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LEVERED LOUDSPEAKERS

BACKGROUND

[0001] This disclosure relates to levered loudspeakers.

SUMMARY

[0002] This disclosure is based, at least in part, on the realization that a lever, for a
levered loudspeaker, can be configured to provide for a low profile loudspeaker. This
disclosure is also based, in part, on the realization that a moving magnet motor for a
levered loudspeaker can be configured to reduce magnetic crashing force in the direction

parallel to the lever’s pivot axis.

[0003] In one aspect, a loudspeaker includes an acoustic diaphragm, an oscillatory
force source, a lever that couples the oscillatory force source to the acoustic diaphragm,
and a pivot that is coupled to the lever such that the lever pivots about a pivot axis when
the oscillatory force source applies a force to the lever. The pivot includes a pair of
rotational joints which are spaced apart to allow the diaphragm to pass therebetween as

the lever pivots about the pivot axis.

[0004] Implementations may include one of the following features, or any combination

thereof.

[0005] In some implementations, the oscillatory force source includes a moving magnet
motor. The moving magnet motor includes a permanent magnet that is coupled to the
lever, and a stator for creating magnetic flux for the permanent magnet to interact with.

[0006] In certain implementations, the moving magnet motor is arranged such that a
magnetic crashing force resulting from magnetic attraction between the stator and the

permanent magnet is substantially perpendicular to the pivot axis.
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[0007] In some implementations, the stator defines a curved air gap which
accommodates motion of the permanent magnet as the permanent magnet moves in an

arcuate path within the air gap.

[0008] In certain implementations, the stator includes a pair of cores which define a

curved air gap. The permanent magnet is curved.

[0009] In some implementations, the loudspeaker includes a connector connecting the
diaphragm to the lever. The pivot axis and a connection point where the lever is attached
to the connector are arranged in a common plane that is perpendicular to a displacement

axis of the acoustic diaphragm when the acoustic diaphragm is in a rest position.

[0010] In certain implementations, the loudspeaker includes an enclosure, and a
surround that connects the acoustic diaphragm to the enclosure (e.g., directly or via a

frame). The rotational joints can be disposed beneath the surround.

[0011] In another aspect, a loudspeaker includes an acoustic diaphragm, a first
oscillatory force source, and a first lever coupling the first oscillatory force source to the
acoustic diaphragm and arranged to pivot about a first pivot axis. The diaphragm passes

through the first pivot axis as the first lever pivots about the first pivot axis.

[0012] Implementations may include one of the above and/or below features, or any

combination thereof.

[0013] In some implementations, the loudspeaker also includes a second oscillatory
force source, and a second lever coupling the second oscillatory force source to the
acoustic diaphragm and arranged such that the second lever pivots about a second pivot
axis. The diaphragm passes through the second pivot axis as the second lever pivots

about the second pivot axis.

[0014] In certain implementations, the loudspeaker also includes a first pivot coupled to
the first lever, and a second pivot coupled to the second lever. The first pivot includes a
first pair of rotational joints which are spaced apart to allow the diaphragm to pass

2
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therebetween as the first lever pivots about the first pivot axis. The second pivot includes a
second pair of rotational joints which are spaced apart to allow the diaphragm to pass

therebetween as the second lever pivots about the second pivot axis.

[0015] In some implementations, the first and second levers are configured and

arranged for rotation in opposite directions relative to each other.

[0016] In certain implementations, the first and second oscillatory force sources each
include a respective moving magnet motor. Each of the moving magnet motors include a
permanent magnet, and a stator for creating magnetic flux for the permanent magnet to
interact with. The moving magnet motors are arranged such that magnetic crashing forces
resulting from magnetic attraction between the stators and the permanent magnets are

substantially perpendicular to the first and second pivot axes.

[0017] In some implementations, the first oscillatory force source includes a moving
magnet motor. The moving magnet motor includes a permanent magnet, and a stator for
creating magnetic flux for the permanent magnet to interact with. The moving magnet
motor is arranged such that a magnetic crashing force resulting from magnetic attraction
between the stator and the permanent magnet is substantially perpendicular to the first

pivot axis.

[0018] In certain implementations, the stator defines a curved air gap which
accommodates motion of the permanent magnet as the permanent magnet moves in an

arcuate path within the air gap.

[0019] In some implementations, the stator includes a pair of cores which define a

curved air gap, and the permanent magnet is curved.

[0020] Another aspect features a loudspeaker that includes an acoustic diaphragm, a
first oscillatory force source, and a first lever coupling the first oscillatory force source to the
acoustic diaphragm and arranged such that the first lever pivots about a first pivot axis

when the first oscillatory force source applies a force to the first lever. The first lever
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includes a first lever arm extending between the first pivot axis and the acoustic diaphragm
and arranged to move in phase with the acoustic diaphragm, and a first pair of support
arms disposed between the first pivot axis and the first oscillatory force source and
arranged to move out of phase with the acoustic diaphragm. The first pair of support arms
being spaced apart to allow the acoustic diaphragm to pass therebetween as the first lever

pivots about the pivot axis.

[0021] Implementations may include one of the above and/or below features, or any
combination thereof.

[0022] In some implementations, the diaphragm passes through the first pivot axis as

the first lever pivots about the first pivot axis.

[0023] In certain implementations, the loudspeaker includes an enclosure, a surround
connecting the acoustic diaphragm to the enclosure (e.g., directly or via a frame), and a
first pair of rotational joints pivotally coupling the first lever to the enclosure. The first pair
of rotational joints are spaced apart to allow the diaphragm to pass therebetween as the

first lever pivots about the first pivot axis.

[0024] In some implementations, the first oscillatory force source includes a moving
magnet motor that includes a permanent magnet, and a stator for creating magnetic flux for
the permanent magnet to interact with. The first lever couples the permanent magnet and
the acoustic diaphragm and is configured such that motion of the permanent magnet
causes the first lever to pivot about the first pivot axis.

[0025] In certain implementations, the loudspeaker includes a second oscillatory force
source, and a second lever coupling the second oscillatory force source to the acoustic
diaphragm and arranged such that the second lever pivots about a second pivot axis when
the second oscillatory force source applies a force to the second lever. The second lever
includes a second lever arm extending between the second pivot axis and the acoustic
diaphragm and arranged to move in phase with the acoustic diaphragm, and a second pair

of support arms disposed between the second pivot axis and the second oscillatory force
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source and arranged to move out of phase with the acoustic diaphragm, the second pair of
support arms being spaced apart to allow the acoustic diaphragm to pass therebetween as

the second lever pivots about the second pivot axis.

[0026] In yet another aspect, a loudspeaker includes an acoustic diaphragm and a
moving magnet motor. The moving magnet motor includes a permanent magnet, and a
stator for creating magnetic flux for the permanent magnet to interact with. The
loudspeaker also includes a lever coupling the permanent magnet and the acoustic
diaphragm and configured such that motion of the permanent magnet causes the lever to
pivot about a pivot axis. The moving magnet motor is arranged such that a magnetic
crashing forces resulting from magnetic attraction between the stator and the permanent

magnet is substantially perpendicular to the pivot axis.

[0027] Implementations may include one of the above features, or any combination
thereof.

[0028] Another aspect provides a loudspeaker that includes an acoustic diaphragm, a
first moving magnet motor, a second moving magnet motor, a first lever coupling the first
moving magnet motor to the acoustic diaphragm and arranged such that the first lever
pivots about a first pivot axis when the first moving magnet motor applies a force to the first
lever, and a second lever coupling the second moving magnet motor to the acoustic
diaphragm and arranged such that the second lever pivots about a second pivot axis when
the second moving magnet motor applies a force to the second lever. Each of the first and
second moving magnet motors includes a permanent magnet, and a stator for creating
magnetic flux for the permanent magnet to interact with. The first and second moving
magnet motors are arranged such that magnetic crashing forces resulting from magnetic
attraction between the stators and the permanent magnets are substantially perpendicular

to the first and second pivot axes.

[0029] Implementations may include one of the above features, or any combination
thereof.
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[0030] All examples and features mentioned above can be combined in any technically
possible way. Other features and advantages will be apparent from the description and the

claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0031] FIG. 1A is a top plan view of a loudspeaker that employs a lever which drives an
acoustic diaphragm.

[0032] FIG. 1B is a cross-sectional side view of the loudspeaker of FIG. 1A, taken along
line 1B-1B.

[0033] FIG. 2 illustrates oscillatory, arcuate movement of the lever and pistonic

movement of an acoustic diaphragm of the loudspeaker of FIG. 1A.

[0034] FIGS. 3A and 3B are bottom plan and perspective views, respectively, of a multi-
lever loudspeaker

[0035] FIG. 4 is a side view of an alternative configuration for a moving magnet motor,
suitable for use with the loudspeakers of FIGS. 1A and 3A, which includes a stator with a
curved air gap.

[0036] FIG. 5 is a side view of another alternative configuration for a moving magnet
motor, suitable for use with the loudspeakers of FIGS. 1A and 3A, which includes a stator

with a curved air gap and a curved armature and permanent magnet.

DETAILED DESCRIPTION

[0037] Referringto FIGS. 1A and 1B, a loudspeaker 100 includes an acoustic
diaphragm 102 (e.g., a cone type speaker diaphragm, also known simply as a “cone”) that
is mounted to an enclosure 104, which may be metal, plastic, or other suitable material, by
a surround 106. For example, in some instances the surround 106 is mounted to a frame

108 and the frame 108 is connected to the enclosure 104. The loudspeaker 100 includes a
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lever 110 that is mechanically connected at one point along the lever 110 to the acoustic

diaphragm 102 and at another point along the lever 110 to an oscillatory force source 112.

[0038] Inthe illustrated example, the oscillatory force source 112 includes a
substantially planar armature 114 that is attached to the lever 110. The armature 114
includes one or more permanent magnets 116 (one shown). The armature 114 and the
lever 110 may be part of one unitary structure. The oscillatory force source 112 also
includes a stator 120, which provides a magnetic flux for the one or more permanent
magnets 116 to interact with, thereby to drive motion of the acoustic diaphragm.

[0039] The stator 120 includes one or more cores 122 (two shown) which define an air
gap 124. The cores 122 are formed of high magnetic permeability material around which
coils 126 are wound. The lever 110 is positioned such that the armature 114 is in the air
gap 124 and electrical current is passed through the coils 126 so that that the combination
of the armature 114, the cores 122, and the coils 126 form a moving magnet motor. In this
arrangement, the force results from the interaction of the magnetic field in the gap 124 due
to the current flowing in the coils 126 and the magnetic field of the permanent magnet 116,

so the force is applied to the lever 110 in a non-contact manner.

[0040] The lever 110 is pivotally connected to a mechanical ground reference, such as
the enclosure 104 (e.g., via the frame 108) of the loudspeaker 100, at a pivot 130 such that
the lever 110 moves in an arcuate path about a pivot axis 131. The lever 110 includes one
or more support arms 132 (two shown) that are fixed to the pivot 130 and support the
armature 114. A cross-member 134 connects the support arms 132 to a lever arm 136.
The lever arm 136 is connected to the acoustic diaphragm 102 via a connector 138, such
as a hinge, which allows the lever 110 to move relative to the acoustic diaphragm 102,
thereby to allow the acoustic diaphragm 102 to move in a pistonic motion, rather than

following the arcuate path of the lever 110.

[0041] Notably, the shape of the lever 110 and the pivot 130 allows the excursion of the
acoustic diaphragm 102 to be maximized without interfering with the lever 110. The portion

of the lever 110 that moves out of phase with the acoustic diaphragm 102 is positioned
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outside of the footprint of the acoustic diaphragm 102. For example, in the illustrated
implementation, the support arms 132 are spaced apart and positioned outside of the outer
diameter of the acoustic diaphragm 102 which allows the acoustic diaphragm 102 to pass
between the support arms 132 as the lever 110 pivots about the pivot axis 131. This can
help to reduce the overall height of the loudspeaker 102 since additional clearance beneath
the acoustic diaphragm 102 is not needed to accommodate the motion of the support arms
132 during the displacement of the acoustic diaphragm 102, as would be the case if the
support arms 132 were instead positioned directly within the path of motion of the acoustic

diaphragm 102.

[0042] The pivot 130 includes a pair of rotational joints 140 which are connected to each
other via the cross-member 134 of the lever 110. In some implementations, the rotational
joints 140 may be bushings, e.g., elastomeric torsion bushings such as described in in U.S.
patent application serial no. , filed concurrently herewith, entitled “Elastomeric
Torsion Bushings for Levered Loudspeakers”, with attorney docket number: R-12-111-US,
inventors: Brian M. Lucas et al., the entire contents of which are hereby incorporated by
reference. The rotational joints 140 can be positioned beneath the surround 106 which can
help to minimize package width (i.e., by not adding to the width with the inclusion of the
rotational joints), and it can also allow the rotational joints 140 to be raised up to help
minimize relative lateral motion between the acoustic diaphragm 102 and the connection

point of the lever 110.

[0043] It can be beneficial to have the pivot axis 131 and the point where the lever 110
is attached to the connector 138 arranged in or near a common plane that is parallel to
acoustic diaphragm 102 (i.e., perpendicular to the axis of displacement of the diaphragm)
when the diaphragm 102 is in the rest (i.e., neutral displacement) position. Moving the
rotational joints 140, and, as a result, the pivot axis 131, up closer to the horizontal plane in
which the point 142 where the lever 110 is attached to the connector 138 resides reduces
the relative lateral motion between the acoustic diaphragm 102 and the connection point of

the lever 100 for a given diaphragm displacement.
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[0044] Referring now to FIG. 2, the lever 110, in combination with the interaction
between the armature 114 and the stator 120 (not shown in FIG. 2), moves the acoustic
diaphragm 102 in a pistonic motion (as indicated by arrow 144). Notably, the rotational
joints 140 are spaced apart from each other and the cross-member 134 (FIG. 1A) is offset
from the rotational joints 140 such that the acoustic diaphragm 102 is free to move
therebetween, e.g., during a retraction (downward movement), and such that the acoustic
diaphragm 102 passes through the pivot axis 131 as the lever 110 pivots about the pivot

axis 131.

[0045] Moving magnet motors can be subject to a magnetic crashing force which results
from magnetic attraction between the stator 120 and armature 114. The crashing force
varies as a function of the distance between the armature 114 and the cores 122; the
closer the permanent magnet 116 is to the cores 122, the stronger the magnetic crashing
force. It may be convenient to think of the structure as requiring a crashing stiffness that
inhibits the armature 114 from crashing into the cores 122.

[0046] In the implementation illustrated in FIGS. 1A, 1B, and 2, the moving magnet
motor is arranged such that a magnetic crashing force resulting from interaction between
the stator and the one or more permanent magnets 116 are substantially in the radial
direction with respect to the pivot axis 131 (i.e., such that the magnetic crashing force is
substantially perpendicular to the pivot axis). This can eliminate the need to utilize
rotational joints that are axially stiff (i.e., stiff in the axial direction with respect to the pivot
axis 131).

[0047] Other implementations

[0048] Although implementations have been described which include a single lever for
driving motion of an acoustic diaphragm, multi-lever configurations are also possible. For
example, FIGS. 3A and 3B illustrate an implementation of a loudspeaker that includes
plural levers 210 (two shown). In the illustrated example, an acoustic diaphragm 202 is
mounted to an enclosure (not shown) by a surround 206. The surround 206 is mounted to

a frame 208 and the frame 208 is connected to the enclosure.

9
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[0049] Inthe illustrated example, the levers 210 are arranged for rotation in opposite
directions relative to each other. The levers 210 are pivotally connected to a mechanical
ground reference, such as the enclosure or the frame 208 of the loudspeaker 100, at
respective pivots 230 such that each of the levers 210 moves in an arcuate path about the
respective pivot axis 231. The pivot axes 231 are arranged inboard of a pair of armatures
214, each of the armatures 214 being associated with a corresponding one of the levers
210. The levers 210 couple the armatures 214 to the acoustic diaphragm 202 for

transmitting motions of the armatures 214 to the acoustic diaphragm 202.

[0050] Each of the armatures 212 includes a permanent magnet 216 (FIG. 3B), and
each armature 214 is driven by an associated stator 220. The stators 220 provide
magnetic flux for the permanent magnets 216 to interact with, thereby to drive motion of the
acoustic diaphragm 202. Each of the stators 220 includes a pair of cores 222, which
together define an air gap 224 (FIG. 3B) within which an associated one of the armatures
214 is disposed. The cores 222 can be secured to the frame 208 (e.g., with an adhesive).

[0051] Each core 222 includes a coil 226 of electrically conductive material wound
about it. Current in coils 226 produce magnetic flux across the air gaps 224. The magnetic
flux interacts with the permanent magnets 216 of the armatures 214 to drive the motion of
the acoustic diaphragm 202.

[0052] Each lever 210 includes one or more support arms 232 (two shown) that support
the armature 214. A cross-member 234 connects the support arms 232 to a lever arm 236.
Each lever arm 236 is connected to the acoustic diaphragm 202 via connector 238 (FIG.
3B), such as a hinge or flexure, which allows the levers 210 to move relative to the acoustic
diaphragm 202, thereby to allow the acoustic diaphragm 202 to move in a pistonic motion,

rather than following the arcuate path of the levers 210.

[0053] Notably, the shape of the levers 210 and the pivots 230 allows the excursion of
the acoustic diaphragm 202 to be maximized without interfering with the levers 210. The
portions of the levers 210 that move out of phase with the acoustic diaphragm 202 are

positioned outside of the footprint of the acoustic diaphragm 202. For example, in the

10
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illustrated implementation, the support arms 232 are spaced apart and positioned outside
of the outer diameter of the acoustic diaphragm 202 which allows the acoustic diaphragm
202 to pass between the support arms 232 as the levers 210 pivot about their respective
pivot axes 231. This can help to reduce the overall height of the loudspeaker 200 since
additional clearance beneath the acoustic diaphragm 202 is not needed to accommodate
the motion of the support arms 232 during the displacement of the acoustic diaphragm 202,
as would be the case if the support arms 232 were instead positioned directly within the

path of motion of the acoustic diaphragm 202.

[0054] The pivots 230 each include a pair of rotational joints 240 (e.g., bushings) which
are connected to each other via the cross-member 234 of the lever 210. The rotational
joints 240 can be positioned beneath the surround 206 which can help to minimize
package width (i.e., by not adding to the width with the inclusion of the rotational joints),
and it can also allow the rotational joints to be raised up to help minimize relative lateral
motion between the acoustic diaphragm 202 and the connection point of the lever 210. In
the illustrated example, the rotational joints 240 are spaced apart and raised up such that
the acoustic diaphragm 202 passes through the pivot axes 231 as the levers 210 pivot

about their respective pivot axes 231.

[0055] In some cases, the pivot axes 231and the points 242 where the levers 210 are
attached to the connectors 238 are arranged in or near a common plane that is parallel to
the acoustic diaphragm 202 (i.e., perpendicular to the axis of displacement of the acoustic
diaphragm) when the acoustic diaphragm 202 is in the rest (i.e., neutral displacement)
position. Moving the rotational joints 240, and, as a result, the pivot axes 231, up closer to
the horizontal plane in which the points 242 where the levers 210 are attached to the
connectors 238 reside reduces the relative lateral motion between the acoustic diaphragm

202 and the points 242 where the levers 210 connect to the connectors 238.

[0056] In the implementation illustrated in FIGS. 3A and 3B, the moving magnet motors
are arranged such that magnetic crashing forces resulting from interaction between the
stators and the permanent magnets 216 are substantially in the radial direction with respect

11
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to the axis of rotation of the respective levers (i.e., such that the magnetic crashing forces
are substantially perpendicular to the pivot axes of the levers).

[0057] FIG. 4 illustrates another implementation of a moving magnet motor that can be
utilized in a loudspeaker, such as those described above with respect to FIGS. 1A through
3B. Notably, in the moving magnet motor of FIG. 4, the stator 420 includes one or more
cores 422 (two shown) that define a curved air gap 424. Having a curved air gap 424 can
help to accommodate the arcuate motion (arrow 425) of the armature 114, 214 and magnet
116, 216 and can allow the air gap 424 to be narrower. A narrower air gap 424 can help to
improve the magnetic flux density within the air gap 424 and thus can improve the

efficiency of the moving magnet motor.

[0058] FIG. 5 illustrates another implementation of a moving magnet motor in which a
curved armature 514 supporting one or more curved permanent magnet 516 (one shown)
are utilized with the stator 420 of FIG. 4. Such a configuration can allow for an even
narrower air gap 424 as compared to configurations which utilize a rectangular armature
and magnet. As in the above examples, the armature 514 may be formed integrally with a
lever (such as lever 110, FIG. 1A or levers 210, FIG. 3A).

[0059] A number of implementations have been described. Nevertheless, it will be
understood that additional modifications may be made without departing from the scope of
the inventive concepts described herein, and, accordingly, other embodiments are within
the scope of the following claims.

12
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What is claimed is:

1. A loudspeaker comprising:

an acoustic diaphragm;

an oscillatory force source;

a lever coupling the oscillatory force source to the acoustic diaphragm; and

a pivot coupled to the lever such that the lever pivots about a pivot axis when the
oscillatory force source applies a force to the lever,

wherein the pivot comprises a pair of rotational joints which are spaced apart to allow

the diaphragm to pass therebetween as the lever pivots about the pivot axis.

2. The loudspeaker of claim 1, wherein the oscillatory force source comprises a
moving magnet motor comprising:
a permanent magnet coupled to the lever; and

a stator for creating magnetic flux for the permanent magnet to interact with.

3. The loudspeaker of claim 2, wherein the moving magnet motor is arranged such
that a magnetic crashing force resulting from magnetic attraction between the

stator and the permanent magnet is substantially perpendicular to the pivot axis.
4. The loudspeaker of claim 2, wherein the stator defines a curved air gap which
accommodates motion of the permanent magnet as the permanent magnet

moves in an arcuate path within the air gap.

5. The loudspeaker of claim 2, wherein the stator comprises a pair of cores which

define a curved air gap, and wherein the permanent magnet is curved.

6. The loudspeaker of claim 2, further comprising a connector connecting the

diaphragm to the lever,

13



WO 2015/134373 PCT/US2015/018279

wherein the pivot axis and a connection point where the lever is attached to the
connector are arranged in a common plane that is perpendicular to a
displacement axis of the acoustic diaphragm when the acoustic diaphragm is in a
rest position.

7. The loudspeaker of claim 1, further comprising:
an enclosure; and
a surround connecting the acoustic diaphragm to the enclosure; and

wherein the rotational joints are disposed beneath the surround.

8. A loudspeaker comprising:

an acoustic diaphragm;

a first oscillatory force source; and

a first lever coupling the first oscillatory force source to the acoustic diaphragm and
arranged such that the first lever pivots about a first pivot axis,

wherein the diaphragm passes through the first pivot axis as the first lever pivots

about the first pivot axis.

9. The loudspeaker of claim 8, further comprising:

a second oscillatory force source; and

a second lever coupling the second oscillatory force source to the acoustic diaphragm
and arranged such that the second lever pivots about a second pivot axis,

wherein the diaphragm passes through the second pivot axes as the second lever
pivots about the second pivot axis.

10. The loudspeaker of claim 9, further comprising:

a first pivot coupled to the first lever; and

a second pivot coupled to the second lever,

14
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wherein the first pivot comprises a first pair of rotational joints which are spaced apart
to allow the diaphragm to pass therebetween as the first lever pivots about the
first pivot axis, and

wherein the second pivot comprises a second pair of rotational joints which are
spaced apart to allow the diaphragm to pass therebetween as the second lever

pivots about the second pivot axis.

11. The loudspeaker of claim 9, wherein the first and second levers are configured

and arranged for rotation in opposite directions relative to each other.

12. The loudspeaker of claim 9, wherein the first and second oscillatory force
sources each comprise a respective moving magnet motor, each of the moving
magnet motors comprising:

a permanent magnet; and

a stator for creating magnetic flux for the permanent magnet to interact with,

wherein the moving magnet motors are arranged such that magnetic crashing forces
resulting from magnetic attraction between the stators and the permanent
magnets are substantially perpendicular to the first and second pivot axes.

13. The loudspeaker of claim 8, wherein the first oscillatory force source comprises a
moving magnet motor comprising:

a permanent magnet; and

a stator for creating magnetic flux for the permanent magnet to interact with,

wherein the moving magnet motor is arranged such that a magnetic crashing force
resulting from magnetic attraction between the stator and the permanent magnet

is substantially perpendicular to the first pivot axis.

14. The loudspeaker of claim 13, wherein the stator defines a curved air gap which
accommodates motion of the permanent magnet as the permanent magnet

moves in an arcuate path within the air gap.

15
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15. The loudspeaker of claim 13, wherein the stator comprises a pair of cores which

define a curved air gap, and wherein the permanent magnet is curved.

16. A loudspeaker comprising:

an acoustic diaphragm;

a first oscillatory force source;

a first lever coupling the first oscillatory force source to the acoustic diaphragm and
arranged such that the first lever pivots about a first pivot axis when the first
oscillatory force source applies a force to the first lever; and

wherein the first lever comprises:

a first lever arm extending between the first pivot axis and the acoustic diaphragm
and arranged to move in phase with the acoustic diaphragm; and

a first pair of support arms disposed between the first pivot axis and the first
oscillatory force source and arranged to move out of phase with the acoustic
diaphragm, the first pair of support arms being spaced apart to allow the acoustic

diaphragm to pass therebetween as the first lever pivots about the pivot axis.

17. The loudspeaker of claim 16, wherein the diaphragm passes through the first

pivot axis as the first lever pivots about the first pivot axis.

18. The loudspeaker of claim 16, further comprising:
an enclosure;
a surround connecting the acoustic diaphragm to the enclosure; and
a first pair of rotational joints pivotally coupling the first lever to the enclosure,
wherein the first pair of rotational joints are spaced apart to allow the diaphragm

to pass therebetween as the first lever pivots about the first pivot axis.

19. The loudspeaker of claim 16, further comprising:

an enclosure;

16
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20.

a surround connecting the acoustic diaphragm to the enclosure; and

a first pair of rotational joints pivotally coupling the first lever to the enclosure,

wherein first pair of rotational joints are disposed beneath the surround.

The loudspeaker of claim 16, wherein the first oscillatory force source comprises

a moving magnet motor comprising:

a permanent magnet, and

a stator for creating magnetic flux for the permanent magnet to interact with,

wherein the first lever couples the permanent magnet and the acoustic diaphragm

21.

22.

23.

24.

and is configured such that motion of the permanent magnet causes the first lever

to pivot about the first pivot axis.

The loudspeaker of clam 20, wherein the moving magnet motor is arranged such
that a magnetic crashing force resulting from magnetic attraction between the
stator and the permanent magnet is substantially perpendicular to the first pivot

axis.

The loudspeaker of claim 20, wherein the stator defines a curved air gap which
accommodates motion of the permanent magnet as the permanent magnet

moves in an arcuate path within the air gap.

The loudspeaker of claim 20, wherein the stator comprises a pair of cores which

define a curved air gap, and wherein the permanent magnet is curved.

The loudspeaker of claim 16, further comprising a connector connecting the first
lever to the acoustic diaphragm, wherein the first pivot axis and a point where the
first lever is connected to the connector are arranged in a common plane that is
perpendicular to a displacement axis of the acoustic diaphragm when the

acoustic diaphragm is in a rest position.

17
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