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Build a Structure Which Can Survive

a Richter Magnitude 5 Earthquake

Then ….

Design a Magnitude 4 Earthquake to 

Destroy it



A 22-year STEM Collaboration

• Began in 1995 under a series of grants to Sinclair Community College from the 
National Science Foundation’s Advanced Technological Education program

• Backgrounds in physics (Fred), math (Bob) and engineering (Marta)
• Working to develop brief activities which respect the rigor and integrity of 

each discipline while incorporating common threads into all STEM disciplines

1. Algebraic thinking, not just solving equations,
2. Key physics concepts, such as position and acceleration,
3. Brief engineering-related tasks which apply rigorous math 

and physics, and
4. Immediate, authentic feedback.

• Spun-Off to become an independent, 501(c)(3) non-profit

• Article coming in The Physics Teacher this winter



Earthquakes can engage learners in thinking more 

deeply about Position, Velocity, and Acceleration

and about the connections and differences between 

science and engineering

Richter designed his original magnitude scale with 
the goal of understanding (and perhaps predicting) 
earthquakes.
He chose maximum displacement as his key measure 
of earthquake severity.

Engineering and construction standards have a goal 
of ensuring that buildings, dams, bridges and other 
structures are safe, effective and affordable.
Earthquake building codes are based on acceleration
as the primary measure of earthquake danger.





http://earthquake.usgs.gov/designmaps/us/application.php

Site-adjusted, maximum considered earthquake

(2% probability in 50 year) is 0.233 g or 2.28 m/s2

http://earthquake.usgs.gov/designmaps/us/application.php


Key Tool #1: An Algebra-Based User 

Interface to Control Motion

Distributed as a free LabVIEW executable, the 
interface allows learners to program the physical 
motion of either a servo or stepper motor with Excel-
like algebraic formulas

Functions can be 
specified as either
x = f(t) or v = f(t).

Inputs can also be in 
the form of data sets, 
such as seismometer 
measurements of 
actual earthquakes



Key Tool #2: An Arduino-Style Board with 

SD Card

We use a Digilent
chipKIT WF32 with a 
micro-SD card, a 
shield and a sketch 
that let users store 
and rapidly play 
very large sets of 
position (or RGB 
color) data.



Key Tool #3: Flexible, Low-Cost Hardware

For earthquake activities, we use a rack and pinion 
system to drive a movable platform with a servo motor



Build a pile of pennies which can

withstand a Magnitude 5 earthquake



Design a Magnitude 4 earthquake to 

knock over that same pile of pennies
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Watch for our article in
The Physics Teacher

“Math Machines: Using Actuators in 
Physics Classes"

YouTube Videos:
Designing Earthquakes: Magnitude
Designing Earthquakes: Beyond Just Magnitude

http://www.mathmachines.net/
mailto:fred.thomas@mathmachines.net
https://www.youtube.com/watch?v=Dt2Id57V-Ks&feature=youtu.be
https://www.youtube.com/watch?v=rljy6pWqpxA

