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Course Description

This course is a sophomore-level introduction to numerical methods and research.  Both the structure of the class’s daily activities and the evaluation of students in Physics 422 will be significantly different from any previous class you have taken in physics or mathematics.  Broadly speaking, we will work as a group on a research problem (the integration of a set of partial differential equations designed to find the mass density of a lens from gravitational lensing shear data) as a training ground for understanding numerical techniques, programming, and the steps of a research program.
This course is speaking, writing, and programming intensive.  Students will present course material, rotate as team leaders and members, maintain an e-portfolio on their programming activities, and of course, write numerical programs in C++.  It is assumed that students have no previous experience in any of these areas, but that they do have at least sophomore level experience in physics and mathematics.
Learning Objectives and Class Activities
As a result of engaging in the activities of this course, students will

1. learn how to approach problems numerically

2. develop a basic understanding of the organizational principles required by a research project

3. learn a few basic numerical techniques and programming methods

4. increase their ability to speak effectively
5. create a e-portfolio that can be used at later times as a reference on numerical projects or to highlight your skills to an employer
6. practice the roles of a team leader and member

7. learn to work efficiently and reliably as a member of a team.

To accomplish these learning objectives, students will 

1. write numerical code in C++ on a daily basis

2. maintain an e-portfolio that includes notes on the techniques used in class, programming tricks, example codes, reflective writing, required reading, and a running “blog” describing daily activities
3. lead at least one segment of the overall research project, working with the instructor to divide and assign tasks, and assess performance

4. present course material to the class related to the numerical or programming techniques required by the research project.
Class Details, Peer Expectations
Because of the nature of the course, class attendance is required.  To be marked present in class, students must have their laptop with 2 hours battery power and a functioning wireless connection.  All students are expected to come having checked their email a few times between class meetings for messages from the team leader or instructor.  Essentially, all aspects of this class will be paperless, so maintaining a functioning BSC email, a Blackboard account, and your e-portfolio is mandatory.
It is the goal of this class to make significant progress on a research project.  For this to happen, every student must keep up with their responsibilities and assigned tasks.  It would be most unfortunate for the class not to meet its goal because a student did not live up to the expectations set by that week’s student team leader and instructor.

Student Assessment
Students will be assessed based on three elements of class engagement:  contribution to the research project, preparation for leading class discussions, and maintenance of an e-portfolio.
Only the instructor will rate the e-portfolio, which will be examined routinely.  “Excellent” portfolios will be clear, complete, and show serious work between class periods.  “Acceptable” portfolios will be reasonably clear and complete and show some work between class periods.  “Poor” portfolios will be disorganized or incomplete.  The final e-portfolio grade will be assigned at the end of the term, giving students the chance to update and improve them.

To prepare for leading the class, a student will meet the professor in an individual conference after an email exchange.  Being prepared for this conference, and doing the work the professor suggests at the time of the conference will be the two aspects evaluated.

At the end of the semester, all students will complete an anonymous evaluation of their peers.  Students will have the opportunity to express who contributed to the project and how much and rate presentations given in class by students.  Only substantive, positive comments made by a majority of students will influence course grades.

All students will begin the semester with a B.  To achieve a higher grade, students must rate excellent on two out of the three elements of engagement:

· the e-portfolio (graded by instructor at the end of term)

· preparation for leading class (graded by the instructor at the time of the conference / class)

· contributions to the research project (assessed by peers at end of term)

A grade lower than a B may be assigned if either the portfolio or preparation for leading the class are substandard – showing a genuine lack of effort.  
Basic Course Topics and Timeline

Weeks 1-2:  

General programming introduction including loops, functions, vectors and matrices, especially as applied to our functions of interest

Week 3:
Roots of functions (bisection) applied to functions of general interest and our functions 

Week 4:

Euler’s method for integrating ODEs applied to air resistance problems, harmonic oscillators, planetary motion, and our functions of interest

Week 5:

Curve fitting and numerical derivatives applied to the integrations considered above

Week 6:

Runge-Kutta-Fehlberg 4-5 Adaptive Step-size technique applied to our functions of interest
Week 7:


Introduction to Poisson’s equation and partial differential equations, relaxation methods

Weeks 8-14:

Getting the research project done, writing results, producing pictures
Course Assessment

As an innovative approach to physics pedagogy, with student leadership in learning, speaking intensive components, and a significant research project at its core, there is a need to assess the overall effectiveness of the course.  All students will be asked to participate in a course-wide assessment (non-grade) of the learning outcomes.  This assessment may include pre and post-testing (not for grade), focus groups or surveys on student engagement.
