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Numerical Simulation of Swinging Atwood’s Machine: Physical Pendulum

Toshio FUNADA®*? and Dai IWAMOTGO?

Abstract: Atwood’s machine is a representative device in mechanics, which George Atwood invented in 1784 as a laboratory
experiment to verify the mechanical laws of uniformly accelerated motion. 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) and makes periodic and
chaotic motions. We revisited this mechanical device to make PBL (Problem Based Learning) resources and practice problems
for numerical computations. Observing the early apparatus and relating devices in detail, we may propose here some mechanical
models to be solved numerically. A cage of elevator may be regarded as a physical pendulum on a swinging Atwood’s machine.
A big pulley provides an asymmetric pendulum. Other models are also presented to have deeper understanding on mechanics.
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Fig.3 Swinging Atwood’s machine (Model 1).
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Fig.5 Swinging Atwood’s machine with a cage (Model 2).
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Fig.6 Swinging Atwood’s machine with a rope along

circular guide (Model 3a).
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Fig.1g Spectrum o (¢) in 0 < ¢ < 27 x 12.
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Fig.1h Spectrum 0P (¢) in 0 <t < 27 x 12.
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Fig.2b Phase portrait off, §) in 0 < ¢t < 27 x 12.
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Fig.2b Phase portrait ofd, ) in 0 < t < 27 x 12.
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Fig.2aPhase portrait ofr,7) in 0 < ¢ < 27 x 12.
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Fig.2b Phase portrait ofd, ) in 0 < t < 27 x 12.
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Fig.2aPhase portrait ofr,7) in 0 < ¢ < 27w x 12.
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Fig.2b Phase portrait ofd, ) in 0 < t < 27 x 12.
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Fig.2c Time sequence of(t) andr(¢) versust in
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Fig.2aPhase portrait ofr,7) in 0 < ¢ < 27w x 12.
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Fig.2b Phase portrait ofd, ) in 0 < t < 27 x 12.
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Fig.2c Time sequence of(t) andr(¢) versust in
0<t<2rx12.

oooodbD g=1m=1,7179=2,a =0500
00000000 (??9,??000000 6(0) = —1.5,
9(0):—1.5[|D[ID[ID(??),(??)D[IDEI 0<t<t,
(te=27x12)0000000000 Fig.2a2cOO0O0O

comp-nov02-15_grl.eps

Fig.2aPhase portrait ofr,7) in 0 < ¢ < 27 x 12.
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Fig.2b Phase portrait o, §) in 0 < t < 27 x 12.
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Fig.2b Phase portrait ofd, §) in 0 < t < 27 x 12.
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Fig.2aPhase portrait ofr,7) in 0 < ¢ < 27 x 12.
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Fig.2b Phase portrait o, §) in 0 < t < 27 x 12.
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