2 iz ound ™he circuit for whole cycles. This, homvgé,ofﬁ%lmgb
feound.to.be desirable nor useful in tuning a cir g
tuning, i-t has been found possible to vary the p aFHS GHEET HASHREEN

circulating in the resonant coil. 5 An exalipl e aRPPEAGEDR on t he
present adjustable reactance being used in fonju om wth a tuned coil is
in the application of the antenna structure disclosed in the present
applicant's US patent -.; R TAk : AP METACD used in

the sorting of airlife=Sadtege—tHt—p2 St 3
causes the t ug%mw_m antenna to become 10 detuned. There is
therefore a need to provide an apparatus which is adapted to read|ly retune
such an antenna st Thetpreseahinvesdensretaies o rasy adiystable faactange Qn_d{ﬁéd%ﬁcps.
: adapted to control reactance. In one form, the present device is adapted to
5 generate, enhance and/or control oscillating currents by virtue of reactance
control. '

In another form of the present invention has application in tuning circuits
and/or the genération and/or control of relatively high frequency currents which
circulate in a tuned coil. Another application of the present invention is in the

10 control of electric devices, such as electric motors. The present invention,
however, should not be limited to only such applications.
'BACKGROUND ART _

Large oscillating currents may be usefully employed in many commercial
applications where their ability to generate heat, provide motive power, be

15 converted to different impedance levels and/or be radiated for communication
purposes amongst other applications, and are thus considered extremely

“useful. Often oscillating currents are generated and/or controlled using tuned
circuits where the inductance and capacitance are tuned to resonate at or near
the oscillation frequency of the generating device.

20 In order to facilitate the use of large high frequency currents circulating in
a tuned coil, generation and/or control of them needs to be managed. To
efficiently generate high frequency currents in a coil, the coil must be tdned_
relatively accurately to the frequency of the currents. In this way the phenomena
of resonance can be used to enhance the coils efficiency and by nulling out the

25 coils inductive reactance.

Linear tuning methods such as varicap diodes are not usable for currents
above a few milliamperes or voltages above a few volts. Where currents of
amps or higher are involved tuning is currently ‘done by switching in discrete
value capacitors or using large ferrite slug tuners or variable plate capacitors

30 where servo motors control the mechanical position of the tuning elements.

Some prior art arrangements produce sub harmonics for signalling at

relatively low frequencies by the synchronous switching of a circuit element in
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' UIVMARY ©F | NVENT] ON To this end, the present invengd
react ance of predeterm ned 15 or variable value in [Ci
vol tage across or current in the reactance. Any ong
reactance values in a tuning el enent can be attai net=whic!

relatively high current/voltage tuned circyits. Duty cy'
truncating is preferred Truncatron within at | east one portion of a signal

cycle is also pre n { runc

Foature. The aPduler e REIE R ARGIE SYRER" g hsfeys g RBLbecn Ritd 60
second cycl e gggﬁymbmdrcﬁs@ml.mumhgac;iamﬁ present invention therefore
provides a device adapted to adjust reactance of an in. circuit ele

sai d devi ce conpri 8ynepriraliing He tupings ithas been r@mg pessibiea yary ithe ?3?'359 of
char act er i sti g, LGl Ghitbing HAHBIBLoRghiRdhd of rouit 25 el erent

5 An example application of the present adjustable reactance being used

in conjunction with a tuned coil is in the application of the antenna structure
disclosed in the present applicant's US patent No. 5258766. Where that
antenna structure is 'used in the sorting of airline baggage, the passage of a
metal brief case often causes the tuning coils of the antenna.to become
10 detuned. There is therefore a need to provide an apparatus which is adapted to
readily retune such an antenna structure and specifically for the retuning of
tuned coils.
SUMMARY OF INVENTION
To this end, the present invention provides a reactance of predetermined
15 or variable value in circuit by truncating voltage across or current in the
reactance. Ahy one of a number of reactance values in a tuning element can be
attained which are suitable for relatively high current/voltage tuned circuits.
Duty cycle control of the truncating is preferred. Truncation within at least one
portion of a signal cycle is also preferred. Synchronous truncation is a further
20 preferred feature. The truncation may still further be provided each cycle or
every second cycle eVery third ¢cycle, etc.

The present invention therefore provides a device adapted to adjust
reactance of an in circuit element, said device comprising a tuning means
exhibiting a non-linear VI characteristic electrically coupled to said circuit

25 element.
The present invention also provides a variable reactance devnce
comprising:
a reactance element; and
a truncation means coupled to said reactance element, said
30 truncation means serving to effect voltage or current conditions associated with
the reactance element.
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The present invention also provides a variable reactance device conpri sing:
asreagtance el enent; and a truncation neans coupl o.sai d. reactance

el ement, said 30 truncation means serving to eff@ctyua Eﬁ?%ﬁ%ﬁ’% nt
ED | © .rE

conditions associated with the reactance el enent SREBIAC sent
invention is predicated on the principle tigat wh £ s have
a high Qfactor they will reject harnonic currents and provide a | ow

Furthermore, the present invention provides a tuning element useful in
relatively high current/voltage tuned circuits and adapted to provide an

adjustable reactance value, said value being adjustable by duty cycle control.
Still further, the present invention provides a tuned circuit including the
5 above element and/or device. The variable reactance element, in circuit may
provide a means of frequency selection control. Where the reactance element
has a number of possible values in circuit, a range of frequency selection may
‘be controlled. ' '
The present invention is predicated on the principle that where tuned
10 circuits have a high Q factor they will reject harmonic currents and provide a low
impedance path to circulating currents at the resonant frequency. Consequently
a tuning element which exhibits a non-linear VI characteristic can function as an
effective tuning 'element where the apparent reactance is given by the
fundamental component of the VI characteristic. Harmonic components being
15 rejécted by the high Q of the resonant circuit.

Capaicitors and inductors normally exhibit linear VI characteristics and
have sinusoidal voitage and current curves when excited by sinusoidal currents
and voltage. Importantly, if segment(s) of the voltage curves over each cycle are
truncated to zero volts, or reduced, the inductor or capacitor will still exhibit an

20 effective inductance or capacitance which will depend upon the fundamental
voltage component across the inductor or capacitor.

If VF is the fundamental voltage component across the inductor/capacitor
then the effective inductance Lc or capacitance Cc is given by

Cc=Vo-C lc= VE-L
VF Vo

where Vo is the fundamental voltage across the unmodified inductance L or
capacitor C.

- As a greater and greater portion of the inductors or capacitors voltage

15 over each cycle is truncated to zero volts, or is reduced, the effective inductance
Le changes in value from L to zero whereas; the effective capacitance changes

in value from C to infinity. Truncation may be effected by dc control or switching.
The truncation may also be effected synchronously. Defining the duty cycle as
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|rrpedance path to circulating currents at the resonant frequency.
Consequent |y a tuning el enent which exhibits a no eristic

can function as an effective tuning el ement where tmsmwems BEEN tlance i s
gi ven by the fundanental conponent of the VI charQfct erimggrICACEEAr noni

conmponents being 15 rejected by the high Qgof the ' i S
Capacitors and i nductors nornmally exhibit I I near VI characteristics and

have sinusoi dal vo|tage and;current rve en e ci.te ' oi.dal
currents and 1§ fatig oft Wtﬁattpy?nq'ﬁy%gﬁae%ﬁ'@g)e g“&é! ?LS@E W R er
each cycle arﬁo‘vfdé@a“h‘?éhﬁéjoleﬁfééﬂé@hirél ofShdLEAHESs &r chbécutambectldrgmefr ciency
capacitor will still exhibit an 20 effective inductance or, capacitance

wmd ch will depperatiomoat thighf voitagesand curmeats: is passikiat usingolow t resistance
i nduct or or capacit | f t .
the i nduct or | SEBIROIEFIc ifties b MUSFRTSE, Thedd sbAL SRR idRlpes

i's given by suited to the application and need only operate as a high speed switch.

Alternatively the sharp onset of saturation in a magnetic core can be used
to provide the truncation of inductor voltage to zero. A voltage fed to the core
serves to vary the onset of core saturation and therefore the level of truncation.
Above saturation the dynamic impedance of an inductor is very low and the

10 inductor voltage will be nearly zero. Below saturation the voltage across the
inductance will be high because of the high core inductance. Such a method is
useful where very high voltages are present and semiconductor switches are
insufficiently rated. A penalty of the saturation system is the losses in the core
material. |

15 In one embodiment it should be noted that the effective reactance of an
inductance or capacitance can be controlled by either synchronously shorting
the element or by open circuiting the element from the circuit. The duty cycle of
a parallel synchronous switch which periodically shorts the capacitor or inductor
should preferentially close when the voltage is zero.

20 Any suitable switch means may be used to either short or open circuit the
element in the circuit.

A series connected synchronous switch which periodically open circuits a
capacitor or inductor from the circuit should preferentially open when the current
is zero. .

25 The parallel implementation reduces the effective reactance with the
closure of the switch whereas the series implementation increases the effective
reactance with the opening of the switch.

By varying the opening or closing duty cycle, the effective reactance, as
"seen" by the circuit or tuned coil, of the element can be varied.

30 For example with reference to the parallel implementation, where a
switch is provided in parallel with a capacitor, when the switch is open, current
flows through the capacitor, but the current bypasses the capacitor when the
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[ érF]*where Vo.is the-fundamental voltage across the unnodi fi ed

L:or- gapacitor C. As a greater and greater portion of the
capacitors voltage 15 over each cycle is truncated
reduced, the effective inductance Le changes in val
whereas; the effective capacitance changesg n val uelfr

—’t’O‘ i nf'l nity.

Truncation may be effected by dc control or sw tching”™ “The truncation may

al so be eff ecévegchSstcC:Irc])ggg.o Lj'Is'l'llél eﬁE&f.Je“v&%e or}ethgucébacﬁgll EaR'be varted WhelE the
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magnitude of the fundamental component of voltage cross switch is adjusted
independently of the current flowing through it. Thus, by shorting the switch
periodically, the fundamental component of voltage across the capacitor
appears to be lower. In this way, the effective size of the capacitor appears to
be larger than it actually is. '

Preferred embodiments of the present invention will now be described
with reference to the accompanying drawings where :

Figures 1, 2, 3, 4, 6 and 7 show inductive embodiments.

Figures 5, 6 and 8 show reactor embodiments.

Figures 9, 10, 11 and 12 show capacitive embodiments.

In the embodiments referred to, the duty cycle is variable over one portion
or any number of portions of each period (cycle).

In another form, the reactance element is switchable between relatively
high or low Z states or shorted out.

To improve the current(s) within the coil(s), each coil pair is tuned to
resonance or near resonance at an operating frequency. Accurate tuning of the
coil(s) provides for more efficient operation. Control of the resonate frequency
may be provided by using a variable inductor, saturable reactor or variable
capacitor in series or parallel with each coil or coil pair.

Induictance is varied by a dc current. Phase sensing circuitry may monitor
the current within the coil pairs and produce a dc current for controlling the
variable inductor. Control of the phase of the currents circulating in the coils
may be achieved by the phase means. A signal source of required frequency
and phase drives each coil pair. The variable inductor enables each coil to be
tuned to resonate at substantially the same frequency. The variable inductor
may also provide compensation for fluctuations in coil tuning caused by time,
temperature, object proximity, etc. Figure 1 shows two series configurations and
Figure 2 shows two parallel configurations incorporati.ng a variable inductance
for controlling resonant frequency.

With reference to Figures 1 and 2, Lc1 and Lc2 are the two coils used to
generate the magnetic field along an axis, Ct is the tuning capacitance and Lv is
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10 “» " REPLACEMENT. SHEET ADJUSTABLE REACTANCE DEVI CE AND METHOD FI ELD OF

I NVENJT ON The present invention relates to an adj eact ance and/ or
device adapted to control reactance. In one form ([t meispsiasaY, -Gejji s
adapted to generate, enhance 5 and/or control oscifll atingp%}ég%ﬂssﬁb
virtue of reactance control. 6
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the variable inductance. It is understood that these configurations may also
apply if only one or more than two coils are used.

A small value resistance or current transformer coupled in series with the
tuned circuit can sense the phase of the coil's current. A phase detector can
compare'the current's phase and the input signal's phase, the output of which
can be filtered and provide a dc control current for use by the variable
inductance. This system is not a phase locked loop, rather it is a phase
feedback loop. Figure 3 shows a schematic of this type of system and an
example circuit implementation thereof is shown in Figure 4. '

The variable inductance may preferably be made from two anti-parallel
magnetically isolated coils. Figure 5 shows this in stylised form. Two high
permeability cores act as magnetic paths for the flux generated by coils L1 and
L2. These coils are wound so that their fluxes are oppositely directed through
the control winding Lc. L1 and L2 have the same number of turns. Since they
are wired in parallel, they both have equal voltages across them, therefore, the
rate of change of flux in their respective toroid cores is substantially identical.
Consequently, the total flux change in the control winding is substantially zero
and little, if any, voltage is induced into the control winding, even when
substantial currents flow through L1 and L2. ‘Passing a dc current through the
control winding pre-biases the cores with oppositely directed fluxes. During one
half of the ac cycle, the dc flux opposes the ac flux in one core while it aids it in
the other core. During the second half of the cycle, the ac flux reverses direction
and aids the dc flux in the first core while opposing it in the second core. This
repeats for each cycle. If the flux in the core with aiding flux exceeds the
saturation level, then the dynamic permeability becomes very small and the
inductance of the coil wound onto the core is reduced. The inductance of the
system is substantially the parallel inductance of L1 and L2. Hence, the
inductance becomes very small. While the inductance may not be constant over
a cycle, the modification of the coil's resonant frequency depends upon the
average inductance per cycle of the variable inductor. Various waveforms for
the variable inductor are shown in Figure 6. When either L1 or L2 saturates,
their inductance becomes véry small and the voltage across them becomes

\
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| n " anot her fQrm of the present invention has applic thon in tuni ng circuits

and/-or. t‘he generation and/or control of relatively hﬁ% L e ents
which circulate in a tuned coil. Another applicati oy

invention is in the control of electric devices, s rs.
The present invention, however, should notzbe 10 l|imted to on

pr es¢ y
applications. BACKGROUND ART Large oscillating currents may be usefully

hont - br ovi ceamast 28 adtctie ts ey 3%, oradBLingdied tdr'a Htefta iAo
and/ or be r adinaguebritO'Extaiting tiseundanantal coasponent gf volldge atross the inductor

applications, and are thus considered extrenmely useful, Oten cilj ati
currents are ipsrefixed Sinysoidal %Fﬁmdvl'legﬂv%§mﬁ1&¥'ﬁ%‘é%' uctanges aﬁi@r%#?ﬂeonfg

| nduct ance_angi RBPRGHHAREIoRAEId AHaldl bF 1R AGHY ablorGPMhelibReaTRIL! A on

frequency of generating
5 the dc control current is increased, the effective inductance is reduced from a

maximum unsaturated core value to that of paralle! air cored inductors.

- The preferred arrangement works well in the series connected case as
shown in Figure 1. In this configuration, a small inductance with a large control
range may provide adequate control of the tuned coil pair resonant frequency.

10 Adequate control, of course, is dependent upon the overall 'system's particular
application. ' |

Tﬁe parallel case as shown in Figure 2 may require a large parallel
inductance with a small control range to adequately control the resonant
frequency. This may be achieved by placing a large fixed inductance in series

15 with a smaller variable inductance, as shown in Figure 7. A standard
transformer core can also be used to construct a variable inductance, as shown
in Figure 8. The rate of change of flux through the centre leg from L1 and L2 is
constrained to substantially zero by the anti-parallel connection of L1 and L2.
Consequently, relatively no ac voltage is coupled into the control winding Lc.

20 If ac voltage couples into the centre leg because of uneven winding of L1
and L2, then an inductance in series with the control winding will alleviate any
upset in the control dc circuitry from this ac voltage.

Figure 9 shows a variable capacitor used to control the coil pair resonant
frequency. The capacitance is varied by controlling the duty cycle of the switch

25 closure S1. .

With reference to Figure 10, when the voltage across capacitor C in

Figure 9 is zero (1) switch S1 closes and stays closed for period I where upon it

. opens. The capacitor C is charged for the remainder of the cycle by the coil
current. When the capacitor voltage is next zero (t2) the switch again recloses

30 forI. The cycle is then repeated. The effective capacitance of the switch
capacitor combination varies from the full capacitance C when the switch is
always open to infinite capacitance when the switch is always closed.
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In~order to faciljtate the use of |arge high frequency currents C|rculat|ng
in a-20 -tuned coil, generation and/or control of iisss=meess—to be un aged.
To efficiently generate hi gh frequency currents in
tuned relatively accurately to the frequency of the curréﬁPkAcED t hi s|f way
the phenomena of resonance can be used to eghance tfe——<¢ S=eT efncy and
by nulling out the coils inductive reactance. Linear tunlng nmet hods such as

vari cap di odes are ot usabl e urrents 25 abov r
vol tages above a f WBYUaSt g? %‘H:ng @?ﬂwm cﬂ’aﬁlfﬁ.‘?i &P\(ﬁ %&ﬁé a‘#e °nV %'fa%eg
tuning is currepbhsoforhelic ﬁ&ﬂég‘&aé}‘éssfc Yafes aith thel switchipgduty cgclerinitheng
large ferrite sfug tuners or variable plate capacitors where servo notors

control the nuifcaitishewrpinsFigue 187 EhecCireuit shpwn imFEiguse 12059res Retosufiarifrom
arrangemnent s hoduce sub harnonics for signalling at relatively 30 |ow
frequencies b Bhe synchronous switching of a circuit element in and out of

the circuitgfor whohg cewample Thipplidmtimavein hehichot thresn ftooed teoite are

desirabl e nor useful
delivering/generating magnetic fields in the three geometric directions is

baggage identification tags on a conveyor system. Each coil is tuned at or near

the frequency of operation.
As tags are passed through the coils they are programmed by frequency
10 shift keying the magnetic fields. For efficient operation the coils have high Q's
and are normally not amenable to FSK modulation, however if they are actively
tuned using variable reactance(s) then they may be relatively instantaneously

returned to the instantaneous frequency of the FSK signal.
Moreover as metal objects pass through the coils, the tuning will be

15 changed. Thus, the resonant frequency must be adaptively altered as the coils

are operated.
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imt-uning a gircuit. By controlling the tuning, it has been found possi bl e
to vary the phase of currents circulating in the resonant coil. 2 An
exanpl e application of the present adjustable reactance being in

conjunction with '1 " n the application

structure discl osE",mm mm mgm Applicarg's US pat gAts %E%‘Zé%%“ |
t hat ant enna strucfur‘e i's Ised it the sorting of air i ne gy &D
passage of a neta f case often causes the 5 t Ui TS of the
antenna to becone d. There is therefore a need to provide an

apparatus which is adapted to readily retune such an antenna structure and

1. A device adapted to adjust reactance of an in circuit element, said device
comprising a tuning means exhibiting a non-linear VI characteristic electrically

coupled to said circuit element.

2. A variable reactance device comprising:

a reactance element; and

truncating means coupled to said reactance element, said
truncating means serving to effect voltage or current conditions associated with
the reactance element. '

3. A tuning device adapted for use in relatively high current/voltage tuned
circuits and adapted to provide an adjustable reactance value, said value being
adjustable by truncation of voltage across or current in a reactance element.

4, A device as claimed in claim 3, wherein the value is duty cycle controlied.

5. A device as claimed in claim 2 or 3, wherein the truncating of voltage or
current occurs in at least one portion of a cycle. |

6. An element as claimed in claim 3 or 4, wherein the value is increased.
7. An element as claimed in claim 3 or 4, wherein the value is decreased.

8. A device as claimed in claim 2 or 3, wherein the truncation means is a
switch.

9. A device as claimed in claim 2 or 3, wherein the truncation means is a
magnetic core adapted to receive a signal for determining the onset of
saturation.
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specifically for the retuning of tuned coils. SUMMARY OF I NVENTI ON To this

var  apl'e var of INNOH BTN uncs Vol Page ac 822

react ance. Any "oné of a"nuhrber of reactance val ues in [ el 6l BIPEPREN gin

be attained which are suitable for relativedy high cur ey a0
circuits. Duty cycle control of the truncating is preferred. Truncatior

L0 5 L5, i iy i} 49 PRy oo

“Synchronous truhcation 1s a er preférre re. e truncation may
15 still further be provided each cycle or every second cycle every third

cycle, etc. The present inveption.therefore provjdes a, devi.ce adapted to
adj'ust reactaide os‘ &Y"F%a%icraéﬁ‘?ﬁ '%Icgﬁhé)', nglieén h@vfe@é’tmﬁiaé\ Wgﬁﬁteaﬂ?ﬁi ng
means exhibiting a non-linear VI characteristic electrically coupled to

said circuit element. The present invention also provides a variable
react ance devil@e cAmmethxidhof providing a reactance of variable value in circuit, comprising

truncating voltage across or current in the reactance in at least one portion of a
signal cycle.

\
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20"+ ' a reactance-el ement; and truncati ng means coupled to said
reactance el enent, said truncating neans serving to effect voltage or

current conditions associated with the r¥actance r.r‘ sherein the
truncation means is a switch. Furthernore, the pregeftisigiyentl o0 des a
“OTr—FrEaE Lpl ed

hi gh current/voltae tunable 25 circuit 2 firRERE g8
device; a second reactance device (C); and a truncatroi
to said second reactance device (C); characterised in that said truncation

means (S1) is adaptRé présértripphicatidredidelosestsroadjastable reactance, eand ardeviced
second reactance devijce : and a control neans is connected to said

O:
truncation nefﬂﬂ@(‘gﬂ?}linﬂdf‘eéﬁl%ﬁﬁf&a%eati on of said truncation means
(S1) in response tobnpNLAbA 44 GappitidbfiBh E@Mng circuits and the control of

electrical devices, such as electric motors.
The invention, in particular, discloses an apparatus and method for the
truncation of voltage across or current through a reactance element.
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mhéréfh-the operation‘of said truncation nmeans (S1) varies the voltage
across. or current in said second reactance device (C), thereby varying the

ef fecti've reactance 3 value of said second reactance devi ce whereby
tuning is effected by the effective reactance value of said second

react ance device (C). Still further, the sent invention provides a

nmet hod of tuning a first reactance 5 dev gzﬁconprising: appl ying a second

react ance device (G-+4 0 gaid first reactance device; characterised in that
t he vol tage across lggu £nt in said second reactance
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devi ce ('C) Is tryuncated to theréby vary the effective reactance val ue of

sai d feactance device (C); 10 whereby said first reactance device is
tuned in response to the effective reactance value of said second reactance
device (C. Still further, the present invention provides a variable

react ance device conprising: a reactanc /5\” ce (©O; and 15 a
truncation neans (SI) is coupled to saiﬁ actance device (O);

characterised in that said truncation neans (S1) is adapted to control the
vol tage across or current in said reactance device (C); wherein the
operation of said truncation neans (S1) varies the voltage across or
current in said reactance device (C, thereby varying the effective

react ance val ue 20 of said reactance device (O).

POWER POWER VARIABLE
COow — COIL INCUCTOR. [+
DRWER | -

Fig 3.

PHASE
DETECTOR

AMPLIFIER

AND LOOP
FILTER

TUNED COIL

A Fig 4.

TO CONTROL WINDING
>—_—comr>AmDR5"

—[

- e

2 OPERATIONAL

+ AMPLIFIER
%’ PHASE CONTROL.




Th& pfesent invention is predicated on the principle that where tuned
cirewits have a high Q factor they will reject harnonic currents and
provi‘de a | ow i npedance path to circulating currents at the resonant
frequency. Consequently a tuning el ement which exhibits a non-linear VI
characteristic can function as an effecki tuning 25 elenent where the
apparent reactance is given by the fun tal conponent of the VI
characteristic. Harnonic conponents being rejected by the high Q of the
resonant circuit. Capacitors and inductors normally exhibit |inear Vi
characteristics and have sinusoidal voltage and current curves when excited
by 'si nusoidal currents and 30 voltage. Inportantly, yf segnent(s) of the
vol tage curves over each cycle are truncated to zero volts, or reduced, the
i nductor or capacitor wll still exhibit an effective inductance or

capaci tance which wi Il depend upon the fundanental voltage conponent across
the i nductor or capacitor.

Fig 5.
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If”TéTr] I's the fundahental voltage conponent across the inductor/capacitor
then~. 4 the effective inductance Lc or capacitance Cc is given by [err]
where Vo is the fundanental voltage across the unnodified i nductance L or
capacitor C. As a greater and greater portion of the inductors or
capacitors voltage over 5 . each cycle i uncated to zero volts, or is
reduced, the effective inductance Le chéiééé in value fromL to zero
whereas; the effective capacitance changes in value fromCto infinity.
Truncation may be effected by dcAMR®rol or switching. The
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t rencation may al.so bé effected synchronously. Defining the duty cycle as
the rAtio of truncated to undi sturbed voltage then control of the duty
cycl e provides a neans of 10 linear control of inductance or capacitance.
H gh efficiency operation at high voltages and currents is possible using
| ow resi stance sem conductor switches s Jgias MOSFETS. These sort of
devices are ideally suited to the applify: on and need only operate as a
hi gh speed switch. Alternatively the sharp onset of saturation in a
magnetic core can.be used to 15 provi de the truncation of inductor
voltage to zero. A voltage fed to the core serves to vary the onset of core
saturation and therefore the |evel of truncation. Above saturation the
dynam ¢ i npedance of an inductor is very |low and the inductor voltage wll
be nearly zero. Bel ow saturation the voltage across the inductance wll be
hi gh because of the high core inductance. Such a nethod is useful where
very high 20 vol tages are present and sem conductor switches are
insufficiently rated. A penalty of I;igg’7
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t He§aturation systemis the losses in the core material. In one embodi ment
i1 should be noted that the effective reactance of an inductance or
capaci t ance can be controlled by either synchronously shorting the el ement
or by open circuiting the element fromthe circuit. The duty cycle of a
paral l el 25 synchronous swi tch which Fodically shorts the capacitor or
i nductor should preferentially close mhéﬁashe voltage is zero. Any suitable
switch nmeans may be used to either short or open circuit the elenment in the
circuit. A series connected synchronous swi tch which periodically open
circuits a 30- capacitor or inductor fromthe circuit should
preferentially open when the current is zero. The parallel inplenentation
reduces the effective reactance with the cl osurePing 9

T
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5 the switch whereas the series inplenentation |ncreaes the effective
reactance with the opening of the svmtch By vary cl osi ng
duty cycle, the effective reactance, as "seen" by ']ISHE‘T'ned
coil, of the elenment can be varied. 5 For arrpl e wWth—tej ef ence to
the parallel inplenmentation, where a switch is pyoyi c%g ﬁgzl el with a
capacitor, when the switch is open, curfrfent flows [hr gw]x 3 itor,
but the current bypasses the capacitor when the pw } )
effective value of the capacitor capgetTRAcTed where the nagnitud

fundanment al conponent of voltage cross swich is adjusted—Tndependent!|y of
the current flowing 10 through it. Thus, by shorting the switch

periodically, the T pIRIEPABI E°RERUYANCE DEVICE AND METHOD

The present application discloses an adjustable reactance, and a device
for controlling the value of a reactance.

The invention has application in tuning circuits and the control of
electrical devices, such as electric motors.

The invention, in particular, discloses an apparatus and method for the
truncation of voltage across or current through a reactance element.

Figure 10.

8:\doc\9600062.hl



A/ol"t'age across the capacitor appears to be lower. In this CQIDUJ
effective size of the capacitor appears to be Iarger than it ac ua ly |
Preferred enbodi ments of the present invention wll nom/be

reference to the acconpanyi ng drawi ngs where: 15 res 1 3, 4,
6 and 7 show inductive enbodi nents. Figures 5 6 and 8 sh chtonﬁey
enbodi nents. Figures 9, 10, 11 and 12 sha@w capacitive enbodi hents

enbodi ments referred to, the duty cycle is variable over one portion or any
nunber of pEnd owref the it fpemmue tyslese)This;however, has notabedm fourfdtome t he

t ebetwee relatively high or low Z states or
;ﬁgft chgufde%ﬁpémerr%ﬁ @%éfi'ﬁ &J"l‘r}%ﬁtcﬂ@)’ within the coil (s), each coil pair
is tuned to rescssaaaﬁtranmmﬁé ARG BlerPfounB oIl td VAR B Phad BF" at €

tuning of the coil( PrOVI
currents cnrcula ing in the resonant coil.

5 An example application of the present adjusiable reactance being used
in conjunction with a tuned coil is in the application of the antenna structure
disclosed in the present applicant's US patent No. 5258766. Where that
antenna structure is used in the sorting of airline baggage, the passage of a
metal brief case often causes the tuning coils of the antenna to become

10 detuned. There is therefore a need to provide an apparatus which is adapted to

readily retune such an antenna structure and specifically for the retuning of
tuned coils.

SUMMARY OF INVENTION
To this end, the present invention provides a reactance of predetermined
15 or variable value in circuit by truncating voltage across or current in the
reactance. Any one of a number of reactance values in a tuning element can be
attained which are suitable for relatively high currentivoltage tuned circuits.
Duty cycle control of the truncating is preferred. Truncation within at least one
portion of a signal cycle is also preferred. Synchronous truncation is a further
20 preferred feature. The truncation may still further be provided each cycle or
every second cycle every third cycle, etc.- i
The present invention therefore provides a device adapted to adjust
reactance of an in circuit element, said device comprising a tuning means
exhibiting a non-linear VI characteristic electrically coupled to said circuit
25 element.
The present invention also provides a variable reactance device
comprising:
a reactance element; and
-a—truReatien-means coupled to said reactance element, said

30 truncation means serving to effect voitage or current conditions associated with
the reactance element.
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efficient operation. Control of the resonate frequency may be

by 25 using a variable inductor, saturable reactor or variable

in series or parallel with each coil or coil pair. Inductance is
varied by a dc current. Phase sensing circuitry may nonitor the current
within the coil pairs and produce a dc gurrent for controlling the variable

Control of the phase of the ¢

The present invention is predicated on the principle that where tuned
circuits have a high Q factor they will reject harmonic currents and provide a low

impedance path to circulating currents at the resonant frequency. Consequently
a tuning element which exhibits a non-linear VI characteristic can function as an
effective tuning element where the apparent reactance is given by the
fundamental component of the VI characteristic. Harmonic components being
rejected by the high Q of the resonant circuit.

Capacitors and inductors normally exhibit linear VI characteristics and
have sinusoidal voltage and current curves when excited by sinusoidal currents
and voltage. Importantly, if segment(s) of the voltage curves over each cycle are
truncated to zero volts, or reduced, the inductor or capacitor will still exhibit an
effective inductance or capacitance which will depend upon the fundamental
voltage component across the inductor or capacitor. )

If VF is the fundamental voltage component across the inductor/capacitor
then the effective inductance Lc or capacitance Cc is given by
Cc=Vo-C lc= VE- L

VF Vo

where Vo is the fundamental voitage across the unmodified inductance L or’
capacitor C.

As a greater and greater portion of the inductors or capacitors voltage
over each cycle is truncated to zero volts, or is reduced, the effective inductance
Le changes in value from L to zero whereas; the effective capacitance changes
in value from C to infinity. Truncation may be effected by dc control or switching.
The truncation may also be effected synchronously. Defining the duty cycle as

rrents circulating in the coils may
be achi eved 30 by the phase neans A S|gnal sour ce of reqU|red frequency
and phase ~grveghs ; RV-erdion AiRg : SR



6" parallel configurations incorporating a variable induct n for ci
gontr.olling resonant -frequency. Wth reference to Figures 1 and 2, Lcl and
Lc2 are the two coils used to generate the magnetic field along an axis, O
is the tuning capacitance and Lv is the 5 variable inductance. It is
understood that these configurations may also apply if only one or nore
than two coils are used. A small val ue¥resistance or. current transfornmner
coupled in series with the tuned circuit can sense the phase of the coil's
current. A pGhdM$tector can conpare the current's phase and the input
signal's phase, the output of which can be filtered and 10 provi de a dc
control current for use by the variable inductance. This systemis not a
phase | og ; SV TMETE ST S WV ST VoW J=Y= V- 1> RSN nSrrieR I Y

schematic of o o . .




thrs type of systemand an exanple circuit inplenentation thereof is shown
#+n Figure 4. The variable inductance may préeferably be nmade fromtwo
anti-parallel 15 magnetically isolated coils. Figure 5 shows this in
stylised form Two high perneability cores act as magnetic paths for the
flux generated by coils L1 and L2. Thesggoils are wound so that their
fluxes are opposrtely directed through the control winding Lc. L1 and L2
have the sa f S. i [ .the bot h
have equal "V ges acruoss thnent:  vier 4 [ ~or e oot | ux
in their respective torord cores is substantrally |dent|cal Cbnsequently,
the total fl ux change in the control mrndlng i's substantlally zero and
little, i , e 2 B o pheinreeionaesissuete
substantial currents flom1through L1 and L2 Passrng a dc current through

the control mnndrng pre bi ases the cores wi th oppositely drrected quxes
During ona - POl ; plepSiGisheaive




@5""'fl ux in one core while it aids it in the other corg Eﬂg‘hgmsmrd

hal f of the cycle, the ac flux reverses direction and g
the first core while opposing it in the second core. Thi g4 repeats for gag
cycle. If the flux in the core with aidihg flux exceedd the0S@BQT 4998n

| evel , then the dynam c perneability becones very smalll 4nd the induct fnge

of the coil wound Rngggmm_ce ensagrdg-oﬁwgmdnmmemgme 30
systemis substantia e paralTel 1 nductance of L1 and L2 Hence. the
i nduct anEE&.QM&an&I |. Wile the inductance may not be constant
over a cycle, Lfs i i L.

upon ¢ he- aver T8 gkt e@hicilrettekiif dipaliuSiebfe Poance SAHRS iR BB aRed
wavef or nip éentrdlireastanceblle anedfocmptheapresenbdevice iSiagaptedsio génerate,ténhance

or L2 saturates, their inductance becqnes, ver
-5 and/or contro oscnllatpng currents by \ﬁlptue of reactance control.

In another form of the present invention has application in tuning circuits and/or

the generation and/or control of relatively high frequency currents which circulate in a

tuned coil. Another application of the present invention is in the control of electric

devices, such as electric motors. The present invention, however, should not be
10 limited to only such applications.

BACKGROUND ART _

Large oscillating currents may be ugeful'ly employed in many commercial
applications where their ability to generate he%t; provide motive power, be converted
to different impedance levels and/or be radiated for communication purposes amongst

15 other applications, and are thus considered extremely useful. Often oscillating
currents are generated and/or controlled using tuned circuits where the inductance
and capacitance are tuned to resonate at or near the oscillation frequency of the
generating device.

In order to facilitate the use of large high frequency currents circulating in a

20 tuned coil, generation and/or control of them needs to be managed. To efficiently
generate high frequency currents in a coil, the coil must be tuned relatively accurately
to the frequency of the currents. In this way the phenomena of resonance can be used
to enhance the coils efficiency and by nulling out the coils inductive reactance.

Linear tuning methods such as varicap diodes are not usable for currents

25 above a few milliamperes or voltages above a few volts. Where currents of amps or
higher are invoived tuning is currently done by switching in discrete value capacitors
or using large ferrite slug tuners or variable plate capacitors where servo motors
control the mechanical position of the tuning elements.

Some prior art arrangements produce sub harmonics for signalling at relatively

30 low frequencies 'by the synchronous switching of a circuit element in and-out of the
circuit for whole cycles. . This, however, has not been found to be desirable nor useful
in tuning a circuit. |

By controlling the tuning, it has been found possible to vary the phase of
currents circulating in the resonant caoil. |
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7 sral | and the vol tage across them becones al nost zerp. In ucta
define by the voltage induced for a rate of change in fuf ct
t he 'fundamental conponent of voltage across the inductpr for gﬁxyg

sinusoi dal current will give the effectie inductance.| Theeffeet
harmonic terms is attenuated by the filtering action df_5 t he tuned

coils. As thecheggﬁ‘ﬁ Ié’la caf8h & StH@EF%itT‘iﬁdadﬁ@fhlﬂéflﬁﬁbté&é B

reduced froma nBXI turate cor e to that of parallel air cored
i nduct oreonjmhenqm mﬁmramahed caihisincthe applicatioaiaf the antenna piructuge fisciesad in

case as own in t.h s U

| ar ge coﬁl 'reﬁle&hé‘@% é %@ebﬁgéug?é%ﬁt rgﬁh?ﬂ%{e&l’ H(%%‘ '%Slgyﬂrééa :
resonant jif ffRASEAMY: oN@Wbagg [ ible, péssageoéf atmetada brie$ cdsemittencammthehe
overall system s particular a i cation rall el e as sh

i gurS. 2tunipg cofsiof dhe AneTna BabRGPER JeIBEandIoTRils IhS/elor & NEaR povise

to adequghel¥ngfihs WhichCis' 88PN td 'T8EHMP F¥tunE'sBichBain Rghtenna structure and
specifically for the retuning of tuned coils.
SUMMARY OF INVENTION
To this end, the present invention provides a reactance of predetermined or
10 variable value in circuit by truncating voltage across or current in the reactance. Any

one of a number of reactance values in a tuning element can be attained which are
suitable for relatively high current/voltage tuned circuits. Duty cycle control of the
truncating is preferred. Truncation within at least one portion of a signal cycle is also
preferred. Synchronous truncation is a further preferred feature. The truncation may
15 still further be provided each cycle or every second cycle every third cycle, etc.
The present invention therefore provides a device adapted to adjust reactance
of an in circuit element, said device comprising a tuning means exhibitihg a non-linear
VI characteristic electrically coupled to said circuit element.
The present invention also provides a variable reactance device comprising:
20 a reactance element; and :
truncating means coupled to said reactance element, said truncating means
serving to effect voltage or current conditions associated with the reactance element
wherein the truncation means is a switch. |
Furthermore, the present invention provides a high current/voltage tunable
25 circuit comprising: |

a first reactance device;

a second reactance device (C); and

a truncation means (S1) coupled to said second reactance device (C);

characterised in that said truncation means (S1) is adapted to control the
30 voltage across or current in said second reactance device (C); and-

a control means is connected to said truncation means (S1) to contirol the

operation of said truncatlon means (S1) |n response to inputs to said control means;

wherein the operation of said truncatlon means (S1) varies the voltage across

or current in said second reactance device (C), thereby varying the effective reactance




achi'eved by placing a large fixed inductance in se ‘@EMENTM

vari abl e i nductance, as shown in Figure 7. A stand ~dareforET Jcor e can
al so be used to 15 construct a variable inductange sh n fFipure 8.
The rate of change of flux through the c8ntre | eg r Qﬁﬁﬁﬁ. I B
constrained to substantially zero by the anti- par Cnnnprfln. of L1

and L2. ¢Q06 A% S¥coric teddidfee dB¥icaqeoyol tage is oupl ed into the cpntrol
wi ndi ng ﬁ—m—c—mrm'gﬂmgra—m% centre keg—beeatwse—gf—neven
wi ndi ng of Liwhetelyo tuning is; adected byndbetqm@wnrmamemalue said secand

wi ndi ng @ ! E;Igéu ﬁggg?ny upset in the control dc circuitry fromthis ac
vol t age. a vari abl e capacitor used to control the coil pair
resonant freqSthdyrthdih¢he presartdneention provides aymethodrafl tuning a Hiestdueagtanas e
of the svmtch Closur.e sI. 25 WTtTh reference to Figure 10, when the

vol t e deYise s ®M8or Cin Figure 9 is
applying a second reactance device (C) to said first reactance device;

characterised in that the voltage across or current in said second reactance

device (C) is truncated to thereby vary the effective reactance value of said reactance
device (C);

10 .whereby said first reactance device is tuned in response to the effective

reactance value of said second reactance device (C).
Still further, the present invention provides a variable reactance device

comprising:
a reactance device (C); and

15 a truncation means (S1) is coupled to said reactance device (C);
characterised in that said truncation means (S1) is adapted to control the

voltage across or current in said reactance device (C);
wherein the operation of said truncation means (S1) varies the voltage across

or current in said reactance device (C), thereby varying the effective reactance value

20 of said reactance device (C).
The present invention is predicated on the principle that where tuned circuits
have a high Q factor they will reject harmonic currents and provide a low impedance

path to circulating currents at the resonant frequency. Consequently a tuning element
which exhibits a non-linear VI characteristic can function as an effective tuning
25 element where the apparent reactance is given by the fundamental component of the
VI characteristic. Harmonic components being rejected by the high Q of the resonant
circuit.
Capacitors and inductors normally exhibit linear VI characteristics and have
sinusoidal voltage and current curves when excited by sinusoidal currents and
30 voltage. Importantly, if segment(s) of the voltage curves over each cycle are truncated
to zero volts, or reduced, the inductor or capacitor will still exhibit an effective
inductance or capacitance which will depend upon the fundamental voltage
component across the inductor or capacitor. |
If VF is the fundamental voltage component across the inductor/capacitor then
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where Vo is the fundamental voltage across the unmodified inductance L or capacitor
C.

As a greater and greater portion of the inductors or capacitors voltage over
each cycle is truncated io zero volts, or is reduced, the effective inductance Le
changes in value from L to zero whereas; the effective capacitance changes in value
from C to infinity. Truncation may be effected by dc control or switching. The
truncation may also be effected synchronously. Defining the duty cycle as the ratio of
truncated to undisturbed voltage then control of the duty cycle provides a means of
linear control of inductance or capacitance. High efficiency operation at high voltages
and currents is possible using low resistance semiconductor switches such as
MOSFETS. These sort of devices are ideally suited to the application and need only
operate as a high speed switch.

Alternatively the sharp onset of saturation in a magnetic core can be used to
provide the truncation of inductor voltage to zero. A voltage fed to the core serves to
vary the onset of core saturation and therefore the level of truncation. Above
saturation the dynamic impedance of an inductor is very low and the inductor voltage
will be nearly zero. Below saturation the voltage across the inductance will be high
because of the high core inducfance. Such a method is useful where very high
voltages are present and semiconductor switches are insufficiently rated. A penalty of

* the saturation system is the losses in the core material.

25

30

In one embodiment it should be noted that the effective reactance of an
inductance or capacitance can be controlled by either synchronously shorting the
element or by open circuiting the element from the circuit. The duty cycle of a parallel
synchronous switch which periodically shorts the capacitor or inductor should
preferentially close when the voltage is zero.

Any suitable switch'means may -be used to either short or open circuit the
element in the circuit.

A series connected synchronous switch which periodically open circuits a
capacitor or inductor from the circuit should preferentially open when the current is

zero.
The parallel implementation reduces the effective reactance with the closure of



An éxanpl e application in which three tuned f-at-t-aganagnet i c

fields in the three geonetric directions is bagga RLACEMENT & ags on
a conveyor system Each coil is tuned at or near [hE Trequency of
operation. As tags are passed through th& coils the by
frequency shift 5 keyi ng -the magnetic fields. Fpr eﬁsggéﬁ?ggp ration the

coils ha‘}‘rfe H\{ﬂﬂh Wierddd tRBCsgH (PI&nié‘Ntat%FPﬂﬂ% ce with

however ey are actively tuned using variabl e}l reactance(s) then they
may be r theaopenring ertbe§mlf§heously returned to the Thstantaneous Trequency

of the FSK 5| nal ver a t t | "
t uni ng will cm@got % @enuﬁgﬁcﬂ%@bgg{)@cﬂﬁs@p e%ﬁ%??/ ﬁr?u a?%b as Easn
adapt i veby tﬁé theait or turidtbcoiRidf Sheelemgrstraencbe varied.
5 For example with reference to the parallel implementation, where a switch is
provided in paralle! with a capacitor, when the switch is open, current flows through

the capacitor, but the current bypasses the capacitor when the switch is closed. The
effective value of the capacitor can be varied where the magnitude of the fundamental
component of voltage cross switch is adjusted independently of the current flowing

10 through it. Thus, by shorting the switch periodically, the fundamental component of
voltage across the capacitor appears to be lower. In this way, the effective size of the
capacitor appears to be larger than it actually is.

Preferred embodiments of the present invention will now be described with
reference to the accompanying drawings where :

15 Figures 1, 2, 3, 4, 6 and 7 show inductive embodiments.

Figures 5, 6 and 8 show reactor embodiments.

Figures 9, 10, 11 and 12 show capacitive embodiments.

In the embodiments referred to, the duty cycle is variable over one portion or
any number of portions of each period (cycle).

20 In another form, the reactance element is switchable between relatively high or
low Z states or shorted out.

To improve the current(s) within the cqil(s), each coil pair is tuned to resonance
or near resonance at an operating frequency. Accurate tuning of the coil(s) provides
for more efficient operation. Control of the resonate frequency may be provided by

25 using a variable inductor, saturable reactor or variable capacitor in series or parallel
with each coil or coil pair.

Inductance is varied by a dc current. Phase sensing circuitry may monitor the
current within the coil pairs and produce a dc current for controlling the variable
inductor. Control of the phase of the currents circulating in the coils may be achieved

30 by the phase means. A signal source of required frequency -and phase drives each -
coil pair. The variable inductor enables each coil to be tuned to resonate at
substantially the same frequency. The variable inductor may also provide
compensation for fluctuations in coil tuning caused by time, temperature, object
proximity, etc. Figure 1 shows two series configurations and Figure 2 shows two



9 CLAIMS: 1. A vari abl e reactance device conpr|5|ng a reactance elenent
and truncating means coupled to said reactance el enfy 3 s

means serving to effect voltage or current condi t i opet A
react ance el enent wherein the truncati onémeans is a i At uni ng

and adappg&ofe?c%' ébfﬁon Ofﬁ’é bAlting Leesfianecindatidhd

adj ust ab y trun tage across or currept
el enent , fregeertyr t he truncation neans is a switch. | A device as dl ai ned

DL L O i YO BoEIeEREL Ry, 3, RoF WRE LB ERe e twoclitgbsed to
generate the magnetic field along an axis, Ct is the tuning capacitance and Lv is the
5 variable inductance. It is understood that these conﬁgurétions may also apply if only
one or more than two coils are used.
A small value resistance or current transformer coupled in series with the tuned

circuit can sense the phase of the coil's current. A phase detector can compare the

Bnant

current's phase and the input signal's phase, the output of which can be filtered and
10  provide a dc control current for use by the variable inductance. This system is not a
phase locked loop, rather it is a phase feedback loop. Figure 3 shows a schematic of
this type of system and an example circuit implementation thereof is shown in Figure
. _
The variable inductance may preferably be made from two anti-parallel
15 magnetically isolated coils. Figure 5 shows this in stylised form. Two high
permeability cores act as magnetic paths for the flux generated by coils L1 and L2.
These coils are wound so that their fluxes are oppositely directed through the control
winding Lc. L1 and L2 have the same number of turns. Since they are wired in
parallel, they both have equal voltages across them, therefore, the rate of change of
20 flux in their respective toroid cores is substantially identical. Consequently, the total
flux change in the control winding is substantially zero and little, if any, voltage is
induced into the control winding, even when substantial currents flow through L1 and
L2. Passing a dc current through the control winding pre-biases the cores with
oppositely directed fluxes. During one half of the ac cycle, the dc flux opposes the ac
25 flux in one core while it aids it in the other core. During the second half of the cycle,
the ac fiux reverses direction and aids the dc flux in the first core while opposing it in
the second core. This repeats for each cycle. If the flux in the core with aiding flux
exceeds the saturation level, then the dynamic permeability becomes very small and
the inductance of the coil wound onto the core is reduced. The inductance of the
30 system is substantially the parallel inductance of L1 and L2. Hence, the inducfancé :
becomes very small. While the inductance may not be constant over a cycle, the
modification of the coil's resonant frequency depends upon the average inductance
per cycle of the variable inductor. Various waveforms for the variable inductor are
shown in Figure 6. When either L1 or L2 saturates, their inductance becomes very
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the tuned coils. As the dc control current is mcreased the effective inductance is
reduced from a maximum unsaturated core value to that of parallel air cored inductors.

The preferred arrangement works well in the series connected case as shown
in Figure 1. In this configuration, a small inductance with a large control range may
provide adequate control of the tuned coil pair resonant frequency. Adequate control,
of course, is dependent upon the overall system's particular application.

The parallel case as shown in Figure 2 may require a large parallel inductance
with a small control range to adequately control the resonant frequency. This may be
achieved by placing a large fixed inductance in series with a smaller variable
inductance, as shown in Figure 7. A standard transformer core can also be used to
construct a variable inductance, as shown in Figure 8. The rate of change of flux
through the centre leg from L1 and L2 is constrained to substantially zero by the anti-
parallel connection of L1 and L2. Consequently, relatively no ac voltage is coupled
into the control winding Lc.

If ac voltage couples into the centre leg because of uneven winding of L1 and
L2, then an inductance in series with the control winding will alleviate any upset in the
control dc circuitry from this ac voltage.

Figure 9 shows a variable capacitor used to control the coil pair resonant
frequency. The capacitance is varied by controlling the duty cycle of the switch
closure S1.

With reference to Figure 10, when the voltage across capacitor C in Figure 9 is
zero (t1) switch S1 closes and stays closed for period I where upon it opens. The
capacitor C is charged for the remainder of the cycle by the coil current. When the
capacitor voltage is next zero (tz) the switch again recloses for I. The cycle is then
repeated. The effective capacitance of the switch capacitor combination varies from
the full capacitance C when the switch is always open to infinite capacitance when the
switch is always closed.

Figures 11 and 12 show some practical embodiments of the variable capacitor.
The dc voltage across C varies with the switching duty cycle in the circuit shown in
Figure 11. The circuit shown in Figure 12 does not suffer from this.



response to a duty cycle. 6. A-circuit as clainmec I—AQEWNTGS{'ET
wherein the effective reactance value is increased jaljove the phyS| val ue
of the second reactance device (C). 10 7. A cFrcwggag ?I 99 ( |n
claim4 or 5 wher n the effective react&hce val ueji decreased j oy t he
physi cal value of the second reactance device (C). 8. ATT et As
claimed in cl gnmegafipl® apPieafidn |ﬁa\hﬁlchrtl'ﬂééttua€d ivéri fating
(S1). 9. Acircuit ‘as clained in claim4 or 5 wherein sald SecC

r eact anc agngtieefields inghg tbggglgiepmet(l@)dlrectlons is baggage identification tags on a
conveyor system. Each coil is tuned at or near the frequency of operation.

As tags are passed through the coils they are programmed by frequency shift

5 keying the magnetic fields. For efficient operation the coils have high Q's and are

normally not amenable to FSK modulation, however if they are actively tuned using

variable reactance(s) then they may be relatively instantaneously returned to the

instantaneous frequency of the FSK signal.
Moreover as metal objects pass through the coils, the tuning will be changed.
10  Thus, the resonant frequency must be adaptively altered as the coils are operated.



10." Acircuit aw or 5, wherein said-second reactance

device (C) is an i ctor. A nmet hod of tuning a.flrsi.reactanc evi ce
conpri sing: appl ylﬁmu fﬂﬁﬂ'mjﬂmg ance device (O REH%@EMENQ‘ISM ance
devi ce: characteri mol t ag® across or | Ccg-Fert—tn—sard cond
react ance device (Q) is truflcafed t o t hereby vary t1e effectiv aktpnce
val ue of lifg-eact ance device (C); whereby said fifst @8 &%Egg elvike is
tuned in"response to the effective reactance val ue ¢f Lsaid second rkaftance
device (C. 12. A nmethod as clainmed in claim11,

across of current.. gdeV| ce ( I ng

at .| east A vari abl e reactance devi ce

conprisi ng: aarreactanwecelementeand) . and
truncating means coupled to said reactance element, said truncating means
serving to effect voltage or current conditions associated with the reactance element

wherein the truncation means is a switch.

2. A tuning device adapted for use in relatively high current/voltage tuned circuits
and adapted to provide an adjustable reactance value, said value being adjustable by

truncation of voltage across or current in a reactance element. wherein the truncation
means is a switch. '

3. ‘A device as claimed in claim 1 or 2, wherein the reactance is a capacitance.

4. A high current/voltage tunable circuit comprising:

a first reactance device;

a second reactance device (C); and

a truncation means (S1) coupled to sald second reactance device (C);

characterised in that said truncatlon means (S1) is adapted to.control the
voltage across or current in said second reac_:tance device (C); and

a control means is connected to said truncation means (S1) to control the
operation of said truncation means (S1)'in resbonse to inputs to said control means;

~ wherein the operation of said truncation means (S1) varies the voitage across

or current in said second reactance device (C), thereby varying the effective reactance
value of said second reactance device (C); _

whereby tuning is effected by the effective reactance value of said second
reactance device (C).

5. A circuit as claims in claim 4, wherein said truncation means (S1) operates in

| responsé to a duty cycle.

1

6. A circuit as claimed in claim 4 or 5, wherein the effective reactance value is
increased above the physical value of the second reactance device (C).




jacer

a truncation rreans Ied to said reaW@MENTeSHEET
characterised in t ng “l n means (S ' 0] cpntrol the
vol t age across or curr eact ance de e ég) .B@ﬁ ip fhe '
operation of said truncatlon rreans (S1) Wriesithe IQ% ‘‘acr psp or
current in said reactance device (C), thereby | ct|ve

a
react ancy. val hecieduit ascclaimed i chaiffe! ere5{ Whergin the effective reactance value is
decreased below the physical value of the second reactance device (C).

8. A circuit as claimed in claim 4 or 5, wherein said truncation means (S1) is a
switch (S1).

9. A csrcmt as claimed in claim 4 or 5, wherein said second reactance devnce (C)is
a capacntor (C)

.. 10. A circuit as clalmed in claim 4 or 5, whereln said second reactance device (C) is

" - an inductor.

" A1._ A method of tuning a first reactance device comprising:
. applying a second reactance device (C) to said first reactance device;
charactensed in that the voltage across or current in said second reactance
" device (C) is truncated to thereby vary the effective reactance value of said reactance

devuce (C);

whereby said first reactance device is tuned in response to the effective

reactance value of said second reactance device (C).

12, A method as claimed in claim 11, wherein the voltage across or current in said
second reactance device (C) is truncated during at least one portion of a signal cycle.

13. A variable reactance device comprising:

a reactance device (C); and
a truncation means (S1) is coupled to said reactance device (C);

'characterised in that said truncation means '(S1) is adapted to control the

voltage across or current in said reactance device (C);

“wherein the operation of said truncation means (S1) varies the voltage across
or current in said reactance device (C), thereby varying the effective reactance value

of said reactance device (C).

U



