AVQM: The Shape of the Wave Function – Contents with descriptions

AVQM: The Shape of the Wave Function is a series of seven interactive engagements (in-gagements) and their supporting materials designed to help the instructor guide the student through learning about most of the ideas of one-dimensional quantum physics.  It strives to build the student’s basic knowledge, visual intuition, and analytical skills by following a modified learning-cycle format with lots of hands-on activities and exercises.  It is designed to be used as a supplement to any standard undergraduate quantum physics text.  A list of its parts, with descriptions, follows:

Wave Function Explorer (WFE):  WFE is a powerful java applet designed to be used with the AVQM: Shape of the Wave Function materials.  In it’s sketcher mode, this program allows you to sketch eigenfunctions of the time independent Schrödinger equation in piece-wise constant potentials.  In it’s explorer mode, it animates the stationary state wave functions in the same potentials.

Introduction:  A brief introductory document containing goals, prerequisites, introductions to main ideas and math, and an overview of the seven interactive engagements (in-gagements).

The seven in-gagements:  The first six in-gagements deal with quantum physics in piecewise constant potentials.  These in-gagements step the student through all of the main ideas of one-dimensional quantum physics in the context of these “easier” physical situations.  Each of these in-gagements is divided into three parts: Getting Started, Exploring, and Applying and Expanding.  The Getting Started section contains a brief introduction to the main ideas and mathematics of the in-gagement along with simple exercises and conceptual questions designed to get the student thinking along the right lines.  The Exploring section contains a series of computer-based activities designed to guide the student through developing concepts and visual intuition.  The Applying and Expanding section contains a summery of the in-gagement and a series of more traditional exercises and questions designed to more fully develop the student’s understanding.  (One way to use these three parts would be to give the Getting Started section as homework, do the Exploring section as in-class group work, then assign the Applying and Expanding section as more homework (along with the next Getting Started section).  The final in-gagement helps the student to transfer all of the ideas they have learned about piecewise constant potentials to arbitrary one-dimensional problems.

The in-gagement titles are listed below along with a list of the main ideas they introduce:

The Free Particle: Separation of variable, stationary states, basic solutions, standing waves, traveling waves.

The Step Function: Multiple regions, boundary conditions, free parameters, superpositions, scattering, reflection and transmission coefficients.

General Scattering and Resonance: Multiple boundaries, general scattering, shape resonance.

Tunneling: Basic solutions for E<V, tunneling.

Half Scattering: Asymptotic conditions, ‘infinite’ potentials, resonance (pseudo bound states).

Bound States: Eigenvalues, discrete spectra.

General Potentials: Quantum physics in arbitrary one-dimensional situations, sketching wave functions, approximation techniques.

