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Introduction
The Department of Physics and Astronomy of Eastern Michigan University
has offered PHY 420 Capstone Project five times: in Winter 2002 (W02),
W04, W06, W08, and W09.  This course is intended to give all non-teaching
physics majors an opportunity to synthesize what they have learned from
previous courses in a capstone project while developing and practicing the
following skills:

Summary
• The PHY 420 Capstone Project is a required course that provides an
opportunity for students to work as part of a team to complete a research
project.  Students develop information literacy, laboratory, computational,
and communication skills during the semester.  It is now designated a
“Writing Intensive” course within the EMU General Education program.

• PHY 420 has evolved since its initial offering in Winter 2002 from a course
in which each group pursues an independent project to one in which all
groups contribute to the same project.  Achieving the goals of the course
therefore requires more careful selection of projects than before.

•Please take a CD with our course materials.  We welcome suggestions so
that the course can be improved in the future.

List of Projects
Listed below are all of the projects that have been conducted:

Winter 2002: (N = 10)
Magnetic braking of a falling magnet
Characterization of toy electric motors
Characterization of cantilever vibrations

Winter 2004: (N = 5)
Characterization of a vaccum bazooka
Characterization of a Langmuir probe

Winter 2006: (N = 11)
Designing a cosmic ray shield for a lunar base

Winter 2008: (N = 7)
Characterization and modeling of a Stirling Engine

Winter 2009: (N = 7)
Characterization of Quantum Dot Fluorescence

Future Improvements
• Have all students complete a simpler experimental project during the first
month to renew and extend laboratory skills.  Such a project would be familiar
in concept (e.g., oscillators) but involve a “wrinkle” that they are unlikely to
have previously considered (e.g., damping, driving, or non-linear effects).

• Use the simpler experimental project as the motivation to implement a
substantive computational model in order to introduce or reacquaint students
with the computational tool(s) they will use for the main project, thereby
extending computational skills in stages.  Caution: students expect exact
solutions to real-life problems and may not appreciate what can be learned
from simplified (“simple”) models.

• Beginning in Winter 2010, PHY 420 students will use a Wiki-based electronic
lab notebook to document and communicate their activities.

• Use a contract to specify minimum standards of effort and conduct, and the
consequences of not meeting those minimum standards.

•Literature Search:
Students performed one major literature search for the project,
using locally available electronic databases.  In the future, students
should have more opportunities to develop this important skill.

• Laboratory Skills:
Students work together to design the experiment, acquire
necessary equipment and sensors, construct, conduct, and
document the experiment, and analyze the data acquired.

• Theoretical and Computational Skills:
Students work together to study existing theoretical models, adapt
these models, and then implement the models computationally
using VPython.

• Communication Skills:
Approximately 90% of the total course grade depends on oral and
written communications, including project notebook entries, oral
presentations to non-technical and technical audiences, oral and
written weekly reports, and final project report and poster
presentation.

Week Task, Topic, or Presentation
1 Draft abstract for Symposium; introduction to literature search
2 Project Notebook entries and Weekly Reports
3 Video analysis, data acquisition, and mechanical drawing
4 Introduction to Modeling
5 Project
6 Project
7 Project
8 Project
9 Project
10 Project, Making effective slides
11 Peer editing of slides, Practice Symposium Presentations
12 Am. J. Phys. Format, effective figures, and effective posters
13 Project
14 Peer editing of Project Report
15 Final Project Presentation and Poster

Overview of the PHY 420 during Winter 2009 Lessons We Learned…and Continue to Learn
• It takes great effort for one instructor to effectively guide distinct projects.
To reduce this effort, we now specify the project rather than have students
choose different projects.

• Students must practice writing technical documents to improve their writing
skills within the discipline. Students benefit from peer review and thereby
become acculturated to the process of scientific research.

• Students need (and want) early and detailed guidance (e.g., rubrics) when
making laboratory notebook entries, preparing oral presentations, and
writing technical summaries and reports.

• Having students make formal presentations in front of different audiences
(e.g., scientists versus physicists only) creates a useful motivation for
students to adequately prepare these presentations.

• Increasing attention must be paid to intragroup dynamics.  Experience has
shown that there is always a student or two who have ineffective habits
and/or attitudes.
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Overview of the PHY 420 during Winter 2009 (Winter 2002)

The semester-long course consists of three main
components:

Homework: 10% (30%)
Assignments include resume writing, literature
search, summaries of technical papers, and Fermi
estimation.

Project: 55% (55%)
Includes the Project Notebook (40%) and the
Project Report (15%).  The Project Notebook is a
laboratory notebook that contains entries that
document all activities.  The necessary elements of
a notebook entry are explicitly described and entries
are correspondingly evaluated.

Communication 35% (15%):
Includes oral and written Weekly Reports (10%), an
oral presentation at the EMU Undergraduate
Symposium to a general audience (10%), and oral
(7.5%) and poster (7.5%) presentations to a
department audience at the conclusion of the
course.


