DEPARTMENT OF MATHEMATICAL SCIENCES
UNITED STATES MILITARY ACADEMY

									
INSTRUCTIONAL MEMORANDUM						3 January 2009
NUMBER 385‑2

Course Administration and Lesson Schedule
MA385 – Chaos and Fractals

1.  Purpose:  This memorandum describes the policies and grading plan for MA385 for AY09-2.

2.  Text Used:  Nonlinear Dynamics and Chaos, by Steven H. Strogatz.  There may also be periodic supplemental reading.

3.  Motivation:
	“Chaos and Fractals” is really a course in nonlinear dynamics.  Taught out of Nonlinear Dynamics and Chaos by Strogatz, the course follows the text in sequence, skipping many of the more technical earlier sections in order to spend more time on the interesting higher-dimensional nonlinear dynamics at the end of the course.  The four-semester required mathematics sequence, which includes topics in discrete dynamical systems, calculus, linear algebra, and differential equations, is adequate preparation for MA385.
Following the text, we cover flows on the line, flows on the circle, planar flows, and finally nonlinear dynamics in three and more dimensions, where we are first able to encounter chaos.  Stability analysis is at the heart of the earlier material, and this leads nicely into the first encounter with chaos via the famed Lorenz system.  The applications come from a variety of fields, to include mechanical systems, electric circuits, natural systems (such as the weather), biological systems (including population dynamics and flashing fireflies), and even social systems, to include the spread of diseases, love affairs, and arms race models.
Students have the opportunity to explore these and various other applications through a series of projects.  Combined with some additional supplemental material on complex nonlinear dynamics (the students would be disappointed if they did not at least get some exposure to the Mandelbrot Set in a “chaos” course) the course is fast-paced and offers a wide venue of opportunities for the students to study their universe.
The goal of the course is to have the students leave with an understanding of what we have discovered in the last twenty-five years but what Poincaré knew a century ago: very simple systems can lead to beautiful and complicated behavior, whether it’s two pendulums swinging in tandem or bacteria reproducing in a petri dish.  Of course, the extensions to less-than-simple systems such as air masses flowing over a continent or a community of nation-states all looking out for their own interests have only begun to be approached with the techniques of this course.



4.  General Instructions:

	a.  Policies and procedures of the Department of Mathematical Sciences published and followed during Third and Fourth Class Mathematics will continue in effect for this course except when amended by the instructor or when obviously not applicable.

	b.  Suggested problems will be assigned on a daily basis through the course notes.  These problems are basic to your learning in this course and should be the minimum attempted prior to each lesson.  Free collaboration is encouraged on all suggested problems.  The course webpage may be found at http://usmasvdzdeanext/departments/math/people/Sturdivant/ma385.htm .  Homework and Projects will be submitted with a title page and appropriate documentation in accordance with the most recent Dean’s Documentation of Written Work.
	
5.  The lesson attendance schedule is provided in enclosure 1.

6.  Course Grades:  The point distribution for course grades is as follows.

	Exercise
	Number
	Points Each
	Total

	WPRs
	3
	100
	300

	Homeworks
	6
	 50
	300

	Project
	1
	150
	150

	TEE
	1
	250
	250

	Total
	
	
	1000



	

						RODNEY X. STURDIVANT, Ph.D.
						LTC(P), Associate and Academy Professor
						Course Director, MA385 
						TH 237, x3322 


Enclosure:
1 – Lesson Attendance and Assignment Schedule

DISTRIBUTION:
1 – Department Head
1 – Deputy Department Head
1 – Electives Program Director
1 – Each Cadet in MA385

LESSON ATTENDANCE AND ASSIGNMENT SCHEDULE
MA385—FRACTALS AND CHAOS

										SUGGESTED
LSN	DATE		TOPIC				READING	PROBLEMS

1	9 Jan		Introduction and Overview		1.0-1.3
								
2	13 Jan		Flows on the Line			2.0 & 2.1	2.1.1, 2
								2.2		2.2.3, 10

3	15 Jan		Growth and Stability			2.3		2.3.1
								2.4		2.4.1, 3, 7

4	19 Jan		Solutions				2.5		2.5.1										2.6		2.6.1
								2.7		2.7.1, 3

5	21 Jan		Numerical Solutions			2.8		2.8.1, 2a
								Homework 1 due

6	23 Jan		Bifurcations				3.0 & 3.1	3.1.1
								3.2		3.2.1
								3.4		3.4.1, 2

7	27 Jan		Flows on the Circle			4.0 & 4.1	4.1.3, 5
								4.2 & 4.5	4.2.1, 3

8	29 Jan		Problem Solving Lab			Homework 2 due

9	2 Feb		Review

10 	4 Feb		WPR I

11	6 Feb		Two-Dimensional Flows		5.0 & 5.1	5.1.3, 5, 7, 9

12	10 Feb		Linear Systems			5.2		5.2.1-3, 9, 13a 

13	12 Feb		Phase Planes				6.0 & 6.1	6.1.1, 5, 13
								6.2		6.2.1

14	17 Feb		Linearization				6.3		6.3.1

15	19 Feb		Intro to Applications &		6.4 & 6.7
			Limit Cycles				7.0& 7.1	7.1.1, 8
								Homework 3 due
	
16	23 Feb		Poincaré-Bendixson Theorem		7.3		7.3.1

17	25 Feb		Bifurcations				8.0 & 8.1	8.1.1, 3

18	27 Feb		Bifurcations				8.2		8.2.1, 2, 3
								8.3		8.3.1

19	3 Mar		Problem Solving Lab			Homework 4 due

20	5 Mar		WPR Review

21	9 Mar		 WPR II 

22	11 Mar		Lorenz Equations & Chaos		9.0 & 9.2	9.2.1, 4
9.3		9.3.8, 9

23	13 Mar		Exploring Chaos			9.4		9.4.2
9.5		9.5.1, 3

24	24 Mar		One-Dimensional Maps		10.0 & 10.1	10.1.1, 9, 11
								10.2		10.2.1

25	26 Mar		Logistic Map				10.3		10.3.1, 7
								10.4		10.4.4, 10
								Homework 5 due

26	30 Mar		Lyapunov Exponents			10.5 & 10.6	10.5.1, 2
	
27	1 Apr		The Definition of Chaos		Supplemental

28	3 Apr		Fractals				11.0 & 11.1	11.1.1, 2, 3
								11.2		11.2.1, 5

29	7 Apr		Fractal Dimension			11.3		11.3.1, 6, 7, 8
								11.4		11.4.1, 2
			
30	9 Apr		Review 				Homework 6 due

31	13 Apr		WPR III 

32	15 Apr		The Definition of Fractals		Supplemental

33	17 Apr		Strange Attractors			12.0 & 12.1	12.1.1, 7

34	21 Apr		Class Drop (Project comp time)

35	23 Apr		The Hénon Map			12.2		12.2.5

36	27 Apr		The Rössler System			12.3		12.3.1, 2

37	29 Apr		Julia Sets				Supplemental

38	4 May		The Mandelbrot Set			Supplemental

39	6 May		Cadet topics				PROJECT DUE

40	8 May		Review

41	TBD		TEE	
