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Measurement of principal moment of inertia of tops

Makoto SATO

Moment of inertia of tops is measured using a torsional pendulum. Dumping constant of the pendulum can be ignored to

determine the moment of inertia from pendulum period. The magnitude of three orthogonal principal moment of inertia

are measured as a function of length of top axis. When the magnitude of moment of inertia about the top axis exists be-

tween the other two those left, the top will lose its stability of rotation.
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Fig. 1 Damped oscillation.

Fig. 2 Experimental set-up for damped oscillation of the
torsion pendulum.
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Fig. 3 Time dependence of amplitude in the damped oscillation.
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Fig. 4 Experimental set-up for measurement of moment of inertia in
the oval top.
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Fig. 5 Axis length dependence of the main moment of inertia. Cir-
cles represent measured values, and lines are calculated results.
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Equal energy surface

Equal angular momentum surface

Fig. 6 Equal energy and angular momentum lines in angular velocity
coordinate fixed to the body-frame. Left side represents x-z plane,

and right side represents y-z plane. The initial condition is ®, on z
axis ( indicated with an arrow on ®.-axis ).
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Fig. 7 Three dimensional image of equal energy surface and angular
momentum surface in angular velocity coordinate fixed to the body-
frame. Angular velocity can change its direction along the crossing
lines of the two surfaces. However the angular momentum is invari-
ant in the absolute inertia coordinate. Consequently the orientation of
the top axis (z-axis) will be unstable.
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Fig. 8 Disc position dependence of moment of inertia in circular disc
tops with axis of different lengths. For axis length 7 cm to 9 cm,
there exists the position make the rotation of the top unstable.
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