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Diamagnetically stabilized magnet levitation

M. D. Simon?®
Department of Physics and Astronomy, University of California, Los Angeles, California 90095

L. O. Heflinger
5004 Paseo de Pablo, Torrance, California 90503

A K. Geim
Department of Physics and Astronomy, University of Manchester, Manchester, United Kingdom"'

(Received 13 November 2000; accepted 5 April 2001)

Stable levitation of one magnet by another with no energy input is usually prohibited by Earnshaw’s
theorem. However, the introduction of diamagnetic material at special locations can stabilize such
levitation. A magnet can even be stably suspended between (diamagnetic) fingertips. A very simple,
surprisingly stable room temperature magnet levitation device is described that works without
superconductors and requires absolutely no energy input. Qur theory derives the magnetic field
conditions necessary for stable levitation in these cases and predicts experimental measurements of
the forces remarkably well. New levitation configurations are described which can be stabilized with
hollow cylinders of diamagnetic material. Measurements are presented of the diamagnetic properties
of several samples of bismuth and graphite. © 200/ American Association of Physics Teachers.
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Table I. Values of the dimensionless susceptibility y in SI units for some
diamagnetic materials. The measurement method for the graphites is dis-

cussed in a later section.

Material —x(X107%)
Water 8.8
Gold 34
Bismuth metal 170
Graphite rod 160
Pyrolytic graphite L 450
Pyrolytic graphite | 85

lifting magnet

D separation

suspended magnet
mass m, moment M

Fig. 4. Diamagnetically stabilized magnet levitation geometry for one com-
pact implementation.

T Ezmw LECTURES

Fig. 1. (Top) Levitation of a magnet 2.5 m below an unseen 11-T super-
conducting solenoid stahilized by the diamagnetism of fingers {y=~ 10~%).
(Bottorn) Demonstrating the diamagnetism of our favorite text explaining
diamagnetism.

h— o ——q

Fig. I'1. Graphite plates stabilize levitation of a magnet below the centerline
between two pole faces and just above the inflection point in the field mag-
nitude. Not shown in the picture but labeled N and S are the 25-cm-diam
pole faces of an electromagnet spaced about 15 cm apart. The poles can be
from permanent or electromagnets.



Levitation Bundle #1
Code: LEVKIT1

Price: $33.43

Quantity in Basket: rrone

All vou need to levitate pyrolytic graphite,

Four12mm gold plated Neodymium Iron Boron magnets
One piece of Pyrolytic Graphite.

Trim up the graphite as explained in the pyrolytic graphite levitation
section, and it will float above the magnets like magic.

CAUTION: Neodymium magnets are so powerful that they will break if allowed to jump together.
Work with them on a steel surface to prevent jumping,

Add One To Basket | Buy One Mow |

http://www.scitoyscatalog.com/

One Piece of Pyrolytic
Graphite

Code: GRAPHITE1
Price: $5.71

Quantity in Basket: norne

This amazing stuff will float in mid-air above four strong magnets.
{See our Magnetism chapter).

Each piece is roughly 1 millimeter thick (thickness varies), 32
millimeters long, and 16 millimeters wide.

Great for the suspended magnet project as a replacement for bismuth,
and essential for the levitating pyrolytic graphite project.

This makes a good sample for Carbon in your collection of samples for

the Periodic Table of the Elements.

Add One To Basket | Buy One Now |
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N42 2"'x1/2"x3/8" ring magnet

M8 brass
thread

pyrolytic

J 20x54
graphite ¢

220

$30x3C

160




') ranooi—b (-4 J @ 1o-mm-diameter sphere m- Y (S

<« C' [ www.youtube com/watch?v=jBdCveRKTE
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10-mm-diameter sphere magnet levitation
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The 10-mm sphere is a gold-plated neodymium magnet (MA0) which | bought S R LT
at http:Mfeesni, 2Emagnet. cojp. A large ring neodymium magnet (M42 2" = 12"
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