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(1 + 2 + 2 + 2) SUMMARIES - Deliverables

Topics Experiments

1.  Mechanics and Nonlinear 
Dynamics

Duffing Oscillator
(experiments pending)

2. Electromagnetism Impedance spectroscopy 
Speed of light 

3.  Thermo. & Stat Physics Stirling engine 
Gas Liquid critical pt.

4.  Fundamental Quantum 
Behavior

Photoelectric effect 
Frank Hertz 

5.  Nuclear & Elementary 
Particle Physics

Gamma spectroscopy
Compton scattering

6.  Atomic & Molecular H2D2 spectra 
Zeeman effect 

7.  Lasers & Optics Diffraction
(experiment pending)

8.  Condensed Matter Hall effect
(experiment pending)

9.  Fluid Mechanics &      
Acoustics

Taylor-Couette
1D acoustic transmission

10. Plasma Physics Langmuir probe
(experiment pending)

Phase Portrait Poincare Section

At the last lab meeting of the semester each Junior I
group (or each individual student, if they prefer)
presents a poster on one of their experiments. Each
Junior II group (or individual) writes a 10-page
Physical-Review-style paper. Students in the Senior lab
course give an APS-style 12-minute presentation.

In keeping with the philosophy of our Junior level
lab sequence (JZ) and (NH) adhered to the 1+2+2+2
Learning Objectives of the Physics Decathlon. All
equipment used for the Duffing Oscillator was off-the-
shelf. Analysis was done with the open source
numerical software SciLab. Therefore, there was no
added cost to the department. And, Julie and Nick
produced a student lab manual for use by future lab
students who want to study nonlinear dynamics and
extend the work.

“The Duffing Oscillator: A Lab Manual,” N. Hoen, J. Zimmerman, and R. Krantz,
2015 BFY II Conference. (elsewhere in these conference proceedings).

In 2014-2015 three of us (Tagg, Krantz, Carlson)
team-taught a Junior laboratory course in which physics
majors complete, over two semesters, experiments in 8
out of 10 main topics of physics. The 10 topic sequence
is referred to as “The Physics Decathlon.”

Occasionally, a group comes to Junior lab with ideas of
their own about a lab or project they want to do. This
was the case with Nick Hoen and Julie Zimmerman.
Given that the students had to start from scratch and 1)
pick a nonlinear system of interest to them, 2) design a
lab, 3) scrounge for “off-the-shelf equipment, 4) take
data, 5) analyze the data, 6) meet the learning objectives,
and 7) (per our request) write a guide to the experiment
for use by students in future semesters, we allowed Nick
and Julie to use this experiment in place of two
“available” Junior lab experiments.

The experimental realization adapted here is one in which a top-
weighted upright elastic beam may bend and undergo small oscillations
about either of two fixed points symmetrically located on either side of
an unstable upright position. When driven by time-periodic forcing of
appropriate frequencies and amplitudes, the dynamics can build to large-
amplitude motion that chaotically switches between oscillations around
either fixed point of the undriven system. While others have reported
successful versions of this experiment, significant challenges existed to
adapt the experiment to the resources at hand.

During the oral; each student’s lab notebook is evaluated. Then each
group member summarizes a key idea so that 2 or 3 ideas are presented
and discussed. This process is repeated for instrumentation and then for
data analysis. The instructor suggests revisions that each student may use
to prepare a final version to submit for the 2+2+2 summary.

ADAPTATION

Apparatus

Apparatus Springs: Close Up

The Duffing Oscillator is a classic system for analyzing nonlinear
dynamics:
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 (1)  LAB NOTEBOOK
 (2+2+2) 6-PARAGRAPH SUMMARY

 (2)  Two Major “Physics” Ideas
 Chaos in damped driven oscillator
 System with two potential wells

 (2)  Two “Novel” Experimental  Ideas
 Nonlinear elastic beam
 Long time series data acquisition

 (2)  Two Analysis Ideas
 Phase portrait / Poincare section
 Numerical simulation of Duffing eq

These become the basis for an oral once the experiment is completed:
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