Each plot shown in
Figure 4 is a plot of sound pressure level (in dB)
versus sound frequency (in Hz). The results shown are
for a 25 mm throat diameter and a 25 mm diameter
dome-shaped acoustically radiating surface. However,
the plots are also shown as sound pressure level (in
dB) versus 



normalised wave number (ka): where: r = throatradius l
=acousticwavelength Additionally, the normal tilt
(inclination) of each SPL plot has been substantially
levelled by applying a 6 dB octave slope to the plot,
so that any departures from a substantially straight
line plot are clearly shown. The modelling results
illustrated graphically in Figure 4 clearly show that
for the modelled loudspeakers that fall within the
scope of the present invention, i.e. having an
intersection angle in the range of 85 degrees to 110
degrees and a horn angle in the range of 20 to 60
degrees, the sound pressure level response both
"on-axis" and at the horn waveguide surface is
significantly smoother than it is for those modelled
loudspeakers falling outside the defined range of
intersection angles, i.e. outside the scope of the
invention. For those intersection angles falling
within the preferred ranges ofintersection angles, the
modelled sound pressure level response is very
significantly smoother than for intersection angles
falling outside the scope of the invention. The
preferred ranges of intersection angles at various
horn angles have been referred to above. In summary,
these are as follows. For horn angles in the range 20
to 40 degrees, the minimum intersection angle of the
range of intersection angles is 85 degrees. For horn
angles in the range from 40 to 50 degrees, the minimum
intersection angle of the range of intersection angles
preferably varies substantially linearly from 85 to 90
degrees. For horn angles in the range from 50 to 60
degrees, the minimum intersection angle of the range
of intersection angles preferably varies 



substantially linearly from 90 to 100 degrees. For
horn angles in the range from 20 to 45 degrees, the
maximum intersection angle of the range of
intersection angles preferably varies substantially
linearly from 100 to 110 degrees. For horn angles in
the range 45 to 60 degrees, the maximum intersection
angle of the range of intersection angles is 110
degrees, These preferred ranges are illustrated
graphically in Figure 5. The preferred intersection
angles at each horn angle fall at the boundary of, or
within, the area shown on the graph. Figures 6(a) and
6(b) illustrate schematically some of the dimensions
of preferred loudspeakers according to the invention.
Figure 6(a) shows the diameter Dl of the dome-shaped
acoustically radiating surface of the transducer, the
diameter D2 of the throat of the horn waveguide at the
waveguide surface, and the diameter D3 of the support
situated around the transducer and to which the
surround is attached. Figure 6(b) shows a separation
(or gap) G (which is equal to (D2 - Dl)/2) between the
domeshaped acoustically radiating surface of the
transducer and the throat of the horn waveguide at the
waveguide surface. Figure 6(b) also shows a separation
W (which is equal to (D3 - Dl)/2) between the
dome-shapedacoustically radiating surface of the
transducer and the support situated around the
transducer. This separation W normally also
corresponds t o the width of a surround extending
between the dome of the transducer and the support.
Figure 7 ((a) and (b)) shows finite element computer
modelling results for various relative values of Dl,
D2 and D3. Figure 7(a) shows the affect of varying the
separation G between the throat of the horn waveguide
and the dome-shaped surface of the transducer, i.e.
(D2 - Dl)/2. The plots of 



modelled sound pressure level (SPL, in dB) versus
sound frequency (in Hz) show that for separations G of
2 mm or less (i.e. D2 - Dl is 4 mm or less) the SPL
response is much smoother (i.e. much closer to being
constant) than it is for separations G of 3 mm or 4 mm
(i.e. D2 - Dl is 6 mm or 8 mm) up t o at least 20 kHz
(which is approximately at, or approaching, the high
frequency limit of human hearing). Figure 7(b) shows
the affect of varying the separation W between the
support and the dome-shaped surface of the transducer,
i.e. (D3 - Dl)/2. The plots of modelled sound pressure
level (SPL, in dB) versus sound frequency (in Hz) show
that for separations W of 2.5 mm or less (i.e. D3 - Dl
is 5 mm or less) the SPL response is much smoother
(i.e. much closer to being constant) than it is for
separations W of 3 mm or 4 mm (i.e. D3 - Dl is 6 mm or
8 mm) up t o at least 20 kHz. (It should be noted that
although D3=D1 is an ideal acoustical case it is a
mechanically difficult (or perhaps impossible) design
to achieve.) Figure 8 shows finite element computer
modelling results for a loudspeaker according t o the
invention, having a dome-shaped transducer with a
diameter of 45 mm in a horn waveguide, having an
intersection angle of 87.5 degrees, a horn angle (at
the throat) of 40 degrees, and the horn waveguide
having an exponential flare with a flare rate implying
a cut-onfrequency of 2 kHz. (The flare rate relates to
the distance taken for the horn area to increase by a
fixed factor. For an exponential horn waveguide this
distance is substantially constant throughout the
length of the horn.) The results show the modelled
sound pressure level (in dB) versus sound frequency
(in Hz) at various orientations (angles) with respect
to the longitudinal axis of the horn waveguide. The
results show that the SPL 



response is very smooth (i.e. very close to being
constant) up to 20 kHz for all orientations from 0 to
60 degrees with respect to the longitudinal axis of
the horn waveguide. This means that not only is the
SPL response of the loudspeaker consistent up to 20
kHz, the directivity of the loudspeaker is also
consistent, i.e. there is little variation in sound
pressure angle with variation in direction relative to
the loudspeaker. The inventors believe that such
results are unlikely to be achieved, if not impossible
to achieve, without the present invention.Claims 1. A
loudspeaker comprising a horn waveguide having a
waveguide surface, and a transducer located in, or
adjacent to, a throat of the horn waveguide, the
transducer having a substantially rigid convex
dome-shaped acoustically radiating surface, wherein:
(a) a horn angle subtended between a longitudinal axis
of the horn waveguide and the waveguide surface at the
throat of the horn, is in the range 20 to 60 degrees;
and (b) an intersection angle subtended between a
plane tangential to the dome shape of the acoustically
radiating surface and a plane tangential t o the
waveguide surface at a point where the dome shape or
an extrapolation of the dome shape meets the waveguide
surface or an extrapolation of the waveguide surface,
is in the range 85 to 110 degrees. 2. A loudspeaker
according to claim 1, in which, for horn angles in the
range 20 to 40 degrees, the minimum intersection angle
is 85 degrees. 3. A loudspeaker according to claim 1
or claim 2, in which, for horn angles in the range
from 40 to 50 degrees, the minimum intersection 



angle varies substantially linearly from 85 to 90
degrees. 4. A loudspeaker according to any preceding
claim, in which, for horn angles in the range from 50
to 60 degrees, the minimum intersection angle varies
substantially linearly from 90 to 100 degrees. 5. A
loudspeaker according to any preceding claim, in
which, for horn angles in the range from 20 to 45
degrees, the maximum intersection angle varies
substantially linearly from 100 to 110 degrees.6. A
loudspeaker according to any preceding claim, in
which, for horn angles in the range 45 to 60 degrees,
the maximum intersection angle is 110 degrees. 7 . A
loudspeaker according to any preceding claim, in which
the dome shape of the acoustically radiating surface
of the transducer is substantially spheroid. 8. A
loudspeaker according to any one of claims 1 to 6, in
which the dome shape of the acoustically radiating
surface of the transducer is substantially the shape
of a segment of a sphere. 9. A loudspeaker according
to any preceding claim, in which any separation, in a
radial direction substantially perpendicular to the
longitudinal axis of the horn waveguide, at any point
between the throat of the horn waveguide at the
waveguide surface and the domeshaped acoustically
radiating surface of the transducer, is no greater
than 2.5 mm. 10. A loudspeaker according to any
preceding claim, in which a minimum diameter of the
throat of the horn waveguide at the waveguide surface
is no more than 5 mm larger than a maximum diameter of
the domeshaped acoustically radiating surface of the
transducer. 



11. A loudspeaker according to any preceding claim, in
which the domeshaped acoustically radiating surface of
the transducer is attached via a surround to a support
situated around the transducer, at least part of the
surround being flexible. 12. A loudspeaker according
to claim 11, in which the dome-shaped acoustically
radiating surface of the transducer is spaced apart
fromthe support situated around the transducer in a
radial direction substantially perpendicular to the
longitudinal axis of the horn waveguide, by no more
than 2.5 mm. 13. A loudspeaker according to claim 11
or claim 12, in which a minimum diameter of the
support situated around the transducer is no more than
5 mm larger than a maximum diameter of the dome-shaped
acoustically radiating surface of the transducer. 14.
A loudspeaker according to any preceding claim, in
which the horn waveguide has an axial length of at
least 1.5 times the height of the dome of the
transducer. 15. A loudspeaker according to claim 14,
in which the horn waveguide has an axial length of at
least 2.0 times the height of the dome of the
transducer. 16. A loudspeaker according to any
preceding claim, in which the horn waveguide is
non-circular in cross-section perpendicular to its
longitudinal axis. 17. A loudspeaker according to any
one of claims 1 to 15, in which the horn waveguide is
substantially circular in cross-section perpendicular
to its longitudinal axis. 18. A loudspeaker according
to any preceding claim, in which the horn 



waveguide is substantially frusto-conical. 19. A
loudspeaker according to any preceding claim, in which
the horn waveguide is flared.20. A loudspeaker
according to any preceding claim, in which the horn
waveguide comprises a driven acoustically radiating
diaphragm. 21. A loudspeaker according to claim 20, in
which the diaphragm is driven substantially
independently of the dome-shaped transducer. 22. A
loudspeaker according to claim 21, in which the
diaphragm is arranged to radiate acoustic waves of
generally lower frequency than is the dome-shaped
transducer. 23. A loudspeaker according to claim 20,
in which the diaphragm and the dome-shaped transducer
are driven together substantially as a unit. 24. A
loudspeaker according to any one of claims 20 to 23,
including a drive unit to drive the diaphragm. 25. A
loudspeaker according to any preceding claim,
including a drive unit to drive the dome-shaped
transducer. 26. A loudspeaker according to any
preceding claim, including one or more further
transducers and/or driven acoustically radiating
diaphragms. 27. A loudspeaker system comprising a
plurality of loudspeakers according to any preceding
claim. 


