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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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| evitron construction
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Presentation of the phenomenon

Important parameters of the setup are: mass of the top and orientation of the
basemagnet
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Spinning

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

Ver

Top is not spinning
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Top is unstable
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Observed motions

Three types of motions where observesiinning CM motion, precession.
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Theoretical Part
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Assumptions

—

my,

Top is a magnetic dipole

Axis of symetry

el e——

Base magnet

Axial symmetry of field from base
magnet
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Position (X,y,z)

dZIS’ .
dt
1
/ I
Gravity | Magne_tic
Interaction
Orientation (0, /)
% :‘rno3 B J\
dt 7
Magnetic
Interaction

Poland




Equilibrium position

In equilibrium position neforce and torque acting on a top should vanish;
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Full equations of motion
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Set of NoHinear
differencial equations

Those equations are hard to be solved
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Approximation
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Approximation
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Frequency of oscillations

4 )
Parameters of the
system:
- Magnetic field distribution
-TopOds mass
-TopOds magnet.
-Top 6s mofimertat

\_ y,

|

Tuning parameter:
- Spinning frequency
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4 degrees of freedom
4 modal frequencies
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Normal modes of oscillations
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Normal modes of oscillations
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Normal modes of oscillations
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Normal modes of oscillations

Solutions frequency [HZz]
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Normal modes of oscillations
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Experiments

1. [ How we measured}

Important parameters

2- Theoretical frequencies__compare | Frequencies found fro
. of oscillations Fourier analysis

3 Theoretical limits for compare Measured limiting
; spinning frequency spinning frequencies
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Base magnetic moment

We measured magnetic field induction on base axis of symmetry using
gaussmeter.
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TopOs magneti c momen

We measured magnetic field induction an2 23@s2f symmetry using

gaussmeter.
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Moments of inertia

In order to measure moments of inertia of the top with respect to axis o
symmetry and axis perpendicular to it we have btoigion pendulum

4 )
A\\{\\;t\\}\\ ANAMARNRNRNNY o mgHT?
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l; measurement |; measurement
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AHI gh speedo experi men

[Compute

Highspeed
camera

........
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Data analysis

Using special prografTEMA Automotiveyve could analyze received data

Markrs
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Data analysis

of its components

We calculated center of mass position in time and performdebarier analysi
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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
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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

Magnetic field distribution is another important factor
T.B.Jonesaeta.{ A YL S GKS2NE F2N UK

/ \ Where:
-a,>0
a,>0 lel u'"B,o
2 An = Nl éB n l:J
a, - 432 >0 EE, [ Ux=0,y=0,2z=2,
\_ /

For used toroidal magnet a stable equilibrium posit®predictedto be inheight
from 7.1cm to 7.6cnover base magnet
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Equilibrium position

4 .
Theoretical
7.1lcm<z<7.6cm
\_ W,
4 )

Experimental

Zmeasured: 72 ° 02 cm
\_ /

Poland

35




Error discussion

wSpinning top is not an ideal magnetic dipole
wWe only discussed liberalized model

wDiscreet Fourier Analysis

w. 20K o6Fasdoa IyR (2L1a
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