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Physical assumptions 
Mathematical expressions 
Think before you solve 

Equilibrium solutions 
Graphical analysis 

Slopefields, Phase Planes, etc 
Analytical Solutions
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Languages: Swift and Kotlin 
Platforms: iOS and Android 
http://slopesapp.com  (ODE) 

iPad Release: Nov 2016 
iPhone Release: July 2017 
Android Release: Jan 2021 

http://wavespdeapp.com  (PDE) 
iOS Release Date: June 2019

jm App Information
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Portable 
Comparatively large screen 
Tactile interface

The Role of iPads in Constructing Collaborative 
Learning Spaces (Fisher, Lucas and Galstyan, 2013)

Using Slopes to Enhance Learning in Ordinary 
Differential Equations (K. Lucas and T. Lucas, 2022)
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jm Population Models

Invasive Crayfish - Procambarus clarkii 
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jm Crayfish Models

Exponential Growth/Decay:   y’ = ay 
Exponential Growth with Constant 
Removal:   y’ = ay - r 
Logistic Growth:   y’ = ay(1-y/b) 
Logistic Growth with Constant 
Removal:   y’ = ay(1-y/b) - r 
Logistic Growth with Proportional 
Removal:   y’ = ay(1-y/b) - ry
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Below is a discussion about the equilibrium 
solutions in the threshold model. 

JAMES: So it would be anything greater than four. 
ALEX: Ten, four, and zero. 
JAMES: And then four is unstable…It's like the 
opposite of a carrying capacity. 
DOMINIC: It's a threshold, right? 
JAMES: Oh yeah, it is. So if you're above the 
threshold, then you go to the carrying capacity. 
DANIEL: If you're below, you're going to go to zero. 
ALEX: It's like the minimum population you need to 
not die out.
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“It's good just because visualizing helps a lot to 
be able to understand, especially when you get 
to higher levels of math and things get kind of 
hard to understand sometimes.” 

“I really love how interactive it is …You can 
move it around and manipulate it. I like being 
able to click to see, okay, what does the 
solution with this initial condition look like?”
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