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Fig. 1. Magnetic pendulum: (a) Real object; (b) improved

model; (c) simplified calculation model.
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Fig. 2. Position diagram of pendulum ball and single magnet.
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Table 1. Magnet moving position.
J5 415 AR HER OB B 2y RO
0 do =0 (x5, ygh) = (2v3/3, 0), (@Z, y&) = (=v3/3, 1), (T, y§) = (=v3/3, -1)
! dn, = —3/3 (@h, v = (V3/3, 0), @B, 4B) = (~2v3/3, 1), (25, ¥) = (~2v/3/3, 1)
2 dy, =233 (#h, u) = (0, 0), (22, yB) = (—V/3, 1), (2, ¥) = (—V/3, —1)
3 dzy =3 (o, v = (—V3/3, 0), @F,, vB) = (~4v/3/3, 1), (aF,, &) = (—4V3/3, —1)
4 dr, =V3/3 (z,> ¥3) = (V3,0), (23,, ¥8) = (0, 1), (=F,, ¥5) = (0, =1)
5 dry = 2v/3/3 (e, vl = (W33, 0), (o, wB) = (VB/3, 1), (o5, v) = (VB/3, —1)
6 dry = V3 (zh,, 4') = (5v/3/3, 0), (2, v&) = (2v3/3, 1), (2%, v5) = (2v3/3, —1)
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Table 2. Seven groups of equilibrium points with different magnet positions.
HRFS BahiEEs S AT E
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Table 3.  Results of judging the stable equilibrium point when the magnetic pendulum moves the position of the magnet.
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Fig. 3. Movement trajectory and time history diagram of
the swing ball at different starting positions: (a) When the
magnet position is not moved; (b) when the magnet posi-

tion moves.
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Fig. 4. Diagram of fractal domain of attraction when mag-

net position is not moved.
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Fig. 5. Evolution of fractal basin of attraction of the attractors under different translation distances of magnet position to the left:

(8) diy = —v/3/3: (b) dp, = —2v/3/3; () dz, = —V3.
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Fig. 6. Evolution of fractal basin of attraction of the attractors under different translation distances of magnet position to the right:

(a) dr, = V/3/3; (b) dr, = 2V3/3; (c) dry = V3.
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Fig. 7. An experimental apparatus for a magnetic pendulum: (a) Overall experimental device; (b) circuit connection.
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Fig. 8. Trajectory photo of light track in different starting positions of pendulum ball: (a) The trajectory photo of the first release

pendulum; (b) the trajectory photo of the second release pendulum; (c) the trajectory photo of the third release pendulum.
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Abstract

Based on the analysis of the global dynamic behavior of a typical magnetic pendulum with equilateral
triangular arrangement, the initial sensitivity and its mechanism are studied. To begin with, assuming that the
position of the magnet can be moved, the dynamical model of a typical magnetic pendulum is established via
Newton’s second law. Furthermore, the number of equilibrium points under different magnet positions and their
stability are analyzed. Upon this, the initial sensitivity phenomenon and the evolution of fractal basin of
attraction of point attractors under different magnet positions are presented. Finally, the initial sensitivity
phenomenon is verified experimentally. It is found that the coexistence of multiple attractors generally appears
in this type of magnetic pendulum. The initial sensitivity can be attributed to the fractal basin of attraction of
fixed point attractors, in which the positions of the fixed point attractors do not overlap with the projected
positions of the center of the magnet on the plane where the magnet is located, but there is a slight deviation.
When the position of the swing ball can be projected onto the centroids of three equilateral triangles
corresponding to the magnets, the sizes of the three attractors’ attraction domains will be similar, whose
boundaries are fractal and centrosymmetric, thus, the initial sensitivity is obvious. It also follows that the
position of moving magnet affects the nature of basin of attraction directly, i.e., the magnet which is closest to
the projection point of the balance position of the swing ball has a great influence on the swing ball: the domain
of attraction of the attractor whose is the closest to the position will increase significantly, while the attractor
domains of the other attractors will be eroded obviously. This paper has potential applications in designing the
magnetic pendulum systems.
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