
SCUDEM 2017 – Faculty Development Workshop 
 Mount Saint Mary College, Newburgh NY USA 
 
 
 
Brian Winkel, Director SIMIODE 
Emeritus Prof MathSci, US Military Academy, West Point NY USA 
 
Themes: 
 * Browsing and finding modeling activities ideas. 
 * SIMIODE as source. 
 * Modeling LSD 
 * m&m death and immigration modeling – collect data, build model 
 * Torricelli’s Law for falling column of water –video to collect data and model 
 
Other examples:  Tuned Mass Dampers and Falling Shuttlecock 
 

WELCOME! Thank you for joining us. 

   Student Competition Using  
Differential Equation Modeling 









Model building 

Compartment model 
 
 
Pharmacokinetics 



Solve with parameters and 
use data to form the sum of 
square errors. Then minimize 
SSE in terms of parameters. 

Using our determined parameters 
we can plot our model prediction 
and compare to our data. Not bad! 



With modeling:    We can determine the  
amount of drug in the tissues from knowing 
the amount of drug in the plasma only! 





Reaching out to local industry colleagues . . . . 
 
. . . led to three hour workshop  by chemist and mathematician  
from The Upjohn Company on pharmacokinetics.  
 
Brought STEM faculty AND students together for active learning,  
working session  on modeling and parameter  estimation  
 





Death and Immigration with m&ms – a first day Modeling Scenario 



Build a mathematical model of this death and immigration 
 
 
Collect data. 
 
 
Which first?  Concurrent? 



Prepared by Brian Winkel, Director SIMIODE, 21 January 2017

Using Solver to estimate parameters a and b in model     M(n+1) = a*M(n) + b, M(0) = 5.

We estimate first two parameters a and b and then only  parameter a with parameter b set to 10 (known).

Initial Population 5 Immigration 9

Parameters

Using Solver to estimate parameters a and b in model M(n+1) = a*M(n) + b, M(0) = 50.

We estimate first two parameters a and b and then only  parameter a with parameter b set to 9 (known).

a = 0.738900705 a = 0.477462 a = 0.5

b = 4.907756759 b = 9 <--Fixed b = 9

Two Two One One Ideal Ideal

Obs. Parameter Parameter Parameter Parameter Model Model

Time Pop Model Diff^2 Model Diff^2 Diff^2

0 5 5 0 5 0 5 0

1 10 8.602 1.954 11.387 1.925 11.500 2.250

2 13 11.264 3.014 14.437 2.065 14.750 3.063

3 12 13.231 1.515 15.893 15.156 16.375 19.141

4 16 14.684 1.732 16.588 0.346 17.188 1.410

5 15 15.758 0.574 16.920 3.688 17.594 6.728

6 13 16.551 12.611 17.079 16.637 17.797 23.010

7 19 17.137 3.469 17.154 3.406 17.898 1.213

8 19 17.571 2.043 17.191 3.274 17.949 1.104

9 15 17.891 8.356 17.208 4.875 17.975 8.848

10 19 18.127 0.762 17.216 3.182 17.987 1.026

11 19 18.302 0.487 17.220 3.168 17.994 1.013

12 15 18.431 11.772 17.222 4.937 17.997 8.981

13 19 18.526 0.224 17.223 3.158 17.998 1.003

14 22 18.597 11.580 17.223 22.817 17.999 16.006

SSError 60.093 SSError 88.634 SSError 94.795

Using Solver to minimize the Sum of Square Errors

in each case where first in two parameter estimate

a and b are being estimated and second  in one parameter

estimate where only a is being estimated with b known.
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Using differential equation model 
m’(t)  = - a m(t) + b,   m(0) = 5 . 

                                                     Using sum of square errors - Mathematica 
 
Estimating only b, b = 8.58                              Estimating a and b, a = 0.37 and b = 6.62  
 
 



Dina Yagodich, Frederick Community College, 
 
A memorable quote from a student evaluation from that semester answered 
the question “What class assignment or activity did you find to be the most 
useful?” with the following: 
 
               Believe it or not, the M&M activity on the first day of class really  
                stood out to me. It helped to show the real world applications of  
                Differential Equations and I thought it was amazing that we could   
                build an equation using real world data. 
 
Even if no other modeling is done the rest of the semester, starting a class with 
a modeling activity such as this paints a clear picture on the types of 
problems differential equations can be used to solve, demonstrates the 
modeling cycle, and introduces numerical solution methods. 



The M&Ms activity on my first day of DiffEq was a success.  

 

I didn’t realize how useful it was going to be in following classes.  

 

I now have a metaphor for initial conditions ("Remember, that was our 

Generation Zero of M&Ms"), I already have a differential equation that 

they can solve both as separable and as linear, etc.  

 

I thought of it more as a "get their feet wet" type of activity, but really it turned 

into a bigger part of my first week. 

 

  Marko Budišić, Clarkson University, 30 September 2017 



Richard Corban Harwood 5:56 am 22 Jan 2017 
Great project idea and thanks for the video! 
I tried a similar, but shorter, version on Day 1 this semester. This was a great way to 
learn student names day one. Note: I had a class of 18 and a class of 28 for this. 
1) I told the class what we would do (roll m&m's eat about half of them, add 1, and 
repeat) and had them pair up, introduce themselves to each other and write down a 
prediction for the number of m&m's at the end of the class list. 
2) Calling on the first 10 students on my class list, I handed them each 1 m&m. They 
each rolled it and if it came up with an M, (died) they got to eat it. Then I handed out 
1 m&m to the next student on my class list and had everyone with an m&m raise their 
hand so I could tally the total on a spreadsheet (projected onto a screen). 
3) I plotted the data on the spreadsheet and we had a good discussion about why 
most of them predicted 0 or 1 (though it ended around 2 for both classes). 
4) Then I guided the class in setting up a differential equation model, x'=1-x/2, verified 
its solution (which I provided) and checked the end behavior as t->infinity. Then we 
looked at the equilibrium point and compared it to their predictions. 
 
This was a helpful way to introduce the idea of the course, get to know them and 
warm them up for a two week group project starting the next class day. I chose to 
follow this M&M modeling scenario with the modeling scenario: Simulating the 
spread of the Common Cold. 

https://www.simiode.org/members/1096
https://www.simiode.org/resources/116/comments#c26
https://www.simiode.org/resources/116/comments#c26
https://www.simiode.org/resources/116/comments#c26
https://www.simiode.org/resources/3171
https://www.simiode.org/resources/3171












Determine and equate two ways to 

calculate the rate at which the volume 

of water in the column changes. 



Determine and equate two ways to 

calculate the rate at which the volume 

of water in the column changes. 



We now solve for h(t) and note that A(h(t)) = A, the cross-sectional area, is constant, 

while gathering all the constants A, a, and a into one big constant, b, leaving out g. 

 

This is a differential equation in which we need to recover h(t). It is referred to as 

Torricelli’s Law. Evangelista Torricelli, (1608-1647). 

All too often a differential equations course starts here with an “abstract” 

differential equation and no motivation and the instructor says, “I will now  

show you how to solve the differential equation using a technique we will call 

Separation of Variables.” And the symbol manipulation begins . . . .  Until.   Voila! 



We still have the problem of estimating the parameter b.   

 

For g, the acceleration due to gravity, is known and we could obtain h0,  

     the initial height of the column of water  from the video. 

Can we collect data from 

the video to estimate the 

 parameter b? 

 

Sure we can.  

                AND we do! 



Search SIMIODE YouTube and select video, do 720p/1080p. Stop/start to collect data. 
OrSearch 9Over64 Inch. 



This is data from another video which we used to estimate the parameter. 

We find the parameter b and hence we 

compute the column “Torricelli” by 

minimizing the following quantity: 

Finally we plot our model – purple dashes 

over our data. 

 

Oh and, of course, we throw in the 

proverbial linear model to show it is of 

no use in this case. 



This parameter was actually the product of two constants,  aa, in our model where  

a was the  cross sectional area of the bore hole at the bottom.  

 

a, is important and is called the discharge or contraction coefficient, describing  

the percentage of the maximum rate at which the water exists the container. 

 

In this case we obtained a = 0.67 which is reasonable value compared to other sources. 



Examples of Tuned Mass Dampers 

TMD: Stockbridge Damper 

TMD: Taipei 101 

TMD: Citicorp Building 

TMD: Schwedter Strasse, Berlin 

TMD: Skywalk @  
    Grand Canyon  



 
 

 
 

Structure sways?  Introduce second mass, but tune it. 



 
 

 
 

We could analyze more realistic models  
with resistance to one or both masses. 



We build a system of differential equations using FBD 
for displacement of each mass. 

Instead of possible resonance 
at natural frequency w = 3  we 
see total damping.  
 
Moreover, the bigger second  
mass is the wider the coverage. 



Many sources on falling body with resistance. Use some 

with real data or  generate the real data with students. 

Source: 





k is # parameters and  
n is # data points Akaike information criterion (AIC) 



These images 
are related! 

Not all work. . . not all fun. . . building for modeling-first differential equations 



Come join us at SIMIODE  
  and bring your students. 



 SCUDEM at www.simiode.org/scudem 
 

Faculty Development 
 
Student Team  Competition 
 
21 April 2018 
 
At local sites around the world. 
 



81 sites currently  - more coming on board 



More questions/conversations? 
 
 
 
Thank you for your engagement. 
 
                                BrianWinkel@simiode.org 


