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Field 5 The present invention relates to electronic article surveilla

(FAS) systems of the Fx;ﬁmmm&%ms%gﬁ%m FRRAT FORA O

articles to be protecte nse to an
alternating magnetic fie gﬁm& I a% I'nterroga |§¥S§§§£§.) Mor e
particularly, the present invention relates to an apparatus for changi ng
the state of $m9%lé{@r s. Backs EAS systens of the type described above

are described in U'S Pat. No. 4,689,590, U S Patent No. 4,752,758 and
U.S. Patent Applicati onThepriesent iNventionrelapes to sltectronid driicle sursillancey(EASRBsystems 8
and entitled " | Maghet Resensitizer atus For Use W,th 15 Article
Survei | | ance %ég? @R&m‘g‘?}&e‘t%d@@ﬂwgv‘éﬁ‘&hﬁ? “i?tt?;li’ﬁgm : eﬁ’eﬁ“ﬁ? conpri se
a piece of a Bét%aﬂpﬁﬁgfﬁﬁb'rés?bﬁée td Mﬁﬁﬁﬁﬁ% Mﬂ?feﬁéﬁ&dﬁﬂbﬂmli&aﬁm&ﬁégaﬁbn and at
| east one permanently nagneti zable control element.” \Wen the control

el enent is denrengniiorepatticularly, theypdesentipvéntioprelatesse @n apparatusifor changing the gaten t he
zone, and when rTB}gneaﬁ;iﬁzed, a different signal corresponding to another
state of the REPREPAKES be produced. These dual status 20 rs may be
sensitiged (by demagneti zi ng the high-coercive force cont ﬂ%ﬂ @Wﬂﬂlm

thereof ) by applying an, alternating magnetic field of d
anplitude. As ed in US. Application Serial No. 09/0266®®: such a

demagneti zati on operati may,_be fected t.hr h f Iy &1 on and
arrangenent of a seri esg%fssﬁé?’ﬂ%?éh?%gﬁg?%w%ﬁ%n#%ﬁes%&ggge ‘é%nag'%%ts are-
opposi tely polse9, se0]U. SPatent Mot 4,752,738t RYS\ Hatent Applizatihh S¢HAIMNY, €9/026)251 - -
strengt hs andﬂ% arranging themin an order ranging, fromhighest to_lowest-

(relative to Fehrpgny d 80998 and entitled JSmalliMagnstResenstizes ApngragysFor Hse,With ¢ o

di i i : . . S . 't ¢ of _
the mmghets. - Thid $CMRECOAAT Wit hids 3 SRLER mASHRILolBREET, 1"
creates a nmagpiete of aftigh gérméability, kacoekdive fofte magfietic iidtetiabandiat lohst ole an article

having a marker is placed. 30 One of the primary reasons for the .

devel opment oPeMRaentlx magnetizable controhelerpens.c Whea thecoten elemen isslemagnstizedi 8 on
Serial No. 09/ ) A , etz%a f s .
to provide a gxgﬁagnégg;e @%ﬂ@g&@ﬁ@@%ﬁ%ﬁ%ﬁ%&g&%r@:g@xgﬂ?éx xe t%a?ﬁgwgover
of a magnet i caighal coreespondingatonmether statecdf thsmarkel maycteggediced Thesevduwdbstatus

cassettes without interferipg,wth the signals IVWIUW_ W 00/ 22587
PCT/ US9¢! oses@ﬂtl‘?FS Tayj?mwﬂzeégyd{%mw@‘%ﬂ@t‘?&!‘#ﬁsﬁ“@ 7S RV S These
solid state degefesFiey dnCaltenk &ﬁmmmegmmﬁué@%&slmgedm

simlar magnets pl acegﬁc!I oése' t oget ?ger&,@w th their poleés alternate
arrayed, tend % ApplicationSerial Mo, 89/026,251; sich e demagnetization opdratipnimay\pe gifected
measured nuch be a distance of approximately the width of a.magnetic
ol o face. i {HPYELS BroPreRon 00 afblRemel O s fetes bt memeR i VRRE 1 <
al nost excl usig¥igéent il P‘tﬁarﬁ A i F&iffbre ds from
t he ot her magr?ejtﬁs Eaﬁﬁgfﬁ%’{)ﬁpggiﬁl}t noregéi %%ﬁ@%ﬁ%ﬁfﬁ?ﬁ? di sﬂtegtln_ces
f rom t haS ar r aytrengths and by snrangingitkdntinah otdee rangmg froaghightestao dowest (ralative tathé ect ed
by the other nets.in the array. At di st ance .about t to,three.pole
faces above tﬁg BﬁﬁT’?‘(?ba&Fé’?,g“%‘Fﬁéfll’i@l MWMBW@P}P@Q’O&WM@WQH to
cancel each otyh@h Q%M‘%pgeﬂ,gg Eﬁ%@s‘ﬂﬁﬂﬂgnﬁéﬁ&&na' field is very to low. As a
[ %ittle resi aa

result, there is external “magnetic field above the nagnet
array to cause harmto [fihgabtveementidne referevites| describearmapphiatis that creatgs f

per manent magnets i eful in de netzin ontrol, elenents contained in
anti-theft nar'ﬂagf‘?“’w%t@ﬂ“%aﬁr‘@r}’ggw °ﬂ‘g§’ﬁl§g?&a@ i’?"%?ﬁﬁr r'ﬁ?‘?‘éegti ng
the prergcor dgshe eﬁébﬁp ' izbrSdef@bed
useful 15 on ar tﬁ?{ﬁ@‘mu C ﬁ;?%Yﬁ%é@@gﬁgﬁéﬁgggﬁsﬁﬁgneg

suf ficiently di.8sApplicatidneSesialMNa 08/026,25 hand i §nBaters Noay4,68959%and 4,352,538, was
appreci abl e di stances a

y fromthe near field array, the external fieldis
very | ow. Ther'BPEVIe asaie Way dp resensitige magnelic W"&%ﬁé’ﬁém PYRE O q,lmagnem:a‘laly
resensitizing Malely i o : {
occur, for exasgp?sftégvli\rn&td ﬁtsgérl{‘zf&aﬁg@%?sﬁa{ﬁ%@ﬂﬁﬁg&%er |@%ﬁ§gg%§%ﬁ9\nﬁ?mst he

article away fromthe surface such as in the spine of 20 a book. Moreover,
t he di stance:wdrom the array of a marker on articles such as books may vary
depending on the size or shape of the article. Since optinmal ring-down
occurs mmmmmmwmmmwmﬁrnating field decreases in an exponential envel ope, it
IS nece magneti c marker to experience an exponential decayi ng
magnetic fiel-d--as it is noved past the array regardl ess of its distance

fromthe array. However, at distances above a given nagnet in the array
there 25 is an appreciable contribution fromthe other magnets in the




var'i es dep&fﬁ?%sgn the distance fromthe given magnet to tReT/USHEB63Er r ay
,magnets and the distance the marker is apove the given magnet. It1 qiaRPpem[B
seen then that there exists a need for a device that provides for

sensitizing [{%; ﬁm article . 110 | : ker on the
article, anafﬁgnc %(t e dslgg?tgvr%ﬁeeﬁt t e%ﬁg&rggfd'rcﬁmgagge&'g%?}?% appar at us,
i s 30 unknoydvanthi€ofthefacithati siviRPina@ridtsPlaved close 16gdther) witlsthti pblbedernatly ot her
probl ens, and offers other advantages oyer the prior art designs. WO

001 22587 PCFraveddewbwdsvetheir ppemal dields suncel ophwhenthesrare measured reysphevanda of

t he present . nventd on provi a n . t . .al:ternating
magnetic fi gﬁst&n%pqﬂaﬁ?rggg&{ekydtgég}dgggiga 'ﬁlg"?“l%{']{ @%ﬁ]@ Wwﬁﬁlﬁqgc\g/gwsgl%ﬁrcgver sal
inside 5 antRubedresti atned iRl i9 Bithost dxalusiveély the peslik 6f thé nébe pBigaRd the nidgnetic

hi gh-coercive force control elenments of a marker along paths_at varying

d } stances f elds frem thegfhesmagnetsigan almost bielignered, HowevendtringasuradAdistanges féﬁp’ﬂ)glr at us
t t
nar i ut *AC. PRS2 o B R AR SRR PR Rt BRI ) o1

the marker g difayedt & @ishieoltdwb e tiadblefatts abdve tHdMaghetidrpiyUdl taé t he
present invention is adapted for use with an electronic article

sur vei | | ancéxtemalgnagnetia vegtorostartiotcanael eagh athepeusiand the desulting exsemelfisldinvery t hef t

mar ker. secured Lo _an .articl The, appar at us dapted for use with
booke®or ot I AFe FRE e e i SRR WA Y 508 sBHRR Gyl actilo of ' [he
mar ker fr omeidie ha foas@maic hmésm. articl e cannot ' be predicted. The marker in
such a systemincludes a piece of |ow coercive force, high is permeability

ferromagneti c mat eri alWhile@ nger field-psray of permanent wagnefsdseseful wdemagnetingent |y - -

magnet i zabl | ' . ' %Eii ' Lt the first
mat eri al . S&%}%Ele%%@%%ﬁbﬁgﬁtﬂsze : &%g}&ﬁg’éﬁﬁﬁfﬁg"%‘&) er bei ng
in a first sfithbet affecting thepredecsrd@isighialsdn sachaepes) the nadficld afrsy is Rotsdusdfult he -
mar ker. may be d,e} ected when it is in_the interrogation zone. Conversely,

when ¥he codheBicles mewhich the sagkess rannos b positned syfficiently glose toghe suiaeriofdher o
such as, 2o XP : |t ' | .S not
det ect ed \/\héé\a%f]?t 1'S™i J%?{nﬁ@loggc;g?%hégag%ggs&%tkﬁsawéy#taﬁgn%ltrl%ggﬁ?%ﬁ{’/}aﬂr?t I on
conpri ses a ekiermal fild isaenyiiow.a Theefstenthe nearfialdarmap inay by meffertivdiincésenditezingr t i cl e

may be noved and an array. .of magnets assogj.ated with the housing, The
magnets wit rapkers l%ﬁr?aasﬁ/ Gitances Som thearapoJhie F’G)'\B%F“F’gWa&WBlet"ﬂth@E‘Pféﬁs Thagnet s

in the arra R ( : | |
di st ances a)&)}?/égl tﬁ@%ﬁé Pﬁg@mﬁgé%eﬂﬁé %k%’t%oggghfﬁgﬁ‘gé gﬁé(}:lcaéggl}% oefOf
fiel @ of alatbeokaMbrenven thetdistanbofemitle aragiof & amrkdeon adcles suplvas eakdmhy el d

reversal wi thin an exponential envel gpe.. Each magnet extends subsiantially
across the WAQdsPENdngipn t%%q{éha&ﬁefgﬁé“&cgc P W"%P“MQWBPE"%&WE‘?ME‘%I ong

the length ?fteﬁlﬁ?xrgrﬁlwsde&%asegﬂ% ’egéjf}héﬁig%eﬁge,%g?&%%m‘glﬁ &?b\gﬁfﬁe nlafket N€

wor ki ng surface troma position nse past each
successi vel yo expekiencefan expbnerftiabjeoaying rmagneficfiald as itds mov&bpasikihe amay fegardiassk er
affixed thereto to figelds of alternate polarities and exponengially. .
decreasi ng iohitedistange "Eé‘e%%t Gvarl, |a§/&5é¢F&§%P9F?2&VP%E’a§%P’#E? ”Eﬁﬁéh%ﬁt of

the ngyrker . idldy spphiclable @6ftHbution from the other magnets in the array, and this contribution

varies depending on the distance from the given magnet to the other array magnets and the

distance the marker is above the given magnet. It can be seen then that there exists a need
for a device that provides for sensitizing EAS markers on articles when the location of the
marker on the article, and hence the distance of the marker from a sensitizing apparatus, is
30 unknown.
The present invention provides solutions to these and other problems, and

offers other advantages over the prior art designs.



W00/ 22587 PCHQREBFH-6~SAPR 2003 -4 within a range of di st andsy. T’fﬁ%hﬁu
working surface so as to sensitize the markgr regardl ess of the |ocat 3
the marker on the article. Brief Description of the Drawi ngs The vari ous

obj ects, features, and advantages of the present deactivating device wll

be understood upon readi ng and understanding the foll ow ng detailed

descri ption anSummeQopaRYhveEteH awi ngs, in which: FIG 1 is a perspective

vi ew of one enbodi nent of the denmagnetisation apparatus of the present
invention; 1 o FIG 2 isThaeppearats gbthe present inventiofi pravides 4 magviet arraytthat poaduces

Phe | fnex 2- 2. SEiamalis Besgreeadd SREnpaih bfebe PBoiRertih Syoreigt fF g hede
pol ari ty sal onQarpexpahdhti@llenvelape; thatdi Sdpakle Sfﬁa(a%aﬁﬁgmg%?%&age forceheatrolabove

the surface of a magnet array such as in Fl is a graph
representing t¢lementesfa mukmgmg pathsiatatying disjangésdrogn the paghet atraya In8dditien, thece
of 0.57 cm (0. e25 ir{ch&a above {tge surface .of a maqlget array suc ag I n
FIGS. 1-2; FI G UBas 22 Y aRpiate pt e BIFSTH GVEHEN FA9BY S OPPRRLIM Gt SdlaPP t y
al ong a path apossibRinatBICAC G610 aRBp& oo wRRG HEehRRbe GDMY Spdel Sith WHichGRe O @
magnet array such as in FIGS. 1-2;"FIG 7 is a graph representing the field
strength and poiatker is yoxedrelptive todhdapparatusdi st ance of 1. 8 cm (0. 425 i nches)

above t surface of a net array,such as in FLGS. .1:2: 20 EIG ;8. is a

o onh 1 a8 ectnting t ho 1 0 ramhis Rl e PE Sypioh iAo ué St A getybiic

di stance of 1. hficleRurvélllfde(EADRPsHem AR AR sersfifzad @uaPitatds AMHARER maskeay such

as in FIGS. 1-2; FIG 9 is a sem-log grap iIIustrating field strength
P

al ong- por t i onsSesared tapatticle The appaatus mgy be adapied foraseyitk books or etherastiddesdeus -
¢ Ok . P I . . . SOt E
oni ar ged sect 1 SHSKE MaRls a8 by e B RENGIAL b RELBRENNCHG APl

the al t ernati npe predioed.i Thd maker ip katuaeseh shckadesh pidce bhlowagithieorce) highe
array. Detailed Description of the Drawings As shown in FIG 1, the

demagnet¥®zat i oReTBHlity faromegnetip magariakand at kst ang qoptiolsisment ofigperpaneptly f or m of

i i1 Do r ecogni AR Rt lcoeihE SHRPRLAHDRERUY el it BNl Sadh

10 includes a blemeitghehdemaghetivedafonas i the e beéing if @ dirdt ktafe, suth ag) fordkample,
nmounted within the housing 12. . ) A
a sensitized state in which the marker may be detected when it is in the interrogation zone.

Conversely, when the control element is magnetized, the marker is in a second state, such as,

20 for example, a desensitized state in which the marker is not detected when it is in the zone.

The aﬁparams of the present invention comprises a hon}sing having a working

surface relative to which the article may be moved and an array of magnets associated with
the housing. The magnets within the array are sized and positioned relative to other magnets
in the array 5o as to exhibit along a plurality of paths at varying distances above the working

25 surface of the housing a succession of fields of alternate polarity whose intensities decrease
upon each field reversal within an exponential envelope. Each magnet extends substantially
across the width of the housing and the succession of magnets extend along the length of the
housing. Thus, movement of the article relative to the working surface from a position
adjacent the most intense field past each successively weaker field of opposite polarity will

30 expose the marker affixed thereto to fields of alternate polarities and exponentially decreasing

intensities to substantially demagnetiZe the control element of the marker. This will occur
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hon-magneti c cover plate 18 which both cpvers and protects the array o
magnets. In addition, the cover plate 18 provides a working surface 19
relative t i dedfok ;JQQF

noved duri ﬁ‘é”%@é‘?@ ?ﬁg appsgarbé?%@.gw uc Qﬁ%guéﬁgﬁéﬁ%{%ﬁ%ﬁnﬁr ri gg?a
strip of nosftiegeatibn of the aiarkeeesthetagtizgle. havi ng a t hi ckness in the range of 20
mls {0.50 nm. The use of a netallic cover plate 18 is further desired
because such a surface resists wear from scratching or chipping as nmay

ot herw se Oﬁ'éf'be%'p"%ox?&"tﬁé s having a polyneric or painted surface,
and it ther ns a ally acceptable even over many cycl es of
use. ¥hile the appar aThsvafibusobjectrcfemans, andtabivantagesafithe prgsentidéaathatiid
established by the cover plate 18 in a haorizontal pasition, such to,that an

article 2D devicepal bayndarstoed ypan repding,end ungerstanding the fllowing detailep dessriptionnay
al so be y pQs S‘Sﬁq : rking surface 19 vertical. The housing
|2 further ?ﬁcﬁ%ﬁo S g&@%@g}@g’ﬁ%ﬁa&ﬁd ends 34 that attach to the sidewalls
21 with, for exanpl e, Fi&. Da¥ 4 pepspestivie@iewdst che embodimeiit@fithe denfapfistizatibnand 3. I n

one _ " enbodinent, the sidewalls 21 are alum numrails having di nension of
0.95 cm x 33AParafyof theraspnt iNVERi® h of 63.98 cm (0.375 x 1.5 inches with a

| engt,h of 25.1875 inc . AN ' .

pr ef elpabl y construct eﬁ?lsn%%@ﬂag%g&é)@gw&?g#!} @Hmeg%y%e@ﬁeﬁﬂ%gé"?&%s (not
shown) may be provi deFIMB i Herokiaeaional vietv bFIGAR itkeaRiyngRkd dlee2L20€ends,

manuf acturer identification, instructions, and the like. |In using the -
apparatus of FIG 1, iFIGu#iiga greph repregenting theifigldistrengih and palarity along apathabe be - -
noved in th ' I . : [.n e 22, - =
T xed t o S EEDadamp S s R o Surshcd T BRUTY By B dBINIRGSCE 2, ;<
passed over the arrayFid. snagg:ap}sreﬁfas&ﬁihgﬂecﬁemist@ﬁg’thynmaﬂyhlohg]epﬁtmei

plate 18. Thus, far exa if the article 20 is a book such

|
i 11 udfr at eddistangejog0.57 cmy égﬂﬁ\cmg) ahoye the suefagsof 3 magnet armay suchigs M%%@pl'ﬁé, and
the book hel d t o< L |
the vorking surface Lo besbhRARSaRRe et iZhal fody Al RARRGE, 7 010

demagnet i zatistanceaf 0.88=cns (0325Ghches)abevethdsurfase eff d magnetarrgyaacleasinFIGS: 1ty t he
fields produced by the array of nagnets when the control elepent 32 is

brought into close prBYF it § 2Pk Fepfesenting thedield strength gad palagyplonga Pa@ehe t he

magnet arra-s‘?p& Ikl s I ¥RER! Y-
const ruct edmo a‘b&lﬁ%%m‘(’)@.éb ﬁ%%y%%&n@ﬁ%ﬁa%&? alrﬁgar\%h %gr%%g\?c@ia\%e for ég—\é’
magnedoi ¢ mat eri al sucFIGS isa paphPeptassnting el fitldst@ngth phd polarity laloyg a path at he

| i ke as discg| osed, for exan‘gte in US Pat. No 3,790,945 (Fear ng)f The
mar ker 22 i istEnreafd S9smdQicde inches) aboye thesyface nf @ magnetamry Srias FIES. L hi gh

xanpl 6. in US. Pat. FI Ve 0 BapBsrasie sdd ereBGR b rdgeT. | o1
typical l'y f patheid FIGS. 4-8fr e dénagnitiBativh apparaths Ofthe preneinventionpandl ess st eel

or the like, having a_predetermned val ue of coercive force in the range of
SO to 240 oer st eds. vﬁﬁ%lﬂmmscaﬁnm%'pmmen@non@fwmfe@lpnwfﬂwevents t he

mar k 22 f i S . i nesent
" LR [t e RO BEREEhES sy LRSS AT bl Bl e predBiof €T
wi th el ect r esch@fithieinfaghéts inch rvei vance systens are disclosed in U S Pat.

No. 5,432,499 (Montean), U S. Pat. No. 5,331,313 (Koning), U S. Pat. No.
5,083,112 (Piotrowsla~, U S. Pat. No. 4,967,185 (Mntean)) U. S. Pat. No.

4, 884, 063 ( . t. 4,825,197 (Church), U S. Pat. No.

4,745, 441 (%‘#@ﬁ@%ﬁt@%@ No. 10 4,710,754...(Mntean). The
details of the magnet A@Eﬁ@hiﬁh@.@tlmﬁ{agﬁé&aﬂdﬂaﬁrﬁamioﬂhepﬁé@%vbﬁﬁoﬁl GS. 2
and 3. In the disclosed enbodinent, the array includes thirty discrete
magnei®s 100 may bein theiform of § camier sopapparatisii@d The apparateswouki alsostakd athe forms

groove forned e r}éc%g}u% gy'tﬁgste of skill in the art. The counter top apparatus 10 includes a

housing 12 and an array of magnets (see FIGS. 2 and 3) mounted within the housing 12.



si dewal | has Y9982 %¥Zpondi ng groove directly across on the ot RET/USPUEARS |
21. Each of the 15 magnets 100 in the nagnef array is positioned wit hi APR 203
housi ng 12 by sliding the magnet 100 within a pair of the corresponding

orooves WX 1 ot 5 B o DASIEANSL gd I8 1 P BB BB
mechani cal f aatrenéfimsagnés. Badition the foverplate 28 Provides Moot wifaceadtreliilewd t hi n

the grooves into the housing 12 until the top face of the magnet 100 is
appr oxi mat el y Whishan agticler? 0thawing & matifer 2haffixed theretognayde movederingupeofdhe er

plate 18 is pQsition n_the ing 12 t.o res n.the sid | | .1 he
Pace of the maToY SHRE oo pBRD T et Ao iRpanird il Red hatleVe,
plate 18& As aumamegsmetmﬁ%fe 0f30 milE(0N0ARAY. SThHEQZe bfla MbXaLl3 E6vaY plate a8 ifaithdr oned
at approximately the same distance relative to the marker 22 on an article
20 pl aced on tdesired becausesheh esutfcerssisthweardrdmescratchingsorfchipping aemeethermise
surface defined b .bhe top surf.ace qf the cover, pl.ate 18 250 The .f aces of

t he magnets 1(96°"5¥‘Pt (?f’}é%p[)ab Ying #,ROtgrgere or ppinted sﬁ@cﬁ’r*’é‘ SPIEOY RIS cat e a

magnetic fi el GeqncigldiaB@pldBlaatdh dvePiiady \§clePdRise. PWAIEthe Appdr@Gd 0Ghay tRRuised

magnets are sized and positioned relative to adjacent nmagnets so'as to
create al ong mithithgwerkmgtshfaceP established tynbgecaxbmplate 48 in chorizontglpasition] 8ucha

magneti ¢ fi el f al.terpati olarity and.of suitable intensit hat

decr eas g% Wit glﬁ anIHg éﬁ {18y, SQ Bﬁ\yﬁqa%‘égg fl}egp%quﬁ é‘H%acﬁftﬁ? ?Pé’a@{{ﬁ mjif%‘d gl%o
magnet i c arr ayokiflorled %o RAVESHe wiing irfadd 19 leribatt he art will appreciate that
such fields may be created along a plurality of paths at varying di stances.

above the cover plate 18hehousisgiddurthenincludessidewalls 2 andiedds i tagspttaghrto thee - -

hielding to alg effecti t h h t 0QL22587 .-
BT/ S9! 0353 21deals 2 Jrifhefo? Syt 3 5ol 8 sy 35 852 s HEAHR FISR PP Re TR, e
magnets 100 r eridbdient! the sldewaR e arddidhiBurh $aild RabingdiblesicH dTRO5 RGNS B crh 00

wi thin the nmagnet array. In the enbodi mrent shown in FIGS. 2 and 3, each of

t he magh®ts (a¥ith dengtheof G3e98mm @3 75ixak.5 mckes andthiadengtthof 250875 inckesh f Thetportioag net
tacting th .ol t epd the width of the hoysi d

Che. successi o R HRE {7 b gRe pElery ot o nif-Piagnelle atrel B et s

l ength of the fiuioNehodh) midl bopredided bﬁm%eﬁglﬁtgsle@@mﬁ Spprbyiate Igendiener al |y

decreasing in size, this'is representational of decreasing strength only
and not necesJuoanufagturer ideptificationp ingtsuctions, end e lifie i nportant factor regarding

the strength of the nagnets ig that .th rengty,of each et |1 .

pref erably determ ned sgﬁPﬂa&ﬁ’Fﬂ@aﬁ‘%ﬁ‘%ﬁ@rﬁé‘%@ﬂb&F%SRg"Hﬁ%?{{ﬁﬁqf‘) eémbczi%oslséqoove
and parabl el tue rhdved WAh& Hiftist/SHodnm By 86 WRRASAud Eauding tHenARer @2 REREIHol chk

envel ope along the | ength of - the nmagnet array. For the counter to

appar atus 10 otrfeaf the article thibemoved satthatshe markar22 s passed ovsr tisarey efipagagi§er
|ate 18 d i £ hi ( ti | in_th i i h
P row 24 The TaanreleBbl ifea e B hils 137 1548 %5 Al B i 2P B ook

sui t abl e magnedutifasihisehted inFIGNE] tHelinRker I oulittie dffisEt bnfthinl the spiieyandAhdbodRt | ON
of the foll ow n%e( 1) an 15 |n: ection nol ded permanent nmagnet material ,

such as type Belige@s trbepnsitibnedn the cowsr plated8land passesl alorgshpwarkingfsrgace 49 i

Nebr ask whi ch_i.s i zed t | di ng_.and .subseguent | r.r ed with
appr opria%tel y;‘ﬁi%“ﬁgfgﬂ@ﬁ?%@ii ‘Eﬁe%@ﬁtﬁ%@ Rﬁ%“&%&?%ﬁﬁ’} B0 fg, such
as type B-1013pofrlegshreds fHe fieldd Prbdutedty thlitray Bf miabietd Whépthe coRtralbment 31 ¥ pe
1030-B "Pl astiform” Brand, all sold by Arnold Conpany of Norfol k, Nebraska;
or (3) a 20 nekrbughtntd doseprenimnity with themagheticufields assobidted SvithitheNuagaet apray abaver
NdFeB al | oy sugch a%iﬂsol %gnder t he brand name Magnaquench by MagSt ar
Technol ogi es, WOIEY ,°1I9\/fi nnesota. Qther appropriate nmaterials wll

al so be recogni zed by t Endke iigﬁgilﬁ{qyg;lﬁﬁ?&g{eegoﬂgﬁﬁofahiggﬁédﬂeﬂﬁﬁt?,%@

alternating nmagnetic fields of expo reasthg In sity along
pat hs wi3phi n t érerciverforee nfagittic MatepiallsubiPascpefriialld Scertamhamrphoudallbgs or theliksys 25
rface that _are progduced one nt_.of nmagnet

b h Ki, b di
f:_r ?lég tsle? For t Hsdhsrd o crarmalg o UsS. ek &80 4700803 (Herron | The e 73 Mgt |
surt ace of t neP eueyitTaribast SR REnl ety SABAAEH CORNATIEE oGRS i) o

along a path at a distance of 0.57 cm (0.225 inches) above the surface of

the magnet array. FIG 6 shows the alternating nmagnetic field along a path
at a distance of 0.83




30 cm (0.325 inches) above the surface of the magnet array. FIG 74 sARR\2003
the alternating _, magnetic field along a path at a distance of 1.08 cm (0

* . 425 inches) abpve th[eo surface of the_magnet array. FIG 8 shows the .
al ternating madheesed for » Y-S PeaMNe. 4744080 @etgren). Jhe control elemgat 324s APR

i stances i n FrERAT BimEZSH RS FSRaloy, Mol SaBle ST e BF. BAAER S,

on, for exampl gredaichifkd Vahid oficokselvi fhige RIR sh@ 06 24D difodh0 Wien @i i

apparatus of FIG 1. The correspondi ng peaks and valleys in FIGS.
represent the tlement 32ris magnetiedyit prévents tleoadrker22ftoonbeinghdetqaedd by thesysteiovheho
demagneti ze a marker, the marker should pass along a path that has a field
strengt h3t hat Sedrarkerd2 1s pigsant jithe i eveogation 2900 M&KECWPMOQ@%%@NMWﬁ

.H-ti o, ~ ~" .+ than.30 i | icall t
?rggneti;eot he _}r;%rg emd rﬂaeg%ﬁjé??gflg%ﬁ%%WS{eéﬁh&%h%ﬁﬂm'gﬁLm%n 70
gauss wi |1 typisoBhlags Nawftest), ©1S Pht. Wo. 5891 83 (Konink); US Par Mo 5;088115 ' |
magnet i cke~e~. Referri ng again to, FIGS." 4 - 8, 1t can be seen that a
magnet i ¢ mar ke Pibwowsks)s S Pat. Ny 4{963, 185 (Moatem) i St Patr Na.y4, 884,063 ¢Chach)e bics
t hi t tial ' field dl f di st f th
arr ay. Honever Pot Nocddob S LEaMrNIAS R Noch{4oio AMeptca Ml U B8 N& whi ch

the markgr pasgegqt e decayi ng'rrange of 300 gauss to 70 gauss
di $' ers dependi ﬁ’go’gﬁ gHth&Hgt ance of the marker fromthe surface of the

magnet array. For exanpl eThedetail$oftheMaghet airiicof R dpphrats i FIG. i Areshéwn th
along a path 0.32 cm (0. 125 inches) above the 15 magnet array a marker -

pﬁsse_s t hr ougE HGS .2 ﬁdrigelmﬂ: disodosed smbmkmﬁltethbm I mdeﬂﬁé}mmgsqctc aylgtlma ey -
path 150 cm ( doaDBVILEEoRE) SalRIRR MG AGE VAN Ly ARSI PagSt
e magnet ar r Soeea{ia BEHoRGg BHIUOFirtcRf aBRIMIne e el 21 (BRI |

the magnet array. ation of “a marker “onTan ‘a

i's unknomn) it magnétSPEY indhe mhgidt aray s Eésitmed mmﬂ%&ms?ﬂ by $lidbgdhd iRt ON
an article passes the article along the entire Iength of the cover plate 18
of t he appar at ud00 mithini acairepfshre corresponding grdoyesiwithiy thegidewalls® 1a The mageath 100are
varyi ng di stances above-the, pagnet array is necessary because there i.s n
way to predict t?ﬁ% W%&%ﬁ?&f@oﬂﬁﬁwﬁ’ﬂféﬁmﬂr teratively, mech
exanpl e, a boo A . ' Loty ' I A TR Welap
shoun, this | misines Reisfin SEIGEE ot dftd SRR Ralels s e QUEBAd BB hpling

0.32 to 1.59 cma(sitiltRotopdadt diTe magieeH00 ig Bppoximbelydeve!l witiethe top dfahaiduvedls
array. It can be appreciated by those of skill in the art that the size,
strengt P%and pddi t\%ﬁnithw plafe 19dgprsitioned emiha housingal2ita yest emthe sidawells2d gthe o

L s fmvent i on o8 heuisaet 8 Bnact ogihes bk Rl Hshlh e g PRIGEOEG
position P al oRgetaiHadidas 8 ﬁlayaasimnaﬁ@ areYoslFREEH afproRivately 1HO VR €d

by the algebraic sumof the intensity and polarity of each nmagnet reduced
appropri atel y alistancelfelivé o the maele? 22 06 an hitieln 20pfaceden the edverplate 18Qs PRy marker?

PCT/ US99/ 03635 . 9. 14 APR 2003 Thus, the field contribution of any given
magnet is a$' e@2duffem theworking|surfacerdefindd hyi thetopfsunface of the cover plate 18.

25 The faces of the magnets 100 directed toward the cover plate 18 are poles
that create a magnetic field extending upward from the cover plate 18. Each of the magnets
are sized and positioned relative to adjacent magnets so as to create along multiple paths,
within a range above the cover plate 18, a magnetic field of.aJtemating polarity and of
suitable intensity that decreases mtlSaA; exponential envelope from one end of the elongated

30 magnetic array to the other. One of sfén in the art will appreciate that such fields may be
created along a plurality of paths at varying distances above the cover plate 18 by methods

which include providing appropriate shielding to alter the effective strength of each magnet



adj acent rragn\g?g?/qsf‘é next nearest magnets, and so on. The neBERYE99/03635
positioned at each end of the magnet arrayy. however, are adjacent tl)‘ioAP@ 2003
one ot her magnet and thus may have an undesirably large contribution to the

magnetic fiel i ' . e For
this reason, ?%@%@%@H%@égﬁh{s}?&s%ﬂ%mg%f y \sggf“éegtgggcg’?\’?bgaéj ustg ééhc?
that their conther mbgriers]00vithihahd magrdt arrdye s the ¥ymbodiment siwevpia FIGS.2 andB, so
| arge so as to deviate fromthe exponential envel ope of the entire magnet

array. 1t wi | raghofhemmagnets(asd hence dieepolss thak preidefined by thedace of themagh’d sel ect i on
and adj ust mn%ﬁﬂdﬂmgﬂxe%germ n&%o%thg GRRE b the %Jsﬁg{.ﬁg t@sg%ésﬁdnadf

shi el di ng of e end nmagnet's, “adj ust1 ng e spacing o magnet's

relative to t Fﬁn%ﬁlam@ihﬂﬁ nfdghétagiay aféhds @lohg the fdnpof tRMBES 122 1thetginge t he

magnet streng y material or size of the nmagnet, by adequately trinmng
the end nmagnemagness 10§ areshovmtas gengralli decrensingrinsins: thisissiepreseptationnl pfrecigasing ng

The control - e iFErof fecsfly bigalh Pbaca NEF e Bttt BB e

process by enw&ngﬂgoﬁdiam@le{s iMRENRS dtfength off &ER nagnedt i préferablp ditetinedlsomivnt ar e
oriented in one direction parallel wth the initial field. In order to
initiate the deficldscreatedelong myltiplenaths abevernad parallohtortheiwarkingsurfacg desrease

| ntense, ol € o bl BhveloBe Sond RIS nlaghl Sl dr e bt fop e

the predeterm ned valtle of cCOercrve forc enents.

Subsequent t 0 apperati® B0 of FIGEN3Re fivd rodsued Alohg tHegatheatve the covndtplapy I er abl y in
a peak or valley whose intensity is decreased by approximately the same 2a.
per cent age f r §g¢reases yithiy poerpopestinl epyelops in thy diregtion g5thpagew2dund t hat -

demagneti zation will oceyr if on-the .aver eld i Ity associ at ed
W th each successive poﬁg'eg}?gﬁegse;séobvﬂ%nﬁ‘gg%g"e%g&%}je@%erb%g’g% n%l-t%\ﬁeo :
adj acent pol esnaghétiimgateralsyinchidig, bitebtllimifédas,sdny yorfiinatioh af the follotvinge@ n
successi ve pol.e changes by approximately 1 S percent between any two

adj acent® pol edmeqtion molded permanent sjageey matrisial, such a5 type BplOaR “Rlastiform é&“@é@ﬁ by

the control e b5hlid ComPERI NI NebiasiGowRER il Re B Bftr RIdAGhd | N

control elenent Is not n un et magnet1 zati on. Thus, as
il ;Jst rg]t ed Ewbmélﬂ???%ﬁﬁﬂ?wl?tﬁbf;@h §htfet frlatefial xﬁbgﬁetizedlwiﬂ;l hltm’;art]ip%):]e is
preferably chosen sqg tha e fi alls 0 ro i n.congert  wi e
exponent i al ePPERCHE Wdﬂl%lﬁmﬁpi ﬁ&“gﬁwf‘e}oﬁg‘& i‘Péqut%Hécﬁ’é"a‘gé’a‘Wt hi n
an exponent i aljo80. P PREf0r™ r RorBRYy NEMRsKEd t
magnet s renai nls g?ﬁst ant nﬁ%g&ﬂ@;‘pﬁ?ﬁlﬁ@ﬁ?ﬁ&%@?ﬁ%h the field ’dég%)?;ses in
such a plgnet imachineabls metaliiy mhterial sschrds DB Sacr Nd 40 & osteer NdFel elayrsach dswoldQ =

-nnM~) WO 00/ 22587. -1 o wherein Ho = fjel he wor ki di st ance
associ at ed wi t‘ﬁ‘%'émge B’f@‘gw@aﬁ?ﬂcﬁbﬂhﬁﬁ‘g{aﬁ%&g@ #ft'r gﬁﬁ'oﬁ’f’ S8 ki ng
di stance assohbesppiiphite Mabdtials WilPRSS KtelognRe®By RUROF SRR the art.

FIGS. 4 - 8 illustrate alternating magnetic fields of exponentially decreasing

intensity along paths within the range of 0.32 to 1.59 cm (0.125 inches to 0.625 inches)

25 above the working surface that are produced by one embodiment of a magnet array set forth
below in Table 1. FIG. 4 shows the alternating magnetic field along a path at a distance of
0.32 cm (0.125 inches) above the surface of the magnet array. FIG. § shows the alternating
magnetic field along a path at a distance of 0.57 cm (0.225 inches) above the surface of the
magnet array. FIG. 6 shows the alternating magnetic field along a path at a distance of 0.83

30 cm (0.325 inches) above the surface of the magnet array. FIG. 7 shows the alternating
magnetic field along a path at a distah’ée of 1.08 cm (0 .425 inches) above the surface of the
magnet array. FIG. 8 shows the alternating magnetic field along a path at a distance of 1.59



the given pole. A magnetic section wth an.@xponentially decreasi‘n‘b AFiRelzg03
al ong the working distance is thus defined by a constant Q val ue. An

< alternating fi C ' » 2 nt
ol ernati ng 11 Ehth EabaALSR Y SHARL BXUIBEN b PRICIERY of SRR ARE B0

est abl i shi ng %W%H@bﬁf%&ﬁbéf&mﬁ Yhar Qr}b’ﬁ% fie eRiMSpIE, @DoblRdll lkely be

control elenent noved relative to the magnetic field in thé direction”of

decreasi ng fi epaitonedfngrh thedover dfehé apparatusof B1G.\1. ddeegmespomiing peaksiadgalleyy a
net y demagnetjzation by the sane percent with each field reversal. A

magnetic fi el dindlEs. 4robEpresent dhefeldistensity s thahlorationylopg the paleessari |y have

Cou 'y, B both. resul t1AOTHH D AERABRLEG e, R AR STl it 8RS s un P
demagneti zed OkasaTelRReNgAh that A& dasdsTronPiREximiel 3002858 &5 70 éﬂs@?&iﬁﬁ%f ul |
demagneti zation. FIG 9 schematically ilTustratés the decreasactirl{pa: wents

peak field intgmatetthan300gadssswill typicaily completelytniagnetize thetthagnetickespésnioftheS. 4- 8
for the denmmgnetization apparatus, of the present_i n\(%rist ton. FIG 9
represents a sTAKSTH any B gasynilltypiealy havs ng eflest ppithe,

fields decreasg,if. gw%ég%a . ' i . I
pat hs at di staﬁg%{séuééﬁ%h y %m&%%ﬁi—ﬁﬂéé%%eﬁ%&gﬁ%%w acgﬁx\é@{e he
megnet 3oray. g ilbng the eatird thaghd amdpwilbekpansicSihis et Expdhentl Beapingeldt o
the paths in FIGS. 4-8, respectively.” As can be seen, an exponentially
decr easi ng al t egardlessnf adigance fromfthearmays dlaweyer, #eawbe sean that the tocptienswithin the

[ i ol ields. i gh ' f f th h h - | -
blot . thus denttaG “bieh e markhHssebirySiikdne drgvive BRes D0 sey's 470 gnsf B -
al ong each of a&endifg fivthe WRGACAARIRGARE frdf the MrRRITHIR HaneCIRYy] FESex@mple

magnetic field that deviates from constant percentage decrease, there wl |l
be regi ons i n wdshownifrithe semjrleg plot iFGA9,dbmgagmthsd.}em (@ p2 dhghes) dbose theski ng
a residual magnetization of the control elenent, and ther i1l be regions
i n whi cH3t he nWgeNst AEayr3 BaKerRasses Hyoughithis range i tye dis¢lpse ﬂ@\gﬂmwwpmr

door eases by oouubail PREsrutad Bl rreitun e Bfatoih RhePE alisf sbablrls,
WO 001 22587 PCaih (562 5HaeRE) abode theIndh& afria} @ ehafien wolfd palithidiugR eHi¥ rahgeRdni ON

i ncludes a calibrated array of discrete magnets each conprising a | ength of

per nanent | y napassing betweernthe sécand sahioheifthmagniowsofithemagnes afay x Theseforss bepause | n
t hi s enbodi neng,, .t he netic polarity. of each. di.scret net al t.ernates
from magnet t ot fFeRfABen ‘Pﬂ%‘?’ WW‘%%’SHPW‘F P&Wﬂﬁmﬁﬁ%ub%l‘@ot’% t he
south pghe ford&ﬁfgheﬁ’zhng{" RbRel G 1 GRs@tREhiEIE Roh tha lehtir@ lenklMofTROGREr
array. The array Is pr eraLEy cal léra e%l by crlloosion% thelrraegnet mat eri al
for each di scrphte I8agtietappadtusdj usti ng the size of the magnet so that when
it is positioned inits E%qoper ‘place in the array, the nagnetic ,arrgénwi-ll

di splay an alternating fPeavifing ansxpernestiallydecayingdieldalangraths st wangng disances| G

0 h i | Ll f a I | . .ef d
Sones oot on ofbok e Badngs &t if Bk SR bR Rk o Bl i At b C
present invent bﬁanatﬁ%hmzw;ﬁ&iclrﬂ&kéﬁn W&? £60dK SHirdlat 888 hs &fis used in

permanent |y magnetized materl al 106 an loned so that its magnetic
pol e i s 24l i gnethisihwengort. h&s thenal thisdfiventien willfigyensitize aniagraet adriey atany distah€et.
The size of each pernmanent magnet 106 and the material fromwhich it is

made i s chosenfre® G:3ato l3fcrmilhis tod. 625 dnchep)rabenrdbeisusfasnef theimesnst ampatlhean
above the surf gecgpp?éciatler}lebyatilgsaeyof fsl%fl ir;[ tlﬂee art rt};[alt the size, strength and positioning of the

magnets within the array can be altered to increase or decrease that range. Such alterations

fa's

are within the scope of this invention.
30 The magnetic field intégsity and polarity at a given position P aléng a path
above the surface of the magnet array is governed by the algebraic sum of the intensity and

polarity of each magnet reduced appropriately according to its distance from the position P.
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1s array alternates and decreases at a constant percentage Wi FﬂT’é’ﬁﬁ3fj§§6%03
e

reversal. The flux collectors 102 that sanBw ch each pernmanent mag

gather the flux lines produced by the permanent magnet so that the field on
the path abovehuf)¢hesfield cagibofior dfanygivéymainenie affetdd byaseidld tahtdbatied dfids t o
the particular path. These flux collectors 102 are preferably made from a

mld steel, WeAReent Mx%n%?lw@s,még@mi &emﬁ@o]fiﬁm@déb@%eftdor s
102 i i tical . 1
102, 1510% 1 bl Rl b OAEETE 85 S SHSHAB G o,

associ at ed penidédsbly JFpe B6xitributiof t6lihe elaheic FelARIng tHFatlPin thd RgibRELHVE thesaar r ay

of the present invention are preferably arranged in one of two ways in
order t o’ genercad magnetse Forthisgeasat, ithe endmiagnetpmugtde carsfiilly seleatedand gdjpstedsoG.  10.

Th [ f 1s.117 t] f. ir] ' 2
each magner - 108y cARARtoR 9 1 584 WFns PG R ReBys AR Rl sl it
in the opposi ttke kpbiptidl @NVeldpe of the et Aaphiet BFay0 Tt WilSbeapprciait biea Wikl inSuch
an arrangenent produces an alternating magnetic field 116 that successively

reaches a naxit he selestionand ndjustgnentraf the and magnets meybe properlyraffesied by

had

directly abov At er-..0f each pet. 106 and r h erq Latensi

above the m dg’(?)lll;t {r%ﬁh%g‘{'};\ﬁeoé rq'ete&ﬂg "?gi‘egg %Péﬁgﬁeﬁwa%&gﬁ%gm& %3\}/62# lggf% %{6
I'n 30 sueh an wdrkiageefedind tb iR ikFaREnd, adiugBp hemienaiength 83 matkrislle siag r ay
equal s the total nunber of field maxima and mnima. The arrangenment of the
pol arities of affhe maspets byadequateltrimmiogdie sndmagrets, ey offsetiing thewnd megnets | n
the exenpl ary ' et array in Table 1. -12- 1 4 APR 2003 The -
tower series Jggﬁn;égér)lg{zs%ofﬁggﬁ%&ﬁ% a section of an array in which each -
magnet 106 has a pol ari is pfeferiel &iat the nivaf ilehsd pealt or Valley §en bythe celitfobct i on -0
the polarity of its adjacent magnet. Such an_ arrangenent produces 9ux |ines
runni ng from rfifment is grang enenghde initiate the demagnetizationprgerss by ersuring thatjall mapnetic
creat esyinduc : lynes: 3 Qs O L5 ogjte
G roct; h bot vomlh B ol BB 8RB Honk WhEToh AR ik he S BRROM | 1
adj acent nagneadrdertoinitiatehthedemapneaizationpredesscit has beeg found tiest the niostintdndepbleiis
produced t hat sggcessi vel y reaches a mgxi rrufr&gi(’))sr Ive intensjt rectly

. di
above each magif rably atjeast ?Pd’k‘i”ﬂ‘ﬂ?#lﬁé’@%lﬂd\ﬂé‘eih =3 P?’EQ%V@“?‘W “ﬁi"gfﬂﬂ"ﬁ‘f"
between adj aceBice GPMHE Ebritrol biBmbdtl. SsbkdqARE F5TR most Bidnbe FIE ehdlf e rversIPds
total maxima and mninma as there are discrete nagnets 10 108 1 n the array.
The two ar r ay spréftréblg inda flehk obedlley whesetimtersity Brdeareased byragpretimatelyitied sdme  but

with_ di$ erent periodicities, FIG, 10 jllystrates, that between the ints
110 and R 12 t Herdentageirom theRaeNiRus dpeaks or yellexy Tehes Beeafonngihat depagenzatipa wils
whereas the fi : ) : : ' d
each array use(gdc?hlg&gtgﬁe n m):‘)}éetr_ﬂg lﬂtrr?ng g%% é?%g%ér’%géh &hgélsgs_/e;;go‘(%h%ﬁnégﬁgﬁﬂ
nmagnets are r eigZ0pertentivetwees anygwotadjapent palep | Rreforabiymiie field antertitybassesiathsisvin a

119, Thi s may 96F FESPTSARS CIRRERN Y APRCHAS A PSTPeT REesep gy e Hpes PE

By fabricati ng imalselproRéaidhht BRIDE héak of Oflley Qébn'b?itﬁwcoi\trapéléiﬁém R Fedlver SHaG ll S
array 115, a nuch shorter magnetic section will be attained so that a

housi ng 2% t h nereviousrpales so thei the caritohelernent isgot lefievith amoindesirabld netimagnetizatioavi ng
t he advant ages.of e relijabl e etizati,on rformance .and. s | gr

si ze of the matf tag%lsﬁi’%?ﬂfgegﬁf’%%%mcﬁacq ggn&'&r@?%ﬁﬂ?&ﬁﬂ?ﬁﬁr&ﬁﬁt us
of the presentcuogeﬁ%amme'ﬁ%mgglagggsg%o?ﬁ&%%%hu}?@p&%aﬁ%ﬁ&aoﬁtIon of the

control elenment 32 does not e speed w th which the control
el enent 32 is noved rel aWhetear aktetratingaspnetic field dgcrdasesavithin drhexporential efivelope,

element 32 wil] experi.ence an zs alterngting magneti ¢ field that decreases
by a constant MEP WQ%%‘?W@%{H?YF‘V%F‘&%VB?@%SrWWWg&S’EI”P ity

rate of vemepk b&Eas | g ' BRABkIY '
control %enen?hg}ﬁ&rrg;mge meﬁ@gﬁ%@gﬁ%ﬁgﬁﬁa ?rgaget ar%?}??‘yﬂgg,rﬂ g??naned
by the by:

Q = -nn/In(H,/Hy)



response rgvtoeoocl)zfzs?he magneti ¢ domains of the control el errenfCW§93f0995.
However, typical -rates of novenent dur t¥y hunman usage of the 14 APR 2003
dermagneti zati on apparatus of the present 30 invention are in the range of
400 to 70~ Hz, which is well below the rate limtation due to magnetic

domai n response tines to magnetic fields. WO 001 22587 -13 PCT/ US99/ 03635
14 APR Z003whereitent i oned, one exenpl ary preferred embodi ment configuration

of the magnet ar ' bals,he Lt t hi ckness, and
orientation of egg% ﬁé*é‘ﬁ%é‘%ﬁ@%%&*ﬁ%?%@*ﬁé‘% @?%?%‘%eﬁg?l ux collectors
102, the di st anc#l, bdiellut fheathriing distaftesdcintadinwitll £1pol¢ lotaed mpotexawagfromagnet s
within the array is tabulated in Table Z. The nagnet orientation data in
Tabl e 51 ar ethedgiveaPelét ed by arrows which indicate the north to south
orientation of each magnet. It can be appreciated that other enbodi nents
whi ch achi eve the objectives of this invention are within the scope of this
i nvention. A MrRR¢ %lBSYwRCH HBaRiAaly decrkiihe X Balorigihd whikng HistdiBgie tius RGN et
mat eri el megt <et orientat' nvagnet Lengl ~ . Magnet Wdth cmvegi ~et Hei ght
cnFlint col KiefmedrbymcqmmaE:aA@dtgvmrf@MiM§wwe¢mmwmately 15 percent

3510. 16D. 2741, 270. 1522Nd, 3510 0.4751.270. 1522 543

3010 100, 41 STvaG pgERpIRrou R hale o s pp sty o .

3510. 1§60. 4040. 8410. | 5Xsei oles establis}ﬁnFﬁamagnetic field with a constant Q value

3510. 160. 3180. 9450. 1522. 5472002B~1nol dPl ast 1 far nl0. 160. 5821. 270. 1S22. 548200
2B Arnol d Pleasresithat grontrd elemenmoved rdgive 16 the 2ogpetic Aigld|igthe direction of

Pl as~lif'a~m=10, 16Q. 52 o] . -
Pl ast i for i Qet BT Pl et Rpsedfrdd iy e fidd hitergoing a ne -
Pl asti f oi ml@ethfigheBZiidn By the bane pérdeht 26N 2ithAeldakvbrdal. oA afnetiotield H&O dSkdot -
~0. 945d. 1522. 54132002B Anol d Pl astjfaJmlO, 160. 3180. 9370. 1522. 54142002B -

Aol d decrease exponentially will necessarily have regions where the incremental demagnetization
Pl ast {4 0l Gy a0, 1800 Y0 372 0P ot ARG AL EEAAT il BbARink Sk 4650.

Pl ast i f or mil @embghelddor a6 GPparARAhAS ERROMaif\nécesshiy b acHiéve dillndbagiiizaAibB0. 5590.
1222. 541881030 Arnol d Plestifarmi0. 160. 3180. 7900. 1222 541981030 Arpl d
Pl asti f or mL0. 160. 3180 Y8G29sehomatiosliyitlustrates thedsrrgase in peak to peak field intensity

Pl ot 1+ or e g3 35T OIOFE S ypl i RES. KD fhe demagnetzation apparatos of
Pl asti f oi m_Xhe présentinOéntidn 1FIGL BZepresend 338hI3H plde ofthel envelope in which the

Pl astifatmn 0,160, 2 31 00. 1221. 2724B1930 Anpl d . )
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25 a constant Q value and a constant percent decrease along each of the paths. When a

demagnetization apparatus comprises a magnetic field that deviates from constant percentage

decrease, there will be regions in which the magnetic field decreases too rapidly, thus risking

a residual magnetization of the control element, and there will be regions in which the

magnetic field decreases too slowly, thus requiring a longer magnetic section than would be
30 required for an alternating field that decreases by a constant percentage with each field

reversal.
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20 In addition to having the advantages of more reliable demagnetization
performance and smaller size of the magnet array, the performance'gf. the demagnetization
apparatus of the present invention is not speed dependent. The demagnetization of the
control element 32 does not depend on the speed with which the control element 32 is
moved relative to the magnet array because the control element 32 will experience an

25 alternating magnetic field that decreases by a constant percentage with each field reversal
without regard to the rate of movement. Thus, the only limitation on the speed with which
the control element 32 may be moved relative to the magnet array is determined by the
response rate of the magnetic domains of the control element material. However, typical
rates of movement during human usage of the demagnetization apparatus of the present

30 invention are in the range of 400 to 700 Hz, which is well below the rate limitation due to

magnetic domain response times to magnetic fields.
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an array of magnets of decreasing field strength coupled to the housing, wherein the
array defines a plane along the surface of the magncts, and wherein the amay produces an
alternating magnetic field having, after a most intense peak, a substantially constant

percentage decrease with each field reversal along cach of a plurality of substantially parallcl

illi ‘

patlis at any distance from 0.32 cm to 1.59 cm above the surface of the magnet array.

2. The arrangement according to claim 1, further comprising a cover plate posjtioned

over the array, wherein the cover plate has a working surface substantially parallel to the

plane.

3. The arrangement according to claim 2, wherein the substantially constant percentage

decrease along each of the plurality of paths is about 15 percent.

4, The arrangement according to claim 2, whercin the magnets are discrete picces of
permanent magnetic material, and wherein each of the discretc pieces are sized and
positioned relative to adjacent magnets to produce the altemating magnetic field having the

substantially constant percentage decrease.

s, The arrangement according to claim 4, wherein the discrete pieces of permanent
magnetic material are aligned such that a line drawn from the north pole to the south pole of

each piece lies parallel to the working surface.

6. The arrangement according to claim 5, wherein at least one of said discrete pieces of

permanent magnetic material comprises an injection molded magnet material,
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