
Step 5: The Written Report
The students’ final product for the semester is a written report in the formatting style of an academic journal.
I use emulateapj.cls, purely due to my own familiarity with it.  They use LaTeX and BibTeX to create the final document.
To guide their progress, the paper is split into three parts: introduction and procedure, results and discussion, and the abstract.
Each part is critiqued for writing skill and scientific content by both the instructor and classmates.
The final draft can therefore focus on LaTeX formatting and responding to instructor and peer feedback.

Melanie’s paper can be seen below.  A complete version, as well as the papers by the other students,
can be found on the course web site: http://www.guilford.edu/physics/232

Step 4: The Oral Reports

Melanie gives an oral presentation to the class

Students are required to give at least three oral reports on their results, using either
PowerPoint or Keynote.  These reports are meant to simulate conference talks, and
are therefore strictly limited to ten minutes in length.  I offer students the option to
produce a poster instead of an oral report, but as yet no one has tried it.

The first report must be given shortly after spring break, and may be a progress
report.  The second report is intended to be a final report of results achieved.  The
final report is given to our entire department via our weekly seminar, and subject to
questions and criticisms by other faculty and students not in the class.

Reports are critiqued based both on the grasp of the scientific ideas involved in the
project as well as the skill in presentation.  Graphs, slide design, and speaking style
are all critiqued through “rubric cards” (see below) as well as verbal feedback.

Step 2. The Proposal

Students must develop their ideas into a written proposal that
follows a simplified version of NSF guidelines and standards.

They begin to learn BibTeX and to develop a database of
references.

I respond to each proposal as if I were a reviewer at NSF,
pointing out strengths and weaknesses, and ultimately
recommending or denying funding.  Students who are denied
must rework their proposals until they are acceptable before
they may begin their experiments.

Melanie had to teach herself the basic principles of
semiconductors to understand enough about the function of
LEDs in order to explain the experiment and justify her
expenses.

Step 3. The Experiment
Students have roughly six weeks to complete their experiment before beginning with their
presentations, although usually poor planning leaves them working in the lab right up until April.

They must find, assemble, and troubleshoot their own apparatus as described in their proposal.

In the past two years, students have attempted such experiments as: the Cavendish balance, the
Photoelectric Effect, the Millikan Oil Drop experiment, measuring k through Brownian motion, using
Compton scattering to measure me, and Fourier’s method for measuring the speed of light.

I do not let the ultimate success or failure of their measurement affect their grade for the course.
That would discourage students from trying anything ambitious.

Melanie’s apparatus and results plot

Abstract: I present a two-credit intermediate undergraduate course in experimental physics offered at Guilford
College.  This course takes students through a simulation of the process of scientific research.  Students must choose a
fundamental constant that they will attempt to measure.  They must write a proposal for their experiment, carry it out,
and report their results back to their community.  Their reports consist of oral reports (that simulate conference
presentations) to their class and the entire department, as well as a written report (that simulates an article in a peer-
reviewed scholarly journal) at the end of the term. To succeed in the course, students must learn how to research the
history and current status of a field of research, how to write a proposal (which the instructor reviews as if it were an
NSF proposal), how to manage their time to complete a complex project successfully, and how to construct a
scientific research article. This experience is intended to help prepare students for the process of developing a senior
thesis research project.  In this poster, we present the structure of this course, including examples of student work as
well as plans for improvement in the future.

Step 1. The Assignment: 
To Measure a Fundamental Constant

Students must choose a constant that they will set out to measure.
Although I expect choices such as c, h, G, k or e, they may propose alternatives.
They spend two weeks exploring references and brainstorming ideas.

In this poster, I will present as an example of a student who did
well in the class Melanie Corbett’s 2009 project to measure
Planck’s Constant using LEDs.  Her work was primarily based on 
Zhou & Cloninger, The Physics Teacher 46:413 (2008).

The Process of Science By Don Smith

A few comments from course evaluations:
• The freedom to develop and adapt experiments was both enjoyable and challenging.
• The course requires you to be independent.  I know everything about my experiment.
• The process of refining and testing a model required research, mathematical understanding,

and a little trial and error.  It was a fun yet challenging process.
• Being independent and working on my own time schedule encouraged and enforced a

sense of discipline.
• I enjoyed being able to research and find out things for myself before heading out to ask 

where I do not understand.
• I would have liked to have been involved in other students' experiments within the course.
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Plans for the Future:
• To implement more oversight for lab notebooks and exercises to hone record-keeping skills. 
• To incorporate even more peer-feedback, particularly at the proposal stage.
• To have the students self-assess their timeline as the work proceeds.
• To find ways to foster student interaction during the experimental phase.

Feedback welcome:

dsmith4@guilford.edu


