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Levitation of an iron ball in midair without active control
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An iron ball floats in midair in a plastic box when several iron balls were attracted by a permanent
magnet. A complex interaction between magnetized sphere materials and a lifting magnet enabled
the suspension of an iron ball. The balls in the first row are simply attracted by the lifting magnet.
The ball in the second row is also attracted by the lifting magnet, however, due to the repulsive
forces exerted from the balls sitting above, it can float in midair. We also found that there are two
stable positions for the ball to float. The floating ball could be transported from one equilibrium
position to another by simply rotating the lifting magnet. This will make it possible to construct a
noncontact load transport device. )04 American Institute of Physics.
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I. INTRODUCTION the box. Shaking made the iron balls to bounce in the box.
o . : A After shaking, some iron balls are attracted by the lifting
Levitation of objects is fascinating and has always at- . -

R : magnet. We then observed how the iron balls are distributed
tracted worldwide interest. In fact many people devised mag:-

. o nside the box. We also rotated the lifting magnet and ob-
netic levitation in that permanent magnets and superconduct-

ors levitated or floated or were suspended in mitiait is served how the arrangement of iron balls changed.

known that there are several ways to magnetically levitate

objects® Attraction between a permanent magnet and a piecél. RESULTS AND DISCUSSION

of iron causes the iron to levitate, although the floating iron . .
. : ; Figure 1 shows one pattern of the arrangement of iron

must be constrained or supported by something. Attraction

between an electromagnet and a piece of iron has also begr?ns attracted by the lifing magnet, where the direction of

used to levitate the irohBut for stable levitation, one needs magnetization of the magnet is perpendicular to the row of

. . ron balls. Here five iron balls in the first row were simply
to actively control the current supplied to the electromagne . . .
. S . attracted by the magnet with all the balls in contact with the
in order to maintain some distance between them by care- .. . . .

o ; ) ceiling board. It is, however, notable that an iron ball in the

fully monitoring the distance with sensdts. : L

. o second row floated in midair without contact. One can see

It is now commonly accepted that stable levitation of

: gy o . .. that the position for the ball to float is just below the iron ball
permanent magnets in static field is impossible, which is

) . situated at the center of the lifting magnet. Since we are
known as Earnshaw’s theorehin this report we show that . .
. . . . . using a permanent magnet, we cannot actively control the
one can levitate an iron ball without active control with the

help of other magnetized iron balls field _strength and_t_he d_istance. Furthermore, once the ball sat
' at this stable position, it stayed there unless we changed the
field configuration. We left the ball floating for three days
II. EXPERIMENT and found it stayed there. The present experimental fact
shows that there is a position for the ball to float where the

We used an Fe—Nd-B ring magnet 50 mm in outer di-tqrce palance conditions are fulfilled both in vertical and
ameter, 30 mm in inner diameter, and 40 mm in height t9,qi-ontal directions.

attract iron balls about 10 mm in diameterdah g inweight. In order to stabilize the levitation of an iron ball, how-

The ring magnet is magnetized along its central axis. Twelvg, e some repulsive force must be incorporated in addition
ron pa"S_ are stored in a plgstlc 'box 60 mm in length, 12.5 the attractive force from the lifting magnet. We believe
mm in width, and 50 mm in height. The thickness of the ¢ the iron ball sitting above the floating ball is the main
plastic board was 1 mm. The magnet was fixed by glue tapg, rce of the repulsive force. In the present magnet field
on the box as its pole axis tilted 90° from a horizontal lin€ ., fiqration, the magnetic field lines are almost parallel to
and perpendicular to the wide walls of the plastic box. Weihe norizontal line in the vicinity of the magnet center.
then shook the plastic box with the magnet firmly fixed on Hence, two iron balls are magnetized along the same hori-

zontal direction. Suppose that the magnetization values of
dElectronic mail: masatomu@sic.shibaura-it.ac.jp two balls arem; andm, with respective heights of; andr,
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FIG. 1. Photograph of an iron ball floating in midair.

floating ball

from the ground, and the magnetization and the height of the
|ifting magnet areM andH. Then the attractive force be- FIG. 2. Schematic illustration of the configuration of iron balls and forces,

; ; ; which enabled the levitation of an iron ball. The lifting magnet attracts the
tween the magnet and the ﬂoatmg ball is given by floating ball, while three balls in the first row exert repulsive forces. Here
3Mm, the direction of the magnetization of the ring magnet is parallel to its central

Fyo=——", 1 axis.
M2 4ruo(H—15)" @
wherepu is the permeability of vacuum. Since two iron balls .
are magnetized in the same direction, a repulsive force ~ Earnshaw’s theoretOne may then suspect that the levitat-
ing ball touches the plastic wall. Figure 3 shows a photo-

Fo= 3mym, . (2)  9graph of the levitating iron ball sandwiched by the plastic
Ampo(ra—rq) walls. One can see that the ball does not touch the wall. The
will act on two balls, which stabilizes the levitation. The fact that the floating ball bounced at this position also sup-
force balance in a vertical direction is then given by ports that the ball floats without touching the wall. It is then
probable that the plastic wall has a small diamagnetic sus-
Fumz=F12+mg, (3)  ceptibility and exerts a repulsive force to stabilize the
X X . . . 6
wherem is the mass of the floating ball anglis the accel- ~levitation. . .
eration of gravity. Heré ,, andF ., are the functions of the Through several trials we also found that there is another

heights of two balls, and there will be a range in the heightstable position for the ball to levitate as shown in Fig. 4. In

for the levitation ball to be stable. In fact we could see thatthis case, the ball in the first row is not situated at the magnet
the levitating ball bounced when the plastic box was slightlycenter, instead two balls sat with their center being the mag-
shook. net center. Here, one can again think that three iron balls are

This is similar to the situation that two like-pole magnetsmagnetized in the same direction due to the field generated
are placed in parallel, which will inhibit two balls from ap- from the lifting magnet. The lifting magnet attracts the float-
proaching each other, although the lifting magnet is exertindg"d ball, however, two balls sitting above will exert repulsive
attractive forces toward two balls, which is schematically
illustrated in Fig. 2.

For stable levitation, the force balance must also be met
along the horizontal direction. In the present configuration,
since the balls are aligned along the center plane of the mag-
netic field generated from the lifting magnet, the balls will be
autostable along the horizontal direction. In other words,
they try to stay centered in the field of a large magnet. In
addition, as schematically shown in Fig. 2, two neighboring
balls sandwiching the ball sitting above will also exert repul-
sive forces on the floating ball such that it is repelled toward
the center position. Thus, the floating ball is stable at the
center in the horizontal direction.

Even in this case, the question is raised for the stability
along the direction perpendicular to this direction on the 5
same horizontal plane. Since the iron ball is located at the ST . et
center axis of the magnet, it may stay centered. Howeveg g, 3. side view of a floating iron ball. It floats in between two plastic
such three-dimensional stable levitation is forbidden bywalls.
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FIG. 6. Photograph of an iron ball trying to escape from one stable position
FIG. 4. Photograph of an iron ball floating in midair. There is another stableto another when the lifting magnet was rotated.
position for the ball to float.

Here all the experiments were performed in a plastic
box, thus the levitation of iron balls was not realized in free
space. Nevertheless, the present experiment shows interest-
ing features of sphere magnetic materials along with the fact
that at least with the help of plastic walls we can suspend an
iron ball in midair and can transport it without contact.

forces. This made it possible to levitate an iron ball in the
position schematically shown in Fig. 5. As a result, the ball
in the second row can float in midair. Like the case in Fig. 1
two balls sitting above will exert the restoring force for the
floating ball to be centered to the equilibrium position along
the horizontal direction, which is also sketched in Fig. 4.

It was interesting that we could transport this floating
ball from one equilibrium position to another by simply ro-
tating the lifting magnet. Figure 6 shows the photo of the ball
leaving the position below the ball sitting at the magnet cen-  \we have shown that an iron ball floats in midair without
ter to the next stable position. Such a process is schematimy active control. This is probably due to the interaction of
cally illustrated in Fig. 7. This result shows that there is aseyeral iron balls. In the case of sphere magnetic materials,
continuous route or a continuous potential well for the ball tofhey can be magnetized in the same direction without close
float. This fact suggests that one can transport a load withoontact, which may be the source of repulsive interaction
contact using the present configuration of iron balls, whichstapilizing the force balance along a vertical direction. Hori-
provides the possibility of a noncontact load transport dezontal stabilization is achieved by positioning the ball at the
vice. magnet center at least in one direction. The stabilization in

IV. SUMMARY

magnet

floating ball

floating ball

FIG. 5. Schematic illustration of the configuration of iron balls and force,
which enabled the levitation of an iron ball. The lifting magnet attracts theFIG. 7. Schematic illustration of the process for the floating ball to move
floating ball, while two balls sitting above exert repulsive force. from one stable position to another.
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the perpendicular direction is not clear at present. It is prob-*M. Murakamiet al, Jpn. J. Appl. Phys., Part 29, L1991 (1990.

able that small diamagnetic susceptibility of the plastic boardzE- H. Brandt, Scienc@43 349 (1989.

may help the stability. It was also found that there are two 4;‘“gi’C’g‘g"e;‘j;ﬁlcafEﬁéﬁgi{i‘g’?;gg‘gg‘m'

stable positions for the iron bgll to Iewtgte. The ball couldlbe 5S. Earnshaw, Trans. Cambridge Philos. So@7 (1842,

transported from one equilibrium position to another by sim-6a k. Geim, M. D. Simon, M. I. Boamfa, and L. O. Heflinger, Nature

ply rotating the lifting magnet. (London 400, 323(1999.
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