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What does the Physmag show? qg .
This apparatus can be used to study nonlinearities appearing in the trajectory of the oscillating pendulum. 3 -
For such a nonlinear pendulum, the simple idea that the time period does not depend on the oscillation .l)"
amplitude breaks down. Users of Physmag can readily study this (Fig. 1). The time period is analytically g ae
shown to be, 5
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® Exploring the notion of nonlinear and chaotic dynamics using a "magnetic L™ - = ! I SFSIE'T_L Y, ot holder}). The horizontal
pendulum’, - i/ periodic. For another value, it might become phcipecniil & it ahafis <
® Experimental observation of the onset of period-doubling bifurcations. A ¥ .J " ©  aperiodic. This aperiodic system can also oscillation of the shaft is
e Acquiring time orbits and phase-space diagrams, through simulation and =P i | - exhibit chaos which is ultra-sensitivity to initial controlled by the PhysMag
experiment. . _ L g conditions. Pendulum Software, which is -
& Understanding phase portraits. & - | | connected to the specially .
\ Generally, chaos begins with period-doubling Fuitaizad PRusloaper whidk is e
How does it work? = bifurcation (as shown in Fig. 2): the system ‘ ik . !’ Al
. switches from period-1 to period-2 at a precise 2 Part and parcel of this B L
The apparatus, which Qosain Scientific calls Physmag; comprises a value of the input parameter, which in our case  experiment, The time change in

pendulum with adjustable height and detachable permanent disk
magnets, one sel on the tip of the pendulum and the second set on the
top of the magnet holder, underneath the pendulum. The shaft of the
pendulum is attached to a crank mechanism that gives rise to
controlled horizontal oscillation. Our flagship data logger, Physlogger
controls the stepper motor that drives the rank mechanism, and also
logs angular displacement of the pendulum from the optical angle
sensor attached with the hinge of the pendulum. Hence, we can
measure three guantities in real time:

is the distance d between the two sets of angular distance of the

magnets. With further decreases in the value of pendulum is logged by the same
d, successive bifurcations may take place, software. The generated data A e e e e e DA
which changes the period from twice to four can be d|5p|a}fed in a variety of

times to finally aperiodic or chaotic. These ways i.e. such as in the form of
adldltrcmal plfurcatlonﬂ are hard to notice but an time series or phase portraits
avid experimenter can always probe deeper. (Fig. 2)
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« Magnetic pendulum machine propose the simulation
+ Sets of disk magnets of the behavior of the
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® Hotation rate of the crankshaft powered by a motor with user-variable
RPM.
® Angular displacement of the pendulum measured by our specialized

analog angle sensor.

® Derivative of the angular displacement is computed in our software.

» Specialized Physlogger with
inbuilt moter contral
« Qosain Scientific's analog
F angle sensor

Not included
» PC

magnetic pendulum.
This is inbuilt with the
accompanying
literature. The
simulation involves
writing an equation of
motion that
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exponents magnets (Fig. 3).

Hysteresis of nonlinear systems
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