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Wittenberg University

• Residential, primarily undergraduate liberal arts institution, ~1800 students.

• Physics Department

• Faculty: 4 FTE

• Typically graduate 5 majors and 1 minor per year

• 69% pursue graduate study in a STEM field within 2 years of graduation.

• 36% women

Physics 312 - Wave Phenomena

• Second advanced course taken in the major, typically taken after Mechanics.

• Consists of a lecture and laboratory component.

• Lecture content focuses on waves (mechanical, electromagnetic) in different

media and optics (geometric and wave).

• Final advanced lab sequence in the major, following Modern Physics and

Electronics (see Elizabeth George’s poster in Session II).

• Writing Intensive

• Keeping a lab notebook

• Feedback is provided at the end of each lab, roughly once a week

• Writing technical papers

• Submit Figures and Captions for each lab.

• Write one technical paper with multiple revisions and peer-review.

• A key objective of the laboratory component of Physics 312 is to complete the

progression of increased student independence through the intermediate and

advanced laboratory experiences and prepare them for a required senior

capstone project.

• The labs are completed at a time of the student’s choosing and the instructor is

available to  provide assistance, if needed.

• Several experiments involve waves in a variety of contexts (measuring the

dispersion relations in stings, coaxial cable and glass) and optics (behavior of

thin and thick lenses, simulations of lenses, physical optics).

• Most of the experiments are directly connected to the course material (waves

and optics), but some are not as strongly connected to the course material

(propagation of pulses in cables, measuring the speed of light using the

resonance frequency of an LRC circuit).

• The course concludes with a lab that the students design.

Experimental Procedure

• Establish a standing wave by driving the string using a mechanical vibrator at a known

frequency to measure the wavelength and frequency.

• Repeat for strings having different mass densities (independently measured) and lengths.

Experimental Setup

Abstract

At Wittenberg University, the final advanced laboratory experience is associated

with a junior-level course, Wave Phenomena.  A major goal in this lab experience

is to move the students from the well-defined laboratory experiences that they have

seen in previous courses toward the more open ended activities that they will be

involved in as part of their senior research project.  This poster will present the

second lab that these students encounter in this laboratory experience.  Using

equipment that is quite common in an introductory lab, students measure the

dispersion relation of a wave on a string.  While the experiment is similar to what

might be done at the introductory level, it is much more open-ended and requires a

deeper level of analysis.  In this way, this laboratory experience provides an

excellent start in the transition to the more open-ended experiences that the student

will be involved in during their senior year.  In addition to presenting the lab as it is

currently offered and typical results, we will also present simple extensions to this

lab that we intend to make in future offering.
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Objectives and Context of this Lab Experience

• This lab experience is the second laboratory that the students complete in the course.

• This lab is less well-defined than previous lab experiences.

• The goal of this lab is to measure the dispersion relation of a wave on  a string.

• Data analysis varies, but typically includes at least one of the following:

• Plot and fit data to the dispersion relation, Equation (1).

• Compare the wave speed calculated from experimentally measured values and the best fit

to the measured dispersion relation.

Typical Results

• No dispersion is observed.

• Compare the wave speed calculated from experimentally measured values and the best fit to

the measured dispersion relation.

What makes this an effective experiment

• Typical results agree nicely with theory, but there are other ways of looking at your data that are more

insightful.

• This is discussed in a scheduled lab meeting that occurs after they have completed this lab.

Interesting aside – Pay attention and look in the literature

• Students observe a discoloration in the string when using a white sting (against the black backdrop of the

table).  Some comment on this observation in their lab notebook (one even recorded a video of it on their

cellular phone) and almost all recall seeing it when it is mentioned.  Those who don’t typically go back to

the setup to see if it is true.

• The importance of looking in the literature is discussed after the first lab, which is described in an AJP

article: G. W. Clark, Am. J. Phys., 69, 110 (2001).

• This allows us to reinforce this idea, but their observations serve as the starting point for this discussion.

Possible Extensions to this Laboratory Experience

• Use a stiffer “string” (possibly a fine wire) to observe dispersion

• Use a “lumpy” string (i.e. equally spaced beads along the string) instead of a sting having a uniform mass

density.  This system has a more complicated dispersion relation and dispersion is observed.

• G. Shanker, V. K. Gupta, N. K. Sharma, and D. P. Khandelwal, Am. J. Phys. 53, 47 (1985).

Summary

• This poster presents a relatively simple laboratory experience that makes use of equipment commonly

available in an introductory laboratory.

• Typical results agree with simple theory and allows for a more sophisticated analysis.

• Allows one to highlight the importance of looking at the data in different ways and that literature is a useful

place to look to find explanations of observations.

• It is relatively simple to extend this experiment to include more complex physics.

• Plot of data from 4 lab groups over two

years (left).

• Slope gives the mass density of the

string.

• Good agreement with independently

measured mass density.

Data is fit to Equation (1)

where ! is angular frequency, k is the wave number, T is the tension in the string and µ is

the mass density of the string
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• This effect is due to the fluorescent bulbs in

the room and is described in the literature

G.E. Hauver, Am. J. Phys., 17, 446 (1949).

D.J. Baker, Am. J. Phys., 34, 627 (1966).

S. Ganci, Am. J. Phys., 52, 250 (1984).

• The long lifetime phosphorescence from the

phosphor inside the bulb is responsible for

the orange, while the short lifetime

phosphorescence from the phosphor and the

mercury emission lines are responsible for

the blue.
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• Setup uses equipment that is common in most

introductory laboratories.

• Equipment is familiar and not daunting to the

students

Image of white string driven at ~60 Hz (above).

Note the blue interior and orange exterior.  For

reference, an image of the undriven string is

shown below.
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