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1st year physics with 
MATLAB

Faraday cage 
electrostatic shielding cast as 
a constrained optimization 

problem, and how Feynman 
was “wrong.”



1st-year computational curriculum
❖ What: Physics 247-8, Introductory Physics using MATLAB, 5-cr, 2-

sem, automatic honors, for ~80  first year Physics, Astronomy, and 
Applied Math Engineering and Physics (AMEP) students

❖ How: Tutorials with Live Scripts and integrated MATLAB analysis of 
laboratory data.

❖ Topics: Modeling, simulation, visualization, signal analysis, 
numerical techniques, symbolic algebra, intermediate and advanced 
mathematics, probability and statistics, and statistical analysis and 
interpretation of data.

❖ Why: A foundation for computation throughout the undergraduate 
physics curriculum.



Learning goals
❖ Understand and apply principles of physics…

❖ Innovate and apply.

❖ Own measurements and analysis.

❖ Understand and apply hardware and software technologies.

❖ Discover and use current research and open data.

❖ Think computationally and scientifically (model, test…).

❖ Collaborate and communicate!



1st semester syllabus

Tutorial Lab



2nd semester syllabus

Tutorial Lab



Tutorial: Exoplanets

❖ This example: Access NASA data via 
direct download, and using an API 
within MATLAB, to characterize 
exoplanets and their host systems.

Module
Tutorial/

Quiz
Interactive Live Script

Physics 248, Week 1

Computational 
techniques

wedded 
with science



Tutorial: World’s simplest electric train
Study 

peer-reviewed 
article (Am. J. 

Physics).

Run 
interactive live 

script.

Create symbolic speed 
objective function.

Solve 
multidimensional nonlinear 

constrained optimization 
problem.

Fuse learning about current, voltage, resistance, permanent  magnetism, Biot-Savart with 
mechanics, Lorentz force, friction, eddy current losses, and computation, all in one cool toy



Tutorial: Radiation from an accelerated charge

❖ Find retarded time for any observation point and arbitrary 3d parametrized motion.

❖ Solve system of ode’s for field lines using LW formula given retarded time.

Tutorial

Live script riddled 
with “Try this”’s

Visualize electromagnetic radiation as transverse component of wiggles 
in electric field lines flying at light speed.

Computation 
lesson

Relativistic EM 
theory lesson



 Electric field lines of charge  in motion in 3d

❖ Sweet!

Relativistic uniform motion

2d

3d

Relativistic impulse

Circular motion 3d

Relativistic oscillator

Bremsstrahlung

Relativistic uniform motion

Movies



Prelab and Lab : Inertial sensors
Prelab and lab hyperlinked quizzes.
All submissions are electronic and 

electronically assessed.

Live Script

MATLAB FFT of mobile phone inertial sensor data



Pre-lab: Oscilloscope

❖ Introduction to oscilloscopes.

❖ Play beforehand and learn 
about historical technology.

Module Tutorial/
Quiz

Authentic simulation of 
analog scope

Physics 248, Week 4ish



Lab: Oscilloscope

❖ Introduction to 
oscilloscope 
and RC circuits

Module

Physics 248, Week 4ish

Lab

Study digital scope specs 
and manuals

Compare function generators

Extract and fit scope data on RC 
circuit response  on laptop with 

MATLAB. Own it!.

Study function generator 
specs and manuals



Lab assessment
❖ Autograded baseline 

questions

❖ Phone photos

❖ Text

❖ Plots

❖ Tables

❖ Live scripts
Example student photo 

submissions

Did you read the 
manual to understand sample 

rate? Yes!



Journal style lab reports
❖ Journal style lab reports, in addition to submitted plots and live scripts

Red blood cells observed 
with cellphone microscope



Lab assessment in Speedgrader
❖ Example interactive lab procedure snippet

Required text submission 
organizes work flow and 

documents progress

Sometimes a picture is worth a 
thousand words/tables/plots.

Text/essay type 
submission

Uploaded photo



Outcomes:Data analysis, computation, & presentation skills

❖ Balmer series optical spectrometer lab
Required pdf of executed Live Script

Nonlinear fit with standard errors=> Rydberg constant

Commented by 
student in LaTeX

Student code

Pub quality plot



Thanks for listening


