Proposal for an embedded honors version of Physics 132 on the Lima Campus
Rationale for the proposed course

On the Lima Campus, we offer Physics 131 in Winter Quarter, Physics 132 in Spring Quarter, and we plan on offering Physics 133 in Autumn Quarter, starting in 2008. The classes are taken by 3 – 20 students, and almost all of the students are (pre)-engineering majors. The students have different preparation levels and abilities. A few students each year are sufficiently prepared for and interested in some type of honors course work in physics. Due to the small enrollment, and the need for a regular Physics 131/132 to be offered for the majority of the students, running a separate Physics H131/H132 class is not practical. An embedded honors course is therefore the best solution for our students and our campus. The embedded honors version of Physics 131 has been approved in Autumn Quarter 2007, and is currently (Winter Quarter 2008) offered for the first time on the Lima Campus. The embedded honors version of Physics 132 is the natural continuation of the embedded honors version of Physics 131.
The proposed honors embedded version of Physics 132 is not intended to serve as a pre-requisite for the regular H133 on main campus. Students who enroll in the E132 on the Lima campus will typically continue with the regular Physics 133 in Lima or Columbus. Students who have successfully completed the honors embedded versions of Physics 131 and 132 in Winter Quarter and Spring Quarter will be very suitable candidates for the NSF sponsored Research Experience for Undergraduates (REU) that I offer during the summer.

Content of the embedded course and organization

Physics 132 is the second quarter of a calculus-based introductory physics sequence for scientists and engineers. The regular class deals with electricity and magnetism, and the physicist’s approach to solving problems. Only problems with analytic solutions are within the scope of this class. However, many interesting and realistic problems require numerical solutions. The calculation of the electric field and potential for various arbitrary arrangements of different conductors is just one example. The electric field, the electric potential, and the connection between them is an important part of the regular Physics 132 class. These concepts are fairly abstract, beyond the everyday experience of the students, and therefore often lead to some confusion. A numerical solution for various situations, with an appropriate graphic presentation of the results, will provide the students with an additional tool for understanding these abstract concepts. There are also nice opportunities to learn about the role of symmetry in physics, and how to use it to simplify and shorten calculations. Another good example is the calculation of the electric field near the plates of a parallel plate capacitor. In the regular class, we make the idealizing assumption that the field is uniform between the – almost infinite – plates, and simply mention that there are fringe effects. In the embedded honors class, we will actually be able to calculate the field numerically, and study the fringe effects quantitatively. The variation of some parameters of the problem, e.g. the plate area and plate separation, will provide interesting insight into the physics involved, and will allow us to investigate the conditions under which the standard, idealizing “textbook” assumptions are valid. We will also study the magnetic fields due to currents in cases that cannot easily be dealt with analytically. If time allows, we may spend one week on a simple spin model of  ferromagnetism, introducing some interesting concepts related to the regular Physics 132 course, but definitely beyond the scope of the regular class. 
The numerical techniques used in E131 mainly deal with the numerical solution of ordinary differential equations. In E132, we will investigate the numerical solution e.g of Laplace’s equation. Laplace’s equation is a partial differential equation with boundary conditions, and the methods to solve this type of equation are more sophisticated than the methods employed in E131. When finding the magnetic field due to a current, we will also have the opportunity to study numerical integration. The relevant math knowledge is covered in Math 152, the prerequisite for Physics 132, and Math 153, the co-requisite for Physics 132. Learning about the numerical methods to deal with partial differential equations and integration will also provide the students with a better understanding and mastery of these important calculus concepts.  We will also focus on the visualization of results, e.g. in terms of electric field vectors, field lines, or equipotential surfaces. The students will benefit in two ways: they will learn new methods important for solving a wide range of physics problems, and they will understand physics itself better by gaining a much better picture of electricity and magnetism.
Computer programming, numerical methods and the visualization of results are important, everyday techniques of physicists and engineers. An early introduction to these techniques will benefit the students, challenge them intellectually, and prepare them better for their more advanced course work and jobs. Writing a computer code to solve or simulate a specific physics problem requires a strong understanding of the physics involved: an abstract approach to the problem is necessary, and the relevant equations have to be found and written down first. This is in contrast to the “plug-and-chug” approach that many students are trying to use, or the approach to solve a problem by “sticking in” the numbers right away. It also reinforces that the answer is not some number, but a description of physics in terms of abstract symbols. In this manner, the embedded honors segment will clearly improve the problem solving and reasoning skills of the students. 
I will not require a separate textbook for the embedded honors segment of the class, but will roughly follow the relevant chapters of Giordano “Computational Physics”. I will supplement this material by Rubin Landau’s “Introduction to Scientific Computing”, Chs. 4, 20, and Landau and Paez’s “Computational Physics”. The students have learned to use Fortran 90 in E131, and will continue to learn about programming techniques in Fortran. Fortran 90 is a modern language with straightforward syntax and it is therefore easy to learn.  A Fortran compiler is also available for free from the gnu open software project, so students will be able to use their new skills beyond the course. This may be supplemented by using Mathematica, if appropriate. There is a sufficient number of PCs available in Science 312, the physics lab and class room, and the students also have access to computer labs on campus.
Course Topics 
The students will attend a one-hour workshop every week, and work on their weekly assignments on their own outside of class. During the workshops taught by the instructor, they will learn how to write code and visualize the results, and they will gain practice in reading and interpreting graphs and charts. At every workshop, a new physics topic, related to the material covered in the regular class, will be discussed and the solution will be outlined.

The students will receive weekly assignments and turn in a lab report with the following components: description of the physics problem, algorithm to be implemented to solve the physics problem numerically, documented code, numerical results and where appropriate, graphs, discussion of the physics significance of the results.  They will give a presentation to their fellow students on one of these  projects at the end of the quarter. I estimate that students in the embedded honors portion of this course will spend approximately four hours on their additional assignments each week. 
Weekly list of topics

Week 1: electric force and fields due to charge distributions, numerical integration I
Week 2: partial differential equations, boundary conditions vs initial conditions, relaxation method I; electric potential
Week 3: relaxation method II, solving Laplace’s equation, finding fields and potential in regions of space without electric charges
Week 4: visualizing results
Week 5: field fringing, a realistic parallel plate capacitor
Week 6: potentials and fields near electric charges, Poisson’s equation, relaxation method III
Week 7: magnetic fields due to currents, numerical integration II
Week 8: magnetic field of a solenoid
Week 9: Ising model, phase transitions, ferromagnets
Week 10: student presentations 

Enhanced Student/Faculty Interaction
Due to the small class sizes on our campus, the student/faculty interaction is typically quite high. The students in the embedded honors segment of the class will have one more hour per week of in-class contact with the instructor. While solving their weekly assignments, questions are likely to arise, and these questions can be discussed with me outside of class. My students may come and see me at any time, provided I am not teaching a class. My office is located next to our physics class room/computer room, so students are very likely to ask for help if they need it.

Grading 
The grade for the embedded portion of the course will be composed of the following:

· weekly programming assignments: 80%, each assignment carries equal weight

· end-of-quarter presentation: 20% 
The weekly programming assignments will be graded both on the correctness of the solutions and on the clarity of the presentation.

The overall course grade will be evaluated as follows:

Regular course: 80%

Embedded portion: 20%

Syllabus for Physics E 1312
The honors embedded segment of Physics 132 on the Lima Campus is intended for highly motivated and well-prepared students. In the honors embedded segment, we will use numerical methods to explore physics questions that cannot be solved numerically. In this course, students will learn how to write computer code, how to apply standard numerical methods, and how to critically evaluate, discuss, and present their results. Students participating in the honors embedded segment have to participate in all parts of the regular Physics 132 class.  Physics E 132 is different from the Physics H132 offered on the Columbus Campus. Physics E132 does not fulfill the pre-requisite requirement for Physics H133. 

All policies outlined in the Physics 132 Syllabus, e.g. concerning academic misconduct, apply to the Physics E132 segment as well.

Instructor: Dr. Sabine Jeschonnek, Science 310 A, phone (419) 995 8201, e-mail Jeschonnek.1@osu.edu. If you cannot reach me in person, please try to communicate by e-mail.

Office Hours: to be determined. In general, you may stop by to ask a question at any time.

Class Time: In addition to the regularly scheduled 132 classes, we will meet for one-hour workshops every week. Time to be determined.

Pre-requisites: Students must have completed Physics E131 with at least a B, meet all the pre-requisites for Physics 132,  and be either honors students or receive the instructor’s permission to enroll.

Assignments: There will be weekly programming assignments. Students will turn in a report with the following components: description of the physics problem, algorithm to be implemented to solve the physics problem numerically, documented code, numerical results and where appropriate, graphs, and a discussion of the physics significance of the results. The weekly reports will be graded both on the correctness of the solutions and on the clarity of the presentation.

Presentation: Every student will prepare a presentation based on one of the weekly assignments. The presentation will be given during the last week of the quarter. The presentation will be based on the quality and correctness of the presented material, the quality and correctness of the prepared presentation materials, and the delivery of the presentation.

Grading: The grade for the embedded portion of the course will be composed of the weekly programming assignments (80%, each assignment carries equal weight), and the end-of-quarter presentation (20% ).

The overall course grade will be evaluated as follows: Regular course: 80%       Embedded portion: 20%

Course Topic Overview: 

Week 1: electric force and fields due to charge distributions, numerical integration I
Week 2: partial differential equations, boundary conditions vs initial conditions, relaxation method I; electric potential

Week 3: relaxation method II, solving Laplace’s equation, finding fields and potential in regions of space without electric charges

Week 4: visualizing results

Week 5: field fringing, a realistic parallel plate capacitor

Week 6: potentials and fields near electric charges, Poisson’s equation, relaxation method III

Week 7: magnetic fields due to currents, numerical integration II

Week 8: magnetic field of a solenoid

Week 9: Ising model, phase transitions, ferromagnets

Week 10: student presentations 

