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and plotted as single point on the contour plot in Fig. 21a. We refer to this point as the
optimum energy transfer (%) in the adiabatic-k case for the particular (k/I'ys, I'y/T"y)
under consideration. We also plot in Fig. 21d the corresponding value of the total energy
lost (%) at the optimum of E». We repeat these calculations for all pairs (/. I's /T°A)
shown in the contour plots. In the constant-x transfer case. for each (/I ", '3 /T"A). the
time evolution of E»(%) and E,. are calculated for O<t<2/x, and optimum transfer, shown
in Fig. 21b, refers to the maximum of Ei(t) over O<t<2/x. The corresponding total energy
lost at optimum constant-transfer is shown in Fig. 21e. Now that we calculated the
energies of interest as functions of (K/T'g. [y /T"A). we look for ranges of the relevant
parameters in which the adiabatic-Kk transfer has advantages over the constant-x one. So.
we plot the ratio of (Ea)sgiabate-/(E2)constn-x I Fig. 21¢, and (Ejs)eonsiantx / (Eiost) adiavaic

« in Fig. 21f. We find that, for [ /I"'\>50. the optimum energy transferred in the
adiabatic-K case exceeds that in the constant-k case, and the improvement factor can be
larger than 2. From Fig. 21f, one sees that the adiabatic-k scheme can reduce the total
energy lost by factor of 3 compared to the constant-k scheme. also in the range 'y /"5
>50. As in the constant-K case, also in the adiabatic-x case the efficiency increases as the
ratio of the maximum value, K, of the coupling rates to the loss rate of the intermediate
object (and thus also the first and second objects for I'y /T'4>1) increases. In some
examples. one may design a system so that K is larger than each of Iy and ['s. In some
examples, one may design a system so that x is at least 2 times larger than each of I'y and
["a. In some examples, one may design a system so that K is at least 4 times larger than
each of 'y and T',.

Although one may be interested in reducing the total energy lost (radiated +
absorbed) as much as possible in order to make the transfer more efficient, the
undersirable nature of the radiated energy may make it important to consider reducing the
energy radiated. For this purpose. we calculate the energy radiated at optimum transfer in

both the adiabatic-k and constant-x schemes. and compare them. The relevant parameters

/Ta.and T®

reed

in this case are k/I'. Ty /T, T

rud

/T"s. The problem is more complex
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because the parameter space is now 4-dimensional. So we focus on those particular cross
sections that can best reveal the most important differences between the two schemes.
From Fig. 21c and 21f. one can guess that the best improvement in both E» and Ei,a
occurs far I'g /T'4 >500. Moreover, knowing that it is the intermediate object Ry; that
makes the main difference between the adiabatic-x and constant-k schemes, being

“energy-empty’ in the adiabatic-k case and “energy-full” in the constant-K one, we first

look at the special situation where I'22, =0. In Fig. 22a and Fig. 22b., we show contour

rari

plots of the energy radiated at optimum transfer, in the constant-x and adiabatic-x
schemes respectively, for the particular cross section having I'y /I'y=500 and T}, =0.
Comparing these two figures. one can see that. by using the adiabatic-k scheme. one can

reduce the energy radiated by factor of 6.3 or more.
To get quantitative estimate of the radiation reduction factor in the general case where
", ... # 0, we calculate the ratio of energies radiated at optimum transfers in both

Asrad

schemes. namely,

onslant—A"

2

. 2 J- Q‘ (IC“N:un--/r( 1)‘2 i

a;.umxm—lf ( ’)I2 ‘I'I ajnmml—ic ( r)lz

(Em’/ )unuful~/( = 0 I_T:“I :
aSdbilic—h
(Enxl );lﬁahlic—k‘ 2’ : J‘ gk/ a;;mhnju_x(f)lz +‘ n{uiahujc—n’( f)‘z 51l aa:xlinmic—n‘( r)r W

0 i

which depends only on I'# /17!, . the time-dependent mode amplitudes, and the optimum

rad rad *
transfer times in both schemes. The latter two quantities are completely determined by

K/I'y and [y, /TA. Hence the only parameters relevant to the calculations of the ratio of

Lo

rad *

radiated energies are o /'y and I'y /T4, thus reducing the dimensionality of the

vead

investigated parameter space from down to 3. For convenience. we multiply the first

/T /TL), ie. the ratio

rud

by I'/I"A which becomes ( I

rad

relevant parameter I'2,/ T}

ral rad

of quantities that specify what percentage of each object’s loss is radiated. Next. we
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/TM(T,), /TA) and x/T in the

.

calculate the ratio of energies radiated as function of (T2

reud
two special cases 'y /T"A=50. and T /T"A=500, and plot them in Fig. 22¢ and Fig. 22d.
respectively. We also show. in Fig. 22e. the dependence of (Ecu)ecanstanc-x /( Eqad)ierp-tike 00

k/T'y and Iy /T4, for the special case r~“,, =0. As can be seen from Fig. 22¢-22d. the

ra

adiabatic-k scheme is less radiative than the constant-x scheme whenever T°

ritit

Ty is

-\

larger than I7,,/I"s. and the radiation reduction ratio increases as ['g /I" 4 and k/['; are

rad

increased (see fig. 22e). In some examples, the adiabatic-k scheme is less radiative than

the constant-x scheme whenever T2 /17!

roal rae

. is larger than about 20. In some examples. the

adiabatic-k scheme is less radiative than the constant-k scheme whenever I'2, /T, is

rad 7

larger than about 50.

It is to be understood that while three resonant objects are shown in the previous
examples, other examples can feature four or more resonant objects. For example. in
some examples, a single source object can transfer energy to multiple device objects
through one intermediate object. In some examples, energy can be transterred from a
source resonant object to a device resonant object. through two or more intermediate

resonant objects, and so forth.

0. Systein Sensitivity to Extraneous Objects

In general, the overall performance of an example of the resonance-based wireless
energy-transfer scheme depends strongly on the robustness of the resonant objects’
resonances. Therefore, it is desirable to analyze the resonant objects' sensitivity to the
near presence of random non-resonant extraneous objects. One appropriate analytical
model is that of “perturbation theory” (PT). which suggests that in the presence of an
extraneous perturbing object p the field amplitude «,(1) inside the resonant object |

satisfies, to first order:
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day
dt

= —i (e, —iT} )a1+i(§x”(l,)+iérl(],))w (47)
where again w, is the frequency and [ the intrinsic (absorption, radiation etc.) loss rate,
while 81 1(p) is the frequency shift induced onto 1 due to the presence of p and 617 (p) is
the extrinsic due to p (absorption inside p, scattering from p etc.) loss rate. 817y is
defined as &T'yq) = [ypy) — 1. where IMyg,y is the total perturbed loss rate in the
presence of p. The first-order PT model is valid only tor small perturbations.
Nevertheless, the parameters 0Ky, (p), 61 y(;5) are well defined, even outside that regime. if
ay is taken to be the amplitude of the exact perturbed mode. Note also that interference
effects between the radiation field of the initial resonant-object mode and the field
scattered oft the extraneous object can for strong scattering (e.g. off metallic objects)
result in total I'y raq¢p) that are smaller than the initial T’y g (namely 61y aqp 18
negative).

It has been shown that a specific relation is desired between the resonant
frequencies of the source and device-objects and the driving frequency. In some
examples. all resonant objects must have the same eigenfrequency and this must be equal
to the driving frequency. In some implementations, this frequency-shift can be ““fixed”
by applying to one or more resonant objects and the driving generator a feedback
mechanism that corrects their frequencies. In some examples. the driving frequency from
the generator can be fixed and only the resonant frequencies of the objects can be tuned
with respect to this driving frequency.

The resonant frequency of an object can be tuned by, for example, adjusting the
geometric properties of the object (e.g. the height of a self-resonant coil, the capacitor
plate spacing of a capacitively-loaded loop or coil, the dimensions of the inductor of an
inductively-loaded rod, the shape of a dielectric disc. etc.) or changing the position of a
non-resonant object in the vicinity of the resonant object.

In some examples, referring to Fig. 23a. each resonant object is provided with an
oscillator at fixed frequency and a monitor which determines the eigenfrequency of the
object. At least one of the oscillator and the monitor is coupled to a frequency adjuster

which can adjust the frequency of the resonant object. The frequency adjuster determines
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the difference between the fixed driving frequency and the object frequency and acts. as
described above. to bring the object frequency into the required relation with respect to

the fixed frequency. This technique assures that all resonant objects operate at the same
fixed frequency, even in the presence of extraneous objects.

In some examples. referring to Fig. 23(b). during energy transter from a source
object to a device object, the device object provides energy or power to a load, and an
efficiency monitor measures the efficiency of the energy-transfer or power-transmission.
A frequency adjuster coupled to the load and the efficiency monitor acts. as described
above, to adjust the frequency of the object to maximize the efficiency.

In other examples. the frequency adjusting scheme can rely on information
exchange between the resonant objects. For example. the frequency of a source object
can be monitored and transmitted to a device object, which is in turn synched to this
frequency using frequency adjusters, as described above. In other embodiments the
frequency of a single clock can be transmitted to multiple devices. and each device then
synched to that frequency using frequency adjusters, as described above.

Unlike the frequency shift. the extrinsic perturbing loss due to the presence of
extraneous perturbing objects can be detrimental to the functionality of the energy-
transfer scheme, because it is difficult to remedy. Therefore, the total perturbed quality
factors Q(p) (and the corresponding perturbed strong-coupling factor U,y should be
quantified.

In some examples, a system for wireless energy-transter uses primarily magnetic
resonances. wherein the energy stored in the near field in the air region surrounding the
resonator is predominantly magnetic, while the electric energy is stored primarily inside
the resonator. Such resonances can exist in the quasi-static regime of operation (r«4) that
we are considering: for example. for coils with /1 < 2. most of the electric field is
localized within the self-capacitance of the coil or the externally loading capacitor and.
for dielectric disks. with € >> 1 the electric field is preferentially localized inside the disk.
In some examples, the influence of extraneous objects on magnetic resonances is nearly
absent. The reason is that extraneous non-conducting objects p that could interact with

the magnetic field in the air region surrounding the resonator and act as a perturbation to
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the resonance are those having significant magnetic properties (magnetic permeability
Refy)>1 or magnetic loss /m{/>(0)). Since almost all every-day non-conducting
materials are non-magnetic but just dielectric, they respond to magnetic fields in the same
way as free space. and thus will not disturb the resonance of the resonator. Extraneous
conducting materials can however lead to some extrinsic losses due to the eddy currents
induced inside them or on their surface (depending on their conductivity). However,
even for such conducting materials, their presence will not be detrimental to the
resonances, as long as they are not in very close proximity to the resonant objects.

The interaction between extraneous objects and resonant objects is reciprocal.
namely, if an extraneous object does not intluence a resonant object. then also the
resonant object does not influence the extraneous object. This factcan be viewed in light
of safety considerations for human beings. Humans are also non-magnetic and can
sustain strong magnetic fields without undergoing any risk. A typical example, where
magnetic fields B~77 are safely used on humans, is the Magnetic Resonance Imaging
(MRI) technique for medical testing. In contrast. the magnetic near-field required in
typical embodiments in order to provide a few Watts of power to devices is only B~1077’,
which is actually comparable to the magnitude of the Earth's magnetic field. Since. as
explained above, a strong electric near-field is also not present and the radiation produced
from this non-radiative scheme is minimal, the energy-transfer apparatus. methods and
systems described herein is believed safe for living organisms.

An advantage of the presently proposed technique using adiabatic variations of
the coupling rates between the first and intermediate resonators and between the
intermediate and second resonators compared to a mode of operation where these
coupling rates are not varied but are constant is that the interactions of the intermediate
resonator with extraneous objects can be greatly reduced with the presently proposed
scheme. The reason is once more the fact that there is always a substantially small
amount of energy in the intermediate resonator in the adiabatic-x scheme, therefore there
is little energy that can be induced from the intermediate object to an extraneous object in

its vicinity. Furthermore, since the losses of the intermediate resonator are substantially
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DE20016655

EMI3.1

Amount of energy provided border energy quantity.

A regulating device is used to generate, in response to the output signal of the detection means a control
signal for controlling the power supply means of the first transmitting / receiving device, wherein the
control signal via a transmitting means is wireless to the first transmitting / receiving means transferable.

Advantageous developments are the subject of the dependent claims.

The detection device has, according to a first alternative embodiment of a series circuit comprising a
voltage stabilizing means, and a current meter.

The detection means and the control means are able to compare the current flowing through the voltage-
stabilizing device current with a predetermined currenl value.

The predetermined current value is preferably from the first transceiver to operate the required supply
energy.

That is, the excess energy is preferably kept small.

According to a further embodiment, the detecting means to one of a load associated voltmeter,

The falling of the load voltage in turn can be compared by means of the detection device or the control
device with a predetermined voltage value, which in turn reflects the time required by the second
transmitting / receiving device energy.

By the spccial design of the detection device according to the above-described alternatives, it is possible to
regulate the power supply device of the first transmitter / receiver device such that the transmitted output
power substantially corresponds to the energy that is required by the second battery-free transceiver.

In this way it is possible to

EMI3.2

<Decsc/Oms Page number 4>

Heat keeping in the second transceiver to a minimum.
In addition, during battery operation of the first transceiver can therefore its battery life can be extended,
also, the transmission field strength can be reduced to the necessary degree.

Advantageously, the energy transfer takes place inductively, in which case the receiving means of the
second transceiver for receiving said energy comprises a resonant circuit with a fixed resonant frequency.

The two transceivers used in lhe near field, a carrier frequency for the respective transmission means and &
resonant frequency for the resonant circuit can be selected, which lie at around 130 kHz.

The second batteryless lransceiver used for example as in a body implantable transponders, it is useful to
measure with an implantable temperature sensor measures the temperature in the vicinity of the
transponder, in order to avoid a critical heating of the environment.

For this purpose the controf device is designed such that it can generate a control signal in dependence of
the oulpul signal of the detection device and the temperature sensor.

In this way it is possible, the transmit power to reduce by means of the variable power supply means in the
first transmitting / receiving device, even when although the transmitted energy is not required by the
second transmitting / receiving device of energy is exceeded, but the temperature in the vicinity of
transponder reaches a critical value.

As mentioned, it may, at the second transmitting / receiving device, be an implantable transponder, and
then the first transceiver advantageously acts as interrogator.

At this point it should be mentioned that the second transmitting / receiving device according to the various
application

< Desc/Ams Page number 5>
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[Registration patent 10-0691253)

g Inside diameter[Major diameter| Coil standard Gratitude
(mra) (M) () possibilily
it will be a 9 20 o.t’e g
reception
Relay coil 20 10 0.43=1 21

Minute description as many as 3 inlands 9 and like lickel 1 to from Llicket 7 and with the transmission coil which it
composes and the reception coil plan the woman ¢ell phone under the urtion. MIP3 and PDA and the pot labe) to be insertad
the samples of the transmitling and receiving coil which is produced in the husband and wile eldest brother reception
module it could be employed electronic instrument ete.. small size « Getling the radio transmitting and receiving system of
light weight, there 10 be te a sample structure f(or, in output control department of minute description transmission module
transmission output 10W and AC 100! It ransmits with a frequency and it occurs minute description reception coil sample
1 to plan the charging circuit diagram of reception module it uses it composes the induction magnetic field of the former
person. group the reception sample coils which are various it produces from 4 and from output grade DC war polential
3.7V clectronic instruments {cell phone) in the charging battery clectric energy measures a rcception voltage. an electric
current and a war potential price in the charging at the Ltime of. The reception module hangs. or only the means which
charges the clecwric energy which is necessary o the electronic instrument of cell phone etc., minute description charging
means and in order to charge simultancously simullaneously with having buili-in percentage arranging in a row, it could
be composed the charging battery which the dosage of prescribed the internal organs hour height has. [n order in minute
description reception coil sample | 1o rear grade of 4 1o transmit a electric energy at high efficiency resonance and the
impedance whip % the variable the plaque seater is contracted big. big the electric signal which comes oul passing by the
plaque seater it uses the diode and it converts with direct current signal the stop circuit for and. new lu when it is
stopped. it is smooth and it respects and it is composed charges and a electric energy to the battery of the electronic
instrument which in necessity it charges of the plaque scater big. Namely, the reception module of 10 in order with output
grade to transmit a electric energy al high efficiency the induced electromotive lorce which is received from the reception
coil resonance and being the plaque seater big and the off whip which blooms 4 the variable to be big contracting
composes the plaque seater with the receplion coil. and arranging in 4 row resonance and the impedance whip 3 the
variable passes by 3V of the prescribed dosage which passes Ly the stop diode and the smooth plaque seater big and
after the constant voltage and salety circuit being rough, is had built-in the signal which is transmitted within reception
module Lo 1V charging balteries and 3 of the electromagnetic cabin Lo with the composition stmullancously it will be able
to charge a clectric energy in 4V charging batteries To accomplish and welll with 3 to 4V of the BB electromagnetic cabin
it will be able to charge in order 1o only the charging battery, it will be able 10 compose of a reception module. The ticket
8 minute description from thread hour example of the invention which it sees plan sample 1 of the transmission coil which
it produces lo sample 3 abeut respectively composes a respectively receplion circuit in about sample 1 of the minute
description reception coil to sample 4 and output only it measured it is to show the reception voltage which charges. an
clectric current and a war potential price lrom the charging battery of the electronic instrument, Ticket 8 it leads and the
possibility of knowing it is with the reception coil which combines the relay coil which relays the induction magnetic field
ol the transmission coil which combines the relay coil which relays the induction magnetic field of this clectromagnetic
waves and the cleciromagnetic waves induction of the electromagnetic waves the market which sleeps occurs and the
structure which reccives the electromagnelic waves magnetic field which occurs in the battery before the insect of the
clectronic instrument electric energy is quick and it will be able {o charge at high efficiency and a possibility of getling a
high output war potential there is. Namely. the spy ¥ it composes the transmission pad in the transmission coil sample 3
which, is a composition which combines the relay coil and the transmission ¢oil on the coil outside the relay coil and the
reception coil in one ferrite core which is a reception coil sample 2 structure znd combines it will transmit and receive the
induction magnetic field of the electromagnetic waves with 1,.32A where in case it is biggest charging reception clectric
current the possibility of getting a charging war potential 5.4 IW it was at Lthe reception module which it composes. I used
the general transmission coil sample 1 which and does not include the sinute description relay coil it composed the
reception coil sample | which is composed of the general solenoid which does nol use the relay coil 0.24W and 0.28W
charging war potential quite from structure of the sample 3 which is a reception coil and the spy ¥ low-end it gol of the
&+ new coil.

Tickel 8. Plan sample 1 of the transmission coil which it produces to sample 3 about respectively from execution example
of the invention which it sces in sample 1 of the reception coil to sample 4 output of large river woman reception module
the reception voltage which only it measures from the clectromagnelic cabin charging battery, clectric current and war
potential price

InductEV, Inc.
Exhibit 1025
Page 981



[Registration patent 10-0691253]

Transmussan Recepiion
[Transmission sample| Kecoption sample Recepuon Reception tteceplion
valage (V) electric war poteatial
I'ransmission sample| Reception sampie 1 4.1 0.06 0,21
! Reception sampic 2 -1 that 0.2 0,82
Reception samplc 3 1 that 0.07 0,23
Keception sample 4 ER] 018 0.73
l‘ransmisséon sample] Reception sample 1 4 that 0.17 0.69 |
Receptiont sample 2 4.1 0.4 1.81
Keception sampie 3 4.1 02y 0.82
Keception sample - ER] 0.37 1.01
I‘ransmrsslion samplc| Reception spnng 7 4.1 .74 343
: Reception sample 2 ER 1.32 541
Reception sample 3 4.1 0.81 3.3¢
Reception sample 4 3.1 113 4.63

According o the inveniion which it sces the transmission coil which composes the transmission pad for the
electromagnetic waves induction magnetic ficld occurrence which is composed plan 2005 it is a patent application of
the invention which it sees on the trausmission coil outside of the wide selection it produces with magnelic subslance
nose ©| who is recorded in application number 10-2005-0059562 unit which makes an application uscs the induction
coil from minute description execution example and the trausmission coil which it composes ete. and invention which
rclay amplifier (it sees it corresponds o the relay coil.) it uscs variously, it will be able to compose. the reception coil
also from minute description execution example plan 2005 it is a patent application of the invention which it sees on the
reception coil outside of the wide selection it produces application numbers 10-2005-0059562 where it makes an
applicationThe magnctic substance core which is recorded. the iuduction coil and the variable it uses the plague scater
big and the reception coil which it composes etc. and invention which relay amplifier (it sees it corresponds to the relay
coil,) il uses variously, it will be able o compose. Before outputting the transmission module which it follows in the
invention which it sees it will control a pressure. a frequency and an output war potential and it will control it will
transimnit, with the internal organs and or the body exlerior style the connection terminal of reception module it wants it
is various charging in the junction where it is formed in electromagnetic fit loach plan in case it will produce the cell
phone and the remote control, not enly MP3, PMP and PDA in battery charging in the electronic instruments of the most
whose charging or application of power is necessary plan it will produce it will be able o apply a transmission oulput,
Transmission plagues = of the invention which it sees and AC @] maps according fo the necessily which it shakes off
all style or from like 1 and plan it will be able 1o produce with separation style,

Elfect of invention

The invention which it sees the noise [ilter, stop circuil and frequency conversion circuil. constant voltage circuit and
with the size which is various it will be able to occur the induction magneltic field of the clectromagnetic waves of
oulput. in order to receive the inducltion magnetic field of the transmission module which is composed of the
transmission pad which occurs the induction magnetic field of the former person group with the transmission coil which
is connected and the electromagnetic waves which occurs from minute description transmission module AC ¢ maps
which are composed with the output control department which controls a electric signal in order to sprout and. the
clectrie signal outside which is transmitled from 2| map the reception ¢oil and maximizes the electric energy which is
received the resonance for and the impedance whip %4 with circuit with charging DC all the member the low ol
converting It has the reception module which is composed of & stop circuit and it embodies the cell phone and the
remote control. MIP. PMP and PDA and it charges the maximum induction radio war potential transmitling and
receiving system and all the member in the battery of the machinery and ols whose charging is necessary with there
10 be it will be eble to prevent the accident in compliance with the broken wire and an electric leakage of {ront line. the
cow elder Lrother ¢ Lightweight the establishment is simple and charging at the time of incoming call easily. there is an
action effect which is the possibility of receiving.

Invention also, the different cffect to respect and with AC connectors accomplishing the transmission induction coil and
the minute description induction coil and resonznce, the plague scater big and have occurs the induction magnetic field

SIE
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INDUCTIVE POWER PICK-UP COILS

TECHNICAL FIELD OF THE INVENTION

This invention relates to the field of inductive power transfer for loosely coupled
combinations and in particular to means to enhance the collection of said power at the
receiving side.

BACKGROUND

Inductive power transfer is capable of providing electric power across a significant
space to often moving apparatus without a physical connection for the electricity (such
as sliding or rolling contacts). It can be carried out at low or high frequencies, in a
loosely or a tightly coupled configuration, and with or without magnetically permeable
materials.

We have described such a system in our US Patent 5,293,308 (and in the corresponding
International application filed as PCT/GB92/0220).

Advantages of the preferred loosely coupled inductive power transfer means over
various tightly coupled transfer arrangements include that:

(a) Effective transfer is possible across a larger space, thus the primary and the
secondary need not be constrained in space to move within such close limits.

(b) The larger area results in a lower peak power density or a less tightly focused
field to carry power, which is less hazardous and places less stress on components
or on incidental objects within the flux field.
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(c) The pick-up coil need not surround the primary conductor so a system can be
constructed in which a flat receiving surface containing secondary windings may
be brought near another flat surface containing one or more embedded transmitting
(primary) conductors, so permitting much freedom of movement for vehicles over
a roadway, for example.

(d) Useful power control means applied to the secondary side may be implemented
by shorting the secondary coil (which is generally a resonant inductor) without
material effect on currents in the primary side. A shorted secondary coil has little
effect on primary current flow, so unaffected primary current can reach another
consumer further from a power supply.

Exploiting the above advantages of loosely coupled inductive power transfer systems to
utilise IPT in an optimised way uncovers the inherent disadvantages between loosely
and tightly coupled systems, mainly that the available power may be limited and that
secondary pick-up coils are large, expensive, have unnecessary ohmic resistance, and
have large magnetic fields of their own when in use. Means to make the transfer
process more effective across wider gaps are required and therefore there is a need to
enhance the ability of secondary windings to collect as much of the available flux as
possible.

DEFINITIONS
IPT is used a s an abbreviation for "inductive power transfer".

A tightly coupled pair of inductors exhibit a close correspondence or ratio between
current in one and in the other. Substantially all of the magnetic flux generated by
current in one inductor is coupled to the second inductor. An example is the relationship
between windings in a power transformer. Thus a shorted turn in a typical power
transformer secondary causes large and usually damaging currents to flow in the
primary winding.

A loosely coupled pair of inductors do not exhibit a close correspondence. Only a
portion of the flux emanating from the primary conductor passes through the secondary
conductor. Changes in the induced current in the secondary inductor has only a small
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effect in the primary inductor.

A primary winding is one which generally acts as a source of magnetic flux, some of
the flux intersecting the windings of a secondary winding which then passes the power
onwards for consumption. The direction of power transfer is of course reversible. In
this specification we use the names primary and secondary to refer to the usual
direction of power flow.

OBJECT

It is an object of the present invention to provide an improved means for the transfer of
electric power across a gap by inductive means, or one which will at least provide the
public with a useful choice.

STATEMENT OF THE INVENTION

In one aspect the invention provides an inductive power pick-up means comprising a
plurality of pick-up coils mounted on a movable support said coils being spaced apart
from one another, each coil being adapted to pick-up inductive power from a primary
conductor so that each coil can act as a secondary conductor when located relative to a
said primary conductor, andl control means capable of identifying from time to time the
pickup coil or coils in best alignment with a said primary conductor, said control
means including switching means capable of switching "on" the identified pickup coil
or coils which are best sitedd to collect inductive power from a said primary conductor,
and to render functionally inactive the coil or coils (if any) which are remote from a
said primary conductor.

Preferably the control means is capable of determining from time to time the
short-circuit current available at each pickup coil.

Preferably the control means has means to measure the rate of voltage increase that
occurs when the coil is released from a shorted state.

More preferably the control means maintains those coils which are not loaded, or only
partly loaded, in a short-circuited state.
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