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(57) ABSTRACT

An inductive power supply system for providing power to
one or more inductively powered devices. The system

includes a mechanism for varying the physical distance or
the respective orientation between the primary coil and
secondary coil to control the amount of power supplied to
the inductively powered device. In another aspect, the
present invention is directed to an inductive power supply
system having a primary coil and a receptacle disposed
within the magnetic field generated by the primary coil. One
or more inductively powered devices are placed randomly
within the receptacle to receive power inductively from the
primary coil. The power supply circuit includes circuitry for
adjusting the power supplied to the primary coil to optimize
operation based on the position and cumulative character-
istics of the inductively powered device(s) disposed within
the receptacle.

16 Claims, 27 Drawing Sheets
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INDUCTIVELY POWERED APPARATUS

The present invention is a continuation-in-part of U.S.
application Ser. No. 10/133,860 entitled “Inductively Pow-
ered Lamp Assembly,” which was filed on Apr. 26, 2002
(now U.S. Pat. No. 6,731,071) and is a continuation-in-part
of U.S. application Ser. No. 09/592,194 entitled “Fluid
Treatment System,” which was filed on Jun. 12, 2000 (now
U.S. Pat. No. 6,436,299).

The present application is also a continuation-in-part of
U.S. application Ser. No. 10/246,155 entitled “Inductively
Coupled Ballast Circuit,” which was filed on Sep. 18, 2002
(now U.S. Pat. No. 6,825,620) and is a continuation-in-part
of U.S. patent application Ser. No. 10/175,095 entitled
“Fluid Treatment System,” which was filed on Jun. 18, 2002
(now U.S. Pat. No. 6,673,250), which is a continuation-in-
part of U.S. patent application Ser. No. 09/592,194 entitled
“Fluid Treatment System,” which was filed on Jun. 12, 2000
(now U.S. Pat. No. 6,436,299). U.S. patent application Ser.
No. 09/592,194 (now U.S. Pat. No. 6,436,299) claims the
benefit under 35 U.S.C. §119(e) of U.S. provisional patent
application Ser. No. 60/140,159 entitled “Water Treatment
System with an Inductively Coupled Ballast,” which was
filed on Jun. 21, 1999, and U.S. provisional patent applica-
tion Ser. No. 60/140,090 entitled “Point-of-Use Water Treat-
ment System,” which was filed on Jun. 21, 1999.

The present application is a continuation-in-part of U.S.
application Ser. No. 29/165,043 entitled “Bulb,” which was
filed on Aug. 2, 2002 (now U.S. Pat. No. D476,095); U.S.
application Ser. No. 29/165,008 entitled “Bowl Lamp,”
which was filed on Aug. 2, 2002 (now U.S. Pat. No.
D479,356); U.S. application Ser. No. 29/165,012 entitled
“Bulb.” which was filed on Aug. 2, 2002 (now U.S. Pat. No.
D476,094); U.S. application Ser. No. 29/165,005 entitled
“Lamp.” which was filed on Aug. 2, 2002 (now U.S. Pat. No.
D479,892); U.S. application Ser. No. 29/165,009 entitled
“Bulb.” which was filed on Aug. 2, 2002 (now U.S. Pat. No.
D475,471); and U.S. application Ser. No. 29/165,011
entitled “Chime,” which was filed on Aug. 2, 2002 (now
U.S. Pat. No. D478,834).

BACKGROUND OF THE INVENTION

The present invention relates to wireless power supplies,
and more particularly to inductively powered devices.

The principles of inductive power transfer have been
known for many years. As a result of mutual inductance,
power is wirelessly transferred from a primary coil (or
simply “primary”) in a power supply circuit to a secondary
coil (or simply “secondary”) in a secondary circuit. The
secondary circuit is electrically coupled with a device, such
as a lamp, a motor, a battery charger or any other device
powered by electricity. The wireless connection provides a
number of advantages over conventional hardwired connec-
tions. A wireless connection can reduce the chance of shock
and can provide a relatively high level of electrical isolation
between the power supply circuit and the secondary circuit.
Inductive couplings can also make it easier for a consumer
to replace limited-life components. For example, in the
context of lighting devices, an inductively powered lamp
assembly can be easily replaced without the need to make
direct electrical connections. This not only makes the pro-
cess easier to perform, but also limits the risk of exposure to
electric shock.

The use of inductive power transfer has, however, for the
most part been limited to niche applications, such as for
connections in wet environments. The limited use of induc-
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tive power transfer has been largely the result of power
transfer efficiency concerns. To improve the efficiency of the
inductive coupling, it is conventional to carefully design the
configuration and layout of the primary and secondary coils.
The primary and the secondary are conventionally disposed
within closely mating components with minimal gap
between the primary and the secondary. For example, the
primary is often disposed within a base defining a central
opening and the secondary is often disposed within a cylin-
drical component that fits closely within the central opening
of the base. This and other conventional constructions are
design to provide close coaxial and radial alignment
between the primary coil and the secondary coil. Several
specific examples of patents that reflect the conventional
approach of providing a fixed, predetermined physical rela-
tionship between the primary and secondary coils include:
U.S. Pat. No. 5,264,997 to Hutchisson et al, which discloses
an inductive lamp with coaxial and closely interfitting
primary and secondary coils; U.S. Pat. No. 5,536,979 to
McEachern et al, which discloses an inductive charging
device in which the device to be charged is fitted closely
within a cradle to position the coils in a fixed, predetermined
relationship; U.S. Pat. No. 5,949,155 to Tamura et al, which
discloses a shaver with adjacent inductive coils set in a fixed
relationship; U.S. Pat. No. 5,952,814 to Van Lerberghe,
which discloses an inductive charger for a telephone
wherein the physical relationship between the primary and
secondary coils is fixed; and U.S. Pat. No. 6,028,413 to
Brockman, which discloses a charging device having a
mechanical guide for ensuring precise, predetermined align-
ment between the inductive coils. The conventional practice
of providing precise alignment between the primary and
secondary coil has placed significant limitation on the over-
all design and adaptability of inductively powered devices.
Further, in conventional inductive systems, the power sup-
ply circuit, which drives the primary coil, and the secondary
circuit, which inductively receives power from the primary,
are designed and carefully tuned to match with one another
to maximize the efficiency of the inductive coupling. This
too has placed significant limitations on the overall design
and adaptability of inductively powered devices.

SUMMARY OF THE INVENTION

The aforementioned problems are overcome by the
present invention wherein an inductively powered device is
provided with a mechanism for varying the relative position
between the primary and the secondary to control the
amount of power supplied to the load. In one embodiment,
the present invention is incorporated into a dimmable lamp
assembly in which a primary is mounted to the lamp base
and the secondary is mounted to the lamp assembly. The
brightness of the lamp is controlled by adjusting the distance
between the lamp assembly and the lamp base.

In a second embodiment, the present invention is incor-
porated into a dimmable lamp assembly in which the lamp
brightness is controlled by varying the relative angular
orientation of the primary and the secondary. In this embodi-
ment, the primary is generally ring-shaped and the second-
ary is pivotally mounted within the ring. The lamp assembly
includes a mechanical dimmer that rotates either the primary
or the secondary so that their relative angular orientation
varies. The variation in relative orientation varies the
amount of power transferred to the secondary, thereby
varying the brightness of the lamp.

In another embodiment, the present invention is incorpo-
rated into a wind chime having one or more lamps that vary
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in brightness based on the movement of the chimes. In this
embodiment, a plurality of chime assemblies is suspended
within a primary coil, with each chime assembly being
individually movable. Each chime assembly includes a
secondary disposed at its upper end within the magnetic field
of the primary. As the wind blows, the chime assemblies
swing with respect to the primary, thereby varying the
locations and orientation of the secondary coils within the
magnetic field of the primary. This causes the brightness of
the wind chimes to vary in respond to the wind.

In yet another embodiment, the present invention pro-
vides an infinitely adjustable power supply for use with
electrically powered devices where it is desirable to adjust
the magnitude of power supplied to the device. The power
supply includes an inductive coupling disposed between the
power supply and the load. The inductive coupling includes
a primary and a secondary. The infinitely adjustable power
supply also includes an adjustment mechanism for selec-
tively varying the relative position between the primary and
the secondary, such as distance or angular orientation. The
adjustment mechanism permits adjustment of the coupling
coefficient and consequently the magnitude of power
induced in the secondary and supplied to the load.

In a second aspect, the present invention is directed to an
inductive power supply station that is capable of providing
power to a plurality of inductive powered devices placed at
random location and at random orientations with respect to
the primary. The inductive power supply station generally
includes a single primary arranged about a receptacle that is
capable of receiving randomly placed inductively powered
devices. The power supply circuit includes circuitry for
adjusting the power supplied to the primary as a function of
the inductively powered devices present in the receptacle. In
one embodiment, the receptacle is a dish, bowl or similar
structure in which one or more lamp assemblies can be
placed to provide light. Each lamp assembly includes a
secondary that inductively receives power from the primary.
The brightness of the light can be controlled by varying the
number of lamp assemblies placed in the receptacle and by
moving the lamp assemblies within the receptacle.

In a third aspect, the present invention provides a sec-
ondary with a plurality of coils that are arranged at different
orientations. The multiple coils permit the secondary to
efficiently receive power when disposed at different orien-
tations with respect to the primary. In one embodiment, a
secondary with multiple coils is incorporated into an induc-
tively powered lamp. The lamp assembly can receive maxi-
mum induced power when placed at different orientations
within the magnetic field of the primary. In another embodi-
ment, the lamp assembly includes a plurality of coils, each
being electrically connected to a different light sources, for
example, light sources of different colors. By adjusting the
orientation of the lamp assembly, the color of emitted light
can be varied by altering the respective brightness of the
separate light sources.

These and other objects, advantages, and features of the
invention will be readily understood and appreciated by
reference to the detailed description of the preferred embodi-
ment and the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a perspective view of a desk lamp in accordance
with an embodiment of the present invention.

FIG. 2 is a side elevational of the desk lamp of FIG. 1.

FIG. 3 is a partially sectional side elevational view of a
portion of the desk lamp of FIG. 1.
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FIG. 4 is an exploded view of a lamp assembly in
accordance with one embodiment of the present invention.

FIG. 5 is a schematic of a secondary circuit.

FIG. 6 is a perspective view of a rack-and-worm mechani-
cal dimmer.

FIG. 7 is a perspective view of the base of a desk lamp
showing a dial.

FIG. 8 is a perspective view of the base of a desk lamp
showing a slider.

FIG. 9 is a perspective view of the base of a desk lamp
showing a rotating top.

FIG. 10 is a perspective view of an alternative mechanical
dimmer.

FIG. 11a is a side elevational view of an alternative desk
lamp.

FIG. 115 is an enlarged side elevational view of a portion
of the alternative desk lamp of FIG. 11a.

FIG. 12 is an enlarged perspective view of a portion of the
alternative desk lamp of FIG. 11a showing the mechanical
dimmer.

FIG. 13 is a side elevational view of a second alternative
desk lamp.

FIG. 14 is an enlarged side elevational view of a portion
of the second alternative desk lamp of FIG. 13.

FIG. 15 is a sectional view of a portion of the second
alternative desk lamp of FIG. 13 showing the binding tab in
the locked position.

FIG. 16 is a sectional view of a portion of the second
alternative desk lamp of FIG. 13 showing the binding tab in
the open position.

FIG. 17 is a perspective view of a third alternative desk
lamp.

FIG. 18 is a perspective view of the mechanical dimmer
of the third alternative desk lamp of FIG. 17.

FIG. 19 is a sectional view of a portion of the mechanical
dimmer of the third embodiment.

FIG. 20 is a perspective view of a fourth alternative desk
lamp.

FIG. 21 is a partially exploded perspective view of the
third alternative desk lamp with portions removed to show
the arm.

FIG. 22 is a partially exploded perspective view of the
third alternative desk lamp with portions removed to show
the primary housing.

FIG. 23 is a partially sectional side elevational view of a
variable speed fan incorporating an infinitely adjustable
power supply in accordance with an embodiment of the
present invention.

FIG. 24 is a perspective view of a fifth alternative desk
lamp.

FIG. 25 is a partially exploded perspective view of the
fifth alternative desk lamp of FIG. 24.

FIG. 26 is a partially exploded side elevational view of
replacement lamp base in accordance with an embodiment
of the present invention.

FIG. 27 is a partially exploded side elevational view of an
alternative replacement lamp base.

FIG. 28 is a perspective view of a portion of the alterna-
tive replacement lamp base of FIG. 27.

FIG. 29 is a perspective view of a wind chime in accor-
dance with an embodiment of the present invention.

FIG. 30 is a partially exploded perspective view of a
portion of the wind chime.

FIG. 31 is a partially exploded perspective view of a
chime assembly.

FIG. 32 is a perspective view of a power supply station in
accordance with an embodiment of the present invention.
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FIG. 33 is a partially exploded perspective view of the
primary assembly of the power supply station.

FIG. 34 is a partially exploded perspective view of the
base of the power supply station.

FIG. 35 is a partially exploded perspective view of a lamp
assembly in accordance with an embodiment of the present
invention.

FIG. 36 is a perspective view of a secondary having
multiple coils in accordance with an embodiment of the
present invention.

FIG. 37 is a perspective view of an assembly having
multiple secondaries in accordance with an embodiment of
the present invention.

FIG. 38a is a schematic diagram of a secondary circuit for
use with a secondary having multiple coils.

FIG. 386 is a schematic diagram of an alternative sec-
ondary circuit for use with a secondary having multiple
coils.

FIG. 38c¢ is a schematic diagram of a second alternative
secondary circuit for use with a secondary having multiple
coils.

FIG. 39q is a schematic diagram of a circuit for use with
an assembly having multiple secondaries.

FIG. 3954 is a schematic diagram of an alternative circuit
for use with an assembly having multiple secondaries.

FIG. 39c¢ is a schematic diagram of a second alternative
circuit for use with an assembly having multiple secondar-
ies.

FIG. 394 is a schematic diagram of a third alternative
circuit for use with an assembly having multiple secondar-
ies.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

The present invention is directed to improvements in
inductively powered devices. In a first aspect, the present
invention provides a inductive coupling in which the relative
position between the primary coil (“primary”) and the
secondary coil (“secondary”) is selectively varied to permit
control over the amount of power transferred to the second-
ary and consequently to the inductively powered device.
This aspect of the invention is described in connection with
various lamp configurations, for example, to permit control
over the brightness of the light source. This aspect of the
invention is also described in connection with other electri-
cally powered devices where control over the amount of
power supplied to the inductively powered device is desired.
In a second aspect, the present invention is directed to an
inductive power supply station. In this aspect, the present
invention provides a receptacle for receiving one or more
inductively powered devices at random locations and at
random orientations. In one embodiment of this aspect, the
secondary includes multiple coils arranged at different ori-
entations so that power can be more efficiently induced in
the secondary without precise alignment between the pri-
mary and secondary. In one embodiment, the secondary
includes three coils oriented along the x, y and z axis of a
Cartesian coordinate system so that power can be induced in
the secondary regardless of the angular orientation of the
secondary with respect to the primary.

An inductively powered desk lamp 10 in accordance with
an embodiment of the present invention is shown in FIG. 1.
The lamp 10 generally includes a base 12, a lamp assembly
14 and a mechanical dimmer 16 (See FIG. 3). The base 12
includes a ballast and power supply circuit 18 that drives a
primary 20. The lamp assembly 14 includes a secondary
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circuit 22 having a secondary 24 that is inductively powered
by the primary 20 and that applies power to the light source
26. The mechanical dimmer 16 includes a movable arm 28
that is movably attached to the lamp base 12. The primary
20 is mounted to the arm 28 so that movement of the arm 28
results in movement of the primary 20. The lamp assembly
14 is suspended from the lamp base 12 with the secondary
24 positioned within the electromagnetic field created by the
primary 20. The arm 28 is mechanically movable to vary the
position of the primary 20 with respect to the lamp assembly
14 (and consequently the secondary 24), thereby varying the
coupling coefficient between the primary 20 and secondary
24. Changes in the coupling coefficient result in variation in
the power transferred to the lamp assembly 14 and ulti-
mately in the brightness of the light source 26. This aspect
of the present invention is described in connection with a
dimmable lamp 10. The present invention is, however,
well-suited for use in virtually any application where varia-
tion in the amount of power transferred to the secondary
circuit 20 is desired. For example, as described in more
detail below, the present invention may be used to provide
infinitely adjustable control over the amount of power
supplied to a device up to the capacity of the power supply
circuit.

As noted above, the desk lamp 10 of the illustrated
embodiment generally includes a base 12, a lamp assembly
14 and a mechanical dimmer 16. The lamp base 12 generally
includes a pedestal 30, a shaft 32 and a primary housing 34.
The pedestal 20 of the illustrated embodiment is generally
disc-shaped having a diameter of sufficient size to provide a
stable support for the shaft 32 and lamp assembly 14, an
internal void 31 adapted to house the power supply circuit 18
and portions of the mechanical dimmer 16. The shaft 32
extends upwardly from the pedestal to receive the lamp
assembly 14. In the illustrated embodiment, the shaft 32 is
somewhat “?”-shaped, providing an aesthetically pleasing
visual appearance. The shaft 32 terminates at its upper end
in a hook 36 or other connection element configured to
receive the ring 38 of the lamp assembly 14. The primary
housing 34 is generally ring-shaped and is hollow to provide
a shell or housing for the primary 20. The primary housing
34 is mounted to the arm 28 to support the primary 20 in a
position generally encircling the secondary housing 25 of
the lamp assembly 14. The illustrated pedestal 30 and shaft
32 are provided with a desired aesthetic appearance. The
present invention is easily adapted for use with lamps of a
wide variety of designs. Accordingly, the design and con-
figuration of the illustrated base 12 should not be interpreted
as a limitation on the present invention. The power supply
circuit 18 may be a conventional inductive power supply
circuit, however, in one embodiment, the power supply
circuit 18 includes a resonance seeking ballast, such as the
ballast disclosed in U.S. application Ser. No. 10/246,155
entitled “Inductively Coupled Ballast Circuit,” which was
filed on Sep. 18, 2002, and is incorporated herein by
reference. In the illustrated embodiment, the principle com-
ponents of the power supply circuit 18 are housed within the
void 31 in pedestal 30, for example, as shown in FIG. 3. The
location of the components of the power supply circuit 18
may, however, vary from application to application depend-
ing primarily on the lamp design and desired aesthetics. For
example, the principle components of the power supply
circuit 18 can alternatively be disposed at other locations in
or on the pedestal 30 or may be disposed in or on the shaft
32. As a further alternative, some or all of the components
of the power supply circuit 18 can be integrated into a wall
plug (not shown) for the lamp 10. In the illustrated embodi-
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ment, the primary 20 is generally ring-shaped and is
mounted within a generally ring-shaped primary housing 34.
The primary housing 34 defines a central opening 35 that is
of sufficient dimension to receive at least a portion of the
lamp assembly 14. The size, shape and orientation of the
primary 20 (and primary housing 34) can vary from appli-
cation to application depending in part on the specific design
characteristics of the lamp or other inductive device. In the
described embodiment, the primary 20 has an inner diameter
of 1.25 inches and includes 50 turns of wire 63 wrapped
circumferentially around a generally conventional plastic
bobbin 33. The wire 63 may be straight 26-gauge wire.
Additionally, in this particular embodiment, the values of
capacitors 271 and 272 in the above-referenced patent
application are 66 nF.

The lamp assembly 14 generally includes a light source
26, such as an incandescent bulb, that is powered by a
secondary circuit 22 (See FIGS. 4 and 5). In this embodi-
ment, the light source 26 is custom formed to provide the
desired aesthetic appearance. The upper end of the light
source 26 is shaped to define a small ring 28 that permits the
light source 26 to be hung from a hook 36 defined at the end
of shaft 32. The custom-formed lamp of the illustrated
embodiment is merely exemplary, and the light source 26
may vary from application to application as desired. As an
alternative to the custom-formed lamp 26, the lamp assem-
bly 14 may include a conventional lamp (not shown) that is
contained within a housing (not shown) designed to provide
the desired aesthetic appearance. For example, the custom-
shaped light source 26 can be replaced by a standard
incandescent light source that is installed within an ornate
and aesthetically pleasing housing. In this alternative
embodiment, the secondary circuit 22 may also be enclosed
within the housing.

As noted above, the lamp assembly 14 includes a sec-
ondary circuit 22 that provides power to the lamp 26. The
secondary circuit 22 includes a secondary 24 that is induc-
tively driven by the primary 20. A schematic diagram of the
secondary circuit is shown in FIG. 5. In this embodiment,
the light source 26 is a custom-formed incandescent 30-watt
bulb. The light source 26 is electrically connected in series
with the secondary 24 and, if desired, a capacitor 60. In this
embodiment, the secondary 24 has a diameter of 0.25 inches
and includes 24 turns of wire 64 wrapped circumferentially
around a generally conventional plastic bobbin 62. The wire
64 may be straight 26-gauge wire. The optional capacitor 60
is intended to improve the power factor of the secondary
circuit 22 by offsetting the inductance of the secondary 24,
as described in more detail in U.S. application Ser. No.
10/133,860 entitled “Inductively Powered Lamp Assembly,”
which was filed on Apr. 26, 2002 and is incorporated herein
by reference. In this embodiment, the capacitor 60 includes
a capacitance of 33 nF. The characteristics of the secondary
circuit 22, including the secondary 24 and the capacitor 60,
may vary from application to application depending prima-
rily on the characteristics of the light source and the power
supply. In fact, as noted above, the capacitor 60 is optional
and may be eliminated altogether in some applications.
Although this embodiment includes an incandescent light
source 26, the present invention can alternatively include
essentially any other electromagnetic radiation emitting
device, such as a gas discharge bulb or a light emitting
diode.

As described above, the desk lamp 10 is provided with a
mechanical dimmer 16 for controlling the brightness of the
light source 26. In the illustrated embodiment, the mechani-
cal dimmer 16 is incorporated into the base 12 and shaft 32
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to provide vertical movement of the primary housing 34
(and consequently the primary 20) and vary the physical
distance between the primary 20 and the secondary 24. As
shown, the primary housing 34 is mounted on movable arm
28. In this embodiment, the arm 28 extends through a
vertical slot 50 in the shaft 32 and is connected to the rack
72 of a rack-and-worm assembly 70. In this embodiment, the
lamp base 12 may include a dial 66a (See FIG. 7), a slider
665 (See FIG. 8) or a rotating top 66¢ (See FIG. 9) for
controlling movement of the mechanical dimmer 16. The
rack-and-worm assembly 70 translates rotational movement
of the dial 66a, slider 665 or rotating top 66¢ into vertical
movement of the primary 20 in accordance with conven-
tional mechanical principles. More specifically, movement
of dial 664, slider 664 or rotating top 66¢ causes rotation of
worm gear 74, which is rotatably fixed within the lamp base
12 or shaft 32. In the illustrated embodiment, dial 66a is
connected to worm gear 74 by spur gear 68. As a result,
rotational movement of dial 66a causes rotational movement
of spur gear 68 and ultimately worm gear 74. Movement of
worm gear 74 in turn causes vertical linear movement of the
rack 72 and consequently the primary 20. As perhaps best
shown in FIG. 6, the rack 72 includes longitudinal slots 73
that are interfitted with corresponding ribs (not shown) on
the interior of the shaft 32. This interface permits vertical
movement of the rack 72 within the shaft 32. Because of the
non-reversible nature of a worm gear assembly (i.e. the
worm 74 can move the rack 72, but the rack 72 cannot rotate
the worm gear 74), it provides a “self-locking” mechanical
dimmer 16. The electrical leads (not shown) running from
the power supply circuit 18 to the primary housing 34 are
provided with sufficient slack to permit the desired range of
motion. Alternatively, sliding contacts (not shown) can be
provided to maintain an electrical connection between the
power supply circuit 18 and the primary 20 throughout the
entire range of motion of the mechanical dimmer 16.

An alternative mechanical dimmer 80 is shown in FIG.
10. In this alternative embodiment, the inner end of the arm
82 includes a nut 84 that is movable mounted over a
threaded rod 86. The height of the arm 82 is adjusted by
rotating the threaded rod 86, which causes the nut 84 to
move up and down the shaft of the rod 86. The rod 86 may
be rotated using essentially any type of control, such as dial
664, slider 665 or rotating top 66¢. As with the rack-and-
worm embodiment described above, slack electrical leads,
sliding contacts or other similar mechanisms can be pro-
vided to maintain electrical connection throughout the
desired range of motion of the arm 82.

The mechanical dimmer may alternatively be configured
to provide movement of the lamp assembly 14 with respect
to the primary 20. This alternative may be preferable in some
applications because it may simplify the electrical configu-
ration of the system. More specifically, because there is no
relative movement between the power supply circuit 18 and
the primary 20, wires or other electrical connections can be
run directly from the power supply circuit 18 to the primary
20 without any accommodation for relative movement (e.g.
slack electrical leads or sliding contacts). Further, because
the lamp assembly 14 is self contained, there is no need to
run electrical connections to the lamp assembly 14. In one
embodiment of the desk lamp 10" manufactured in accor-
dance with this alternative, the shaft 32' includes a plurality
of notches 40a—¢' capable of receiving the lamp assembly
14' (See FIGS. 11a—b and 12). In this embodiment, the upper
end of the lamp assembly 14' is provided with an enlarged
ring 38' capable of being fitted into the notches 40a—¢". As
illustrated, the lamp assembly 14' can be suspended from
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different notches 40a—c' to vary the position of the secondary
housing 25' with respect to the primary housing 34'. This in
turn varies the brightness of the lamp assembly 14'. In a
second embodiment of an alternative desk lamp 10", the
shaft 32" is manufactured from a flexible material that is
capable of bending to vary the position of the lamp assembly
14" with respect to the primary housing 34", and conse-
quently the position of the secondary with respect to the
primary. In some applications, the flexible shaft 32" may
have little or no resiliency so that it remains in whatever
position it is bent into under acted on. In other applications,
the flexible shaft 32" may be resilient so that a mechanism
is required to hold the shaft 32" in the desired position. In
one embodiment of this type of application shown in FIGS.
13-16, a weight 42" is fitted over and movable along the
shaft 32" to set and maintain the shaft 32" at the desired bend
(See FIGS. 13 and 16). In one embodiment, the weight 42"
is fitted over the shaft 32" and includes a generally conven-
tional, spring-loaded binding clip 50" that selectively locks
the weight in place on the shaft 32". In operation, spring 52"
biases the binding clip 50" into a binding position on the
shaft 32". To move the weight, the binding clip 50" is pushed
against the bias of spring 52" into a released position in
which the binding clip 50" is free to slide along the shaft 32".
In a third embodiment of the desk lamp 10™, a counterbal-
ance assembly 44" is used to set the position of the lamp
assembly 14". In this embodiment, the shaft 32" is prefer-
ably hollow, defining an internal space (not shown) to
contain the counterbalance assembly 44". The lamp assem-
bly 14" is suspended from the shaft 32" by a cable 48'". The
cable 48" extends through the internal space in the shaft 32"
and is fixed to the counterbalance assembly 44™. A ring 40"
is mounted to the free end of the cable 48" to interconnect
with the lamp assembly ring 38". As best shown in FIG. 18,
the counterbalance assembly 44 generally includes a spring
50" (or other biasing mechanism) with a tension that offsets
the weight of the lamp assembly 14"". The counterbalance
assembly 44 also includes a pair of rollers 52a—4" that
firmly entrap the cable 48". The rollers 52a—4"" are fitted
with Bellville washers 54a-b" to provide a limiting brake
that retains the cable 48" in a given position (See FIG. 19).
By offsetting the weight of the lamp assembly 14", the
counterbalance assembly 44 holds the lamp assembly 14" in
the position selected by the user. This allows the user to set
the brightness of the lamp assembly 14" simply by raising
or lowering the lamp assembly 14"". Alternatively, the spring
50" can be replaced by a counterbalance weight (not shown)
having approximately the same weight as the lamp assembly
14'" .

In a further alternative embodiment (not shown), the
mechanical dimmer may include a mechanism for moving
the secondary within the lamp assembly rather than moving
the entire lamp assembly. For example, the lamp assembly
may include a secondary that is slidably movably mounted
along a fixed shaft so that the user can slide the secondary
up or down the shaft to control the brightness of the lamp
assembly (not shown). Alternatively, the secondary may be
rotatably mounted within the secondary housing to permit
changes to the angular orientation of the secondary, for
example, by mounting the secondary on a ball joint (not
shown). Knobs or handles (not shown) may protrude
through slots in the secondary housing to facilitate the linear
or angular movement. The mechanical dimmer may alter-
natively include a similar mechanism (not shown) for mov-
ing the primary within the primary housing.

An alternative inductively powered lamp 100 is shown in
FIGS. 20-22. In this embodiment, the amount of power

10

15

20

25

30

35

40

45

50

55

60

65

10

supplied to the secondary component is controlled by vary-
ing the relative angular orientation of the secondary 124
with respect to the primary 120. The lamp 110 generally
includes a pedestal 130, a shaft 132 mounted to the pedestal
130 and an arm 133 pivotally mounted to the shaft 132. In
one embodiment, light source 126 is located toward one end
of arm 133, and a counterbalance 150 is located toward the
opposite end. The power supply circuit is preferably con-
tained primarily in the pedestal 130 and the shaft 132, and
includes a primary 120 that is mounted toward the top of the
shaft 132 in a ring-shaped primary housing 134. The primary
housing 134 may be assembled from injection molded
halves 134a—b. A support 140 extends upwardly from the
shaft 132 into the central opening defined by the primary
housing 134. The support 140 defines a concave cradle 142
adapted to receive the arm 133. The arm 133 includes a
sphere 146 disposed at the center of gravity of the arm 133.
The sphere 146 may be assembled from injection molded
halves 146a and 1465, and includes an outer diameter that
corresponds with the inner diameter of the cradle 142.
Accordingly, the arm 133 is mounted to the shaft 132 by
resting it upon the support 140 with sphere 146 received in
cradle 142. If desired, the stability of the arm 133 may be
improved by heavily weighting the sphere 146. The illus-
trated connection permits pivotal movement of the arm 133
in essentially all directions. A variety of alternative joints
can be used to connect the arm 133 to the shaft 132. For
example, a standard ball and socket or a standard universal
joint can replace the illustrated connection. If desired, a
connection providing only limited movement of the arm
133, such as only vertical or only horizontal movement, may
be used.

In operation, the arm 133 is pivotally moved with respect
to the shaft 132 causing a rolling action of sphere 146 within
cradle 142. As the arm 133 is moved, the secondary 124
pivots within the magnetic field generated by the primary
120. This varies the coupling coeflicient and the brightness
of the light source 126. The secondary 124 and primary 120
can be oriented to provide the brightest light at the desired
position of the arm 133. For example, the light source 126
may be its brightest when the arm 133 is substantially
horizontal and increasingly dim as the arm 133 is moved up
or down out of the horizontal position. Alternatively, the
light source 126 may become brighter as the arm 133 is
moved downward below horizontal. Counterbalance 150 is
provided to counter the weight of light source 126, thereby
maintaining the relative position of arm 133 unless acted
upon.

The previously described embodiments are directed to
lighting applications in which the brightness of the light
source is controlled by mechanisms that vary the relative
position of primary and secondary. The present invention is
not, however, limited to lighting application. Rather, the
present invention is well suited for use in essentially any
application when control over the amount of power supplied
to a device is desired. In this aspect, the present invention
provides an infinitely adjustable inductive power supply. By
providing a mechanism for controlling the position of the
secondary with respect to the primary, the amount of power
supplied through the inductive coupling can be controlled.
More specifically, by adjusting the distance between the
primary and the secondary or the angular orientation
between the primary and the secondary, the coupling coef-
ficient of the inductive coupling can be infinitely adjusted
within the range of the inductive power supply. In this
aspect, the present invention not only provides an infinitely
adjustable power source, but it also provides isolation
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between the power supply and the inductively powered
device, thereby providing safety benefits.

An adjustable power supply in accordance with the
present invention is described in more detail in connection
with the variable speed fan 200 shown in FIG. 23. In the
illustrated embodiment, the fan 200 includes a conventional
electric motor 280 that is housing within a generally con-
ventional fan housing 282. The fan 200 includes a plurality
of fan blades 284a—c that are mounted to the rotor (not
shown) of the electric motor 280. The electric motor 280
receives power from a power supply circuit 218 having a
primary 220 and a secondary 224. The secondary 224 is
movably mounted adjacent to the primary 220 so that
movement of the secondary 224 can be used to selectively
vary the coupling coefficient of the inductive coupling and,
in turn, vary the power supplied to the motor 280. For
example, in the illustrated embodiment, the secondary 224 is
mounted to adjustment rod 290. The adjustment rod 290 is
movable inwardly and outwardly with respect to the fan
housing, as indicated by arrow A, to move the secondary 224
with respect to the primary 220. As a result, adjustment of
the secondary 224 can be used to selectively control the
speed of the fan 200. Although this embodiment includes a
mechanism for moving the secondary 224, the coupling
coefficient can alternatively be adjusted by providing a
mechanism for moving the primary 220 or for moving both
the primary 220 and the secondary 224. As noted above,
adjustment of the coupling coeflicient can be achieved by
varying the physical distance between the primary and the
secondary and/or by varying the relative angular orientation
between the primary and the secondary.

Although described in connection with a variable speed
fan, the infinitely adjustable power supply of the present
invention is well suited for use in other applications where
an adjustable power supply is desired. For example, the
power supply may be incorporated into a battery charger
(not shown), where the magnitude of the charging power is
controlled by adjusting the relative position of the primary
and the secondary. As a further example, the power supply
may be incorporated into an electric drill (not shown) or
other electric power tool, where the power supplied to the
electric motor is adjusted by selectively varying the relative
position between the primary and the secondary

In another embodiment, a desk lamp 300 is provided with
a lamp assembly 314 that can be positioned in different
orientations to vary the characteristics of the light output. In
the embodiment illustrated in FIGS. 24 and 25, the desk
lamp 300 includes a lamp assembly 314 that can be posi-
tioned in either an upright or inverted position with the two
positions creating different lighting effects. As shown, the
desk lamp 300 includes a base 312 having a pedestal 330, a
shaft 332 and a primary housing 334. The primary housing
334 encloses the primary 320 and provides an annular
structure for supporting the lamp assembly 314. In the
illustrated embodiment, a transparent plate 340 is mounted
within the primary housing 334 to receive the lamp assem-
bly 314. The plate 340 defines a central opening 342 to nest
the lamp assembly 314. In this embodiment, the lamp
assembly 314 is generally “egg-shaped” having a pair of
light transmissive housing components disposed on opposite
sides of a support ring 360. More specifically, the lamp
assembly 314 includes a transparent housing portion 362
and a translucent housing portion 364. A separate light
source, such as incandescent bulbs, may be positioned
within each housing portion 362 and 364 or a single light
source may be provided to cast light through both housing
portions 362 and 364. The housing portions 362 and 364

20

25

40

45

60

65

12

each have an external diameter that is smaller than the
internal diameter of the central opening 342 in the plate 340.
The external diameter of the support ring 360 is, however,
greater than the internal diameter of the central opening 342.
As a result, the lamp assembly 314 can be suspended within
the central opening 342 upon the support ring 360.

In use, the character of the light emitted by the lamp 300
can be varied by placing the lamp assembly 314 into the
central opening 342 in different orientations. In particular,
placing the lamp assembly 314 with the transparent housing
portion 362 facing downwardly causes the desk lamp 300 to
cast bright, clear light onto the surface below, while casting
soft, diffuse light upwardly away from the surface. Inverting
the lamp assembly 314 and placing it with the translucent
housing portion 364 facing downwardly causes the desk
lamp 300 to cast soft, diffuse light downwardly onto the
surface below, and bright, clear light upwardly away from
the surface. Variations in the light cast by the lamp 300 can
also be achieved by providing the housing portions 362 and
364 with different physical and optical characteristics. For
example, the two housing portions 362 and 364 can be
manufactured from different color materials, have different
sizes or shapes or be formed with different lens character-
istics, such as variations in focus, magnification and diffu-
sion. Alternatively, differences in the light cast by the lamp
300 can be achieved by providing different light sources
within housing 362 and 364. For example, the two light
sources may have different wattage or be of different lamp
types. In one embodiment, housing 362 is manufactured
from clear glass or polymer, and contains a white incandes-
cent bulb, while housing 364 is manufactured from a trans-
lucent glass or polymer, and contains a blue LED.

If desired, the physical distance between the primary and
secondary can also be varied by placing the lamp assembly
314 into the central opening 342 in different positions. If the
secondary 324 is axially aligned with the support ring 360,
then the secondary 324 will be in substantially the same
position with respect to the primary 320 regardless of
whether the transparent portion 362 or the translucent por-
tion 364 is facing upwardly. On the other hand, if the
secondary coil 324 is axially offset from the support ring
360, the physical distance between the primary 320 and the
secondary 324 will vary depending on the orientation of the
lamp assembly 314. The secondary 324 can be offset from
the support ring 360 in either direction depending on the
position in which more light output is desired.

In yet another aspect, the present invention is incorpo-
rated into a replacement lamp base 400 intended to work in
existing screw-base lamps. As shown in FIG. 26, the lamp
base 400 includes a housing 402 containing a power supply
circuit 418 that drives a primary 420. In the illustrated
embodiment, the housing 402 is manufactured from two
injection-molded halves that close about the power supply
circuit 418 and the primary 420. The housing 402 also
includes a screw base 404 that is generally identical to the
existing screw-base of conventional incandescent lamps.
The screw base 404 is fitted over a lower portion of the
housing 402 so that it can be easily screwed into a conven-
tional lamp socket (not shown). Electrical leads (not shown)
extend from the screw base 404 to the power supply circuit
418 through corresponding openings in the housing 402. The
housing 402 defines a lamp receptacle 408 adapted to
receive an inductive lamp assembly 414. The receptacle 408
may include a mechanical dimmer that permits the user to
mechanically vary the respective position between the pri-
mary and the secondary (See FIGS. 27 and 28). A mechani-
cal dimmer is not, however, necessary, and the receptacle
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408 may include a bayonet fitting or other conventional
fitting to secure the lamp assembly 414 within the receptacle
408 in a fixed position. In the alternative embodiment shown
in FIGS. 27 and 28, the receptacle 408' includes cams
410a-4' that permit the position of the lamp assembly 414'
to be mechanically varied. The cams 410a-5' interact with
corresponding cams 412a-6' on the undersurface of the
secondary housing 403', as described in more detail below.
The cams 410a—4' and 412a-b' may be replaced by threads
or other similar mechanisms (not shown) for mechanically
selectively varying the depth of the lamp assembly 414'
within the receptacle 408'. To help to retain the lamp
assembly 414 in the desired position within the receptacle
408, the receptacle 408 and the secondary housing 403 are
configured to be frictionally interfitted with one another. In
this embodiment, a resilient o-ring 440 may be fitted around
the secondary housing 403 to provide a firm frictional
interface. The o-ring 440 is preferably seating within an
annular recess (not shown) to help prevent it from sliding up
or down the housing 403. Alternatively, the o-ring 440 may
be fitted within an annular recess (not shown) in the recep-
tacle 408. As a further alternative, the mechanical dimmer
may include a mechanism for moving the primary 420
within the housing 402 or the secondary 424 within the
secondary housing 403. For example, either coil may be
slidably movable along its axis within its corresponding
housing to vary the distance between the primary and the
secondary, or either coil may be pivotally movable within its
housing to vary the angular orientation between the primary
and the secondary. The power supply circuit 418 may be
generally identical to the power supply circuit 18 described
above, with component values selected to match the desired
light source or range of light sources.

Referring now to FIG. 26, the lamp assembly 414 gen-
erally includes a secondary housing 403 that is adapted to be
fitted within the lamp receptacle 408, a secondary circuit
(not shown) contained within the secondary housing 425,
and a light source 426 protruding from the secondary
housing 425. The secondary housing 425 generally includes
two injection molded halves that are closed around the
secondary 424 and the remainder of the secondary circuit
(not shown). As noted above, the secondary housing 403' of
the alternative embodiment shown in FIG. 27 includes cams
412a-b' on its undersurface to interact with the cams
410a-b' of the receptacle 408. The cams 412¢—5' may be
eliminated or replaced with other mechanical dimming
mechanisms. The secondary circuit is preferably generally
identical to the secondary circuit 22 described above, with
its component values selected to correspond with the desired
light source 426.

In an alternative embodiment, the present invention is
incorporated into inductively powered wind chimes 500 that
provide both and audible and visual response to the wind
(See FIGS. 29-31). In general, the wind chime 500 includes
a primary housing 512 that is suspended from a hanging ring
504 and a plurality of chime assemblies 514a—d that are
suspended from the hanging ring 504 within the center of the
primary housing 512. The primary housing 512 is suspended
from the hanging ring 504 by wires 502a—d or other similar
components. The hanging ring 504 is configured to permit
the wind chimes 500 to be hung in a wide variety of
locations. In the illustrated embodiment, the primary hous-
ing 512 includes two injection molded halves 51245 that
house the primary 520 (See FIG. 30). The power supply
circuit (not shown) is contained within the wall plug (not
shown). The power supply circuit 518 may be generally
identical to the power supply circuit 18 described above,

20

25

40

45

50

60

65

14

with component values selected to match the desired light
source or range of light sources.

Each chime assembly 514a—d is suspended within the
center of the primary housing 512 by a corresponding wire
506a—d. The separate wires 506a—d permit each chime
assembly 514a—d to move freely in response to the wind.
Each chime assembly 514a—d generally includes a chime
housing 530, a light source 526, a secondary circuit 522 and
a chime 532. The chime housing 530 of the illustrated
embodiment includes an opaque upper housing portion 530a
that is suspended from the corresponding wire 506a—d and
a transparent lower housing portion 5305 that is mounted to
the undersurface of the upper housing portion 530a. The
chime housing 530 defines an internal space for containing
the secondary circuit 522, including the secondary 524, the
light source 526 and any desired capacitor 528. The sec-
ondary circuit 522 is housed within the upper portion 530a
where it is largely hidden from sight. The light source 526
extends from the upper housing portion 530a down into the
lower housing portion 5305. The chime 532 is a generally
conventional chime and is mounted to the lower end of each
chime housing 530. As a result, as the chime assemblies
514a-d move in the wind, the chimes 532 collide with one
another to create sound. At the same time, as each chime
assembly 514a—d moves, its secondary 524 moves toward
and away from the primary 520. The movement of the
secondary 524 within the magnetic field generated by the
primary 520 varies the amount of power supplied to the light
source 526, and consequently the brightness of the light
source 526. More specifically, as a chime assembly 514a—d
moves closer to the primary 520, the amount of power
transferred by the primary 520 to the secondary 524
increases and the light source 526 becomes brighter. Con-
versely, as a chime assembly 514a—d moves away from the
primary 520, the amount of power transferred to the sec-
ondary 524 decreases and the light source 526 becomes
dimmer. As a result, increased wind causes increased move-
ment of the chime assembly 514a—d and increased undula-
tions in the brightness of the light sources 526.

In a further aspect, the present invention relates to an
inductive power supply station having a primary that induc-
tively provides power to one or more inductively powered
devices, each having its own secondary coil. In the embodi-
ment illustrated in FIGS. 32-35, the inductive power supply
station 600 generally includes a power receptacle 602 and a
storage receptacle 608 that are supported by a plurality of
legs 606a—. A primary 620 is disposed around the power
receptacle 602 to generate a magnetic field that provides
inductive power to any inductive devices 650a—c placed
within the power receptacle 602. In the described embodi-
ment, the primary 620 has a diameter of 6.5 inches and
includes 50 turns of wire 663 wrapped circumferentially
around a generally conventional plastic bobbin 633. The
wire 663 may be litz wire consisting of eight strands of
32-gauge insulated wire wrapped 1 turn per inch, which may
provide the primary 620 with improved efficiency. The
primary 620 is contained within primary housing 634.
Referring now to FIG. 33, the primary housing 634 includes
two annular halves 6344 and 6345 that enclose the primary
620.

The power receptacle 602 is intended to receive a plural-
ity of inductive devices, such as lamp assemblies 614a—b, at
random locations and random orientations. In the illustrated
embodiment, the power receptacle 602 is bowl-shaped and
is manufactured from a transparent or translucent material,
such as glass or plastic. The bowl-shaped power receptacle
602 is fitted within and supported by the primary housing
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634. Although the illustrated power receptacle 602 is bowl-
shaped, the receptacle may have a variety of alternative
constructions. For example, the bowl-shaped receptacle 602
may be replaced by horizontal surface (not shown) upon
which inductively powered devices can be placed or it may
be replaced by one or more rings from which inductively
powered devices can be suspended. As a further example,
the receptacle may be a vertical surface adjacent to which
various inductive devices can be suspended, such as an
inductively powered wall lamp or an inductively powered
clock.

As noted above, the illustrated power supply station 600
also includes a storage receptacle 608 mounted to legs
606a—c, for example, by screws or other fasteners. The
storage receptacle 608 provides a place for storing lamp
assemblies, such as lamp assembly 614¢, and other induc-
tively powered devices when they are not in use. In this
embodiment, the storage receptacle 608 is bowl-shaped, to
complement the shape of the power receptacle 602, and is
mounted between the legs 606a—c of the station 600 below
the power receptacle 602 and above the base 612. The size,
shape, configurations and location of the storage receptacle
may vary from application to application as desired. Alter-
natively, the storage receptacle 608 may be eliminated.

The power supply station 600 also includes a power
supply circuit 618 that supplies power to a primary 620. In
the illustrated embodiment, the power supply circuit 618 is
disposed within lamp base 612. Referring now to FIG. 34,
the lamp base 612 generally includes an upper housing 612«
and a lower housing 6125 that enclose the power supply
circuit 618. The power supply circuit 618 includes a power
switch 690 that is actuated by button 692. The button 692
extends down through a corresponding aperture 694 in the
upper housing 612a to engage the switch 690. The button
692 may be translucent and the power supply circuit 618
may include a pair of power-indicating LEDs 696a—b that
illuminate the button 692 when the power is on. In this
embodiment, a power supply cord 698 penetrates the lower
housing 6126 and is electrically connected to power-in
socket 699 to provide AC power to the power supply circuit
618. Electrical leads (not shown) extend from the power
supply circuit 618 to the primary 620 through a wiring
channel (not shown) in one of the legs 606a—c. The power
supply circuit 618 is preferably identical to power supply
circuit 18 described above. This power supply circuit 618
has the ability to monitor the power supplied to the primary
620 to determine certain characteristics of the cumulative
load (e.g. the inductively powered devices placed in the
power receptacle 602), and then to adjust the characteristics
of'the power supplied to the primary 620 as a function of the
monitored values. In one embodiment, the power supply
circuit 618 monitors the current supplied to the primary 620
and adjusts the frequency of the power supplied to the
primary 610 based on the value of the current.

In the illustrated embodiment, the inductively powered
devices are a plurality of lamp assemblies 614a—c. As
perhaps best shown in FIG. 35, each of the lamp assemblies
614a—c generally includes a lamp housing 604 that encloses
a light source 626a—d and a secondary circuit 622. In this
embodiment, the lamp housing 604 is assembled from two
glass or injection-molded plastic halves 604a—b, at least one
of which is manufactured from a transparent or translucent
material. The halves 604a—4 are interconnected by cover
ring 640, for example, by adhesives or threads. A separate
o-ring 642a—b may be fitted between the cover ring 640 and
each half 604a—b. The secondary circuit 622 is enclosed
within the lamp housing 604, and generally includes a
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secondary 624 and an optional capacitor 630 that are con-
nected in series with light source 626a—d. In the illustrated
embodiment, the light source includes a plurality of LEDs
626a—d. In this embodiment, the secondary 624 has a
diameter of 2 inches and includes 27 turns of 26-gauge
straight wire 664 wrapped circumferentially around a gen-
erally conventional plastic bobbin 662. The characteristics
of'the secondary 624 (e.g. number of turns, diameter of coil,
type of wire) and optional capacitor 630 (e.g. capacitance
value) are selected to correspond with the light source
626a—d and the power supplied by the primary 620.

To improve the flexibility of the inductive power supply
station, an inductive device may include a secondary having
a plurality of coils that are arranged at different orientations.
In applications where only a single coil is used, it is possible
that a device randomly placed within a power receptacle will
be located with the coil oriented substantially parallel to the
magnetic field. In such situations, the secondary may not
receive sufficient power to power the device from the
primary. The use of multiple coils addresses this problem by
providing a secondary coil arrangement that significantly
increases the likelihood that at least one coil will at least
substantially intersect the flux lines of the magnetic field
generated by the primary. For example, an inductive device
may include a secondary with two coils that are oriented at
90 degrees to one another. With this configuration, at least
one of the two coils is likely to extend across the flux lines
of the magnetic field and receive power from the primary.
The number of separate coils may vary from application to
application, for example, the inductive device may include
3,4, 6 or 8 coils at different orientations to provide improved
efficiency in a wide variety of orientations. By providing a
sufficient number of coils at different orientations, the induc-
tive device can be configured to receive power from the
primary regardless of the orientation of the inductive device.

In one embodiment, the inductively power device
includes a secondary 670 having three separate coils
672a—c; one oriented along each of the x, y and z axes of a
Cartesian three-dimensional coordinate system. As shown in
FIG. 36, an arrangement of three bobbins 660a—c is pro-
vided to receive the three coils 672a—. The diameters of the
three bobbins 660a—c vary so that the bobbins 660a—c can be
fitted one within the other. Given that the power induced in
a secondary is proportional to the diameter of the secondary,
the use of differently sized bobbins may result in an imbal-
ance in the power supplied to each secondary. In applica-
tions where it is desirable to balance the power induced in
the different coils 672a—c, additional turns of wire can be
added to the smaller bobbins 6605, with the precise
number of additional turns added to each smaller bobbin
depending primarily on its size. For example, if the outer-
most secondary 672a includes seven turns, it may be desir-
able to include eight turns on the middle secondary 6725 and
nine turns on the innermost secondary 672c¢. Alternatively, a
spherical bobbin (not shown) can be provided, with each coil
being wrapped about the spherical bobbin at the desired
location and in the desired orientation, for example, about
the x, y and z axes. This embodiment reduces the differences
in the diameters of the three secondaries, thereby improving
the balance of the coils. Although the secondary with
multiple coils is described in connection with the inductively
powered lamp assembly 614, a secondary with multiple
coils can be incorporated into essentially any inductively
power device to maximize power transfer in various orien-
tations of the device within the magnetic field. For example,
a cell phone (not shown) or personal digital assistant (not
shown) can be provided with an inductively powered battery
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charger having a secondary with a single coil, such as
secondary 622 above, or with multiple coils, such as sec-
ondary 670. In this example, a cell phone or personal digital
assistant having a secondary with multiple coils can be
placed randomly within the power receptacle 602 without
concern for its orientation because the secondary 670 will be
able to obtain sufficient power to charge the device in any
orientation.

FIGS. 38a—c show circuit diagrams for three embodi-
ments of the three-coil secondary 670. FIG. 38a illustrates a
circuit 680 that provides DC power from three separate coils
672a—c. As shown, the three coils 672a—c are connected in
parallel to the load, a capacitor 674a—c is connected in series
between each coil 672a—c and the load. In this embodiment,
the value of each capacitor 674a—c and each diode 676a—c
is selected to provide a resonant circuit for the load-side of
the circuit. This circuit 680 combines the power induced
within each of the coils using the capacitors to provide
resonance with the load, and diodes 674a—c rectifying the
voltage output from circuit 680. Alternatively, diodes
676a—c can be eliminated from the circuit 680 to provide AC
power to the load.

FIG. 385 illustrates a half wave rectifier circuit 680' that
provides DC power from three separate coils 672a—'. As
shown, the three coils 672a—' are connected in parallel to
the load through an arrangement of diodes 676a—" is con-
nected in series between each coil 672a—¢' and the load. In
this embodiment, the value of each diode 676a—" is deter-
mined based primarily on the characteristics of the load.
Additionally, a capacitor 674a—" is connected in series
between one side of the coil 6§72a—' and the corresponding
diodes 676a—1". The value of each capacitor 674a—¢' is also
determined based primarily on the characteristics of the
load. This circuit 680" combines the power induced within
each of the coils using the capacitors to provide resonance
with the load, and diodes 676a— rectifying the voltage
output from the circuit 680'".

FIG. 38¢ illustrates a full wave rectifier circuit 680" that
provides DC power from three separate coils 672a—c". As
shown, the three coils 672a—" are connected in parallel to
the load through an arrangement of diodes 676a—/" is
connected in series between each coil 672a—c" and the load.
In this embodiment, the value of each diode 676a-!" is
determined based primarily on the characteristics of the
load. Additionally, a capacitor 674a—c" is connected in series
between one side of the coil 672a—¢" and the corresponding
diodes 676a—{". The value of each capacitor 674a—c" is
determined based primarily on the characteristics of the
load. All three of these circuit 680, 680" and 680" perform
the function of providing DC power. Circuit 680 is likely the
least expensive design, while circuit 680" provides the best
control over the DC output, for example, circuit 680" likely
provide less fluctuation in the output compared to the other
two embodiments.

In use, the illustrated inductive power supply station 600
and accompanying light assemblies 614a—c provide a dis-
tinctive and aesthetically pleasing light source. The amount
and character of light cast by the system can be adjusted by
varying the number of lamp assemblies 614a—c placed
within the receptacle 602, by varying the position of each
lamp assembly 614a—c and by varying the orientation of
each lamp assembly 614a— within the receptacle. For
example, additional lamp assemblies 614a—c can be added
to the receptacle to increase the brightness of light cast by
the system. Similarly, the location or orientation of a given
lamp assembly 614a—c can be varied to control the light
output of that particular lamp assembly 614a—c.
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In an alternative embodiment, the lamp assembly 614
includes two light sources 626a—b that are connected to
separate secondaries 624a—b (See FIG. 37). In this embodi-
ment, the two light sources 626a—b are preferably light
emitting diodes, each generating light of a different color.
The secondaries 624a—b are oriented 90 degrees from each
other so that the power supplied to one secondary is
inversely proportional to the power supplied to the other
secondary. For example, by rotating the lamp assembly 614
with the power receptacle 602, one secondary is moved into
a position that more directly intersects the magnetic field
generated by the primary 620 while the other is moved to a
position that less directly intersects the magnetic field. As a
result, the lamp assembly 614 can be rotated within the
power receptacle 602 to selectively control the color of the
lamp assembly 614 by adjusting the amount of power
supplied to each light source 626a—b. For example, with red
and blue light sources, the lamp assembly 614 can be rotated
to cast light ranging from pure red through purple to pure
blue. If desired, a device can be provided with 3 separate
secondaries, each oriented 90 degrees from one another,
such as along each of the x, y and z axes of a Cartesian
three-dimensional coordinate system. In accordance with
this alternative, each secondary can drive a separate light
source or power a separate electrical device. It should also
be noted that the 3 axis configuration can be used to
calculate the orientation of the device by comparing the
voltages from each secondary. In some applications, it may
be desired to provide an inductively powered device with
two sets of coils, a first to set to provide power to one or
more devices and a second to provide position information.
FIGS. 39a—d illustrate circuit diagrams for various multiple
secondary circuits. FIG. 39q illustrates a simple three sec-
ondary circuit 700 in which each coil 702a—c is connected
to a separate load, such as a light source, a single channel of
a three-channel position calculating circuit or other induc-
tively powered device. FIG. 395 illustrates an alternative
circuit 710 in which a capacitor 714a—c is connected in
series between each secondary 712a—c and its corresponding
load. In this embodiment, the capacitance value of each
capacitor 714a—c is selected primarily as a function of the
corresponding load and the inductance of the corresponding
secondary to tune the power within each secondary circuit.
FIG. 39c illustrates an alternative circuit 720 in which a
capacitor 724a—c and a diode 726a—c are connected in series
between each secondary 722a—c and its corresponding load.
This circuit 720 provides limited rectification to provide a
separate source of DC power to each load. In this embodi-
ment, the capacitance value of each capacitor 724a—c and
diode 726a—c is selected primarily as a function of the
corresponding load and the inductance of the corresponding
secondary. FIG. 394 illustrates an alternative circuit 730 in
which a capacitor 734a—c and a pair of diodes 736a—f are
connected in series between each secondary 732a—c and its
corresponding load. This circuit 730 provides half wave
rectification to provide a separate source of DC power to
each load. In this embodiment, the capacitance value of each
capacitor 724a—c and diode 726a—c is selected primarily as
a function of the corresponding load and the inductance of
the corresponding secondary. Although not illustrated, each
secondary may alternatively include a full wave rectification
circuit to provide a separate source of DC power to each
load.

Although the inductive power supply station 600 is illus-
trated in connection with a unique lamp construction, the
inductive devices may include other types of inductively
powered devices. For example, a cell phone, personal digital
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assistant or other similar device may include an inductively
powered battery charger that is configured to receive power
from the inductive power supply station. In such applica-
tions, the inductively powered devices can be charged
simply by placing it within the power receptacle. The
inductively powered device may use the power supplied by
the secondary to directly power, rather than simple recharge,
the device. For example, a miniature radio, MP3 music
player or other media player can be provided with inductive
secondary circuits, permitting them to be powered by the
power supply station.

The above description is that of a preferred embodiment
of the invention. Various alterations and changes can be
made without departing from the spirit and broader aspects
of'the invention as defined in the appended claims, which are
to be interpreted in accordance with the principles of patent
law including the doctrine of equivalents. Any reference to
claim elements in the singular, for example, using the
articles “a,” “an,” “the” or “said,” is not to be construed as
limiting the element to the singular.

The invention claimed is:

1. An inductively powered device comprising:

a power supply circuit having a primary, said power
supply circuit applying power to said primary to gen-
erate a magnetic field;

a secondary assembly having a secondary circuit with a
secondary and a load, said secondary being disposed
within said magnetic field, said secondary physically
spaced from the primary by a distance, said magnetic
field inducing a current in said secondary to apply
power to said load at a magnitude; and

a means for varying the distance between said primary
and said secondary in order to control said magnitude
of said power applied to said load.

2. The inductively powered device of claim 1 wherein
said means for varying said distance between said primary
and said secondary includes a secondary assembly support
having a plurality of mounting locations each being a
different distance from said primary, said secondary assem-
bly being selectively mountable at a different one of said
mounting locations.

3. The inductively powered device of claim 1 wherein
said means for varying said distance between said primary
and said secondary includes a flexible support disposed
adjacent to said primary, said secondary assembly being
mounted to said flexible support, said flexible support being
bendable to vary said distance between said primary and
said secondary.

4. The inductively powered device of claim 1 wherein
said means for varying said distance between said primary
and said secondary includes a support disposed adjacent to
said primary and a counterbalance, said secondary assembly
being mounted to said support, said support being movable
to vary said distance between said primary and said second-
ary, said counterbalance offsetting the weight of said sec-
ondary assembly to retain said secondary assembly in a
given position.

5. The inductively powered device of claim 1 wherein
said primary is contained within a primary housing, said
means for varying said distance between said primary and
said secondary includes means for moving said primary
within said primary housing.
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6. The inductively powered device of claim 1 wherein
said means for varying said distance between said primary
and said secondary includes means for moving said second-
ary within said secondary assembly.

7. The inductively powered device of claim 1 wherein
said inductively powered device includes a shaft supporting
said primary, said means for varying said distance between
said primary and said secondary includes means for moving
said primary with respect to said shaft.

8. The inductively powered device of claim 1 wherein
said means for varying said distance between said primary
and said secondary includes a rack and a worm gear, said
primary mounted to said rack, said worm gear being oper-
able to cause linear movement of said rack.

9. The inductively powered device of claim 1 wherein
said means for varying said respective position between said
primary and said secondary includes means for varying an
angular orientation between said primary and said second-
ary.

10. The inductively powered device of claim 9 wherein
said primary and said secondary are disposed one within the
other; and

wherein at least one of said primary and said secondary is
pivotally mounted to the device.

11. The inductively powered device of claim 9 further

comprising:

a shaft supporting said primary;

an arm supporting said secondary, said arm being
mounted for pivot movement with respect to said shaft.

12. The inductively powered device of claim 1 wherein
said power supply circuit includes a means for monitoring a
characteristic of said power indicative of said load and a
means for varying a characteristic of said power based on
said monitored characteristic, whereby said power supply
circuit varies said power to optimize operation as a function
of said one or more inductively powered devices.

13. The inductively powered device of claim 12 wherein
said load is further defined as a light source.

14. The inductively powered device of claim 13 wherein
said secondary circuit further includes a capacitor electri-
cally connected in series between said secondary and said
light source.

15. An inductively powered device comprising:

a power supply circuit having a primary generating a

magnetic field;

a secondary, the secondary not physically in contact with
the primary, the primary separated from the secondary
by a distance, disposed with said magnetic field,
whereby power is induced by said magnetic field in
said secondary;

a load electrically connected to said secondary, said load
receiving said power from said secondary; and

means for varying the distance between said primary and
said secondary to vary said power applied to said load.

16. The inductively powered device of claim 15 wherein
said means for varying said respective position between said
primary and said secondary includes means for varying an
angular orientation between said primary and said second-

ary.
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