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| nventi on SWEHE/00HP2nti on rel ates to apparatus, systens and RETHSHRE2IDSH >
novi ng objects. Mire particularly, the invention relates to |levitating,

accel erating and decel erating objects with reduced 'friction and increased
efficiency. Description of the Related Art 10 Magnetically levitated

trains, conveyor systens and related neans of transportation have been
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patent applications have been filed for such systens for decades, a system
for nmoving pepM ef idngishoo that is viable under real world conditions has
yet 20 to be developed. SUMVARY OF THE | NVENTI ON The present invention is
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Description of the Related Art
10 . Magnetically levitated trains, conveyor systems and related

means of transportation have been attempted many times in the past few
decades in an effort to provide more efficient means of tfansportation for
individuals and cargo. A few examples of such systems can be seen in 1J.S.
Patent No. 4,356,772 fo van der Heide; U.S. Patent No. 4,805,761 to Totsch:

-15 and U.S. Patent No. 5,601,029 to Geraghty et al. These systems operate on
the general property that magnets having like polarities repel each other, and
‘magnets having opposite polarities attract each other. Notwithstanding the fact

-that patent applications have been fited for such systems for decades, a system

for moving people and cargo that is viable under real world conditions has yet

20 to be developed.

SUMMARY OF THE INVENTION
The present invention is directed towards apparatus, systems and
methods for levitating and accelerating objects. In p_aﬁrti‘cular. embodimenis of
‘the present invention aflow objects to be magnetically levitated and
25 magnetically accelerated with respect to rails, such as train tracks.
In one ernbodiment, the system incorporates a number of lower

raifs spaced laterally apart from each other, and an object having a number of



30/ 12/ 2005" PCT/US02/ 21088 upper rails aligned with the lower rails. The
| ower rails have permanent nmagnets abutted one against the next3@nflo /2005
al i gned sudWOtR3&9430he upper surface of the lower rail has aPGEIGSO2/2088 >
polarity along its length. The lower rail also has a ferrous backing plate
t hat el ectroconductively couples the permanent magnets 5 along the l'ength
of the track. The upper rails have a nunber of permanent mnagnets aligned
to oppose the magnets in the lower rails to levitate the object. The upper

rails al so ha¥Pel fails gligned cwithigihel lawererails: r otem diowsrvegils bave| pergrandnd,
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made from an el ectroconductive material, such as copper or al umnum
disc is conHiRPEENEBeRYB3gPPEet being transported, and rotates with
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configured to align with the first rails. The second rails have permanent

15  magnets mounted thereon that are oriented io oppose the polarity of the

magnets in the first rails. Consequently, the object levitates above the first rails.

The third rail extends along the length of the first rails. The third rail is made

from an electroconductive material, such as copper or aluminum. The disc is

connected to the object being transported, arid rotates with respect to the

20 - object. _The disc carries a number of permanent magnets.  The disc is

positioned such that the permanent magnets are in close proximity to the third

rail during operation. Rotation of the disc, and more importantly the permanent

. magnets, in the proximity of the third rail resuits in eddy éurrents that accelerate

the object along the third rail in a direction opposite the relative rotation of the

25 disc.

BRIEF DESCRIPTION OF THE DRAWINGS
'Figure 1 is an isometric view of a track and a cart levitating above
the track according to one embodiment of the present invention:

Figure 2 is an isometric view of the cart of Figure 1.

N



WO 03/ 004302 30/12/2005, PCT/US02/21088 Figure 3 is an isonetric view of
the cart of F| re 2 wth a platform removed therefrom Figure ¥y $2am @l
view of a p ¥ the track and cart of Figure 1. Fi gure BCTAUSQIJZIGSS is "
an end vi ew of the track and cart of Figure 1. Figure 6 is an isonetric
view of a drive assenbly of the cart of Figure 7 is. a sectional elevation
view of a disc fromthe drive assenbly of Fi gure 6 engaged vm'th a :third

rail of the track of Fi tric se

Figure 8 is a side view E%Feélséﬁl?ﬂ@em%\é@ ?%Fdi?ﬂ'#egg'?’glif 8r"\é‘ |piaf§?f”end
view of a traeknced thefsfrdmf rom an alternate enbodi ment of the present

i nvention. Figure 9A is an enlarged view of a portion of the cart of Figure
9. 15 Figure 10 is a drigyee 4deahom vieiweol apotiion obite wackagd cert & Figugyed
al ong SeCt'OEI 10-10. Figure 11A.is a schematic view of the portion of the
cart of Figure 10, shown in a disengaged configuration. Figure 11 Bis the

portion ofsthe cart of g % ?lslarll%ndﬁﬁéw’b 'tﬁ‘%ﬁ%cg%“d %@@Igﬁfgil guration.

F|gure 12 is an end vi a portion o rack an Fi gure

9, illustrating a brakiFigusytiemn isonetdt seagasfes drvef A g8EAbIyOsY, ﬂE—i Eélfteof13
Is. the portion of the track and. cart of Figure 12, shown . wth
br aki ng syste: Y. 1.an engaged . configuration: 25 F| gure 14 is apI an Vi ew

or oss- sect oﬁZFeUF'eXV of e i seBliqn Vo pfigh & andiseltriin thearoivg
Section 15- lassembly of Figure 6 engaged with a third rail of the track of Figure 1, shown
) -:10  along a diametric section.
‘Figure 8 is a side view of one of the discs of Figure 7.
- Figure 9 is an end view of a track and a cart from an alternate
. embodiment of the present invention. _
Figure 9A is an enlarged view of a portion of the cart of Figure 9.
115 Figure 10 is a cross-sectional view of the cart of Figure 9, viewed
- along Section 10-10.
_ Figure 11A is a schematic view of the portion of the cart of
~ Figure 10, shown in a disengaged configuration.
Figure 11B is the portion of the cart of Figure 11A, shown in an
- 20 engaged configuration. _ _ |
Figure 12 is an end view of a portion of the.track and cart of
- Figure 9, illustrating a braking system in a disengaged configuration. -
) Figure 13 is the portion of the track and cart of Figure 12, shown
‘yvith the braking system in an engaged configuration.
25 o +  Figure 14 is a plan view of a magnet assembly from the cart of
Figure 9.
Figure 16 is a. cross—sectlonal view of the magnet assembly of
Flgure 14, viewed along Section 15-15. _
_ Figure 16 is a plan. view schematically illustrating. a cart. having
30 magnets aligned for travel-around a comer. . '



Figure 16 is a. plan. view schematically illustrating a cart. having 30
magnets aligned for travel arounda corner. WD 03/004302 PCT/ US(')P%QZ‘E% 005
Figure 17 i WOM3H04W2vi ew schematically illustrating a cart hRETAgH62 gets >
aligned for linear travel. DETAILED DESCRI PTI ON OF THE | LLUSTRATED

EMBODI MENTS The present detailed description is generally directed toward

5 systens, apparatus and nethods for levitating a cart or other object

above a track, and for_accelerating the object with respect to the track.
Several embodi nents of FigHES A7 eiSedtPlRREaW; srhemgticallyoifusiiatingia, cadanavisg

l evitate an v&ﬂ?éf’fg%t% ﬁ'@@%@ﬁ{ﬁﬁ%ﬁ% d to accelerate and decelerate the

obj ect, all cting rack. Accordingly, such enbodinents
can provide highly 10 efficient transportation nmeans. for individuals or
cargo. Many specific details of certain enbodi ments of the invention are

set forth i n HERBALED BRESGRIREEN RF JidE LS TRATRD EMBODIMENTS ovi de a
t hor ough under st andi ng 9f such e iments. One skilled ip the art,
however, will - understand'® ﬂps?ﬂgb‘%qﬁg%ﬂtdgqsﬂéﬂ??oﬁ ,g%menﬂ&, -‘%Eﬁck iteward
enbodi mentss. Qt ' | bR ; j :

descri bedrﬁiS n% %@Sé%pﬁ%?édgggrﬁgl on. foz?éﬁ?ééﬂnfo ?t"l'%é]ugt"??{@%} %bge%gtagr%v?oa
for levitati irgckndndc det acatlargting bihec bbjecT heitls ysdspiec Goi treoripmgkat eSeveral

track 12 and a,cart 14 configured to nove |longitudinally in either
di rection w €M epis ph-tharrepank invernlion, may q@wmm%wduabéo leviigde ranf

cmbodi ment: DRSS EBoBBls Tt HrtPuek Buteiéfle 78 HiehRotk: 1n41062EE U wibput
by a nunber -génthemhg B 2ackPacABcaRirdly,l 508h afibodinBAts %aﬁn%rﬂiaénﬁfdmyf (

track 12. The footings 20 are anchored to the ground as generally
under st od@ i efficiest ranspPhistianimeans fert hdividuais orteargoi IMagy speeific details of

erbod o0t L B SE' Oy bR VGRS 216 BB nbbSNen
o PR 14000 e LBl AR 4, L.
envi si oned tOae-sKikedlin thengrty hoWwevél willruriderstand that the present invention may
have-additional embodiments or may be practiced without several of the details
15 described in the following description.
Figure 1 illustrates a system 10 for Ievitéting and accelerating
objects. The system 10 incorporates a track 12 and a cart 14 configured to
move longitudinally in either direction with respect to the track. The track 12
incorporates a pair of supporting rails 16 and a driving rail 18.
20 in the illustrated embodiment; the supporting rails 16 and the
driving rail 18 are supported by a number of footings 20 spaced apart from each
- other along a length of track 12. The footings 20 are-'-an_Chored to the ground as
generally understoed in the art..  The driving rail 18- in the -iHustrated
- embodimentiis mounted-directly to the footings. 20, such as by a flange formed
25 at the lower edge of the driving rail. The. illustrated dri\}ing rail 18 is centrally
- located along the length of each of the foetings 20.. [ie;pénding on the particular
design of the cart 14, however, it is envisioned that the driving rail 18 can be
positioned -at other locations inside, outside, above. and below the supposting

_-rails 16, as would be appreciated by one of ordinary skiil ifi the relevant art. - -



positioned at, other |ocations inside, outside, above and bel ow t he
supporting rails 16, as would be appreciated by one of ordi nal’)g(ﬁ)(lt/zldbr_:)
the rel evanW@e¥004302W0 03/ 004302 30/ 12/ 2005 PCTI US02/ 21088 | RCYHIS02/21088

il lustrated enbodi nent, the supporting rails 16 are coupled to the
footings 20 by a nunber of posts 22 and brackets 24, and extend al ong
opposi ng ends of the footings. As with the driving rail 18, however,

different. configurations are possible, as one of ordinary skill in the art
woul d appreciate. 5 Thelluthgel U%t[ﬁtﬁdc@nbﬁdlmﬁ thetntt@p@tlpgcrad$ ﬁ@ argi ¢aupied

ies di bl
or t1 on of 115 i daouRE PRRRR AUPHHE: OreeuS AERM Rt g e er%mi%!ong
magnets 26 i nogpusings BRESIGT e alihgs. 15A§1Knﬁtha{He ai‘wuﬁ AT hﬁ\n difrent
il lustrated permanent nmagnets 26 are butted agai ns each er afong t H

| engt h of t heonfigyrationstare pms;hlenﬂajenaoﬁa@mnycsmbmetthQm appfaciatent | y

constant to enable the gart 14 to . nove otcgl al on he track The

per manent hagnets 26 ar-@'%r“\p@ﬁf Syriagenof Pﬁﬁlt‘ %}ey INgalalisy 16 Heames a

respective s ' I h, t he
p SYRAMBAF @Sgél@hén%h@%nétsszﬁoéﬂéhalﬁ éﬁﬁflé g)é %lé%tﬁﬂgl\é‘”t}f its

adj acent permanent nma nventor appreéci a
necessary t héngther ynpthemilhastriatethgnabodifndre, dhé gpetndirentn niddgiets {26 ihhthe

i nvention to operate. The illustrated enbodi ment, however, is rovi ded as
an exanpl e ofUBRertipgerallsr 46 @ieballi ofeat commanr éendthandhe Wustraig crermanent he

The cart 14 oGS 26 e pufldd AR B S e 16 S e iRt AR B o
gener al-:y0al pgivide dhmidymetisBrsd thd rgosdfﬁétéﬁtlﬁ@oﬁgtérﬁ%térﬁéthe $e deﬁ't 4880

il 'ustrated enbodi nent, the side rails are nEde froma ferrous materi a
such as st eemove smeotidy sldng thedrach. k&hguperivainest cragrieds 26uirst oriertted such
steel. Attacpe to the un ide of each of the side rails 28 is another
set of per mahEht® n§§ Eﬁﬂﬁg fg'? W%#‘Hetﬁ@%ﬁﬁﬁn@% 1Ragast s lafyt he

25 suppor ti ngegighliyp éﬁbl‘\@&er\mfﬂlﬂeﬂ@rédﬁéeﬁts FARARA WhidyreBE T RRK ffentdt

t he

appreciates that it Is not necessary that every permanent magnet 26 be aligned

© 15 in order for the invention to operate. The illustrated embodiment, however, is
- provided as an example of cne preferred embodiment. ‘

Figures 2 and 3 best illustrate the cart 14 according to this

‘particular embodiment of the present invention. The cart 14 incorporates a pair

- ~of opposing side rails 28 spaced apart to generally align with the supporting

- 20 rails 16 on the track 12. In the illustrated embodiment, the side rails are made

from a ferrous material such as steel. Other materials of like qualities can be

substituted for steel.

‘Attached to the underside of each of the side rails 28 is another

set of permanent magnets 30 that align with the permanent magnets 26 on the

25 supporting rails 16 when the cart 14 is engaged with the track 12. In the

illustrated embodiment, the permanent magnets 30 in the side rails 28 are all of

~a‘common length. The length of each permanent még—;net 26 in the supporting

- rail 16 is different, in this case longer, than the length of the permanent magnet

~++ 30 in the side rail 28. - One of ordinary skill in the art; after reviewing this

30  disclosure, will immediately appreciate that the difference in Iength prevents. iwo

adjacent seams in the support rail permanent magnets 26 from simuttaneously

5



Il lustrated enbodi nent, the permanent magnets 30 in the side rails 28 are
all of a common |ength. The I ength of each pernmanent magnet 26%@/1?(22005
supporti ng Wod3004382i s different, in this case | onger, than Pox/USeagidssor ~~
t he permanent magnet 30 in the side rail 28. One of ordinary skill in the
art; after reviewng this 30 disclosure, will imediately appreciate that
the difference in length prevents. two adjacent seans in the support rail
per manent magnets 26 from si mul taneously 5 30/12/2005.. WO 031004302

PCT/ USC2/ 21088gBindgwithdwni adiacept sepmsdntthecside rail nammasient magnetp Sdhesit

TR eart 14 adiing Badhat XBHERH, ° THESHLMland® pREldly o8 of iigccdin T4 2o
per manent W%@hﬁe@@itﬁfthétr%léxtiﬁ@ébb@ﬂté f tostbof e ng%%qt,m%gﬁe&% ot4

| evitates above the track 12. In 5 the illustrated e
per manent maifresupgordingaailed 6t cAs haesulletheatdrs 1428vitates albovedte dreckat@i st

the next. _The ipventor. appreci ates, however, that these permanent nagnets
need not Be ﬁﬁe @%‘ﬁ{}a&d ?ﬁ’&%‘?déﬁﬁﬂt’ &%QPWPEPF@W Hpttgcheadipdhg side daks
ride over thegtrac : a : | GILLE f
carrying i nd?éi%%aﬁl}tc?ﬁd Eh %0%’}%3#’56 hﬁ’ﬁé Jg'b%@'@‘ﬁ%@ﬁ%@&@%#egaﬁbﬂ’g%n that
configured ftheseapendaiernt aagnats needmat berittcorftachwith Sdch othéefop tiad tarm432

can have a wide variety of configurations. For exanple, platform 32 can be
i n the shapelohaye asaneotbdideevel tbadtackebdt ai ner.  Li kewi se, the platform

32 dth t 14 can S| for_ carfryi nl v snal.l. obj.ects, 15 The
o doc of 'the cart 19 nane Girf. T4 e PRIt Eigled 23 oy oS iRaivigtal G-
I th ; I hob | ' i S
26 ohoul ¢ nebieohyl TREréSont AveRBor Gafte Confgiicalfor Ayt Bafdd BF pebie

roll ers 36 randtas abreaulivbetplatibrnad@scamhdve enwittpeatiéty ofcomfigurations. For
significantly aff venent of the cart 14 along the track 12. It is

nit 'ept the _ | )
envi si oned qrARle;, AfRE mae iz hegghake cha)train Gaaek acgarggcontainer.
o g St 38 50T G o SR

track 12. As iTlustra : .battery
driving - ° objects. '

e

T

15 The sides of the cart 14 have a number of rollers 36 spaced apart
lengthwise along the cart. Rollers 36 are positioned to contact the supporting
rails 16 should the cart move out of proper alignment with the track 12. The
‘rollers 36 rotate about vertical axes, and consequently do not significantly affect
- ~the movement of the cart 14 along the track 12. It is envisioned by the inventor
20 that a wide variety of means can be substituted for the rollers 36 to keep the
cart 14 centered along the track 12.
As illustrated in Figure 3, a battery 38, a motor 40 and a driving
-disc 42 are housed within this pariicular cart 14. The iltustrated battery 38 is a
12-volt battery similar to one currently used in an automobile. The inventor
25 - appreciates, however, that a wide variety of power sources can: be substituted
for the battery 38, such as a fuel cell. - -
The motor 40'is coupled to the driving Ei;sc 42 by a belt 44. The |
inventor similarly appreciates, however, that the motor 40.and belt 44 can fake
. other configurations; so long as the driving disc 42 can be controflably rotated
30 o .-accelerate-or decelerate the cart 14 with respect fo the track 12. - An onboard

-control system 45 (Figure 6) is incorporated to allow a-user to-controifably

i
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disc 42 are housed within this particular cart 14. The illustrated battery
38 is a 12-volt battery simlar to one currently used in an au_t3(@m)p2l/9.005‘
The i nvent oWOX/84382 eci at es, however, that a wide variety of PODNWSE2/Z08s CeS
can- be substituted for the battery 38, such as a fuel cell. The notor 40
I's coupled to the driving disc 42 by a belt 44. The inventor simlarly
appreci ates, however, that the notor 40. and belt 44 can take other
configurations, e driving disc 42 can be controllably rotated

t
S0 0 el oricaRnteiane; detaerahdheattation it e cipogi o 4ot canfolithe
; F I, 1 ncorporated to allow a - er
: Qbf’afzgm?SH"SE%C;@?@@Q%%??%&?@B%V% B8t R05 et oz 21088 accel-erate and
decel erate the rotati orFigfiret e jifliStiiag Bhes ¢eldfvé CofERbLich 6{“%evgéﬁﬁéﬁc¥ma”d

acceleration of the cart 14. Figure 4 illustrates the rel ative ofientation
of the permafi@gnetsagr hessideraiip @8siidbercart 4 2heat engagerhwith e Wk 12.

engaged wigt h r As di scu d above, the polarity of the
pegrgmgs;’men}tl\/*'srna'g{j\:sl2‘?1 Fs’&%%%las%%%\f?ogb? @O?TEVQ@E?{R%? ﬁhe:elﬂ-l%%%ﬁn%md ﬁﬁg‘ﬁ FRRgIRE ; Rf?St}hﬁg
I n addition, pi [ t i ] : : ]

per manent rragg'eatrEWS%f ?gégreat gpe?ﬁan QP%?I%? eralr| gil‘rrensr}’or'l oﬂﬁ% héa icuiar
per manent megwdodirnent, the ldtenaé dinoensipp of theipermahdat mahase IEIIGealr than
magnet s 26,

i ' he, 1 -10 t
et s 26" ci BRlel Ritfersion e ineraeahBiaonets 26: sm.im@pééi‘é‘é‘é%m?ary
gnet ; ! X t _
the sane wi i tidbe peRRanst fefnol? 2830 fReve 1P salfe HieBnBRS: o thei or
cont r obs1Gyr eperavaRsHIryagRetT oI [RPIArgB! thaH Bicabefrhambnt hkgRel"sEn dhe

magnets. On the contrary, in the illustrated enbodi ment, the nmagnetic
foot pri nt 13°f ayeinare sl e therag vall appreciate, dewevenrthatwhenfthe neagrmte areagnet

20 er el e B B, NEeATRL LR A SRhbiobbL el SR Y.
rail 16. As conitiols hareSirdebdamyS t¢SmdiRtaid C5pMHaI lateral stability between the
-magnets. On the contrary, in the iliustrated embodiment, the magnetic footprint
15. - of the upper magnet 30 is wider than that of the lower magnet 26, naturally
- providing additional lateral stability.
A ferrous backing material 46 is positioned under the permanent
‘magnets 26 in the supporting rail 16. As with the side rails 28, the ferrous
backing material 46 can be steel or an equivalent materials. The backing 46
- 20 . extends along the lengih of the side rail 16.
As best illustrated in Figure 5, a driving pulley 48 on the motor 40
operates the beit 44 to rotate a driven pulley 50 attached o the driving disc 42.
- The motor 40 is mounted on a cross-member 52, which-.is in turn mounted to
the cart 14. Similarly,' the driving disc 42 is mounted to-an underside of the
.25 - cross-member 52. The driving disc 42 is rotatably mounted on a pair bearings
- 54 to rotate with respect to the cart 14.
As illustrated in' Figure 7, the third rail "1_8 7has a neck 56 and a
flange 58. The flange 58 is mounted to the footing 20 fo retain the third rail 18
-in.a fixed alignment with respect to the track 12. The neck 56 is in the form of a
30 .diat plate extending the length of the track 12. The driving dise 42 in. the

illusirated embodiment has a pair of magnet rotors 60, spaced one on each

7



backi ng material 46 can be steel or an eqtfi“val ent materials. The backing 46

20 extends along the length of the side rail 16. As best iHUStWE ié?005
Figure 5, aW@&{M0#¥2pull ey 486n the notor 40 operates the bECT/UM2 ﬁ’ >
rotate a driven pulley 50 attached to the driving disc 42. The notor 40 is
mounted on a cross-nenber 52, which is in turn nounted to the cart 14.
Simlarly, the driving disc 42 is nounted to an underside of the 25
cross-nmenber 52. The driving_ disc 42 is rotatably nmounted on agBair

bearings 54 Side phihg e 99 of the,tind fall 1% eEaghof the magnsetreters §0dws 4 non-
Fi 7. the.thi i1 18 | £] -
s mount ed 1+ qe TS Fabfing' 9062 maRARY B o Firdus BBRAG,IR: 64 piBRRy W

al i gnment wi trhilcbsstesit  tThe heolintirk digss B2e Mg b Gliminumtdie 4 euiable @on-30
flat. plate. extending the length of the track 12. The driving disc 42 in,

the il ustranagnelicbcompssite, el 2achi is dabreriadt witbt ar sushers phdmimanentn
each 7 WD_.03/ 004302 [ L 00 side of the neck 56 of the third rail
T8, Each 5 (PROTRSGA SPace aPaB0TRIA ShoRonthef itk GraRgBH g rdle AUt a
backed by a_GRbfiHScaiRfikG e drivhoidisc 2" Ehalof 1 peffhbfloft fitignel 86 abuts
mounting discs 62 nay be al um num or a suitable non- magnetic~conposite,
and each i s babthecatisiienof thex divirige distf 4P eagainsinthebrespgotive lidckimpaiist gdar t
fromeach other and arranged in a circle ab

[ ut a_ shaft 68 carrying the
dL i vijng di scAgiaceni permpanan pHaghgite G0 ﬁ%@hgl@’%@%lbmanﬂﬁﬁ FRECISEHs| dENef
ber nanent ' mabeater e RGARE A fird 38T SbhuS) B A gfb T Am renRices

nmagnets-6§ are each spgpedmeunifg discH®2 4 houhtédeo tReksthdft 680toThstate in ¢
nmounting discs 62 are nounted to the shaft 68 to rotate in unison with the®

shaft. Rot at uBisopfwithihedshait. nigotiition aixheidrivingdisect2 withtraspeeidk 156 nacksf t s

e B e B RS RO S B0 el G B Aok
e oy o AZRSOHEN deberb ik e N A6 S IRSAAbHLA G
el ect r oconduslignee with the length of the frack. As is generally known in the industry,
15 relative movement between a permanent magnet and an electroconductive

material results in an eddy current urging the electroconductive material to

follow the permanent magneis. In the present case, however, because the
electroconductive material in the neck 56 is fixed to the footing 20, the
electroconductive material cannot follow the permanent magnets. Instead, an

20 equal and opposite force is exerted on the cart which carries the permanent

- magnets 66. This opposing force accelerates the cart in a direction opposite to
the movement of the permanent magnets 66. Accordingly; controlled rotation of
the driving disc 42 with respect to the neck 56 can accelerate or decelerate the
cart 14 with respect to the track 12.

25 -}t also understood in the .industry that adjustable gap couplings
can be used to increase and decrease the resultant forces between the
permanentrmagn'ets 66 and the neck 56. The inven;tar iincorporates herein by

© réference U.S. Patent No. 6,005,317; U.S. Paitent No. 6,0.72,258;.--and U.S.
Patent No. 6,242,832 in their entireties to disclose various structures that can

30 .. be used to adjust the spacing between the permanent magnets 66 and the neck



material results in an eddy current urging the el ectroconductive materi al

to followthe permanent magnets. In the present case, however, 3ReCp38 ol
el ect rocondQ ¢¥®W+3gterial in the neck 56 is fixed to the fom:imgoﬂﬁ)mis he =~

el ectroconductive material cannot follow the permanent nagnets. instead, an
20 equal and opposite force is exerted on the cart which carries the
permanent magnets 66. This opposing force accelerates the cart in a

di rection oppgqui E:e }_)o dFlhe movenent of the permanent magnets 66.
Accor di ngly, ' XnfHEPeEdhe drvanienappreciates hata siggle megnet mion 62«apds used

t he neck 56 QﬁQte%QQﬁlaeﬁ%PBfﬁf)aéﬂ.%? @ﬁ&te the cart 14 with respect.to the

track 12. 25 It al so unders I'n € industry that adjustable gap

couplings can be used Embotimeare apd Hecr gasent henvasidd aMavkor .
between the pernmanent magnets 66 and the ngck 56.. The inventV%r htimerous

i ncor por at es a¥ABlagesOverdosvelercesEtems: afithe Kivior G 0BoBaampleSthdakgid

ascl ose. dhr oM i, BBYER antEine s Baekiocmatgnal cambinepiec vgte
betveen the. pes BncBSRAE inadeordE it =1B-OUILARA OHT RIS
Ple

PCT/ US02/ 21088 56. Further, the inventor appreciates t a si
rotor 62 canchegiassand alowsdadsoiooth paivernéntregthet welhois trahgpededraling

t he present knvgn'ﬁéﬁ_ﬁ} H&v& numa{)o s advant ages over cpnveﬁange syst éns of
the prior artf@forigWg TQUSeD3FHIRe dorisorhincorrarated inte the side railsdoft the
ferrous backj 5{',]!@;- ' Ene to create a ~Powerful. and consi st ent
magneti c forggtg |clﬁé%ﬁ{(%\%sgﬂgﬁ Stantial weight to be carried and all ows
fory snoot@ novenent asid hddittehgttie itagretio ML dise! AMahB8 &4 8fdcart allows

Simlarly, ferrous backing material incorporated into the side rails of the
cart provi de®¥r| ¢lReely cerittralied, -afficient anteldration tand kegpetdratiodr i Beogusk the
accel erati oyt 3¢ ABpacS comaebis Rk Filithete 5 pckoab betwean dimtwer
the third raparts.t Fafthet, bet2udBahe HMISS BisktS coWiined on the cart, each cart can
be independently controlled to accelerate and decelerate along the track.
15 Figures 9 and 9A illustrate a track 112 and a cart 114 according to
“another embodiment of the present invention. In general, the cart 114 arnd
-track 112 illustrated in Figure 9 operate similar to that described above and
- lhustrated in Figures 1-8. In particufar, however, the guidance system and the
drive system are both different than those described above. Accordingly, to the
20  extent elements, features and advantages are not discussed below, they can
be assumed to be similar to or identical to those described above.
In the illustrated embodiment, 8 drive rail' 118 incorporates a
- flange 158 and a neck 156,.similar to {hose described --abc'lve. In addition, a
cover plate 157 is positicned over opposing sides of the neck 156 and extends
25 -along the length of the drive rail 118. In this particular embodiment, the neck
156 and flange 158 are manufactured from steel, while. the cover plate 157 is
manufactured from aluminum. The inventors appré;:iéte, however, that the
'~ cover plate 157 can be made from any other conductive material, the neck 156 .
. .can-be made from any other materiaf; preferably a ferrous material such as
.30 steel, and the flange 158 can-be made from any suitable material. In:the

~ fllustrated . embodiment, the -aluminum in the cover plate. 157 serves as a

9
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parts. Further, because the driving disc is contained on the cart, each
cart can be independently controlled to accelerate and decel er

the track. WO ®B084302s 9 and 9A illustrate a track 112 and a.BﬁTglks)mo&?gos’
according to another enbodi nent of the present invention. In general, the
cart 114 and track 112 illustrated in Figure 9 operate simlar to that
descri bed above and ...illustrated in Figures 1-8. In particular, however,

t he gui dance system and the drive systemare both different than those

descri bed abdPRdugieg deramatyof lowerfeagnet iarertd%| anithe steal dn dhe negkdi56

o en: car oM A B TEBAS BaRRINU il BY <5 of i BRBPEDE febBidtetn: * o
drive rail- 118 incor pXsivith the AbARDBnboRiAeRk, I8 96ket AagrdtTolors 42 hRose

descri bed above. In addition, a cover plate 157 is positioned over
opposi ng si d@esidibnedeonneprogibg siteseof dhasddge rilorig 8t hand eangt bpefatilbeto

drive rail. 118. In.,this rtjcul af, enbodj nent, the neck 156 and fl ange, 158
are manuf Rct Geagefats A @%F?i%éq @1_9 Pﬂ'g t@gﬂ’ﬂthp'ieépgcﬁ& ﬂi’%%ﬁnﬁ?%ctlﬁr i3
from al um numy,ei | i a LAt %Eq\f r t 57
can be made ?ra gﬁugar{yéﬁét el?rseﬁcghgﬁ\fzvteig\é/gwrrg erra ?@ﬁém?ﬁﬁaﬁégrﬁo@ﬁn@%
from any ot here rpmsitioned, oner phierinbfrgniaof ¢he wthenationg dhesdrve asil 30 S{best
and the ,flapge 158 can : be de from an¥ suitable material. In -the

i |1 ustrat ed. IBgE8EOBiIgure dO dACRURRIM AT laverdpasnebreloes 142 rotates abast @ WO

Potors 1. ohipristt 16816 ¢feife TEYe GRAMIGEET beflesh 16 Pyat Riind gt
pl at e fengea¢h2 odnd Hige CRBRRS IrAl T eindPhet@sratéSoMideleldr8ic2 BRY ©apM9d! ﬂﬁfﬂt (/e{:

the | ower nmagnet rotors 142 are positioned on opposing sides. of the
rail 118, anitgspeetiopbedtack 11H2. 5. accelerate and decelerate the cart 114

ORI L ee LI L M R g
O o oy PR BE 6 Bhelghbe or ibie 5ol © el
create rel athorizombaieredint 6 hefhechoridontaidvetts 1@0ard drivémby a ecentral pulley 163,
156 which is in tum driven by a vertical belt 165. Unlike the prior embodiment,
where the belt is driven directly by the mator 40, the vertical belt 165 in the
' present embodiment is driven by a pair of upper magnet rotors 167. These
- upper magnet rotors 167 share an upper shaft 169 and an upper pulley 171,
which drives the vertical belt 165. .
20 Rotation of the upper magnet rotors 167 about the upper shaft
169 results in rotation of the upper pulley 171, which in tumn drives the verticai =
belt 165, rotating the central pulley 163. Rotation of the central puiley 163
drives the oppdsing horizontal belts 161, each of which drives a sheave 159 on
- one of the pairs of lower shafts 168. Rotation of the lower shaft 168 resuits in -
- 25 rotation of both pairs of lower magnet rotors 142. - As discussed ahove; rotation
of the magnet rotors 142 with respect to the-drive rail 118 results in acceleration
or deceleration of"{he“ cart 1 14.-w'rt_h' respect to the tr-aci(m1 12 |
The velocity and power of the magnet rotors 167 ‘is' adjusted
through axial movement of an. opposing pair of conductor rotors 173 positioned
. 30. to face the upper magnet rotors 167 from opposing sides. The conductor rotors

173 -and ‘opposing upper magnet rotors 167 function similar to adju‘s‘t_-éble gap

10



--=10 142 and the drive rail 118 and accelé'wg)r ate or decelerate the cart 114
with respect to the track 112. As seen in Figure 10, each |owen 3 ¥ 2085,
has a sheav®0103804302xed thereto to rotate the | ower nagnet rptDUSIA08N
response to novenent of a horizontal belt 161. The horizontal belts 161
are driven by a central pulley 163, 15 which is in turn driven by a
vertical belt 165. Unlike the prior enbodinent, where the belt is driven
directly by the notor 40, the vertical belt 165 in the present enbodi nent

i s driven by CQUBHIgS knowpe thawghehs suebr thelrqua vansferrathfrom inggeartduatonr s
167 share an I fe 1 n er puLley 171, hich drjves the =
vertical belf g%.w%% F\fg‘tea&?%%n%'éapﬁﬁpcﬁﬂﬁeﬁ)%@& 9%1&?)6\3@371@?9&%%&@ R &
upper shaft gapN7RHbrbBetiedift i tHNebolBeNPRBEI-RIEY BYFidddle Vmsc ' rn
drives the v_grfﬁi cal belt 165, rotating the centra puﬁ e 16%’. ogaaf?in'o?tr?uof
the central Bulheegoumig on itheedeft tred op fhes uppehshhalt d694s goedtes tidhlthecga opf
whi ch drivyes,a sheave 159. on one of, the irs: of |ower shafts 168.
Rotation Jf Pt ’Igﬁe‘?n s ?hﬁié@%sﬁ'ﬁfg i%?S’WWﬁsoﬁPBfe%?h%iﬂ@ dwo

| ower magnet 4 3 ' e t4 gn [otors
L2 i the rSndaias, bohpefiie o tiBethel Upklr, $AAP 16X 2, P JHBUBphoSY
decel er at i oncadplings cant bd lddjustell Indepeadentty cort e dohilsilkafldr - to ThRreadd Qi ty
and power of  the ma%net rotors 167 'is adjusted through axial novenent of
an. opposi ngdgReASeithecionawe dransiersed from2hgosondugied ro®es 1173, o e upper

rom opposi ng :sides. The conductor rotors 173 and

upper. magn : 6. J
opposi ng . %géﬁbﬁéogﬁéstk;dtors 167 function simlar to adjustable gap 10 .

WD)03/ 064302 30/ 12/ 200%he JApTh HSG2 adRR8&H HYURLVIMGSa KRG 14D {MBrA"dr
suc)h, the torque transferred fromthe congjgct orﬁ@?ot ors 17? to trﬁearu%@é}(
magnet r ot orfgomethe sipper irsagbet colanglGvy t Tiee sinpéorofl48' hagap drive shaft 177

the coupl | nd"BIFSting SheFEHREn Ak s anuiblish & i gandudlal fasol 1 £ac de mekon 10 gap
?3@5 the -riigfholied @ thé'BaHPPRY sy 8fiding BUBHINY 776 WAICARRLFES A&l Holkd'e
an adjustment rod 181. The sliding bushing 179 can be moved back and forth
15 along the adjustment rod 181 by a dual-acting air cylinder 183. The air cylinder
183 moves the siiding bushing 179 along the adjustment rod 181 between a
pair of inner stops 185 and a pair of opposing outer stops 187. Because the
conductor rotors 173 are mounted on the motors 140, axial movement of the
motors resuits in axial movement of the conductor rotors and, as a result,
20 -adjustment of the gap 175.
The motors 140 are operated with an actuator, such as a switch
185 iliustrated in Figure 8. The illustrated switch 185 is coupled between a
source of electricity, such as a battery 187, and the m‘dtors 140, and can be
-actuated to rotate the motors in either direction to accelerate or decelerate the
256 -cart 114 with respect to the track 112. '
©. Figures 11A and 11B illustrate the lower magnet rotors 142
- disengaged from the drive rail. 118 and engaged with t‘I;e -drive rail; respectively.
- Each lower magnet rotor 142 is linked fo the cart 114 by a'swing arm 189 that is
- pivotally mounted to swing the magnet rotor around a substantially horizontal
30 axis such.that the magnet rotor moves vertically to engage with and disengage

- from the drive rail 118. A pair of cables 191 are routed from a winch 193 .over

11
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couplings cooperate to drive the upper shaft 169, and that the opposing
couplings can be adjusted independently or in combination to ingfg £/9005
decr ease t hWa @vagda®2t r ansferred fromthe conductor. rotors 1BE8TiS0t/Bmsgpper”
magnet rotors 167. _ -10 The gap 175 is adjusted by noving a notor 140
toward or away fromthe upper magnet rotor 167. The notor 140 has a drive
shaft 177 projecting therefromthat is coupled to the conductor rotor 173.
The notor 140 is nounted to the cart 114 at a sliding bushing 179, which
nmoves |at er alBullexscklf. and aw ceninalled by anistuatoing 951 todadigsbiiehingightl 3 eash
be noved backfggdiforth .15 altogé ‘He adjustnent rod 181 by a dual -acting
air cylinder ofgde %@fﬁ]%gf@r?ﬂ 142.183 oves the slidi ng bushing 179 al ong

the adjustment rod 181 PgkvREEn& ro{fkﬂ"gﬁﬁ céﬁﬂf‘é réﬁsgﬂsorjigﬁr?gé@t@oﬂm er?éa&eon'

opposi ng outer stops 187. Because conductor rotors -are unt e
the notors 140 thaivedighboétbet pafloaden the cast nédul irs particataralwitio we heaticef
the conductor rotors and, as a result, . -adjustnent of the gap 175. The

20
motors 14® aPavigash dbesafl it payadde dawer o8 dhe tlackal tandnto eompensais ithe ed

in Figure 9. L4l r . 135 | S: d between a source of
electricity, @%@F\é@@%b@?ﬁ‘g@%ﬁ%ﬁd%ﬁfﬁ% 5 140, and can be
actuated to. rotate theFigoied $2igndei3 Mastraiddeshé ParficularbeRiy Astbly 202
decelerate the 25 cart 114 with respect to the track 112. Figures 11IA and

11B i | | ustr aBeCcoOrENg doain eathasiment of hel preseantsiongatipnl Thenbrakingl essemtbidy |
118 and enga Wt h rive rall, respectiyely. Each.l ower_magnet rotor
T4 1o 11 nbedogors flisied Tyt YsengnaaBasontGetinar S0Py 52 g ottt od
t o swi-ng4phe ﬁaﬁggfg : D stantially horizontal :30, axis y
such. th;P tﬁe gngpﬂﬁg?%a?'bﬁggg:s'@r\?ﬁi cally to engage with and di sengage *
fromthe drive. rail 1The brgkei assemidpl0Rsnédiparates ® phedniatiopistoni 204 4P3

over 11 WO 03/004302 30/12/20Q5, PCT/ US02/ 21088 pul | eys 195, and are
control | ed byclatelc20@asd amair obopapsisy hrekenlevgrs 268. cbiw pneumatic piston

204 is connected by a pair of pneumatic lines 210 to.a control unit 212. The
.control unit 212 directs pressurized air through the pneumatic lines 210 to or
15 from the pneumatic piston 204 to pressurize an internal chamber therein (not
shown) and to move a piston therein (not shown) axially with respect to the
pneumatic piston. The actuator 206 is coupled to the internal piston to move
- with the internai piston as it is controlled by the control unit 212.
The brake levers 208 are coupled to the actuator 206 at-a pair of
20 - elongated siots 214. When the actuator 206 moves-downward, a pin. 216 in'the
- brake lever 208 slides inwardly along the slot 214. As the pin 216 moves -
inwardly along the slot 214, the brake lever 208 pivots ,around a pivot point 218
- and the brake pads 220 rotate away from the drive rail 1 ﬁ8. Likewise, when the
- actuator 206 mbves. upward as viewed in Figure 13, the pins 216 move outward
25 along the slots 214 and the brake levers 208 rotate around the pivot points 218
- to compress. the brakes,. against the drive rail 118. Becat_:se the brake assembly
202 is rigidly attached to the cart 114, when th.e'-l;;a_ke ‘pads 220 compress
against the drive rail 118, the cart can be brought io rest with respect to the
Cotrack 1120 : , = : :
30 - Figures 14 through 16 illustrate a magnet assembly 800 and a -
~gart 314 configured with such a magnet assembly to facilitate maneuvering the

12
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of the | ower magnet rotors 142. The magnet rotors 142 can be raised or

| owered to conpensate for the weight of the payload on the cargol/l%b@()i
particul ar, WM §3Hi0g0peavi er payl oad, the cart 114 may ride | op@TUuSs/y .
track 112 and, to conpensate, the magnet rotors 142 could be raised, or

vice versa. Figures 12 and 13 illustrated one particul ar braking assenbly
202 .according to an enbodi ment of the present invention. The braking
assenbly 202 is illustrated in the di sengaged configuration in Figure 12

and in the oY @oyagdighteameagsr Asi hnstimusma%m ?Of@ggihghgT?mg?;esgfggéMb@OZ
opposi ng. br RSO BELPRRas"™ Redericit meghetid Badsedwing  shbacamiage 40ai
' i _ t Je ik b 2 [ I A 2. directs
o1 chour | zed a1 1 Iy GegR L AT S trBel e, T oy EatESR S et frled B <
pi ston 204 t bogye3@iithak receives theahagietnBes fhbmgedownWaed ark WMidh 3R Lo

I st therein (not shown) axially with respect to the pneumatic
E‘? \slt(:a oﬁ. P QE%T 5@05{5@ plate 191 easitigned caboues thealboslys868. t Fheopermanerit

[ j ' ' 0] ' 12. The brak
| evers 208 oy Earief09prkades g forrdhe, Pokita it S orSass Biesstiadiar toror s
214. \Wen t hiorees wxbred26p tﬁ@\&ﬁn@h\éﬂw/&ﬁﬂgné}s%ﬁpzﬂ% gﬁ%%igg mlgﬁagf H+ 3“8 r

208 slides inwardly along the slot 214. As the pin 216 ho\ L
al ong the s|f6@clszia$/t siwn): ale pais\afr arpes 3 Rvernnant dbedsliding catrisye 804258

f the drive rail 1.18. Likew se,
then the  actalirss hatt i cARRhing 35 3 caefioukd torlave tha siding s 16
move outiRr BEbtRhRVG AIBAg Thelehgdh bf tr‘a@%vgfs%k&éf?#%s ggggfr\rpgtrghgqs’ ﬂ%un
the pivot points 218 to conpress the brakes. against th .
Because t he areakaipiart éorithe slidifg dasriage 304ybyaiéspeletide rRoliliing fbds 3@@_41,T|A{)g;e n

brought fo FRRSWAIH PESfaking at%m”?ﬁ&%é&bé%é%h'gsé%fzs%oﬁgthé’iﬁf%sszé‘%@a
s RN 35820, M0 B0 D S lo AL S i KA
' - ‘respective nuts 324. The compression bearings 322 afiow the rollers 318 to
15 rotate freely about the mounting rods 320. A sleeve 326 positioned between
the body 308 -and the roller 318 maintains a desired spacing between the body
--and roller. '
As illustrated in Figure 16, the magnet assemblies 300 are
‘mounted by the brackets 306 to longitudinal structural members 328 on the cart
- 20 313. The transverse shafts 314 are oriented substantially perpendicular to the
longitudinal structurai members 328, such that the magnets assemblies 300 are
free to move laterally with respect to the cart. The cart 313 irllustrated in Figure
16 is configured for moving around a comer. As such, the magnet assemblies
300 have moved laterally to conform to the curved shape of the track 330.
‘25 Because each magnet assembly 300 is free to move independent of the other
magnet assemblies, the rollers 318 move each magnet assembly as necessary
to conform to the‘ particular track shape. The magnet assemblies 300 can be
‘biased, such as by spﬁngs or other means, to move into a configuration for
- driving along a straight length. of track. Likewise, the magnet assemblies 300

30 can be configured for moving without any restrictior:.

- 13
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wo 03/ An X302 30/12/2005, PCTIUS02/21088 cart around tight corners. As best
illustrated in Figure 15, the magnet assembly 300 incorporatessg 09y
magnet 302 WOUB@#43MRthin a sliding carriage 304 to nove | atecaitisgz/soshi n a
bracket 306. The sliding carriage 304 incorporates a body 308 that
receives the magnet 303 facing downward and which has a 5 ferrous backing
pl ate 310 positioned above the body 308. The permanent magnet 302 contacts
the ferrous backing plate 310 to increase the ,effect of the forces

exerted by the permanentightRyiétschematically ibugisies jghermgried 13 wftthis alternative

t h . [ f {1 i di i 304, t
{Fansvor oo, sratnBatingt Siifbra &R BErmet abnocn Hevant ISt SHirdk ngme
carriage --' Ifagétst 302016 Al alighdd it 9d Nodituditalt SARIMEL SRefiRid k4o A

pair of rollers 318 are coupled to the sliding carriage 304 by respective
mount i ng r odsalieactheTdart 313 &b have dAdAg dhe traek dm aetbsiredalignnesdi on beari ngs

322 to their respectivew'rmuntin rods 320, which are jn turn retained to
the slidi %g carriage 30 %9-90\'%%&%@@3% that spany mdilicalianssané Nagatignsgs

Aol ceve 326 B sy P 11 ehbodfinghfs isGited Aibhe vt aibetihd A0 B,
a desired spapirimfibbwaeentidre IFod\exammdle! ebttsrcar/Beithbticaieat withidhd itawr 6

16, the magnet assenblies 300 are nounted by the brackets 306 to
| ongi t udi nal MAreydiying| disgsie independantiyher callectively3agoeleraiet and deecelosate

shafts 314 a oriented subs tiall erpendi cular to the | ongitudinal
struct ural eq.’a{FC%éS&‘esﬁM}%? L hé%e‘ﬂ@@?%nﬂﬁ@@% "HP& Qr b“é"."?ro
move |atqpal bipbitifg"@HBREh B ind¥ip6aited td Aoy the?@nbﬁbki%r@és%a @véjgw &
16 is configured fof noving around a corner. As such, the magnet assenblies™
300 have. nodistribbutiosr ehasacteristionf aff en partichiarcsysienh, s e isfussbd abaek 1B30.
25 Because eaﬁh magnet assenbly 300 .is free to nove.i ndependent of the

ot her - magnefN¥BgeMiee and thigrgilgran be pagit i theriRgAeNS saUshhAag abeve

necessary t oufedRERY Brt dusHEndéi* b6HGHratibRSK EHAGE mdificATHA bindSS4iHHoRES

would be apparent to those of ordinary skill in the art. Accordingly, the scope of
15 the invention should be interpreted only based on the claims below.
All of the above U.S. patents, U.S. patent application publications,
U.S. patent applications, foreign patents, foreign patent applications and non-
patent publications referred to in this specification and/or listed in the
Application Data Sheet, are incorporaied herein by reference, in their entirety.
- 20
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bi ased, such as by springs or other neans, to nove into a configuration for
driving along a straight |length. of track. Likew se, the nmagnet 3g5sEpboes
300 30 can be configured for noving without any restriction. 13 WO

03/ 004302 30/12/2005, PCT/US02/21088 Figure 17 schematically illustrates
the cart 313 of this alternative enbodinment configured for novenent al ong
a strai gfAIMEngt h of track. The magnets 302 are all aligned with the

| ongi tudi nal structural menbers 328 to allowthe cart 313 to nove al ong
the track in a desired alignment. 5 The applicant appreciates that many
nodi fi cati ons Tand fapysiémotes magnetisellyrieidtating wind mobiodi aembjed; $heusygsiedm
above wi E&ﬁﬂﬁsin%i verging fromthe spirit of the invention. For exanple,
carts can be fabricated with. one, two or nore driving discs to

i ndependent | yadiack Srviag i Rieality of disstaais spacad laterally epart &ont hachcather alang he
forward r ' ' L ' f i

ol e com RO B A28 oy sRlSrafly of Bérhetbnt et Haiig gl voldd

di st ri buRlighrd Withreaoheathertsush that an paper sulage of pachent thasfirstiiadls nes edurifoome,

t he driﬂd!é‘lﬂygioﬁﬁta"f\][bg)el;éﬁiléﬂorﬁ@tjn bt @Nlerffn;POSi tioned in other |ocations, such

as above the car r "suspended" confi'gurations. O her nodifications and
variations vijupPkiegdaxing & pvralityof srow ralls cordigneadyto kg Withthe first cails,.each

pccor di Nelchind FalFcatyigs Purali SR Lot er L on
based on tchg clarms bel gfxl_rah% ?II%ﬁﬂaﬁé%é@ﬁ&tﬁb@&tﬁ%ﬁﬂkél?s%dﬂgptogagap}e)éﬂt)ﬁe
appl i catRedmapem| magnetoinsthe agrsspendirg firshpgl susht thehthe dhjedti lgvitapest abve, the
forei gnppkent applications and non- patent publications referred to in

this specification and/or listed in the Application Data Sheet, are
i ncor por at ed shibirdiral pipiacting ppwatsl toward thei ebjentand diaying 20 ldast 80¢ SRbGAGEIlY

CLALE iarthr e efficing" pBRRAGLUGR! Y thE VAL RS B TR Hihd maRd fdm LEe

electroconductive material, the third rail extending the length of the track; and

a disc coupled to the object to rotate about a rotary axis with respect to the object,
the disc having a plurality of permanent magnets circumferentially spaced about the rotary
axis, the disc projecting downward from the object such that at least one of the permanent
magnets is in close proximity to the third rail, the disc being controllably rotatable in the
presence of the third rail to create an eddy current between the permanent magnets in the
disc and the electroconductive material of the third rail to accelerate and decelerate the

object with respect to the track.

2. The system of claim 1 wherein the plurality of first rails comprises two first
rails. ' |

3. The system of claim 1 wherein each of the plurality of permanent magnets in
the first rail is in contact with the adjacent permanent magnets in the respective first rail. _

15



conprising: a track having a plurality of first rails spaced laterally
apart fromeach other along a length of the track, each first Bgt12/2005
carrying a plurality of permanent nagnets having their poles aligned with
each other such that an upper surface of each of the first rails has a
uniform polarity along an operable portion of the |ength; an object having
a plurality o#. secdhd systemsofataiini Dwhedin Dlatdraigiimehsibn bhthefperdanéminiagnegach

the. ol ol 15 T s ofefert B rfinePGeG Fivter RGeS s e e

t hat t heirothpesetordawild.at es above the track; a third rail projecting upward
toward the object and having at | east one substantially planar side facing
perpendicular to the track, the third rail being nade from an

el ectroconducti ve ¢ systerh, of chaimtihiineteina latezattdineigion bhibelpenghatertndghets

track; a ' G Led to the object to rqgtate about a rotary axis with
respect {P‘gth?ﬁggt?) '}Selgg r?naﬁ}?rht aypser rﬁﬁéﬁ#&%aﬁrﬂpﬁ?qﬁp%?gtﬁgﬂ?ﬂﬂ Nt egRgtss
ci r cunf eindh¢ seddngd ralsaced about the rotary axis, the disc projecting
downward fromthe object such that at | east one of the pernmanent nmagnets
isin close proximty to the third rail, the disc being controllably

[) otatable in &he Theswstan obtlaid, %hhe@an&irisin‘g(a fﬁﬁe&? Re@ﬁerfmbiubd el Eoract
t ween 1. . in the .disc an troconducti ve
ot or 1 VT BETE B dPRANE Embdhdtt B ot SubB Rt 466 { b obj ect with
respect to the track. 2. The systemof claim1l wherein the plurality of
first il i t first ils. 3. The. J f claiml wherein
cach of the prur al TSI AT HERFICReTTRInG, gk Pets Redqber SGTDE It act
\é\no'; f112'; gmmtﬁmw?_hthqqﬂummﬁ?emgmﬁl i |$na;,%1ﬁetsh_ﬂ at I%a@tem'tdl .Mlah% !ﬁfsﬁail_‘s@nh-af é&ﬁnd

_ . m o i rein at er i mensi on _of the
per nane&%'?(r)r%g%eé%a gr ﬁ'l%ﬁ'tbg hE qqrﬁgt‘? V\"n@i the PF@'&HY f’?‘é‘?rgﬁf'e'?tr 'Bﬁg'geﬁﬁ 1 ?QE%% R8E 0§

| at er al thke secoedoaiisof t he permanent nagnets in the second rails. 5. The
systemof claim1l wherein a lateral dinmension of the permanent magnets in
the first rails is smaller than a corresponding | ateral dinension of the
per manent nma@iet s Thiersybtem sfagaimd], fathed comprising a ferrous keeper member in contact

with the plurality of permanent magnets in each of the first rails, the keeper member being
positioned on a surface of the permanent magnets furthest from the upper surface of the rail.

9. A system for magnefically levitating and moving an object, the system
comprising:

a track having a plurality of first rails spaced laterally apart frorﬁ each other along a
length of the track, each first rail carrying a plurality of permanent magnets having their poles
aligned with each other such that an upper surface of each of the first rails has a uniform
polarity along an operable portion of the length; _

an object having a plurality of second rails configured to align with the first rails, each
second rail carrying a plurality of permanent magnets oriented to oppose
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6. The systemof claim1, further conprising a ferrous keeper nenber in
contact wth the plurality of permanent magnets in at | east 0”909‘12;"9005
first rails. 7. The systemof claim1l, further conprising a first ferrous
keeper nmenber in contact with the plurality of permanent nmagnets in at

| east one of the first rails and a second ferrous keeper nenber in contact

Wi th theypd poighitytof thé pPRAhAREIR ThadREN R thel dbrtepbfisg iRl QaiPbuct it $c ebjdct
rails. 8 The systemof claim1, further conprising a ferrous keeper nenber

i n cont atavitalgs gRovetbe flegkal i ty of pernanent magnets in each of the first

rails, the kegpfird FEfISci®) BSvarlAskardAREG dbjebt ancdHAIRG at Rhstdie NSRRGSR
magnets furthest from the upper surface of the r .

L. 9. A system}or :

magnet i cBiangr |sKg tfasing gPerRENYisaM do atveopeet the HS'”%y@'eH?'”ﬂoHﬁ’PPs "Ry 28

t {ﬁck hﬁéie@@o@an{ahwv?hhét%&ri?fthteittﬁiﬁi rl?n@kﬂe&ﬂiﬁ gfeelgnbm_tc;ltfw frackapart from Ieatch f
other along a |en 0 e track, eac irst rail carfyin urali 0
per manent gagﬁé’(i%c ‘?Pé‘?leﬁ’gtottﬁﬁiqueﬁbt totatg abgiRy r@&ﬁ%%%&#%%ﬁ?@@ﬁ q%f‘ﬁftt'yan
upper sugeadi€c RAvieRa pI@hlity I peimstert Mdgheltasircamigrehgdin spaeddabdut thd edtgryan
operable portion of the length, an otp'egct_ having a plurality of second
rails coﬁ’F‘?'gtU?é’éFCtRS"J&Fﬁ%dW@WPrF%@"?F' abipclisticn taat el loas eB%afﬁm’ef@éf‘?% ng
a plural }ntaPnété PR CRBE ProXiME e he thiNiaf dtHeOdiop BRFR déntMably retafble inethe
polarity of the permanent magnets in the corr sgon ing first rail suc{ﬁethat

the obj eREsenceQfithe durdi\e cfapte ap gAY cdrem; =6 ep‘?%F‘é‘E?ﬁ‘tHBanlﬁk%FH
toward téigc @RHaRé cittroBaydudtvarimdigrus lof AR tiirdbRdilaRt Adlelerate rainaécetdrae thaci ng
perpendi cul ar to the track, the third rail being nade from an

el ect r ocHgcifthyesnest ortharacki@di nird rail extending the length of the

track; a di scy &Rk Reepdr dritearPilesifdcoh@udtioé aberaltOsdchaofitRd Avisl rafik| the Wedfer
respect tqQ the object t he di sc havi n%}t?napl uralit nent net.s

, . of
ci rcunf g ma{-'rqnyajcgwaeélaf RGNy ?fhermgp anglssin th%a%ar&e@rrﬂr ing: pesiipned

downvar doffd QUifdcB @f Bl SsiimapRt mb§adts RirtheSEFdm M uphertifrabs bNMmaaal, théBenst s
is in close proximty to the third rajil, the disc being controllably

r ot at abl ReiRgpesifioned pkerdhe apger suriace A thg firstirgl-t o create an eddy current
bet ween the permanent nagnets in the disc and the el ectroconductive

material of the third rail to accelerate and decelerate the object with
respect to t HE-tr akdie sygkam of claim 1, further comprising guide members coupled'to the track

and the object to maintain the object aligned with the track.

11. A system for magnetically levitating and moving an object, the system
comprising:

a track having a plurality of first rails spaced laterally apart from each other along a
length of the track, each first rail carrying a plurality of permanent magnets having their poles
aligned with each other such that an upper surface of each of the first rails has a uniform
polarity along an operable portion of the length; |

an object having a plurality of second rails configured to align with the first rails, each
second rail carrying a plurality of permanent magnets oriented to oppose the polarity of the
permanent magnets in the corresponding first rail such that the object levitates above the
track;
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a ferrous keeper and an el ectroconductive cover on each of the first rails,
the keeper being in contact with the plurality of permnent nagr@,e/tlszygoo.__-,
the. first rail and being positioned of a surface of the pernanent nagnets
furthest fromthe upper surface of the rail, the cover being positioned
over the upper surface of the first rail. 10. The systemof claim1,

further conpr ashing ralprdjectimbewsd compdane bbjechand hadkg abREst die abisertialy

mai nt ai n obj ect .aligned th the track 11. ystem f or netically
"ovit at | RIS G TrAb  AOBEpdiS (ctrel otk s, (B Lo Beiad: macE AR (B X
pl ur al i t gleofrodandsttiveanaterialptheahird rill ex@hlvg amalehglr sithe@adk; ot her al ong a
mmgnet s havi nd Ve aurfERf e oblesh B AbBuLE reRsns wih reshecl & Pagmeot
surf a(t:) Ie thie céim_::ha\tirﬁg];c tahﬁurh:iﬂysif plﬁﬁh:hr@riﬂaﬁgaew&iifc_oﬁﬂéreﬁmetli?rsiplbyecahwflﬂ tiae rotgry
oper anl e r n of t ngt n; N _op| ect, avl ur It secon
rgi | s co‘?'fﬁlg’gthlre g’ff °tPJ°J§FF%8%9'E"F?rFﬁ'é’W s"fbl?egi%“&’?%@zéﬁ leas egﬁ\éf ﬁﬁi RETRZPEGY g
a pl ural magneté ipér cse nroximined she)gﬁimta]ggtﬁeomecweﬁ@_ | &&gmohmlﬁrn%]thmmf int the

er manen ne | I he.gorrespondi I rst ral uc that the ob]ec
vt t ot R eRiet ing titd 58 ohE 8 BuAE stk ndieen T RersnpamearE Bultied
t onar dd;diec abg dbe emmfobmduc@vsﬁmdtaﬁmfgfmlﬂﬁngbsﬂamt acaﬁelefyaterwﬂn@éceféré@ fhaci ng

er penail . r.ac t_etlr ral €l ng nade rom an
gl egt roc‘f)bﬁ%‘%(@"’t'tW%ép%&{ %’rtﬁglr?c'f’ﬁgdt hird rail extending the | ength of the
track; a dis ogtmdmn_mbaﬂbets)ccf]dpm;qb th@e:trac_tmarr(D&c&hl ﬂemlbgmw m]!aér@to@upsleaxé thevbtijéct
respect " . 1 t he L VI N a ural it (0] ermanent magnets

Cont & Bt ShkeLalolis i e S,y P he di 5 %

ci rcunferen ary axis, the disc projecting
downward fromthe object such that at | east one of the pernmanent nmagnets

Is in close proximty to th hird rail, the. disc being controllabl
rotatabl e i npltzhe %i‘@ﬁ%’é OSfc‘q"HeﬂtfH'%Feﬂ GORIANSING @F’%@t@%ﬁﬁdetacfge éﬁlercgrff‘e
bet ween rollees beingapactd apzgitat s gamfrdrehe eils enzvitdint the objeeCAligA6® Wilki Bid track.
material of the third rail to accelerate and decelerate the object with

respect to the track; and guide nmenbers coupled to the track and
conpl ement ar W13r ol IAersysient pbre thaghetidagy Qb@'ﬂ%@h? &% oviigRian bbigctolthe Cdystdnm gned
with the track. 12. The systemof claim11l, further conprising rollers
coupl ed C?'(?pf'ﬂgg'obj ect, the
a track having a plurality of first rails spaced laterally apart from each other along a

length of the track, each first rail carrying a plurality of permanent magnets having their poles
aligned with each other such that an upper surface of each of the first rails has a uniform
polarity along an operable portion of the length;

an object having a plurality of second rails configured to éfign with the first rails, each
second rail carrying a plurality of permanent magnets oriented to oppose the polarity of the
permanent magnets in the corresponding first rail such that the object levitates above the
track;'

a third rail projecting' upward toward the object and having at least one substéntially
_planar side facing perpendicular to the track, the third rail being made from an
electroconductive material, the third rail extending the length of the track; and
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roll ers being spaced apart by a gap fromthe rails maintain the object
aligned with the track. 13. A systemfor magnetically |evitatinggand ppyiow
an object, the system conprising: a track having a plurality of first
rails spaced laterally apart fromeach other along a Ilength of the track,
each first rail carrying a plurality of permanent magnets having their

pol es aligned disd bowgperhtoohbebjest hrdtdtatabant Hpo@ary suis vith eestfece &5 theddbjédie

first ra aunlfor oIarlt al on ano rab por t of the

L engt b - 14 Befnd A ARG §heRheery Rt Brrarehieny Garresh raihe Soteg
with t hea:kls rtbe diso prejectiar Howiseard rmbmf #id olﬁjedstrsuchgha avlleﬂsabhé wf Ofe ;@e&ﬁfm@ﬁlnt
magnets oriente pose t h rity.of t erna

co?respoﬁ) %E" gtjé clq Qm’g%t%%?ﬁ 'Wteya(ﬂbjfﬂ?sec iISp fntga? foji@ggg&f’@l a
third raplesemas dchertgrdJmiaoGbréah&\an(bdﬂheuﬁbhtemétwaélﬂtﬁwpeh rﬁgnaﬂit hegisdts ﬂﬂthe
oA o0t b kP oS B R AR LG, b i 1

ext endi ngpjedtevithargpdet af thelrack;r ack; and 18 30/ 12/ 2005 a di sc coupl ed todt he
object to rot [otar ith, res |ect, . the disc
ot ng o pl ur anel F R i i of ah &gtk ni e Rk it s phiEeSt e
rotary mbsmntlalryqaeipMIqMarjtetﬁelprlgedomward fromthe object such that at

| east one of the pernmanent maghets is in close proximty to the third

rail, the disc being controllably rotatable in the presence of the third
rail to creat®han Adﬂgtemdowmagndﬁeamaewtamhgaﬂ@bjmnmsmebmprmng :he disc

dth | ect t.er the third rail acce te and
Gocel orat et fraghpafid {H TR Bist Fis'Prcsd leicraly apr fioR ‘Goth orraiitin | <
in the flength oftherraekpngated plate and the rotary axis is at |east
bstanti al | ndi ar to the plate. 14. mfor n
Covitating aft Tis) BEPAY HE Beoldhehl Rafinfts danblen o, FE Ht Tale o B sy
first rpetrsaspdoednktt eavingl theinpsles aligrea steh mafaherppéi SUthca of b@dﬁ‘rgbfrthéffrét he
|rst lL.ural. er manen rranets Ied i rst |Is

track; [0} t.h g
the- 11 r Sgie e oSyl BlopRriey dlond R of s 8Goth oot e
that an ficsbeurabiyr bfaperntdnean aiagnbtst imetife fisst rall ébehmy rasomtatiudth ki adjhoent
uni form oI ar i %X‘I al ong an operable portion of the I ength, each of the
Bitnéhien agnets; _
a ferrous first keeper positioned against a bottom surface of each of the first rails, the
ferrous first keeper contacting the first plurality of permanent magnets;
an electroconductive cover positioned over the upper surface of each of the first rails;
an object having a plurality of second rails at ieast substantially aligned with a portion
of the length of the plurality of first rails;
a second plurality of permanent magnets aligned to oppose the polarity of the
permanent magnets in the first rails such that the object levitates above the track; and
a ferrous second keeper in each second rail contacting the second plurallty of

permanent magnets.
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first plurality of permanent magnets in the first rail being in contact
with the adjacent permanent magnets; a ferrous first keeper po%'()t/P@??OOS
agai nst a bottom surface of each of the first rails, the ferrous firs
keeper contacting the first plurality of pernmanent nagnets; an

el ectroconductive cover positioned over the upper surface of each of the
first rails; 18n Ob]hetﬁystém/bm@alﬁt whufuﬁhbﬁ YorApriskRCOMEIrd Aill shcPh drifa Ssc, the
substant?alle/a %I?léj%ged WE?PF of the |length of the luralit

first 4 FRI" A1 GrestP %}‘%F“‘f?e'f“ﬁ%’@h@“%%?ﬁ rg e lgneh of 1% H"et he
pol ari t yddide tibe being rcﬁ'ﬁplédl'l‘o m@gmt@ td fotath @bbit Stotdriiakis vﬁthqlast:éatto tHeotpaYtect
| evitate &ove gl | IF ferrous, second keeé) in each second rail
cont act | T O USE AN 4 PUATDY SopSsioh HeR Oty AGic abag B8 romnaaus. 1
The syst drveodise bangnpaaémoﬁemrwftrea pERIGA thére 80N 1dsB ipfskirhily fo tﬁ@tth:m il iang b@lr@c
the third.r ve material and extending t

t
| ength ofon 3?“?')’ ﬁﬁgb[%'e g Bt%%@f?‘gﬁ ot Sﬁ ngae'&a Greaie 8B edr% cypeRidetyeen tteat e
about a p@trwnenamgnw;ﬁdn trreearhecmsé and hige eRicB6tanduttie wicvigl 6 the thir rdidtod

pluralit d about the rotary axis, the drive

di sc bel%cgcel%g 'Wrg?‘% %&ﬁ‘? B respectidithe fack ose” proxi mity to the
third rail and be| ng controllably rotatable in the presence of the third
rail to creatg, an urr n the er mgnent, magnets in the drive
di sc and the 'ect %’Bt‘? i %%ﬁ'ﬁ’!ﬁm%fa ak gimegsieg;qr the firsi RiwRlY £fe

and decqieemahentt hﬁgﬁétsastdlffﬁarteht frofpactorréspbhding raelal difiendibs &FYtleesaddhd
claim 14 wherei.n a Iatfral | mension of the first plurality of pernmanent

magnet s Riwafly of RPMANCAT AP R or r espondi ng | at eral di mension of the second
plurality of permanent rragnets 17. The system of claim 14 wherein a

| at eral di nmen f flrs per manent magnets is snall
than a corr esﬁondlﬂﬁ’ iﬂ'ﬁeﬁ‘g W@ﬁr at'ﬁ@”%'e@@ﬁﬁs'ﬁn L?ifgﬂ“‘i’ figst phyrality of
per manepermagst tagné. is Eh@lléi'ytﬁéreﬁbefreéiﬂdﬁd Tdterdr ainfdrididn VT the 5SdoniQMRSlity
menber IO?BEOSI ti ned on a surface of the tfirst plurality of pernmanhent

magnet s F‘ragﬂ‘?tﬁhe upper surface.of the rail. 19. The system of
claim 14, further conprising guide nenbers coupled to the track and the

object to maintain,the object aligned with the track.
J 1%. r]I'he sys%n* 01? claﬁ‘n 12 wherein the first keeper member is positioned on a

surface of the first plurality of permanent magnets furthest from the upper surface of the rail.

19. The system of claim 14, further comprising guide members coupled to the
track and the object to maintain the object aligned with the track.

20.  Asystem for magnetically levitating an object, the system comprising:

a track having a plurality of first rails spaced laterally apart from each other along a
length of the track;

a first plurality of permanent magnets coupled to the first rails, the first plurality of
. permanent magnets having their poles aligned such that an upper surface of
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20. A systemfor magnetically levitating an object, the system conprising:
a track having a plurality of first rails spaced laterally aparggf/rony ggen
other along a length of the track; a first plurality of pernmanent nagnets
coupled to the first rails, the first plurality of permanent nagnets

havi ng their poles aligned such that an upper surface of 20 30/12/ 2005 each
of the feadt of thielfsstirais has abaibatantialy ynifonif ptaritp alodyidryopérable miiticher @bl e

ti h h.of .the first pl | it t [
Phe. t1rsenaly BogL b Mhs BB ieug or kefreodrh reBapsdn e i3l rlreshts Prgniaamiy
f err ous therssljacksigmemapertiniagmetsl agai nst a bottom surface of each of the
first ils, - first k ti the fi I i t f
per manent | magh s I kB noaThne e Ehst cBRLERer SheaeboepS itk Apy e
sur f ace -fefrossififst kdepeheoritacting thalfiiss piurality aflpeaaandnartiaggets; pl ural ity of second
ural ity of 31 PeERIBude botr RN arriod Bioes BiackesticmRnsh BB Frimed
to oppose t hearpajeatihayingfa ditrelitypé seeoreintilsatdesdt subsiarttiatly bligrssd with 4 pogive h
t hat theofgll‘.)é% %hlowﬂetn[gltjrt%ﬁtg%ﬁ'\égﬁ%ge track; a ferrous second keeper in each

second rail contacti Plurality of permanent nmagnets; and
gui de nenber sa secpidediurality loé permahertntlagostp| aligped 30 \oppobé ahe ptunl of the t he

or e m 1o RloRels 1 S L BORE G bl (B B dne TR ™Y T ol er s
bei ng spaced aafmrausbsecangdepenin teaeh rseicbsd mail woafaotingh¢heokpearid plurdinedf wi t h

the tra e or magnetically levitating an object, the system
conpri s:br%iﬁm%qtﬁ'g ﬁgﬁﬁa%yf%g a plurality of first rails spaced laterally

apart from eauiiectéreberalconpied to trengidk avki dohldmentiry ralldrs totpled W thkidbjecof
per mane I to the first rails, the first plurality of
?c§ mAhel Eﬁe ﬁog(%'/cﬁ ﬁgéjqeigg\@nﬁh %&tr R.

per manent nmagnet's al i gned such that an upper surface of
each of the first rails has a substantially uniformpolarity along an

magnet s i -t R f1 Poe et Bl R ot el fedt FroBRRRIR

magnet srollers being spaced apart by a gap from the rails maintain the object aligned with the track.

22. A system for magnetically levitating an object, the system comprising:

a track having a plurality of first rails spaced laterally apart from each other along a
length of the track; '

a first plurality of permanent magnets coupled to the first rails, the first plurality of
permaneni magnets ‘having their poles aligned such that an upper surface of each of the first
rails has a substantially uniform polarity along an operable portion of the length, each of the
first plurality of permanent magnets in the first rail being in contact with the adjacent
permanent magnets; ‘ '
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21 30/ 12/ 2005 a ferrous first keeper positioned against a bottom surface of
each of the first rails, the ferrous first keeper contacting the/fisgboos
plurality of pernmanent magnets; an el ectroconductive cover positioned over
t he upper surface of each of the first rails; an object having a plurality
of second rails at |east substantially aligned with a portion of the
l'ength of theamértidlfiritkeper pdstione@bsinsta b@ANSurficedlleatly olthe fitst railRcthic

magnets aligned. to oppose the larjty of_ the rmanent nmagnets in the
first ra?‘qr@%%@ﬁ SEPSY CPMacIs @gﬁrthlW‘%/l'é)f%@eQB%‘%ﬁm?@"? ack; and a ferrous

second keeper ah aleeﬁsdbnaaan@ctﬁwaﬂ pbqsﬁtig:ﬁé@_ﬁt/ér_ﬁ@e phmrsaﬁ?e@loma%maif 'tl'telyfirstfrails; ;
per manent magnet ., ereln t thr ral | | 1t he I a on fe
P e and ¢ OB pbiary iR plrally ghsiegend ieyin ot ishtt suPron il el 8 PERiofin.
pl ate. 28ithélengli &Mhé plurdifyostdirsteaitd; y | evitati-ng an object having a

lurality of first rails d laterall t f h, ot h
First rait hatishond AurSy it pamangoragbtsoHBRd hogece. HRSEIM Bl ong

i ts | engpdrmanBat MGt INGRETIFSE FdilB GuctatHal thelobikay ievigatas pbovesthettnaclofangiecond
rails positioned to be alj Rned with %hg%%l Hral‘i to% of. f'hrst rai I? Olﬂyﬂ}e
obj ect when tRdeBRSEecqNd ReRRE i SRFNaRFPRT AL GNIRAEng fhe cteshed HYF i Yy of
per manengerf@efitroagredp! ed to the second rails, the second plurality of

per manent magnets. having thei.r poles aligped ch .t hat .an er. surface of
ach or t e igindRs MieehEh SRR of ah HBPEn e Ptk SG tRroBR Aks LA B on
of the |sfinstahtialgaRfoaididule to grosad. plurality of permanent magnets in the
first rail being in contact wth the adjacent pernmanent magnets; an

el ectroconductive cover contacting the second plurality of magnets, the
el ectromagnetax; cqyeystbri fo ni@pictitaip eshitatiing as i cbfecdthating = plaratity of firsataisy of

Firot pIPard Feraly BRATLAHEh Gorta GErcsachrIEsk B BYES R JERAIraLY &) FROLPibned
on a si dRagetd dji@trib@l@ambrpl itrehdth the syfemaenpAtingRgnet s furthest fromthe
upper surfac ea' tra02k2ha:?/%/gla2 p%?a?li?y of second rails positioned to be aligned with the plurality of
first rails on the object when the object is levitating above the track;
a second plurality of permanent magnets coupled to the second rails, the second
plurality of permanent magnets having their poles aligned such that an upper surface of each
of the second rails has a uniform polarity along an operable portion of the length, each of the
second plurality of permanent magnets in the first rail being in contact with the adjacent
permanent magnets;
an electroconductive cover contacting the second plurality of magnets, the
electromagnetic cover being positioned on a side of the second plurality of magnets closest
to the upper surface; and '
a ferrous keeper contacting the first plurality of permanent magnets, the ferrous
keeper being positioned on a side of the second plurality of permanent magnets furthest

from the upper surface.
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24. The system of claim24 wherein a |ateral dinmension of the first
plurality of permanent magnets is different froma correspondi 3@ A2 2palos
di mensi on of the second plurality of pernmanent magnets. 25. The system of
claim 24 wherein a lateral dinension of the first plurality of pernmanent.
magnets is smaller than a corresponding | ateral dinension of the second
plurality of 2fer ndhersystenynttkim 28. widreinsy ddteral dimensiomolthe firstr plosdity of

conpri si ond i i ti,one - . up S aces
of The- sBamheRt Siche R Niteiotf (Y Y col eSS oot USRS b She e
| engt h oplugality eflermament magokts. havi ng a pair of first rails each having a.
first plurality of permanent nmagnets of aligned polarity thereon, and a

second rail nade of el ectroconductive material extending along the |ength
of ‘the track, 28he The systermpei slainy 24avhpaein afatedal dinersidnsofathel festsplurality of

subst ant} | ' ' . kls: . i of
per maneromanet bt € shatlr 1af oPaesBndiod BlerbPiinBosh SFER B PN, ¢
in the fohpsrmpagntsnagnets.t hat t he object |evitates above the track; a
ferrous keeper contacting the second plurality of permanent magnets; and a
disc coupled to the cart to rotate about a rotary axis with respect to the
cart, the digs halhengyatepl wf adlaitry 2df furtharacemprisitg et slespocedudieutovdre -

rotary aﬁﬂsﬁion Sv&itﬁgugﬁégﬁﬁag%sd&%é)gg&nwr%iga portion thereof in close

L i
proximty to the secon bei ng controllably rotatable in the
presence of the second rail to create an eddy current between the

ermanent na ts 4 | : e C td teg]
gecond rail 192(;](:J ac'd(‘:re‘]:fi Iétt*g gé@%tﬁgg%&e‘gearrgd[ g‘%&{ﬁ‘g %gﬁq{cét fe\},{ﬁl P E&ragyﬁg%ttﬂé 5'tattaﬁe
track; wiaingi & palieofsfrsbrailsrasich havirignatfingt ploralityobf permsdnentatagdets! eft aligaed t he

Yo the P thordthy ok, BoRB e iab e Slech BESAGHYE b RDdfiia BEAGLGE 2
track, téngtietthedrackitpe cait sgmpfising:ng to the track a first plurality of
e o S ARl e S AP G Y
magnet s t o a af eecamdspluradityeof glermanent magnets aligned to oppose the polarity of the
permanent magnets in the first rails such that the object levitates above the track; |
a ferrous keeper contacting the second plurality of permanent magnets; and
a disc coupled to the cart to rotate about a rotary axis with respect to the cart, the
disc having a piurality of permanent magnets spaced about the rotary axis, the disc being
positioned with a portion thereof in close proximity to the second rail and being controllably
rotatable in the presence of the second rail to create an eddy current between the
permanent magnets in the disc and the electroconductive material of the second rail to
accelerate and decelerate the object with respect to the track;
wherein the second rail is in the form of an elongated plate and the wherein rotary

axis is aligned to be at least substantially perpendicular to the plate.
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provi di ng an obj ect having a second plurality of permanent magnets
positioned to align with the track, the second plurality of perggnepy2005s
magnets having their polarities aligned to oppose the first plurality of
per manent magnets; and magnetically connecting each of the second plurality
of permanent nmagnets to a ferrous material. 29. A nethod for levitating an
obj ect above 281 r adkmeathdd fanléviigtiidian ohjpeiciboab araack} the netlikcontprizingret hod

i sing: fixi the track a first pl lit f t S.Wth
R R O
connect i polasiEsiupsfardipalignedst plurality of permanent magnets to a ferrous

terial; el ' havi plyurality of pernmanent
et o ol - HaEaARe <Gt A Ol SRR el BT Bovs
per manentmatesighet s having their polarities aligned to oppose the first -
I lit f - ticall ti ach of..th
Cecond pl ural PEYERR L oFRRE Rving, 5 SRERE 5By Yor BBk dFedRE BT Gong
rai | of  a&ligaotithabe ok, tthe secomitigalurality af perenankeat ma%gﬁthha@ing tlmirtpto:atilﬁre]s aligheld f
tati ' Ml nent nets .in the proximty of the rail o
(raloegtIrggtgﬁoggé%w&%ﬁ%%{p&ﬁggﬁ%gg%ﬁqatnﬁﬁ{g%gweé%ﬂ’%forcepbet weenyt he rail and the
per manent nagaghdaically chenedtisy caalué thdacolmd plurdiily ofmMpesmamdnh maggeecto @o :
the t raCfgrro&sd'materiaI.

29, A method for levitating an object above a frack and moving the object along
the track, the method comprising:

fixing to the track a first plurality of permanent magnets with substantially ali of their
polarities upwardly aligned;

magnetically connecting each of the first plurality of permanent magnets to a ferrous
material;

providing an object having a second plurality of permanent magnets positioned to
align with the track, the second plurality of permanent magnets having their polarities aligned
to oppose the first plurality of permanent magnets; .

magnetically connecting each of the second plurality of permanent magnets to a
ferrous material;

positioning a rail of electroconductive material along the length of the track; and

rotating a disc carrying permanent magnets in the proximity of the rail of
electroconductive material such that an eddy force between the rail and the permanent
magnets in the disc cause the object to move with respect to the track.
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