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Numerical Simulation of Swinging Atwood’s Machine: Spherical Pendulum

Katsuhisa OOBA" Toshio FUNADA™" Dai IWAMOTO™ Kiyotaka SUGIYAMA™
Masayoshi FUJITX Yuta URUSHIBATA? Yoshiyuki NAKAMICHI 22 Makoto KAWAKAM| "1*2
Kouji MOCHIZUKI 2" and Tatsumi MIYAUCHI?™

Abstract: Atwood’s machine is a representative device in mechanics, but it performs very complex phenomena when one body
at its end swings in a vertical plane, which is referred to as swinging Atwood’s machine (SAM). This has been extensively
studied by Tufillaro and coworkers (N. B. Tufillaro, T. A. Abbott, and D. J. Griffiths, Swinging Atwood’s Machine, American
Journal of Physics 52 (10) (1984), pp.895-903) to reveal periodic and chaotic motions. We revisited this mechanical device to
make PBL (Problem Based Learning) resources and practice problems for numerical computations. As an extension from the
original type of swinging Atwood machine, the pendulum may work as a spherical pendulum. This can be solved numerically
based on the conservation of angular momentum of rotational mode, and some of the results are reported in the present paper.
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Fig.6eSpectrum of-(t) in 0 < ¢ < 27 x 62.
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Fig.9aPhase portrait ofr,7) in 0 < ¢t < 27 x 62.
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Fig.9b Phase portrait ofd, ) in 0 < t < 27 x 62.The
figure is rotated by 90
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Fig.9d Time sequence df(t) andd(t) versust in
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Fig.10aPhase portrait ofr, ) in 0 < ¢ < 27 x 62.
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Fig.11bPhase portrait of¢, 6) in 0 < ¢t < 27 x 32.The
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