Sample SIMIODE Course Syllabus
Updated 10 September 2015

By Brian Winkel, Director, SIMIODE  
This is a sample syllabus for a 15 week, 3 credit hour course using experimentation, modeling,  and technology to lead students through a traditional sequence of  differential equations topics.  This is ONLY a set of suggestions for SIMIODE materials and is by no means complete in its listing. Nor do we suggest using ALL the resources listed, rather pick and choose and please look up even more recourses added over the years by Searching on topics in SIMIODE.

All these resources listed and MANY more resources are available at SIMIODE  at www.simiode.org.  Included here are hyperlinks to Student Versions of all materials which are publicly available. To gain access to the Teacher Version of all materials colleagues should register at www.simiode.org and request membership in the Teacher Group.










This syllabus can be tailored for different semester lengths, credit hours, topical foci and/or flow level of emphasis on technology, emphasis on areas of application, newer resources, and emphases on theory by selecting alternative learning activities, including many more that are available on www.simiode.org  .





At every opportunity a modeling activity is used to introduce and support the study of differential equations. 
Numbered resources are hyperlinked and available for use now. 
The numbering system indicates Week(Day) so 3(7) means the 7th day in the 3rd week.

The topics of numerical methods are integrated into modeling and analysis
Each entry contains the following information:  
Week(Day), 
 Description, 

Topic,  

Activity, 
Main Resource, 

Extra Resources










1(1)
Intro to Modeling - collecting data, modeling,
First order ODE



Simulation with M&M's for population model with immigration and parameter estimation



1-1-S-MandMDeathAndImmigration

1-2-S-Tossing  

1-7-S-AntTunnelBuilding
1(2)
Sublimation of dry ice using collected data
First order ODE - power law for mass action


Data from sublimation of Dry Ice used to motivate model, solving, and parameter estimating



1-12-S-Sublimation 
1-40-S-OutcomeSavings

1-16-S-DogDrugs
1(3)
Kinetics data motivating form of solution
First order ODE - separation of variables



Various data from simple chemical reactions are examined for 0th, 1st, and 2nd, order reactions



1-11-S-Kinetics

1-45-S-TimeOfDeath
1-19-S-RocksInTheHead
2(4)
Newton's Law of Cooling in a constant and changing regime
First order ODE - separation of variables



Data offered for constant and changing temperature regimes and modeling hang time for second option


 1-31-S-CoolIt

3-8-S-HangTime  

1-13-S-Sleuthing
1-30-S-IntraocularGasBubbles
2(5)
Models using integrating factor approach, e.g., RL circuit

First order ODE - integrating factor



Discover natural need for integrating factor to complete product rule as solving approach



1-2-S-Text-Integrating Factor

1-20-S-IceMelt

1-6-FinancingSavingsAndLoans
2(6)
Modeling growth of oil slick - challenging problem with poor data
First order ODE  



Data which is poorly collected can still yield good model results - discovery lab approach



1-5-S-OilSlick

1-5a-S-ChemDataCollection
1-25-S-MixingItUp 
1-26-S-Evaporation
3(7)
Exam 1





3(8)
Building Torricelli's Law and confirming with video data

First order ODE - nonlinear

Constructing differential equation for column of falling water - modeling, using video data

1-15-S-Torricelli

YouTube Data Collection Video   
Other Torricelli’s Law Videos
3(9)
Logistic equation modeling spread of information, technology, disease
First order ODE - nonlinear

Basic building blocks and assumptions to get to powerful logistic model and many applications

1-18-S-LogisticPopModeling
1-9-S-ICUSpread 
 1-60-S-SalesMarketing

1-17-S-DiseaseSpread
4(10)
Modeling a spring mass damper system using collected data
Second order ODE - homogeneous

Free Body Diagram used to build ODE and complete analysis of ODE with eigenvalues

3-30-SecondOrderIntro       3-1-S-SpringMassDataAnalysis
    3-60-S-DataToDifferentialEquation
4(11)
Modeling falling objects using  experimental data
Second order ODE - homogeneous


3-13-S-WhiffleBallFall
3-16-S-FallingCoffeeFilters
3-19-S-ShuttlecockFall      
4(12)
Modeling mystery RLC circuit to analyze results for driver frequencies
Second order ODE - nonhomogeneous

Use Kirchhoff's Law to build circuit and analyze for steady state and transient solutions

4-23-S-MysteryCircuit


5(13)
Modeling spring mass damper system with driver or forcing function
Second order ODE - nonhomogeneous

Resonance and beats along with frequency response analysis are introduced
Frequency Response Analysis


3-1-S-SpringMassDataAnalysis
5(14)
Tuned Mass Dampers an introduction to systems of ODEs
Second order ODE - nonhomogeneous

Analysis of how to control a nondamped resonant response phenomena using a Tuned Mass Damper

5(15)
Projectile Motion – analysis of several situations 
Second order ODE - nonhomogeneous

Building model from Newton’s Second Law of Motion and applying it in interesting settings

3-44-S-DeepWell
3-42-S-CatapultLaunch

3-45-S-BallBounce
3-35-S-StadiumDesign
6(16)
Student Project Sharing and Presentations
 

Opportunity for students to briefly present the work they have done on any activity they wish.



6(17)
Exam 2

 
 


6(18)
General approach to linear systems
System - Linear homogenous

Construction and analysis of linear systems solution from eigenvalues and eigenvectors

Conjecturing, Eigenvectors, and Eigenvalues
Linear systems discovery

7(19)
General approach to linear systems
System - Linear nonhomogeneous




7(20)
Dialysis - building counter or concurrent dialysis machine   - also stochastic modeling with infinite system(!)

Small to large system of first order compartment models introduced to model flows

5-5-S-Dialysis


7(21)  
Modeling and using data to confirm LSD levels in human subjects 
System - Linear nonhomogeneous
Creating and analyzing two compartment models and parameter estimation

1-10-S-LSDAndProblemSolving


8(21)
Modeling a two spring mass damper system
Systems - Linear

Build Free Body Diagram and model for two spring mass damper configuration

5-14-S-TwoSpringMass

8(22)
Optimization of chemical reactions for profitable yield

Systems - Linear

Controlling reaction rate with heat, but in order to maximize profit in yield

5-7-S-ChemOpt-StudentVersion
8(23)
Building infinite system of differential equations for stochastic processes

Systems - Linear

Simple probability and assumptions about randomness lead to stochastic process modeling

1-27-S-StochasticProcesses


9(24)
Modeling spread of flu in English Boarding School
System - Nonlinear 

Using data from English Board School an SIR epidemic model is built and validated – and other models

6-1-S-Epidemic

6-35-S-Shampoo

6-30-S-SaltTorricelli
9(25)
Bifurcation - a break in the action - for something  completely different
First Order ODE 

Introduction to bifurcation with experimentation.

1-9-S-Text-Bifurcation


9(26)
Modeling an optimal insect colony
System - Nonlinear

An introduction to optimal control of a nonlinear system in evolutionary study of insects.

6-5-S-InsectColonySurvivalOpt


10(27)
Pursuit models

System - Nonlinear

Attempting to pursue an object and developing a strategy with nonlinear system of ODEs

6-8-S-PursuitModels
6-12-S-RiverCrossing
10(28)
Classical ecology modeling
System - Nonlinear

Predator-Prey modeling, trophic levels, competition, hiding, mimicry



6-20-S-AlgaePopulationSelf-Replenishment
10(29)
Equilibrium and stability analysis - applications
System - Nonlinear

Devoting class time to pushing analysis on models with stability analysis.

Equilibrium and Stability Applications


11(3)
Exam 3





11(31)
Project Selection Class
Everything!

Students come to class prepared to discuss their project interest and share resources



11(32)  Changing venue from time to frequency domain 

Laplace Transforms

Individual and systems of ODE's
Transforming a problem from one domain to another for success

9-5-S-LaplaceTransformOverview


12(33)
Modeling with discontinuous functions


Individual and systems of ODE's
 
Using different types of driver functions (spikes, steps)

LaplaceJump


12(34)
Convolution and spike and jump applications using Laplace Transforms
Individual and systems of ODE's
Machine inventory management problem using Laplace Transforms and other applications

7-8-S-MachineReplacement-LaplaceTransform 


12(35)
Laplace applied to revisited problems
Individual and systems of ODE's
Transfer function in engineering; maximum frequency response analysis

Frequency Domain Views


13(36)
Sums of trigonometric functions can represent many phenomena
Fourier series

Students discover criteria for modeling functions with trigonometric functions (orthonormal)

8-2-S-Text-TrigSumRepresentation 


13(37)
Spectral analysis using Fourier series
Spectrum


Building Spectrum Pictures


13(38)
Modeling a Guitar string - example of wave.
Partial differential equation - wave

Construction and expectations of a model for an oscillating strong - a wave model

9-12-S-GuitarTuning


14(39) Keeping things cool in summer and warm in winter - root cellar model
Partial differential equation - heat

Construction and expectation for heat in an insulated bar and more

HeatInPipe


14(40)
Variations and consequences for PDE modeling
Partial differential equation - nonhomogeneous


Noninvasive Testing


14(41)
Exam 4





15(42)
Project Development Time





15(43)
Class Project Presentations





15(44)
Class Project Presentations
15(45)
Class Project Presentations







FINAL EXAM




