


12. Levitating spinner

A toy consists of a magnetic spinning top and a plate containing magnets 
(e.g. "Levitron"). The top may levitate above the magnetic plate. Under what 

conditions can one observe the phenomenon?
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Levitron construction
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Presentation of the phenomenon

Important parameters of the setup are: mass of the top and orientation of the 
base-magnet
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Spinning

Top is unstable

Top is not spinning

Spinning provides a gyroscopic effect which prevents top from flipping over 
what happens when top is not spinning
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Observed motions

Three types of motions where observed: spinning, CM motion, precession.
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Theoretical Part
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Assumptions

Axial symmetry of field from base 

magnet

A
x
is

 o
f 
s
y
m

e
tr

y

Top is a magnetic dipole

Base magnet
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Equilibrium position

In equilibrium position net force and torque acting on a top should vanish:
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Full equations of motion
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Set of Non-linear 
differencial equations

Those equations are hard to be solved
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Set of Coupled 
Linear differential 

equations

Approximation

Approximation 
around equilibrium 

position

linear coupling

z y x Ŭ ɓ ɔ

G. GENTA et al. ĂGyroscopic Stabilization of Passive Magnetic Levitationò

Full equations of 
motion

Vertical oscillations Spinning motion
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Frequency of oscillations

y x Ŭ ɓ

4 degrees of freedom

4 modal frequencies

Tuning parameter:

- Spinning frequency

Parameters of the 

system:

- Magnetic field distribution

- Topôs mass

- Topôs magnetic moment

- Topôs moments of inertia
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Normal modes of oscillations
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Experiments

How we measured 
important parameters

Theoretical frequencies 
of oscillations

Frequencies found from 
Fourier analysis

Theoretical limits for 
spinning frequency

Measured limiting 
spinning frequencies

1:

2:

3:

compare

compare
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Base magnetic moment

We measured magnetic field induction on base axis of symmetry using 
gaussmeter.
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Moments of inertia

In order to measure moments of inertia of the top with respect to axis of 
symmetry and axis perpendicular to it we have build torsion pendulum
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ñHigh speedò experimental setup

Computer High-speed
camera

Levitron
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Data analysis

Using special program (TEMA Automotive)we could analyze received data

Markers
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Data analysis

We calculated center of mass position in time and performed a Fourier analysis
of its components
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Fourier analysis changes in time
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Comparison with theory
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Minimal spinning frequency
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Maximal spinning frequency measurement

Coils

Signal Generator

Amplifier Levitron
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Maximal spinning frequency measurement
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Comparison with theory
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One more aspect which was not discussed

Where:
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Magnetic field distribution is another important factor

T. B. Jonesa et al. α{ƛƳǇƭŜ ǘƘŜƻǊȅ ŦƻǊ ǘƘŜ [ŜǾƛǘǊƻƴέ

For used toroidal magnet a stable equilibrium position is predicted to be in height 
from 7.1cm to 7.6cmover base magnet
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Experimental

Theoretical

Equilibrium position

cmzcm 6.71.7 <<

cmzmeasured 2.02.7 °=
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Error discussion

ωSpinning top is not an ideal magnetic dipole

ωWe only discussed liberalized model

ωDiscreet Fourier Analysis

ω.ƻǘƘ ōŀǎŜΩǎ ŀƴŘ ǘƻǇΩǎ ƳŀƎƴŜǘƛŎ ŦƛŜƭŘ ƛǎ ƴƻǘ ŀȄƛǎ ǎȅƳƳŜǘǊƛŎ
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