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Description

The praesent invention relates to a magnestic levita-
tion device and a method of levitating a magnet.

Magnsts, both psrmanent magnsts and slectro-
magnets, find a wide variety of uses, both practical and
as entertainment devices. The poles of magnets have
besn named the north pole and the south pole, the north
pole being the one that points northward in the Earth's
magnetic fisld, i.e.,the magnetic north-seeking pols. It
is, of course, well known that like poles, i.e., two nonh
poles, repsl one another and unlike poles, i.e., a north
pole and a south pols, atiract ons another.

This phenomenon has been used 1o levitate one
magnet above ancther, e.g. as in US-A-4 427 960 fora
magnetic holder for small articles, such as power clips,
and offers the possibility of substantially reduced fric-
tion. Magnetic levitation of trains, for example, as dis-
closed in FR A-1 595 792 is one practical application of
the phencmanon. Howaevaer, in such a levitation applica-
tion, highly sophisticated control devices are required
for controlling the magnstic fislds of sleciromagnsis to
overcome the inherent instabilities of the repulsion fore-
as of two like magnstic poles. In a simple levitation sys-
tem wherein one pols of a first pemmanant magnet is at-
tempted to be suspended above a like pole of a second
permanent magnet, the inherent instability of such a
system results in the flipping over of the first magnet so
that the unlike poles atiract and are brought iogsther
into a stable configuration.

A number of simple magnetic levitation systems
have bsen devised which employ specially configured
permanent magnet arrangements intended 1o minimize
the instability associated with magnestic levitation. In U.
S.-A- No. 2,323,837 to Neal, for example, there is dis-
closad a magnetic system having a base magnst com-
prising a circular disk in which a first plurality of cylindri-
cal magnets is disposedin a circular array about the axis
of the circular disk. An upper magnst membsr compris-
ing a spherical segment in which a second plurality of
cylindrical magnets is disposed in a circular array of
smaller diameter than the diameter of the circular array
of the base magnet. The first plurality of magnets is dis-
posed with like {north} poles and longitudinal axes di-
rected vertically upwardly or inclined slightly toward the
axis of the circular disk. The second plurality of magnsts
is disposed with like (north) poles and longitudinal axes
directed veriically downwardly or inclined at the same
inclination as the first plurality of magnests. This arrange-
ment of the base magnet is said 1o produce an inverted
magnetic field cone which embraces the smaller diam-
eter magnetic field of like polarity of the upper magnet
and thereby is said to stabilize the levitation system.

U.5.-A-4,382,245 to Harrigan discloses another
simple magnetic levitation system which utilizes a dish-
shaped lower magnet o magnstically support or levitate
a magnetic top spinning coaxially above the lower mag-
net The dish-shaped or concave surface of the lower
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magnst is said to produce radially inwardly directed lines
of magnetization which, together with the gyroscopic ef-
fect of rotation of the magnstic fop, provids stabilization
of the levitation system. The Harrigan patent discloses
ancther embodimant in which siabilization is said io be
provided by a combination of the concave lower magnet
surface and a pendulum effect resulting from a non-
magnstic mass supported bselow the lowsr magnst on
an arm extending from the upper magnet through a cen-
tral bore in the lower magnet. Other embodiments are
disclosed in which the lower field is not provided by a
dish-shaped magnest but is provided by a plurality of cy-
lindrical magnsts arranged similarly to the arrangemant
of the aforementioned Neal patent.

The essence of the Harrigan patent seems to reside
in the teaching that the magnetic field above the center
of the base magnst should be focussed, but no commar-
cially feasible device has resulted therefrom.

Accordingly, it is the object of the present invention
o provids for a magnetic levitation device that can be
produced and sold commercially, e.g. for educational or
amussement purposes, and can be readily manufactured
at low cost and operated simply, reliably and reproduc-
ibly with minimal instruction.

This object is achieved according to a first embod-
iment of the invention by a magnetic levitation device
having the features spscified in claim 1. Preferred sm-
badiments of the device according 1o the invention have
the features of claims 2-14.

According 1o a second embodiment the invention
provides for a method of gyroscopically levitatinga mag-
net comprising the sieps spacified in claim 15.

Preterred method embodiments are defined in
claims 16-20.

Generally, the invention described herein makes
use of a uniformly magnetized flat or substantially planar
magnstic base above which is caused io float or levitate
a spinning magnetic top comprising a flat ring magnet,
a nonmagnstic spindle and one or more nonmagnetic
washer-shaped weights. Both the base magnet and the
magnst of the top are preferably shesi-like materials
magnetically polarized normal to their horizontal or flat
surfaces and their magnetic fields are arranged in op-
position. Sheet-like materials magnstized in this way are
referred to as magnetic shells. The magnetic strength,
§, of a shell is dsfined as the magnstic moment per unit
area of its surface, i.e., the number of unit poles per unit
area times the thickness of the shell. The magneiic field
of a uniformly magnstized shell is the same as would be
produced by an electric current flowing around the pe-
riphery of the shall, the current intensity, i, in abamperes,
being numerically the same as the strength, S, of the
shsll. All shells of the same uniferm strength and the
same outer periphery give rise 1o the same field at all
outside points. In other words, the profile or shape of the
surface of the shell is immaterial. Making the surface of
the base magnet concave instead of flat does not pro-
vide a magnstic centering force above the base magnst.
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A previously unrecognized characteristic of the
magnetic field above a magnetic shell is that the shape
of the outer periphsry of a shsll affects the stability of a
levitation system using the shell. In particular, a mag-
netic shsll with a polygonal shaped periphsry, espscially
a rectangular or a square shaped periphery, has a re-
gion located a few centimeters above the surface of the
shsll and along the diagonals of the polygonal shaps
where the magnetic field gradients are such as 1o pro-
vide both lifting and centering forces on a magnstic di-
pole positioned in that region. Other non-polygonal
shapss, such as circular, slliptical, eic. do not appear to
provide a region whers both lifting and centering forces
exist.

With the foregoing and other advantages and fea-
tures of the invention that will become hereinafter ap-
parent, the naturs of the invention may be more clearly
understood by reference 10 the following detailed de-
scription of the invention, the appended claims and to
tha several views illusiraied in the drawings.

Brief Description of the Drawings

FIG. 1 is a graphic illustration of a magnetic dipcle
+m, -m of length | and the coordinates r and 0 used
to define the location of a point P in the magnetic
field around ths dipols;

FIG. 2 is a graphic illustration of the magnetic field
of a circular current loop with a magnstic dipole +m,
-m located near the axis of symmetry of the field;
FIG. 3 is a graph showing the calculated magni-
tudes of the vertical gradient (dH,/dz) of the vertical
component (H,) of the magnetic field versus the dis-
tance (z) abovs a 10 cm square permanent magnst
at increasing distances (h) from the central axis of
the magnet along a diagonal of the square;

FIG. 4 is a graph showing the calculaied magni-
tudes of the vertical gradient (dH,/dz) of the hori-
zontal component (H,) of the magnstic fisld versus
the distance (z) above a 10 cm square permanent
magnst at increasing distances (h} from the central
axis of the magnet along a diagonal of the square;
FIGS. 5-9 are perspective views showing one em-
bediment of the magnstic levitation device of the
present invention and the method steps in operating
the device of the invention;

FIG. 10is a perspective view of other embodiments
of the magnstic levitation device of the present in-
vantion; and

FIG. 11 is a perspective view of still other embodi-
ments of the magnstic lsvitation device of the
present invention.

Detailed Description of the Invention

While the present invention is not intended to be lim-
ited thereby, the following explanation of the operation
of the invention will aid in undsrsianding the invention.
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Referring first to FIG. 1, there is graphically illustrated a
magnetic dipole 2 of length | having a north pole {(+m)
and a south pole {-m). The dipole 2 is said to have a
magnetic moment M equal 1o the product ml. Magnetic
momsnt M is a vector having a direction from -m o +m
along the axis of dipole 2. The magnetic field surround-
ing the magnetic dipole is given by:

3
H, = 2M cos 6/r (1)

. 3
Hq = M sin 6/ {2}

whare M is the magnestic moment of the dipols;

rand 6 define the point in spacs relative to the dipole
at which the field is measured; and H, and
Hg are the components of the field, in gauss, in the
directions of increasing r and increasing 6.

Equations {1} and {2} above also define the mag-
netic field produced by a circular loop of electric current
where M is the product of the current i in the lcop and
the area A of the loop and is known as the magnetic
moment of the current loop.

It has been very difficult to achisvs levitation of one
permanent magnet above another permanent magnet
without using somea form of mechanical restraint to keep
the levitated magnet stable, i.e., prevent it from sliding
sideways and/or flipping over. This situation is illustrated
in FIG. 2. Acircular loop of current, i, lies inthe x-y plane.
The magnetic field produced by the current is shown by
magnstic fisld lines emerging along a diamster d of the
loop i. (By convention the direction of the magnetic field
is the direction of the force the fisld exaris on a north (+)
pole). The field lines diverge (i.e., the field becomes
weaker) with increasing height above the current loop i.
A dipole 2 (+m, -m)} is shown located near the axis of
symmetry of the field and is tilted by an angle, a, away
from the vertical. The field causes an upward force on
+m and a downward force on -m. These forces produce
a torque tending 1o rolate the dipcle clockwiss. The
torqus T is, approximatsly:

T= Hz ml sing = HZM sin o

3

Note that the torque increases as « increases. The di-
pole 2 is unstable in the position shown and will flip cver,
puttingthe south pole (-m) downward 1o achieve a stable
configuration. The dipole 2 also experisnces a net up-
ward force when crisnied as shown because in the up-
wardly decreasing field, the upward force on +m is
greater than the downward force on -m. The nst upward
force is given by:
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F,=Mcosa dH,/dz 4)

There is also a net sideways force in the X direction giv-
en by:

F, =Mcosa dH, /dz (8)

If H, increases with z, the net sideways force will be di-
rected toward the axis of the fisld, i.e., there will be a
centering force, keeping the dipole from sliding side-
ways out of the field. The upward and sideways forces,
or translational forces, on the dipole are proportional to
the spatial rate of change (i.e., the gradient) of the field,
not to the magnituds of the field. In a perfectly uniform
field, the dipole 2 would experience no translational
force even if the field were very intenss; it would expe-
risnce only the torques.

According 1o the present invention, a previously un-
recognized characteristic of the magnstic fisld above a
magnetic shell is exploited, namely, that there can be a
region a few centimsters above the surface of the shell
where the gradients are such as to provide both a lifting
(dH,/dz negative) force and a centering (dH,/dz posi-
tive) force on a magnetic dipols. This characteristic is
illustrated in FIGS. 3 and 4 with respect 10 a 10 cm
square magnetic shsll. In thoss Figures, curves showing
dH/dz (FIG. 3) and dH,/dz (FIG. 4) are plotied versus
height z for points spaced 0.5 cm apart along a diagonal
of a 10 cm square magnstic shell of strength 780 unit
poles per cm2. In FIG. 3 dH_/dz reaches a maximum
negative value at all radial locations, this maximum val-
ue being greater and its vertical location being lower at
increasing distances from the center of the square (h =
0.0 cm). As shown in FIG. 4, the dH,/dz curves all have
positive, i.e., centering, values at vertical distances be-
low about 2.3 em along the diagonals of the squars.

Now, assume that a dipole, such as a small, thin
ring magnst magnetized through its thickness, is raised
up (increasing z) from the magnetic shell along the axis
thereof. The upward force on the magnst increases until
the peak negative gradient dH,/dz is reached, afier
which the force decreases. The peak dH_/dz for each
distance h marks the height where the maximum weight
dipole can be levitated against gravity. A dipole having
a weight somewhat less than this maximum would be
lifted by the magnetic field up past the peak dH,/dz and
then would be levitated some small distance above that
point. If dH,/dz is negative at that peint, 8.g., z >2.3 em
in Fig. 3, the dipole will slide sideways out of the field
because of the absence of a positive centering force or
field along the diagonal of the base magnet. Thus, the
region of possible stable levitaticn is below z »2.3 cm,
and the curves of FIGS. 3 and 4 suggest that the inner
radius of the ring magnet should be no less than about
2 cm and the outer radius could be as much as 3 cm.
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With those dimensions,the ring would float and be cen-
tered {i.e., would not slip sideways out of the field).

The calculated magnstic fisld of a circular magnetic
shell results in no overlap of the centering region and
the maximum negative dH,/dz, that is, the limiting height
of the centering region (i.e., the height where dH,/dz
changes from positive to negative) lies below the peak
(dH,/dz negative) force at all radial distances corre-
sponding 1o distance h. Thus, levitation of a permanent
magnst over a circular base permansnt magnet is not
possible. Examination of a permanent magnet of other
shapes, e.g., friangular, x-shaped, has shown that the
square is near the optimal shape.

Even though, potentially and theoretically, a ring
magnst will levitate and stay centered above the 10 cm
square magnetic shell base discussed above, if left un-
restrained the ring magnet will flip over and fall to the
base magnetl. The restraint 1o prevent this lies in spin-
ning the ring magnet about its axis and relying on gyro-
scopic action to keep it from flipping. If the ring magnst
is spun faster than a certain angular velocity it will spin
upright above the base without wobbling. As iis spesd
decreases due to air friction, the ring magnet will begin
to nutate and precess until it eventually flips over. Tha
critical rotation speed above which tha ring magnset will
levitate in a stable condition and below which it will start
nutation is given by:

0% = amHI /1 2 )
wherse

Q= spin rate {radians/sec);

M= magnetic moment of the ring magnet;

H= intensity of the magnstic field produced by
the base;

I, = moment of inertia of the ring magnet about
its diameater, |, = m(ry2 + ry2)/4;

I, = moment of inertia of the ring magnet about
its axis of symmetry, |, = m{r,2 + r,2)/2;
and

ry and rp are the inner and outer radii of the mag-

nsetized ring and m is its mass.

Forthe dimensional parameters usaed hersin o describe
the present invention, spin rates of about 20 revolutions/
sec are required to prevent the ring magnst from flipping
over.

A preferred embodiment of the invention is shown
in FIG. 5. A first or base ceramic magnst 10 having a
square periphery 10 cm on a side and a thickness of
about 0.7 cm is disposed horizonially on a surface T.
Magnet 10 is magnetized normal 1o its large surface ar-
ea with {for description purposss) its north (+) pole ori-
ented upwardly. A non-magnstic lifier plate 12, such as
a transparent plastic sheet, rests on the base magnet
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10 with an edgs 11 extending beyond the base magnst
10. On the lifter plate 12 a top 13 is held by the hand H
of a user for operation in the manner described harsin-
after. Top 13 comprises a second magnet, such as ace-
ramic ring magnat 14 with (for description purposes) its
north {+) pole oriented downwardly toward the like north
pole of the first or base magnet 10. A spindle 18, pref-
erably made of a non-magnstic matsrial, is fitted tightly
into the central hole of ring magnet 14 for manually im-
parting spin to the ring magnet 14. One or more non-
magnetic washers 16 are placed over the spindle 18 and
fit snugly on the spindle 18 in the manner shown in FIG.
5. Washers 186 are usad for weight adjustment of the
magnetic top 13 as described in more detail hereinafter.
Top 13 is held against the lifier plate 12 above the gso-
metric center G of base magnet 10 and is spun, either
by hand or by another appropriate mechanism, such as
acord.

Referring now 1o FIG. 6 which shows top 13 spin-
ning clockwise, the user grips and raises lifter plaie 12
vertically upwardly in the direction of arrow 20. The user
lifis the plate 12 slowly by hand until the spinning top 13
approaches the height of maximum negative gradient of
tha vertical componant of the magnstic field. Now refer-
ring to FIG. 7, the top 13 has passed through the height
of maximum negative gradient (dH,/dz) which causes it
1o lift or levitate upwardly in the direction of arrow 22 off
the surface of lifter plate 12. As shown in FIG. 8, the lifter
plats 12 may then be removed, s.g., in the direction
shown by arrow 24. The spinning top 13 will remain lev-
itating or floating above the geometric center G of base
magnet 10 as shown in FIG. 9 until the rotation rate of
the top 13 drops below that which will maintain the sys-
tem stable.

If the top 13 does not lift itself off the lifter plate 12
as shown in FIG. 7, it is too heavy and one or more wash-
ars 16 should be removed bsfore the procedurs is re-
peated. If the top 13 suddenly jumps off the lifter plate
12 becomes unstable and falls, the top is tco light and
one or more washers 16 should be added to the spindle
18 before the procedurs is repeated. When the top is
correctly weighted, it will rise gently off the lifter plate 12
as the peak negative dH,/dz is approached and levitate.
In actual operation, the top 13 will levitaie or float for
several minutes during which time it precesses, nutates
and moves genily up-and-down and from side-lo-side
until it slows and falls onto the base magnet.

Further embediments of the invention are illusirated
in FIG. 10. These embodiments are substantially the
same as the embodiment shown in FIGS. 5-89 except
that the hseight at which the trop 13 levilates can bs in-
creased by as much as 100%. This is accomplished by
waaksning the magnstic fisld at the gesomestric center G'
of the base magnet 10'. A weakened magnetic field at
the center G' may be achieved either by cutting a central
hole 26 {shown in dashed lines} in the base magnst 10'
or by mounting a magnet disk 28 of opposite polarity, i.
a., with its south {-) pols oriented upwardly over the ge-
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omatric center G' of the base magnet 10'. Disk 28 may
be adhesively bonded or otherwise affixed 1o magnet
10

Referring now to FIG. 11, still other embodiments
of the invention are shown whersein an slsctromagnetic
30, such as a wire conductor 32 formed into a polygonal
(square) shape is used for the base magnet instead of
a pemanasnt magnst. On one side of selectromagnet 30,
the conductor 32 is bent downwardly 1o form closely
spaced terminal snds 34, 36 across which a DC voltage
is applied 1o create a magnetic field similar to the mag-
netic fisld of magnst 10 of FIGS. 5-8. A magnet iop 40
which may be identical o top 13 is levitated above slac-
tromagnet 30 according 1o the same method described
above in connection with FIGS. 5-9.

Optionally, another magnet 42 shown in dashed
lines may be located at the geometric center E of slec-
tromagnet 30 for the same purpose as magnet 28 or
hale 26 in the FIG. 10 embodiment. Magnet 42 may be
a small electromagnst or a permanent magnst of circu-
lar, polygonal or other suitable shape with its field direc-
tion orisnted opposite io the field direction of electro-
magnet 30.

Those skilled in the art will appreciats that using a
stronger magnestic matsrial or a stronger slectromagnst
will permit the use of a heavier top with a greater mo-
ment of inertia to thus reducs the stable spin rate and
increase the levitation time of the system.

Although certain presently preferred embodiments
of the invention have been described herein, it will be
apparent to those skilled in the art to which the invention
pertains that variations and meodifications of the de-
scribed embodiment may be made without departing
from the spirit and scope of the invention. Accordingly,
it is intended that the invention be limited only 1o the ex-
tent required by the appended claims and the applicable
rules of law.

Clalms

1. A magnetic levitation device comprising a base in-
cluding a first magnet, and a gyroscopic top includ-
ing a sacond magnst for rotating motion of the gy-
roscopic top above, and distanced from, the base
magnet, when the gyroscopic top is rolated, char-
acterized in that the first magnet (10) has a substan-
tially planar first surface having a first axis and a
pelygonal periphery, said first magnst {10} bsing
magnetized normal to the first surface and parallel
to the first axis such that the first surface has a first
polar orientation; and that the second magnet {14)
has a second axis and a second surface, said sec-
ond magnet (14) being magnetized nommal to the
second surface and parallel 1o the the second axis
such that the second surface of the second magnst
{14) has the same polar orientation as the first sur-
face of the first magnst {10), and means (18) for ro-
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tating said second magnest about the second axis.

The device of claim 1 whersin the periphery of the
first magnet (10) is square.

The device of claim 1, wherein the first and the sec-
ond magnet (10; 14) each comprise ceramic mag-
nets.

The device of claim 1, whersin the second magnst
{14) comprises a ring magnet having a central hole,
and that the second surface is substantially planar,
said gyroscopic top (13} having a spindle {18} rigidly
affixed to the second magnet {14) in the central
hole.

The dsvice of claim 4, including means (16) for var-
ying the weight of the gyroscopic top (13) to change
the height above the first magnet {10} at which the
sacond magnet {14} levitales.

The device of claim 5, wherein the varying means
comprises at least one washer {18) having a central
opening adapted 1o fit over the spindls (18).

The device of claim 6, wherein the washer {18) and
the spindle (18) are made of a nonmagnstic mate-
rial.

The device of claim 1 including a lifter plate (11)
made of a nonmagnetic material.

The device of claim 1, wherein the first and the sec-
ond magnet {10;14) each are psrmansnt magnets.

The device of claim 1, including a bore disposed
through the gesometric center of the first magnst
(10).

The device of claim 1, including a third magnet (28)
having a third surface and being positicned adja-
cent the geometric center of the first magnet (10),
said third magnet being magnetized nomal 1o the
third surface such that the third surfacs has a polar
orientation opposite the polar orientation of the first
surface of the first magnat.

The device of claim 11, whersin the third magnst
{2B) is an slsctromagnet.

The device of claim 11, whersin the third magnst
(2B) is a permanent magnet.

The device of claim 1, wherein the first magnet (10)
is an electromagnet.

A method of gyroscopically levitating a magnet
comprising the steps of:
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16.

17.

18.

19.

20.

10

supporting on a horizontal surface (T} a first
magnet (10} having a first axis and a substan-
tially planar upper surfaces, said first magnet be-
ing magnetized normal to the upper surace
and parallel tc the first axis such that the upper
surface has a polar orientation;

placing a non-magnetic lifter plate (11) over the
upper surface of tha first magnet; placing a sec-
ond magnet {(14) having a second axis and a
lower surface on the lifter plate, said second
magnet being magnetized normal to the lower
surface and parallsl to the second axis such
that the lower surface has the same polar ori-
entation as the upper surface of the first mag-
net;

spinning the second magnet about the second
axis whils it is on the lifter plate; substantially
aligning the second axis of the spinning second
magnet with the first axis of the first magnet;
raising the lifter plate vertically upwardly from
the first magnet until the spinning second mag-
net lavitates above the lifter plate and the upper
surface of the first magnet, and removing the
lifter plate from betwesan the first and second
magnests.

The methed of claim 15, whersein the spinning step
comprises manually spinning said second magnet
(14).

The method of claim 15, wherein the raising step
comprises manually raising the lifter plate {11}, and
wherein the removing step comprises manually re-
moving the lifter plate.

The methed of claim 15, wherein the first magnst
{10) has a polygonal periphery.

The method of claim 18 whersin the polygonal pe-
riphery of the first magnet (10) is square.

The method of claim 15, including the step of plac-
ing a third magnet (28) adjacent the geometric cent-
er of the first magnet, said third magnet having a
polar orientation opposite the polar orientation of
the first magne.

Patentanspriiche

1.

Magnetische Levitationssinrichiung mit einer Ba-
sis, die einen ersten Magnet enthalt, und einem
Kreisel, der sinen zweitsn Magnet besitzt, zur rotie-
renden Bewegung des Kreisels dber dem und im
Abstand vom Basismagneten, wenn der Kreisel ge-
dreht wird, dadurch gekennzeichnst, dass der erste
Magnet (10) eine im wesentlichen ebene erste Fla-
che mit siner arsten Achse und sinem polygonalsn
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Umiang besitzt, wobei der erste Magnet {10} senk-
recht zur ersten Flache und parallel zur ersten Ach-
sa magnetisiert ist, so dass die ersie Flache sina
erste polare Orientierung hat, und dass der zweite
Magnst {14) sine zwseite Achse und eine zweite Fla-
che besitzt, wobei der zweite Magnet (14) senk-
recht zur zweiten Flache und parallel zur zweiten
Achse magnstisisert ist, so dass dis zweite Flachse
des zweiten Magnets (14) die gleiche polare Orien-
tierung wie die erste Flache dss ersten Magnsts
{10} hat, und Mittel (13) zum Rotieren des zweiten
Magnsts um die zwsite Achse.

Vorrichtung nach Anspruch 1, bei welcher der Um-
fang des ersten Magnests {10} rachteckig ist.

Vorrichtung nach Anspruch 1, bei welcher der erste
und der zweite Magnet (10; 14) jeweils keramische
Magneten enthalten.

Vorrichtung nach Anspruch 1, bei welcher der zwei-
te Magnet (14) sinen Ringmagnet mit sinem zen-
tralen Loch besitzt und die zweite Fliche im we-
santlichen sben ist, wobei der Kreisal {13) eina
Spindsl (18) besitzt, die in dem zentralen Loch starr
mit dem zweiten Magnet (14) verbunden ist.

Vorrichtung nach Anspruch 4 mit Mitteln {18} zur
Veranderung des Gewichis des Kreissls (13), um
die Héhe zu verdndern, in welcher der zweite Ma-
gnet (14) Ober dem ersten Magnet (10) schwebt.

Vorrichtung nach Anspruch 5, bei welcher die Ver-
anderungsmittel mindestens sina Lochschsibe (16}
mit einer zentralen Ofinung aufweisen, die zur Pas-
sung (ber der Spindel {18} ausgsbildst ist.

Vorrichtung nach Anspruch 16, bei welcher die
Lochscheibe {16} und die Spindsl (18) aus sinem
nicht-magnetischen Material gefertigt sind.

Vorrichtung nach Anspruch 1 mit einer Hebeplatte
{11), die aus einem nicht-magnetischen Material
gefertigt ist.

Vorrichtung nach Anspruch 1, bei welcher der erste
und zweite Magnet (10; 14) jeweils Permanentma-
gneten sind.

Vorrichtung nach Anspruch 1 mit einer Bohrung
durch die gesomstrische Mitte des ersten Magnsien
(10).

Vorrichtung nach Anspruch 1 mit einem dritten Ma-
gnet (28), der eine dritte Fldche hat und benachbart
zur geomatrischen Miite des ersten Magnsts (10}
angeordnet ist, wobei der dritte Magnet senkrecht
zur dritten Flache magnetisiert ist, so dass die dritte
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Flache eine der polaren Orientisrung der ersten
Flache des ersten Magneten entgegengesetzie po-
lare Orientierung hat.

Vorrichtung nach Anspruch 11, bei welcher der drit-
te Magnet (28) ein Elektromagnet ist.

Vorrichtung nach Anspruch 11, bei welcher der drit-
te Magnet (28) ein Permanentmagnet ist.

Vorrichtung nach Anspruch 1, bei welcher der erste
Magnet (10} ein Elsekiromagnst ist.

Verfahren zum gyroskopischen Schweben eines
Magneis mit den Schritten:

Abstlizen sines ersten Magnetis (10}, der sine
erste Achse und eine im wesentlichen ebene
obere Flache hat, auf einer horizontalen Flache
(T), wobsi der erste Magnet senkrecht zur cbe-
ren Flache und parallel zur ersten Achse ma-
gnetisiert ist, so dass dis obere Flache sinse po-
lare QOrientierung hat;

Anordnean seiner nicht-magnetischen Hebeplai-
e (11) dber der oberen Flache des ersien Ma-
gneten; Anordnung eines zweiten Magneten
(14} mit siner zweiten Achse und siner untsran
Flache aut der Hebeplatte, wobei der zweite
Magnst sankracht zur unteren Flache und par-
allel zur zweiten Achse magnetisiert ist, so dass
die untere Flache die gleiche polare Crientie-
rung wis die oberse Flache des ersten Magnstan
besitzt;

Drehsn daes zwsiten Magnsien um dis zwsite
Achse, wahrend er sich auf der Hebeplatie be-
findet; Ausrichten der zwsiten Achse des dre-
hendsn zwsiten Magnsten im wesentlichen mit
der ersten Achse des ersten Magneten,
Anheben der Hebeplatte senkrecht nach cben
vom ersten Magneten, bis der drehende zweite
Magnst Ober der Hebeplatte und der cberan
Flache des ersten Magneten schwebt; und Ent-
fernen der Hebeplatte aus dem Raum zwi-
schen dem ersten und zwsitsn Magnsten.

Varfahren nach Anspruch 15, bsi welchem der
Drehschritt ein manuelles Drehen des zweiten Ma-
gnetan {14} umfasst.

Verfahren nach Anspruch 15, bei welchem der He-
beschritt ein manuelles Heben der Hebeplatts {11}
umfasst, und wobei der Entfernungsschritt das ma-
nuslle Entiernen der Hebeplaite umfasst.

Verfahren nach Anspruch 15, bei welchem der erste
Magnet (10} sinen polygonalsn Umfang besitzt.

Varfahren nach Anspruch 18, bei welcham der po-
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lygonale Umfang des ersten Magnsten (10) recht-
eckig ist.

Veriahren nach Anspruch 15 mit dem Schritt der
Anordnung sines dritten Magnsten (28) benachbart
Zur geometrischen Mitte des ersten Magneten, wo-
bei der dritte Magnet eine polare Orientierung ent-
gegsengesstzi der polaren Orisntiserung des ersien
Magneten besitzt.

Revendications

Dispositif de évitation magnétique comprenant une
base englobant un premier aimant, et une toupie
gyroscopique englobant un deuxiéme aimant, pour
faire tourner la toupie gyroscopique au-dessus de
l'aimant de base, et d'une fagon distancée de celui-
ci lors de la rotation de la toupie gyroscopique, ca-
raciérisé en ce qus le premier aimant (10) comports
une premiére surface pratiquement plane avec un
premiser axs st une périphéris polygonals, ledit pre-
mier aimant {10) ayant un champ magnétique per-
pendiculaire & la premiére surface st paralléle au
premiser axe, de sorte qus la premiére surface a une
premiére orientation polaire; et en ce que le deuxie-
me aimant (14) compoerie un deuxidme axe st uns
deuxiéme surace, ledil deuxiéme aimant (14)
ayant un champ magnétique perpendiculaire a la
deuxiéme surface et paralléle au deuxiéme axe, de
sorte que la deuxigme surface du deuxigme aimant
{14} a la mé&me orientation polaire quea la premiéra
surface du premier aimant {10), un moyen (18)
étant prévu pour faire tourner ledit deuxidme aimant
autour du deuxidéme axe.

Dispositif selon la revendication 1, dans lequsl la
périphérie du premier aimant {10) est carrée.

Dispositif selon la revendication 1, dans lequel les
premier st deuxidme aimants (10; 14) comprennsnt
chacun des aimants céramiques.

Dispositif selon la revendication 1, dans lsquel la
deuxiéme aimant {14) comprend un aimant annu-
laire avec un trou central, la deuxiéme surface étant
pratiquement plane, ladite toupie gyroscopigue {13)
comportant une broche {18} fixée fermement au
dsuxigdme aimant (14) dans ls trou central.

Dispositif sslon la revendication 4, englobant un
mayen (16) pour faire varier le poids de la toupie
gyroscopiqus {13) pour changer la hauteur de |évi-
tation du deuxiéme aimant (14) au-dessus du pre-
mier aimant (10).

Dispositif selon la revendication 5, dans lequel le
moyen de variation comprend au moins unse rondal-
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le (16) comportant une ouveriure centrale, destinés
& &tre ajustée au-dessous de la broche {18).

Dispositif selon la revendication 6, dans lequel la
rondelle (16} et la broche {18} sont composées d'un
matériau non magnétique.

Dispositif selon la revendication 1, englobant un
plateau relevable (11) composé d'un matériau non
magnétiqus.

Dispositif selon la revendicaticn 1, dans lequsl les
premier st deuxidme aimants (10; 14} sont chacun
un aimant permanent.

Dispositif selon la revendication 1, englobant un
alésagse traversant le centre géométriqus du pre-
mier aimant {10).

Dispositif selon la revendication 1, englobant un
troisieme aimant (28), comportant une troisiéme
surface st élant agencé prés du centre géométrique
du premier aimant (10}, ledit troisiéme aimant ayant
un champ magnétique perpsndiculaire a la troisia-
ma surface, de sorie qus la troisidme surface a une
arientation polaire opposée & |'orientation polaire de
la premiére surface du premisr aimant.

Dispositif selon la revendication 11, dans lequel le
troisiéme aimant (28) est un électro-aimant.

Dispositif selon la revendication 11, dans lequel le
troisieme aimant (28) est un aimant permanent.

Dispositif selon la revendication 1, dans lequel le
premier aimant (10) est un élsciro-aimant.

Procédé de lévitation gyroscopigue d'un aimant,
comprenant les élapes ci-dessous:

support sur une surface horizontals (T) d'un
premier aimant (10) comportant un premier axe
et une surface supérieure pratiquement plane,
ledit pramier aimant ayant un champ magnéti-
que perpendiculaire & la surface supérieure et
paralléle au premier axe, de sorie qus la surfa-
ce supérieure a une orientation polaire,;
agencement d'un plateau relevable non ma-
gnétique {11) au-dessus ds la surface supé-
rieure du premier aimant; agencement d'un
deuxidme aimant {14} comportant un deuxiéme
axe et une surface inférieure sur le plateau re-
lavable, ledit deuxidme aimant ayant un champ
magnétique perpendiculaire & la surface infé-
rieure et paralléle au deuxidme axe, de sorte
que la surface inférisure a la mémea orientation
polaire que la surface supérieure du premier
aimant;
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mise en rotation rapide du deuxidme aimant
autour du deuxiéme axe pendant son agence-
ment sur le platsau relevabls; alignemeant subs-
tantiel du deuxiéme axe du deuxi#me aimant
an rotation rapide avec le premisr axe du pre-
mier aimant;

soulévement du plateau relevable verticale-
ment vers le haut par rapport au premier
aimant, jusqu'au moment de la lévitation du
deuxidme aimant en rolation rapide au-dessus
du plateau relevable et de la surface supérieure
du premier aimant; st snlévement du plateau
relevable enire les premier st deuxidme
aimants.

Procédé selon la revendication 15, dans lequel
I'étlape de misa en rolation rapide comprend la misa
en rotation rapide manuelle dudit deuxidme aimant
(14).

Procédé selon la revendication 15, dans lequel
I'étlape de soulévement comprend le soulévemsnt
manuel du plateau relevable {11) et dans lequel
I'éilape d'snldvemant comprend ['enlévemant ma-
nuel du plateau relevabls.

Procédé sslon la revendication 15, dans lequel le
premier aimant {10} a une périphérie polygonale.

Procédé selon la revendication 18, dans lequel la
périphérie polygonale du premier aimant {10) est
carrés.

Procédé sslon la revendication 15, snglobant I'éta-
pe dagencement d'un troisidme aimant {28) prés
du cenire gédomstrique du pramier aimanti, ledit troi-
sidme aimant ayant une orisniation polaire oppo-
sée & l'orientation polaire du premier aimant.
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