
Apparatus improvements have enabled a novel guided-inquiry laboratory
experiment. These improvements include:
• Contributions from higher frequencies that were present in Prototype 1,

due to non-linearities, are negligible and no longer complicate the
identification of eigenfrequencies in power spectra.

• The low damping and the high Q-value of Prototype 2 allow data to be
collected for a longer time, yielding much better frequency resolution in
the power spectrum.

• Using a drive coil, the symmetric and antisymmetric modes of the
oscillator can be preferentially excited and the system can also be placed
in a superposition of modes at will. Consequently, the drive coil allows
the system to be placed in a well-defined initial state.
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A new coupled oscillator experiment is being developed for our second-
year physics laboratory in which students are asked to investigate how the
eigenfrequencies of a coupled oscillator depend upon the magnitude of the
coupling force. A first prototype was built using Geomag oscillators and a
Hall probe displacement sensor. A much improved setup was built with
spring steel cantilevers and an optical displacement sensor. The power
spectrum from the latter has better frequency resolution. Moreover, the
intensity of spurious higher harmonics, which arise from nonlinearities in
both the displacement sensor and coupling force from the first prototype,
is much reduced. Students are given the opportunity to design their
experimental procedure and develop their own physical model in this
experiment.

ABSTRACT

• A first prototype was built using Geomag oscillators and a Hall probe
displacement sensor.

• The eigenfrequencies of this coupled oscillator depends upon the
magnitude of the magnetic coupling force.

• Students did this design lab in Winter 2018 and were asked to
investigate this phenomenon using their own experimental procedure.

• Instructor provided the physical model, a two-component cosine wave
function for the coupled oscillators, to the students.

INTRODUCTION

• We have developed coupled oscillators with a high quality factor (Q =
670 ± 20) that allow students to clearly detect and measure
eigenfrequencies from power spectra of the oscillator response.

• This allows students to study how the eigenfrequencies depend upon
the coupling strength in a very direct and intuitive way without
performing least-squares fitting of the oscillator response.

• The experiment lends itself to guided investigation where the students
develop their own procedure and their own physical model.

• This experiment introduces students to the important role that coupling
has in altering mode frequencies and creating new modes.

• Further refinements are planned to miniaturize and manufacture
oscillators using 3D printing and CNC assembly.

CONCLUSIONSCOUPLED OSCILLATOR EXPERIMENT
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LEARNING OBJECTIVES COUPLED OSCILLATOR RESULTS

DISCUSSION

FREE OSCILLATOR RESULTS

• The second-year physics lab course at Queen’s University offers a series
of experiments for students to rotate through in the course of a 12-
week long semester.

• Most of these experiments are cookbook-style where detailed lab
procedures are provided.

• In response to the recommendation from the American Association of
Physics Teachers (AAPT) Committee on Laboratories to adopt design and
modeling into the lab curriculum, we have started to transform our
cookbook-style experiments into design labs.

• The step-by-step instructions are replaced with question prompts to
help students design their own experimental procedures.

• To date, we have successfully transformed two experiments and find
that students spent more time sense-making in these labs.

• We have also recently developed a new design lab using coupled
oscillators.

• To measure the response of a free oscillator and coupled oscillators.
• To demonstrate the dependence of eigenfrequencies on coupling

strength for coupled oscillators.
• To practice experimental design skills.
• To develop a physical model of the system.
• Use a computer for data analysis and curve fitting.

Fig. 1: Prototype 1. Two Geomag oscillators are coupled via the magnetic attraction
between the two suspended steel ball vertices. The changing magnetic field due to this
coupling is measured by the Hall probe and sent to an oscilloscope for data acquisition.

EXPERIMENTAL SETUP

Fig. 2: Prototype 2. A pair of end-loaded
spring steel cantilevers is coupled via a
steel spring. Drive coils are used to drive
the cantilevers at their resonant
frequencies. Two OPTEK optical sensors
are aligned at the ends of the cantilevers
and their signals are fed into an
oscilloscope.

Fig. 3: Free oscillator responses and corresponding power spectra (calculated using Python SciPy) for the
Geomag oscillator (left) and cantilever (right). The quality factor (Q = 670 ± 20) of the cantilever is much
higher than that of the Geomag oscillator (Q = 63 ± 6), indicating that the damping is lower. The presence of
higher harmonics in the power spectra of Prototype 1 indicates that higher Fourier components are needed
to reproduce the non-sinusoidal response produced by non-linearities in displacement detection and
coupling. The natural frequencies of Prototype 1 and 2 are 4.00 ± 0.04 Hz and 3.16 ± 0.04 Hz, respectively.

Fig. 4: Coupled oscillator responses and corresponding power spectra for the Geomag oscillators (left) and
spring steel cantilevers (right). The Geomag response decays to half its original amplitude in about 4
seconds while the spring steel cantilever response persists. Furthermore, the spacing between symmetric
and antisymmetric mode eigenfrequencies in the Geomag response is very small. The symmetric and
antisymmetric eigenfrequencies of Prototype 1 are 4.75 ± 0.04 Hz and 5.08 ± 0.04 Hz. The symmetric and
antisymmetric eigenfrequencies of Prototype 2 are 4.00 ± 0.04 Hz and 6.83 ± 0.04 Hz, respectively.
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