Nonlinear Dynamics in Biological Systems.  Fall 2007
BME 595U, ABE 591W, IDE 495C 

Course Meets:  

MWF 
11:30 – 12:20 
BMED 1001



Instructor: 
Prof. Rickus
Office: 

BME Building, Room 2029

Phone:

4-1197

Email:

rickus@purdue.edu  

Office Hours:  
Fridays after class. 12:30 – 2:00.  BMED 2029.   

TA:  

Mike Pargett

Email:

mikepargett@gmail.com

Office:



Office Hours:  
M, W  2 – 3 pm
Course description: This course will present an introduction to nonlinear dynamics in biological systems.  The mathematics of nonlinear ordinary differential equations will be presented with an emphasis on geometric analysis and biological examples.  The systems covered will gradually grow in dimensionality and complexity of behavior starting with first order systems, on to oscillating systems, and then to chaotic systems.  Examples from recent literature will be included to provide a real world context for the mathematics and to give the students a window into cutting edge research. 

Prerequisites –MA 161 or equivalent.  MA 262 or equivalent. Cell Biology Biol 295E or equivalent 

Required Text: Strogatz, S.H.  (1994) “Nonlinear Dynamics and Chaos” West View Press, Cambridge MA. ISBN: 0-7382-0453-6

Additional material from various sources will be provided as required reading and will be distributed during class.

On Line Resources:  

WebCT will be used to communicate grades, post lectures (when available), document assignments, and updates to readings.  Please check WebCT often.

Course Content:

Biological topics will include:  gene expression, neuron firing, seizure prediction, circadian rhythms, enzyme reactions, ventricular fibrillation, cell cycle, cell growth, population dynamics and others. 
Course Learning Objectives:
At the end of the course the students will be able to:

1. Define the following terminology:  a) linear term, equation and system, b) nonlinear term, equation and system, c) order, d) dimensionality, e) bifurcation, f) parameter, g) variable, h) stable, i) unstable, j) limit cycle, k) hysteresis

2. Convert any 2nd or 3rd order ordinary differential equation into a system of first order differential equations.

3. Convert a 1, 2, or 3 dimensional system into dimensionless form.

4. For a one dimensional system

a. Sketch and analyze the phase portrait for a one dimensional system.

b. Identify and classify the fixed points of a system as a stable, unstable, or mixed stability

c. Sketch the trajectory of a variable from any initial condition given the phase plane.

d. Describe both algebraically and graphically the prototypical saddle-node, transcritical, and pitchfork (subcritical and supercritical) bifurcations.

e. Identify the critical parameter values for a bifurcation in a biological system and explain the biological relevance of the result.

f. Sketch the stability diagram for a two parameter system.

g. Give a biological example of a bifurcation and explain the functional importance of the mathematical features to the biological behavior.

5. For 2 dimensional systems.

a. Identify and classify the fixed points of a system as a stable node, unstable node, saddle node, center, stable spiral, or unstable spiral using combinations of graphical methods, linear stability analysis, and numerical integration.

b. Describe both algebraically and graphically the prototypical saddle-node, transcritical, pitchfork, and Hopf bifurcations.

c. Sketch the major features of the phase portrait in the phase plane including the location and character of fixed points, stable and unstable manifolds, the nullclines and typical trajectories within bounded regions.

d. Give a biological example of a bifurcation and explain the functional importance of the mathematical features to the biological behavior.

e. Identify a limit cycle within a biological system using either numerical simulation or the Poincaré-Bendixson Theorem including the parameter conditions for its existence and explain the importance of this mathematical feature to the biological system.

f. Sketch the stability diagram for a system and relate the mathematical features to the biological features of the system.

6. Three Dimensional Systems

a. Define the basic features of a chaotic system including attractors and strange attractors

b. Describe the simple properties of the Lorenz Equations

c. Use numerical simulation to visualize a strange attractor in the Lorenz Equations 

d. Give an example of a biological system for which transition to chaos may play an important role
Grading Weighting:

Homework

20% of the total grade





Exam 1


20% of the total grade





Exam 2


20% of the total grade





Final Exam 

20% of the total grade





Semester Project

20% of the total grade

Grading Scale:

A
( 90 %






B
80% ( grade ( 90%




C
70% ( grade ( 80%




D
60% ( grade ( 70%




F
< 60 %


Exams.  Exams will be 2 hours in the evenings.  A class lecture will be canceled to compensate.  

Academic Integrity.  University policies regarding academic honesty will be upheld in the course.  Any form of academic dishonesty including plagiarism and cheating will be grounds for a failing grade for the course. 

Attendance Policy: This course follows the university policy for student attendance, Section IV, A of the 2006 – 2007 University Regulations, which can be referenced at: http://www.purdue.edu/univregs/pages/ac_regs_pro/classes.html.  

1) You are responsible for any information discussed in class including changes to the syllabus, exam schedule, or homework/reading assignments.

2) Attendance will not be taken.  

3) If you are ill and will miss a day in which you have an assignment due or an exam scheduled, you are expected to make contact with Prof Rickus (not the TA) before class time to arrange alternative plans for turning in the assignment or taking an exam.  If you cannot make direct contact leave a voicemail (4-1197) or email.

4) If you are unable to make contact due to circumstances outside of your control or you anticipate an extended absence from class, you or your representative (if you are unable), must contact the dean of students office who will then work with Prof Rickus regarding the situation.

5) No late assignments will be accepted unless specific arrangements are made.  

6) Make up exams after an unexcused absence are not guaranteed but are at the discretion of Prof Rickus.

Reading and Homework Assignments:  Reading and homework assignments (along with due dates) will be announced in class and posted in WebCT.     

Homework Grading.  Each homework problem will be receive one of 3 grades:  

100% of the possible points:  you completed the entire problem and arrived at the correct solution

50% of the possible points: you worked the problem but made errors in your solution

0% of the possible points:  you gave no answer, you gave an unintelligible or illegible answer, you sketched the problem but made no progress toward any solution, or you did not show any work (even if the final number/answer/equation is correct).  
Late Assignments:  Late assignments will not be accepted unless special arrangements have been made with the instructor, preferably in advance.  See attendance policy.  Assignments can be accepted early.

Grade Complaints:  Grade complaints must be submitted in writing to the instructor within 1 week after the graded material is returned to the student.  Grade complaints will be subject to an entire regrade.  All grades will be posted in WebCT. 
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