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Description

Fisld of the Invention

This invention relates o the levitation of magnetic
materials by magnetic fields, and more particularly tothe
suspension of such materials in a state of stable or in-
different equilibrium relative to gravitational attraction.
The invention may be incorporated and used for meas-
urement and control in a wide rangs of instrumeants such
as accelerometers, flow meters, gravity meters, gyro-
scopes, magnstometars, micrometers, and tilt maters,
as wall as in nonmeasurement devices such as bearings
and other apparatus.

Description of the Related Art

There are many applications where it would be de-
sirable 10 levitate a magnet or a magnetic member. A
levitated magnst can be acted on magnstically, and its
position can be sensed magnetically. But it is very diffi-
cult to levitate magnsts, and there are significant limita-
tions to all the prior approaches. Magnetostatic or sta-
tiocnary slectromagnstic fislds will not levitate magnsts
or magnetic materials unless the field is spacially mod-
ified 10 have a relative magnetic permeability that is less
than ons at one or more positions. Ctherwise, the mag-
netic material to be suspended will either be expelled
from the field or drawn into contact with a magnst pro-
viding the field. This phenomenon is referred to as in-
stability. Magnetic fields with stable or indifferent equi-
librium can be creatsd by interaction betwsen a parma-
nent magnet and a material having a relative magnetic
permeability less than one. The stabilizing magnstic
force of such a field is inversely proportional to the rel-
ative magnstic pemeability.

Diamagnetic materials have relative magnetic per-
meabilities that are lower than one and can be used to
provide stable levitation. But the parmeabilities are only
slightly lower than one and provide low lift force. Large
permanent magnsts have been used to levitate diamag-
netic members. But that is very different from levitating
a magnet. One prior reference suggests that the inter-
action beiween a magnst and a diamagnstic material
could levitate a few microns of the magnetic material.
That is not a sufficient volums for use in a practical de-
vice. Anather reference uses a diamagnetic material to
provide siability and a second fixed magnst located
above a first magnst in order to provide sufficient lift
force 1o levitate the first magnet. Some of the drawbacks
of this design are that the second magnest crealss sub-
stantial magnetic spring constants or forces that distort
the moticn and limit the stability of the first magnst. The
lift magnet also increases size, weight, and cost.

DE-A-1 B14 804 discloses a friction free support
systam in which a mass of diamagnetic material is sup-
ported by a ferromagnetic material for use in cases
where the force of gravity is small or zero. The sysiem
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comprises a first member comprising a plurality of mag-
nets arranged to provide a magnetic field having both a
high magnestic strength and high magnstic gradient ad-
jacent a predetermined portion of the first member,
whersin said arrangemeant of magnets comprises a con-
secutive sequence with each two consecutive magnets
having opposite magnetic polarity, and a second, dia-
magnstic, mamber comprised of a material having a rel-
ative magnetic permeability less than one for interacting
with said magnstic fisld to produce a levilation effact,
wherein said second member defines an area adjacent
said second member in which said levitation effect oc-
curs. The diamagnetic material of the second membar
is preferably graphite but possible bismuth.

Supserconduclors have a magnstic permeability of
zero and produce higher lift force than diamagnetics.
The lift force of the magnetic field produced by ths in-
teraction between a magnet and a superconductor is
sufficiently large to suspend a magnet in the magnetic
field. A pemanant magnst of about one gram has besn
reponted suspended above a concave superconducting
disk. Use of supsrconductors to levitate a magnst or vice
versa is disclosed in: JP-A-1 038 605, WO 90/03524;
WO 92/10871; and JP-A-3 103 086. But applications in-
volving materials in the superconductive state have the
limitation of requiring very low temperatures, i.e. around
-200°C or lower. Another approach o levitation is to use
a variable electromagnetic field and feedback 10 sus-
pend magnstic matsrials. Drawbacks of elsctromagnst-
ic devices are that they require power consumption, ac-
tive control, and increase cost.

According fo the present inventicn, thers is provid-
ed a method of levitating a magnetic member relative to
the gravitational atiraction of the sarth comprising the
steps of: arranging a plurality of magnets to form a first
member comprised of said magnsts having both a high
magnstic strength and high magnstic gradient adjacent
a predetermined portion of said first member, wherein
said step of arranging comprises disposing said mag-
nets in a consecutive sequence with each two consec-
utive magnsts having opposits magnstic polarity; pro-
viding a second member comprised of a diamagnetic
material having a relative magnetic permeability less
than one at ambient temperatures; and positioning said
first and second members proximate each other with
said predsiermined portion of first member facing said
second member, the materials of the first and second
members being sselected such that the magnstic inter-
action between said members is sufficient to levilals
said first member relative to a full gravitational attraction
of at least 1 g without requiring magnetic fisld supple-
ment from another magnetic source.

This invention provides a configuration for lsvitating
magnets by a magnetic field that is free of undesirable
spring constants and instability. An illustrative first mag-
netic member suitable for usse in the methed of the in-
vention comprises a first member that is defined by an
array of magnels or magnelic dipoles which are ar-
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ranged 1o provids a high strength, high gradisnt mag-
netic field adjacent one surface of the array. More spe-
cifically, the magnests ars arranged in a side by side se-
quence with each consecutive magnet having opposite
magnetic polarity. This arrangement provides closed
loop magnetic flux paths for each two consecutive mag-
nets that intercept both magnetic poles of the two mag-
nels. An illusirative second member suitable for use in
the method of the invention is formed from a diamag-
netic material having a relative magnstic permeability
that is less than one and interacts with the magnetic filed
1o levitate the magnstic first member. This second mem-
ber dsfines a bass or area over which the levitaied mag-
netic array may be moved by external forces. Levitation
over this area is free of even small undesirable forces
because the diamagnetic material can be formed with-
out surface irregularities and without magnstic or cther
impurities that would affect levitation.

The magnetic field provided by the array of magnets
has a higher field sirength and a higher fisld gradisnt
than a magnetic field provided by a single magnet of
similar size and shaps. The magnastic fisld from one or
more magnets always forms closed loop flux paths. The
strength of the fisld for a given magnetic material is de-
terminaed by the portion of the closed loop flux paths
through air compared with the portion that passes
through the magnsts. The shorter the portion through
air compared 10 the portion through the magnets, the
stronger the magnetic fisld. For a lone magnst or single
magnetic dipole not in an array or near other magnets,
the closed loop flux path near the center of the magnet
must pass all the way around the edgs of the magnst
betore returning through the other side. This distance is
particularly long for thin magnsts having only a short dis-
tance separating the two magnetic poles, such as are
desirable for levitation in order o minimize weight. By
comparison, in an array of aliemating polarity magnsts
having the same overall shape as the single thin mag-
nel, a closed loop flux path originating at one magnst
travels only a short distance through air before it re-en-
ters a magnet of opposite polarity. Thus, the array has
shorter flux paths through air compared 1o the path seg-
ments through magnetic material, and hence stronger
magnetic fislds than a singls magnet. Similarly with re-
spect tothe field gradient, the magnetic field from a lone
magnet projects through air over a large area. In an ar-
ray of alternating polarity magnets, the field from each
magnet is drawn to the next conssecutive magnet. This
limits the range and causss the strength of the magnstic
field to change rapidly with displacement along the di-
rection of magnstization.

BRIEF DESCRIPTION OF THE DHAWINGS

Figure 1 is a schematic, plan view of an array of
magnetls levitated above a diamagnstic material.

Figure 2 is a schematic, plan view of a modification
of the levitation apparatus of Figure 1 that includes a
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layer of farromagnestic material.

Figure 3 is a schematic, plan view of a modification
of the levitation apparatus of Figure 1 that includss non-
magnetic spacers between the magnets.

Figure 4 is a schematic, perspective view of a two-
dimensional array of magnets levitated above a diamag-
netic material.

Figure 5 is a schematic, perspective view of a se-
quence of concentric ring magnets levitated above a di-
amagnetic material.

Figure Ba is a cutaway cross sectional view of a lev-
sl having a magnstic array levitated above a diamag-
netic material. Figure 8b is a top view of of the level
shown in Figure Ba.

Figure 7 is a cutaway cross sectional side view of a
bearing having cylindrical magnetic arrays that project
from a central shatt interleaved bstwesn layers of a di-
amagnetic material.

DETAILED DESCHIPTION OF THE INVENTION

Figure 1 shows levitation apparatus 10 comprised
of a two-dimensional array 12 of permanent magnets 14
levitated over a layer 16 of pyrolytic graphite. Array 12
comprises an arrangemsent of aliernate polarity mag-
nets. Viewed from above, the alternating north and
south poles form a checkerboard patiern. The perma-
nent magnets 14 are formed from neodymium-iron-bo-
ron of grade 35 megagauss-osersted or higher. This ma-
terial is a strongly magnetic rare earth composition. The
pyrolytic graphite 16 is a diamagnetic material. It has the
lowsst relative magnstic permeability or valus clossst to
zero of the common diamagnetics. Pyrolytic graphite
has an orientsd structure of graphite crystal layers. The
crystal layers {not shown) of the rectangular block 16
are oriented parallel to the bottom face of array 12. With
respact o dimensions, sach magnst 14 is of rectangular
box shape and measures 0.5 x0.5x 0.25 mm. The 0.25
mm is the thickness dimensicn, which is also the direc-
tion of magnetization or direction along which the mag-
nelic poles are spaced. These dimensions are typical
optimum dimensions. They provide a ratio of thickness
divided by width that is 0.5 for each magnet 14. The
range of variation for practical dimensions of the appa-
ratus 10 encompasses a thickness 1o width ratio of 0.3
- 0.8, and thickness for sach individual magnst 14 less
than about 2.0 mm.

In operation, the arrangesment of magnets in array
12 shown in Figure 1 produces a magnetic field 20 in
the gap or area 18 between the array 12 and surface 16
that has both a high magnestic strength and a high gra-
dient along the direction of magnetization. The pyrolytic
graphite 16 interacis with this magnetic fisld fo produce
a lift force that levitates the magnetic array 12 above
surface 16 in a state of indifferent equilibrium. The array
floats above surface 16 with no spring constant or force
attracting it to a particular position or accelerating it in
any particular direction. The magnetic strength of the
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field 20 changes rapidly as a function of distance from
the array 12. For the specific dimensions noted above,
thae gap 18 will be about 25 to 50 pum or .001" to .002".

Figures 2 through 7 illustrate various modifications
of the lavitation apparatus 10 shown in Figure 1. Com-
mon components are designated with the same numer-
als in all figures. Figure 2 shows levitation apparatus 22
having a layer 24 of ferromagnstic material placed
across the top of array 12. Ferromagnetic layer 24 pro-
vides a low resistance magnstic path above array 20
that increases the flux density of field 20 in the gap 18
between the array 12 and surface 16. This increased
flux density provides a highaer lift force that will levitats
a greater mass of material.

Figure 3 shows levitation apparatus 26 comprised
of an array 28 in which the magnets 14 are spaced apart
rather than adjacent to sach other as shown in Figures
1 and 2. The array 28 includes spacer elements 30
formed from a material that is substantially nonmagnetic
placed betwssn consecutive magnsts 14. Such spacers
30 increase the distance between the magnetic poles of
consacutive magnets, which in turn decreasss the gra-
dient of the magnetic field 20 in gap 18. This lower gra-
dient field provides a lower lift force and will not support
as large a mass as the apparatus shown in Figures 1
and 2. But the size of the gap 18 is increased as shown
in Figure 3, and the positicn of material that will be sup-
ported is at a greater distance from surface 16 than pro-
vided by the cther illustrated smbodimants.

Figure 4 shows levitation apparatus 32 comprised
of a two-dimensional array 34 floating above a layer of
diamagnstic material 36. A shallow bowl shaps 38 is
machined into the top surace of layer 36. The array 34
includes four magnets 14 arrangsed in a squars config-
uration. Array 34 is a small version of array 12. Array 34
has no net magnstic dipcle moment becauss the two
magnets with vertically upward polarizations are bal-
anced by the two magnets with vertically downward po-
larizations. Arrays such as array 34 with zero net dipols
moment are preferred for many applications because
they are less sensitive to being twisied or tumed about
an axis parallel to surface 38 by magnetic interaction
with either the earth's magnetic field or with the diamag-
netic material. This sensitivity to twisting can be avoided
with rectangular arrays having a different number of
consacutive magnets along one dimension than anoth-
er, as well as with square configurations. The shallow
bowl-shaped surface 38 in the top of diamagnetic layer
36 provides the magnstic array 34 with stable equilibri-
um rather than the indifferent equilibrium provided by
the flat surfaces shown in Figures 1, 2, and 3. The bowl
shape of surface 38, and corresponding configuration
of magnstic interaction betwean that surface and the ar-
ray 34 causes array 34 to be drawn by gravity toward
the center of layer 36. Array 34 is thereby kept from float-
ing off the diamagnstic member 36.

Figure 5 shows an array 40 of magnets comprised
of a small central cylinder 42 encircled by a concentric
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ring 44 of opposites magnetization. The radius of the cen-
tral cylinder 42 is chosen to be 1//2 times the outer ra-
dius of the ring 44. Other dimensions can be used, but
with this choice the central cylinder 42 will be magneti-
cally balanced by the outer ring 44. The two-magnst ar-
ray 40 has no net magnetic dipole moment. Levitated
over a piece of pyrolytic graphite 36 with a gap 18 of
0.025 mm {0.001"), the two-magnst array 40 has ap-
proximately 75 percent greater levitation force than a
single magnst disc formed from the sams magnstic ma-
terial with the same overall dimensions as the two-mag-
net array 40. Arrays with more than two concentric mag-
nets will have sven greatsr levitation force.

Figure 6 shows a two-dimensional level 46 for de-
tecting tilt. The level is comprised of a iransparent cover
48 with visual alignment marks 50. Cover 48 encloses
an array 34 of magnets levitated above a layer of dia-
magnetic material 36 similar 1o that shown in Figure 4.
Operation of the two-dimensional level 46 is similar to
that of a more conventional two-dimensional bubble
type level. The alignment marks 50 indicate the position
of array 34, and thereby the tilt of level 46. But compared
1o a conventional bubble level, the diamagnetic level 46
is more sensitive, lighter weight because of no nead for
a liquid, and fres from liquid leaks. When the level 46 is
placed on a horizontal surface, the levitated array 34 will
line up with the alignment marks 50. It the surface is
tilted, the array 34 will stabilize over the portion of the
bowl 38 that is locally horizontal relative to the earth.
Since that horizontal portion will be away from the align-
ment marks 50, the array will stabilize off to the side of
the marks. Thus, tilted surfaces are dstecied by the po-
sition of the array M relative to the marks 50.

Figure 7 shows a bearing 52 comprised of a shaft
assembly 54 suspended in a housing 56. A plurality of
discs 58 which are comprised of concentric magnetic
rings 44 that are similar to the ring 44 shown in Figure
5 are spaced along shaft 54. The discs 58 are inter-
lsaved betwseen discs 80 of diamagnetic material that
are attached to and project inwardly from the outer shell
of housing 56. Magnetic interaction betwean the mag-
nets 44 and multiple layers of diamagnetic material 60
produce a large lift force and low spring constant in the
circumferential direction for shaft rotation.

There are many modifications and variations that
can ba made 1o the levitation apparatus of this invention
in addition to the variations shown in Figures 1 through
7. For example, lsvitation can be achieved with materi-
als other than thoss specifically noted. This includes
materials that provide lower lift forces. The magnets 14
may be sither other rare sarth magneis or alsc lower
strength magnets not formed from rare earth materials.
The laysr 16 may be comprised of other diamagnestic
materials having higher relative magnetic permeability
such as bismuth.

As another variation, there are a number of altarna-
tives 1o the shallow-machined surface 38 shown in Fig-
ure 4 that can bse used to urge or draw the magnstic
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array toward a desired location. For exampls, a small
force that will attract an array to a preferred location can
be provided by forming a small indentation at a selscted
location in an otherwise flat diamagnetic surface. Or,
particles of magnetic material could be embedded in the
diamagnetic material at a preselected location 1o pro-
vide a small magnetic attraction to the magnetic array.

With respect to medifications of the level 46 shown
in Figure & and other instruments, a one-dimensional
diamagnstic level can be provided by making the bowl
38 long and narrow. In such configurations alignment
would ba iaken only along one axis. The level 46 can
also be mads into a tiltmeter by putting gradaticns on
the transparent cover 45 rather than simple alignment
marks 50. Cr, electronic sensing apparatus using sither
optical or magnetic sensors could be used to identify the
position of the levitated array 34. Electronic versions will
be more sophisticated than the visual embodiment
shown in Figure & and increase accuracy. There is an
increased cost, but it is moderate as the electronics are
within the state of the art and fairly simple. As ancther
variation, other measuring devices can includs three-di-
mensional levitated members that project high strength,
high gradisnt magnstic fislds in all directions. Examples
include cubses with each side formed from a flat array as
shown in Figure 4 and spheres with magnets displaced
radially. Such members can be snclosed in larger
cubes, spheres, or other housings of diamagnetic ma-
terial, with sensors placed io dstact motion relative to
different axes.

Claims

1. A method of levitating a magnetic member relative
tothe gravitational attraction of the earth comprising
the sieps of:

arranging a plurality of magnets {14} io form a
first member (12) comprised of said magnets
having both a high magnetic strength and high
magnetic gradient adjacent a predetermined
portion of said first member, wherein said step
of arranging comprises disposing said magnsts
in a consecutive sequence with each two con-
seculive magnsts having opposite magnstic
polarity;

providing a second member {18} comprised of
a diamagnstic material having a relative mag-
netic permeability less than one at ambient
temperatures; and

positioning said first and second members
proximate sach other with said predstsrminad
portion to said first member (12) facing said
second member (16), the materials of the first
and second members being selected such that
the magnetic interaction between said mem-
bers is sufficient to levitate said first member
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relative to a full gravitational atiraction of at
least 1 g without requiring magnetic field sup-
plement from another magnstic source.

2. The method of claim 1 in which:

said step of providing said second member {16)
provides a diamagnsetic member comprisad of
either graphite or bismuth; and

said step of positioning said first {12} and said
second member (16) members provides a
magnstic interaction that levilales said first
member relative to a full gravitational atiraction
of atleast 1 g.

3. The method of claim 1 in which:

said step of arranging said magnets (14) com-
prises arranging a plurality of permanent mag-
nets, each fomrmed from a strongly magnstic
material and each having a north magnetic pole
and a south magnstic pols separaied by a
straight line section of magnetic material, into
aconsecutive sequences in which sach two con-
secutive magneis define a closed loop magnet-
ic flux path that intercepts both of said magnetic
poles of said two consecutive magnets; and
said step of positioning said first and second
members comprises positioning said members
such that a geometric extension of said straight
line separation of said magnetic north and
south poles for each of said magnets dsfines a
direction that intercepts said second member.

4. The method of claim 3 in which said step of arrang-
ing said magnsets comprises arranging magnests
having a first dimension parallel to said separation
of said north and south magnetic poles and a sec-
ond dimsnsicn paerpendicular to said first dimensicn
and a ratio of said first dimension to said dimension
between about 0.3 and 0.8.

5. The method of claim 3 in which:

said step of arranging magnets provides a plu-
rality of disk shaped first members (58) that are
substantially identical 1o each other and dis-
posed at spaced iniervals along a shaft (54);
said step of providing said second member pro-
vides a plurality of disk shaped second mem-
bers {80) comprised of said diamagnstic mate-
rial that are disposed at spaced intervals from
each other; and

said step of positioning said first and second
members comprises positioning said first and
second disk shaped members such that they
are interleaved and substantially parallel 1o
sach cther.
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The method of claim 1 further including the step of
maving said first member relative 1o said second
member by magnstic interaction with said first
member.

The method of claim 1 further including the step of
sensing the position of said first member relative to
said second member.

Patentansprache

Variahren zum Anhsben eines magnstischen Teiles
gegen die Schwerkraftanziehung der Erde mit den
Schritten:

Anordnen einer Mshrzahl von Magnsten (14),
um ein erstes Teil (12) zu bilden, welches aus
diesen Magneten besteht, die sowohl eine gro-
Be Magnetkrafi als auch einen groBen Magnst-
gradienten an einem vorbestimmten Abschnitt
des ersiten Teiles haben, wobsi der Schritt des
Anordnens das Arrangieren der Magnete in ei-
ner Folge aufwsist, baei welcher zwsi aufeinan-
derfolgende Magneis sine snigegengessizie
magnetische Polaritit haben,

Bereitstellen sines zwsiten Teiles (16), welches
aus einem diamagnetischen Material besteht,
das bsei Umgebungsismperatur sine relative
magnetische Permeabilitdl von weniger als
eins hat, und

Ancrdnen der ersten und zweiten Teile nahe
beieinander, wobei der vorbestimmte Abschnitt
des ersten Teiles {12} dem zweiten Tail (16) zu-
gewandt ist, und wobei die Materialien der er-
sten und zwsiten Teile derart ausgewahilt sind,
daB dis magnetische Wachsselwirkung zwi-
schen den Teilen ausreichend ist, um das erste
Teil beziglich einer vollstindigen Schwaerkraft-
anziehung von zumindest 1 ganzuheben, chne
daB das Hinzufligen eines magnetischen Fal-
des von einer anderen Magnetquelle erfforder-
lich ist.

2. Verfahren nach Anspruch 1, wobei:

der Schritt des Bereitstellens des zweiten Teils
(16) sin diamagnstisches Tail vorsisht, welches
eniweder aus Graphit oder aus Wismuth be-
steht, und wobei

der Schritt des Anordnens des ersten (12) und
des zweiten Teiles ({16} eine magnetische
Wechselwirkung bereitstellt, welche das erste
Teil relativ zu einer vollstandigen Schwerkrafts-
anziehung von zumindest 1 g anhebt.

3. Verfahren nach Anspruch 1, wobei:
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der Schritt des Anordnens der Magnsete {14)
das Anordnen einer Mehrzahl von Dauerma-
gnsten aufweist, von densn jeder aus sinem
stark magnetischen Material gebildet ist und ei-
nen magnstischen Nordpol und einen magns-
tischen SiOdpol hat, die durch einen geradlini-
gen Abschnitt magnetischen Materials vonein-
ander getrennt sind, in siner ansinandergersih-
ten Folge, in welcher jeweils zwei aufeinander-
folgende Magnete sinen magnetischan
FluBpfad in Form einer geschlossenen Schleife
definieren, welcher beide Magnstpols der bai-
den aufeinandserfolgenden Magneie abfangt
bzw. unterbricht, und

der Schritt des Anordnens bzw. Positionierens
der ersten und zweiten Teile das Positionieren
der ersien Tails derart aufweist, daB sine gso-
metrische Verlangerung der geradlinigen Tren-
nung der magnetischen Nord- und Sadpole for
jeden der Magnsts sins Richtung dsfiniert, die
das zweite Teil durchschneidet.

4. Verfahren nach Anspruch 3, wobei der Schritt des

Anordnens der Magnsts das Anordnan von Magne-
ten aufweist, die sin ersies MaB haben, welches
parallel zu der Trennung der magnetischen Nord-
und Sidpole verlaufi, sowie sin zwseiles Maf3 ha-
ben, welches senkrecht zu dem ersten Maf verlguft
und wobei das Verhalinis des ersten MaBes zudem
Zweiten MaB zwischen etwa 0,3 und 0,8 liegt.

Varfahren nach Anspruch 3, wobsei:

der Schrilt des Anordnens der Magnste sine
Mehrzahl von scheibenférmigen ersten Teilen
(58) bersilstslli, dis im wessnilichen idsntisch
sind und dis in Intervallen beabstandst entlang
eines Schaftes (54) angeordnet sind,

der Schritt des Bersitstsllens des zwsiten Tei-
les eine Mehrzahl von scheibenférmigen zwei-
ten Teils (60) bersitstslll, die aus dem diama-
gnetischen Material bestehen, welche in Inter-
vallen voneinander beabstandet angeordnet
sind, und

der Schritt des Positionierens der ersten und
zweiten Teile das Positionieren dsr ersten und
der zweiten scheibeniérmigen Teile derart aut-
weist, daf3 sie miteinander kAmmen bzw. blati-
artig insinandsr ragen und im waessentlichen
parallel zueinander sind.

6. Verfahren nach Anspruch 1, welches weiterhin den

Schritt aufwsist, daB das erste Teil relativ zu dem
Zweiten Teil durch eine magnetische Wechselwir-
kung mit dem ersten Teil bewegt wird.

Verfahren nach Anspruch 1, welches weiterhin den
Schritt des Abflihlens der Position des ersten Teiles
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ralativ zu dem zwsiten Teil aufweist.

Revendicatlons

Procédé de lévitation d'un élément magnétique re-
lativement & l'attraction gravitationnelle de la terre
compranant les phases consistant a :

agencer une pluralité d'aimants (14} pour for-
mer un premier élément (12) composé desdits
aimants ayant a la fois uns forts intensité ma-
gnétiqus st un gradient magnétique élevé prés
d'une portion prédéterminée dudit premier élé-
ment, dans lequel ladite phase d'agencemsnt
comprend la disposition desdits aimants en une
suite avec une polarité magnstiqus inverse
tous les deux aimants consécutifs ;

prévoir un deuxiégme é&lément (16) composé
d'un matériau diamagnétiqus ayant une per-
méabilité magnétique relative inférieure & celle
a température ambiante ; st

positionner lesdits premier et deuxiéme élé-
mentis 'un prés de l'autre avec ladite portion
prédséterminée dudit premier slément {12} don-
nant sur ledit deuxiéme élément (16), les ma-
tériaux des premier st deuxidme &léments
étant sélectionnés de maniére que l'interaction
magnétique snire lesdils éléments soit suffi-
sante pour provoquer la lévitation dudit premier
élément relativement & une pleine aftraction
gravitationnslle d'au moins 1 g sans nécessiter
un champ magnétique supplémentaire en pro-
venance d'une auire source magnétique.

2. Procédsé sslon la revendication 1, dans lequasl :

ladite phase consistant & prévoir ledit deuxieéme
élément {18) propose un élémant diamagnsti-
que composé de graphite ou de bismuth ; et
ladite phasse consistant & positionner lesdits
premier (12) et deuxiéme (16) éléments prévoit
une interaction magnétique qui provoque la l&-
vilation dudit premiser élément relativement a
une pleine afttraction gravitationnelle dau
moins 1 g.

3. Procédsé sslon la revendication 1, dans lequasl :

ladite phase consistant & agencer lesdits
aimanits (14) comprend la disposition d'une plu-
ralité d'aimants permanents, faits chacun d'un
matériau fortement magnétique st ayant cha-
cun un pdle magnétique nord et un pdle ma-
gnétique sud séparés par une section en ligne
droite ds malériau magnélique, en une suite
dans laquelle tous les deux aimants consécu-
lifs est définis une trajectoire de flux magnéti-
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qus en boucls fermée qui iniercepis lesdits
deux pdles magnétiques desdits deux aimants
consscutifs et

ladite phase consistant & positionner lesdits
premier et deuxidme élémsnis comprsand le po-
sitionnement desdits éléments de maniére
qu'une extension géométrique de ladite sépa-
ration en ligne droilte desdils p&les magnéti-
ques nord et sud pour chacun desdits aimants
définisse une direction qui intercepie ledit
deuxiéme élément.

4. Procéds sslon la revendication 3, dans lequsl ladite

phase consistant & agencer lesdits aimants com-
prend la disposition des aimanis ayant uns premia-
re dimension paralléle & ladite séparation desdits
p&les magnétiques nord st sud st una deuxiéme di-
mension perpendiculaire & ladite premiére dimen-
sion et un rapport de ladite premigre dimension &
ladite deuxidme dimension sntre environ 0,3 et 0,8.

5. Procédsé selon la revendication 3, dans lequel :

ladite phass consistant & agencer les aimanis
prévoit une pluralité ds pramiers éléments an
forme de disque (58) qui sont sensiblement
identiques el espacés a des intervalles le long
d'un arbre (54) ;

ladite phase consisiant & prévoir ledit deuxidme
élément propose une pluralité de deuxizmes
éléments en forme de disque (60), composés
dudit matériau diamagnétiqus, qui sont espa-
cés les uns des autres a des intervalles ; et
ladite phasse consistant & positionner lesdils
premier et deuxiéme éléments comprend le po-
sitionnemant desdits premiers et dsuxiémes
élémenis an forme de disque de maniére qu'ils
soient imbriqués et sensiblement paralliéles les
uns aux autras.

Procédé selon la revendication 1, compranant, sn
outre, la phase consistant & déplacer ledit premier
élément relativement audit deuxiéme élément par
interaction magnétique avec ledit premier élément.

Procédé selon la revendication 1, compranant, sn
outre, la phase consistant & détecter la position du-
dit premier élément relativement audit deuxidme
élament.
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