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Figure 2.1: Experimental Set Up. (a) Photo of the actual pendulum apparatus. (b)
Front view diagram of pendulum apparatus. (c) Side view diagram of pendulum
apparatus.

8 Hz. Exact natural frequencies at the various pendulum lengths were determined
experimentally by video recording the oscillations of the un-driven pendulum and
tracking the motion of the bob in the program Tracker2 to obtain the period of the
pendulum’s oscillation.

The device used to oscillate the pivot of the pendulum is the Pasco Mechanical
Wave Driver SF-9324. It has a maximum current load of 1 A which puts a limit on the
driving amplitude. Fig. 2.2 shows the maximum amplitude as a function of frequency.
The range of amplitudes is between 1 and 9 millimeters, with a marked drop-o↵ past
20 Hz. The amplitude reduction at high frequencies is due to the inherent limitations
of the vibrator. The smaller amplitudes at lower frequencies (6–14 Hz) have to do
with the longer period of the input sine waves. The current to the vibrator is largest
at the peak of the sine wave and for waves with long periods, this high current is
sustained for long enough that it may damage the vibrator. We therefore chose
smaller amplitudes to limit the peak current to 1 A. At higher frequencies, the input
signal oscillation period is short enough that a high current at the peak is only a
momentary spike and peak currents in excess of 1 A can be momentarily tolerated by
the vibrator as long as the RMS current stays below 1 A..

Fig. 2.3 shows the reachable parameter space for various pendulum lengths given
the amplitude limitations of the vibrator. A pendulum with center of mass at 1.5 cm
allows access to ⌦ is between 3.5 and 6 and ✏ is between .1 and .6, which is the
region we are most interested in exploring because it contains the most boundary
lines between di↵erent stability regions.

To measure the amplitude of oscillations of the vibrator, we used a RoHS DC-

2Tracker is an open source video analysis software specifically designed for kinematics. It can be
found here: https://www.cabrillo.edu/ dbrown/tracker/


