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The Paradigms in Physics Project at Oregon State University has reformed the entire upper-division
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PARADIGMS CURRICULUM COMPUTATIONAL TOOLS AND ACTIVITIES

Para;hgms (P) & Capstones. (C) -Intro Computational Qomputatlonal PhySICS BS Computatlonal Approach
The junior year consists of short case studies of Fr Physics SLUeE 200, e ey e @ e e 1 Throughout the Paradigms curriculum, we use a wide variety of computational activities that employ a broad
paradigmatic physical situations which span two or sehnpilEeeEl Plueies ol biieelielepiaes (CEJe) range of tools. We start using computation early in the curriculum and make frequent use of computation in
more traditional subdisciplines of physics. Most have SO This BS degree is supported by 5 courses, including order to breed familiarity and build student confidence. By the end of their degrees, our students are very
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Effective Computational Activities Quantum Mechanics through Spin Websites
We have experimented with many types and styles of computational activities and Our rearrangement of content allows students to begin their exploration of quantum mechanics earlier, in the middle of the nttp://www.physics.oregonstate.edu/paradigms
have identified several issues that are important in designing effective activities. junior year. We take a spins-first approach and use a computer simulation of Stern-Gerlach experiments throughout the http://www.physics.oregonstate.edu/portfolios

* Transparency: How much of the coding is presented to the students, and how students’ introduction to quantum mechanics. We ported the original Pascal software (Schroeder & Moore, Am. J. Phys. 61, http://www.physics.oregonstate.edu/CPUG
much is hidden? 798-805, 1993) to Java and it has since been incorporated into Open Source Physics. The SPINS software allows students to T e SRR (e T

« Control: Who controls the direction of the activity, the student or the instructor? simulate successive Stern-Gerlach measurements and explore issues such as incompatible observables, eigenstate 1. an introduction and overview of the project for the interested public

« Wow factor: Does the activity simply wow the student with pretty pictures? expansions, interference, and quantum dynamics. The program has several unknown quantum states that the students must ' '

2. information for institutions interested in adopting our curriculum or developing
new upper-division curricula of their own, including information about workshops,
links to publications, detailed syllabi for the new courses, and descriptions of

determine from measurements. Traditional curricula approach these problems backwards: predicting the results of experiment

 Length: Can the activity be completed in class?
J y ; from knowing the quantum state. The screen shot below shows successive S, measurements.

» Topics: Does the activity address one issue or many? Does it bring up unintended

qguestions or issues? " H- individual activities.
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Fourier analysis is integral to several of the Paradigms courses, and we use many . L J; J; / \ /\ y _ _
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. EET experiments . Labview . Aliasing leakage Professional physicists are comfortable with a wide range of representations of physical quantities (pictorial, graphical, y ’ ' . ,
P o J J algebraic, words, etc.). Students can easily be overwhelmed by the multiple representations presented to them, but we have 3. C. A. Manogue, K. Browne, T. Dray, and B. Edwards, Why is Ampere's law so
The plots shown below are from a Maple activity where students are asked to guess found that consistent and frequent use of multiple representations can be effective in guiding students' professional hard? A look at middle-division physics, American Journal of Physics, 74, 344-350
the Fourier coefficients of a S|'mple linear combination of sine functions. It is development. The plots above show multiple graphical representations of the probability density of a particle confined to a (2006).
designed to develop students’ Fourier intuition and also to make sure they know one-dimensional ring. We use this as the first step in developing the ideas of angular momentum eigenstates. We continue 4. D. H. Mcintyre, Using Great Circles to Understand Motion on a Rotating
how to add functions pointwise. to use color as a way of developing student intuition of spherical harmonics, as shown below. The Stark shift in the hydrogen Sphere, American Journal of Physics, 68, 1097-1105 (2000).
y y 3, n = 2 states demonstrates the problems that can arise from incomplete understanding of different representations.
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