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1. PICUP
- Purpose: Lower barriers for faculty across the country to

integrate computation into their STEM courses
- PICUP has existed in some form for 12+ years

* http://compphysed.shodor.org/
* NSF-funded since 2015: www.gopicup.org

- The PICUP Collection
- for more details on the PICUP Community and Events

also see recording of first webinar in this series:
https://youtu.be/eXf1MXRDowg

2. How Computation Enhances Course Content 
in the Sciences and Engineering

http://compphysed.shodor.org/
http://www.gopicup.org/
https://youtu.be/eXf1MXRDowg


Spreadsheets-the Lost Art

Originally Published: 1991



My Model for Integrating Computation 
(into intro courses populated by students who have never 
programmed before)

- Start with Excel
- “Guided Activities” in Excel (I GUIDE the construction of models in 

Excel and students use their Excel as a GUIDE)
- Build algorithm visually (students have a working model)
- Investigate accuracy 
- Use model to calculate something (investigate dynamic behavior)

- Use Excel implementation as a Guide to produce MATLAB or C or Python 
version from scratch

- After 3 or 4 of these “Guided Activities”, the students code in MATLAB 
or C or Python from scratch w/o spreadsheet GUIDE



Computation in the Undergraduate Curriculum

* Early
* Often
* Enhances Content Coverage
* Exposes Students to More (and Interesting!), Sooner



Damped, Driven Oscillations
(from Halliday, Resnick, and Walker, 9th ed.)



Hanging Spring

Newton’s 2nd law:

Computationally via Euler-Cromer Algorithm

Solve via Analytical Guess
- or -



Rocket Motion
(from Halliday, Resnick, and Walker, 9th ed.)



Rocket Motion (from Halliday, Resnick, and Walker, 9th ed.)



Saturn V Rocket Launch

Very Difficult (or Impossible!) Analytically
- or -

Computationally via Euler-Cromer Algorithm





Discretization
-Physics: Schrodinger Equation
-Engineering Heat Equation, Diffusion Equation

* Explicit numerical approach is all that is needed 
- add source terms 
- more than 1D
- transient response
- beyond idealistic (needs to be easy for 

analytical 
approach)

- can be doe w/o continuum limit calculus
- mathematical preparation Taylor series



Traditional Approach to Introducing QM Scattering

1. Solve Time-INDEPENDENT Schrödinger Equation in different regions of PE

p. 66 from “Introduction to Quantum Mechanics” 
by David J. Griffiths, Pearson Prentice Hall, 1995

2. Calculate R and T from:
and



pp. 75-76 from “Introduction to Quantum Mechanics, 2nd edition” 
By David J. Griffiths, Pearson Prentice Hall, 2005

Though straightforward in principle, this is a messy 
business in practice, and at this point it is best to turn the problem over to a 
computer.38





A. Goldberg, H.M. Schey, and J.L. Schwartz, Am. J. Phys. 35, 177 (1967) 



A. Goldberg, H.M. Schey, and J.L. Schwartz, Am. J. Phys. 35, 177 (1967) 
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