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DEMARC Goal
To Develop Diff Eq Modeling Projects

(That are good for students)

I came up with a 
modeling project 

involving Euler's Method 
and drag

Leonhard Euler 1707 - 1783
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I show the class how to solve the following problem WITHOUT drag. 
They have to solve the same problem WITH drag.
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Method of solution:
1. For each launch angle between 0 and 90 degrees use Euler's method 

to numerically calculate where the ball will land. Store these values.
2. Pick the angle corresponding to the furthest away that the ball 

lands. 
3. Re-run Euler for that optimal angle and plot the optimal trajectory. 
Not elegant. But it works. 
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Second order ODE First order ODE

Reduce to first order 
so we can apply Euler

Students are shown 
solution assuming no 
drag force. Only gravity. 



Assuming 
no drag force. 
Only gravity.

Euler's Method in Vector Form

a

acceleration

velocity



Euler Method 
implemented 
in Python



repl.it

Most 
students 
paste the 
Python 
code 
into an 
online 
Python 
IDE 
such as 
repl.it



The 
no drag 
solution

A desktop 
version of 
Python gives a 
faster, better 
development 
experience. 
E.g. Anaconda 
Python (free).



No Drag Trajectory for Maximum Distance



Heuristic argument: drag force proportional to v2

x
v





Including drag force in tennis ball model



Euler recursive relation including drag

Initial conditions
Position 2 meters up
Speed 12 m/s
Launch angle θ varies



If when you throw a 
tennis ball you release it 
at a height of 2  meters 
and a speed of 12 
meters/second, and you 
want it to land furthest 
from you: 
Without drag. you should 
throw the ball at an angle 
of 42  degrees: it will land 
about 16.6 meters away. 
With drag. you should 
throw the ball at an angle 
of 39  degrees: it will land 
about 13.9 meters away.
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Euler recursion step 
for the pendulum with
drag.





















The pendulum 
data from the 
Tracker software 
was imported 
into Python 
where it was 
combined with 
our ODE 
model, which 
was solved using 
Euler's method. 
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Thank you!

Please email me for more information.  

cmccarthy@bmcc.cuny.edu

Or visit my webpage      
McCarthy Differential Equations

Or see the scenario at 
SIMIODE.org
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Presented at the 2020 Joint Mathematics Meetings in Denver Colorado

Wednesday January 15, 2020, 2:15 p.m.-3:10 p.m.

MAA Contributed Paper Session on Modeling-First Inquiry-Based Course Activities, II

Room 502, Meeting Room Level, 

Colorado Convention Center

Organizers: 

Ben Galluzzo, Clarkson University 

Brian Winkel, SIMIODE brianwinkel@simiode.org

Corban Harwood, George Fox University 

2:35 p.m.
Throwing a ball can be such a drag.
Chris McCarthy*, Borough of Manhattan Community College City University of New York 
(1154-L5-2196)

mailto:brianwinkel@simiode.org
https://jointmathematicsmeetings.org/amsmtgs/2245_abstracts/1154-l5-2196.pdf

