Phyeice 505: Topice in Phyeica
Chaosg and Time—Serles Rnalysise
Fall 1994 Coursa Description

Content and Level: This couree im an introduction to the exciting -

new dévelopments in chaca and related topice in nenlinear

dynamics, including the detection and quantification of chace in
exparlmental data. Emphasis will be on the physical concepte
rather than mathematicax-pruofs and derivationa. The course will
be taught at a. level that should be acceselble to graduate and
advanced undergraduate students in all fielda of science and
engineering.

;aregglsites; Consent of instructor {calculua and aome programmlng
experience will be assumed)

Baterials Needed: Text: thaos and Nonlinear Dynamics: An Introduction
for Scientista and Engineers, by Robert €. Hilkorn (Oxford
Univeraity Press, 1994)

cnmputer: Rny type will do, but you will need a cnmpilar {ox
1nterpreter} for the machine in the language of your choice and
a printer capable of printing graphica.

Lectureg: 3:30-5:10 pm, Tussdaye, 1313 Sterling. Prof. Clint Sprott
£3285 Chamberlin Hall, 263-4449, sprott@junc.physics.wisc.edu).
The lectures supplement but do net gubstitute for the reading.
They will be used mainly to motivate the material and to show
demonetrations, computer animaticne, slides, and widecs.

Homework: Homework will consiet of weekly programming assignments
t+hat are due at the beginning of the lecture the following week.
An elaborate writeunp is not requlred; but you should provlide
‘evidenca that you completed the assignment. In many cases, &
screen print may be all that is reguired. You should fill out the
covar sheet and turn it ip with each assignment. You may work
with othere, but be sure the work you turn in is not aimply copled
from scmsone elae. :

" Exams: There will be no exéms_in:the COUrEes.

Grading: The grading will be based entirely on the homework. You will
receive one point for each assignment that yon complete, and one
point for handing it in on time. With 15 assignments, your total

. peesible score is thus 30, Letter grades will ke assigned as
follows: A = 26-30, AB = 21-25, B = 16-20, BC = 11-15, € = &-10, D
= 1-5, F =10




Phyeice §06: Topics in FPhysilce
Chaos and Time—Series Anelysisa
" Fall.1954 Syllabua

Referances are to Robert C. Hilborn, Chaog and Nonlinear Dynamics: An
Introduction for SBcientists and Engineers {Oxiford Univereity Prese,
1994). '

Week Date . Beading Topic

1 9!6' éh 1 Introduction and Overview

2 913 . ch 2 | one-Dimensional Maps

3 9/20 ﬁh 3 Dynamical Syatems Theory

4 éfzﬁ ch 4 Chantic ﬁissipative Flowe

5 10/4 Ch & Iterated Maps

6 10/11 ch 6 Strange Rhttractors

7 10718 ch 7 Stapility and Bifurcations

8 10/25 Ch 8 _Hamiltonian Chaos

9 1171 Ch @2 Lyapunovy Exponents and Entrony
10 11/8 Ch 9 Honlinaar Prediction and Noiee Reductlon
11 11!15. ~Ch 8 Fractals

12 11722 Ch 9 Calculation of Fractal Dimension
12 11729 ch 10 Hultifractals |
14 1276 ¢h 11 Non-Attracting Chaotic Sets

. 15 12413 Ch 12 Epatiotemporal Chacs and Pattern Formation




Bikliography

Tha following books will sarve ag useful outelde reading for the
sericous studsnt. They are all availakle ip librariea on campus.

Barnsley, M. F., et, al., The Science of Fractal Images (Sprilnger-
verlag, 19588). Thi= is a very readable collecticn of articles .
deseriblng the mathematica that underlies the computer generation of
fractal patterns.

Devaney, R. L., A First Course in Chactic Pynemical Syétems: Theory and
Experiment -(Addison Wesley, 1992).. This vndergraduate mathematics book
provides an excellent formal introdoction to chace and fractals. [Ses
aleo the octher hooks by Devaney.)

Gleick, J... Chaag:r Making a Wew Science {viking.Panguin, 1987).
Everyone should read this best-selling, historiecal, nontechnical
account to underctand why people are 8o excited about chace.

Guckenheimer, J. and Holmeg, P,, Nonlinear Oscillaticns, Dynamical
Systems, and Bifurcations of Vector Filelds (Springer-Verlag, 1%83).
This ie an advanced but standard text that's good for anyone who wants
to dig deeper into the mathematica of the topice we are covering.

culick, D., En&aunters with Chacs [HMcGraw-Hill, 1992). Here's a book
that hag all the theorems and proofs that we are omitting in our

CoOUrse.

Hilborn, R. C., Chaos and Neonlinear Dynamice: An Introduction for |
Soientists and Engineers {(Oxford Univereity Press, 1994). This book
waas chosen ag our text because of its breadth and depth of coverage.
It emphasizes the computer as a learning tool, and it has a thorough,
up-to-date, ahnotated biblicgraphy. It contains more material than we
~will cover, but you will be pleased to hive it as a reference. .

Jackson, E. A., Pergpectives of Noplinsar Dynamics {Cambridge Univ.
Presa, 1991). This two-volume graduate-level text 1e & bit more
advanced than our text, but covers all the essentiale and includes many

nice drawlngs.

Lorenz, E. W., The Essence of Chaocs (Univ. of Washington Press, 1993).
This series of popular lecturas by one of the ploneers in the field
attempts {with some success) to explain the mathematical ideas
underlying chaoa without uwsing equations.

Mandelbrot, B, B., The Fractal Geometry of Nature (Freeman, 1982}.

Thie extended es=ay by the father of fractals was the seminal work that
brought to the attention of the nenspeclalist the uvbiquity of fractals
in nature, Read it if you're stlll net eure what fractals have to do
with the real world.

Moon, ¥F. C., Chactic and Fractel Dynamics: An Introdocticn for Applied
Scientists and Enginesrs {Wiley, 1992}. Here's a book with more of an
engineering flavor that includee many practical applications and




examples of chactic bshavier. It'e an update of an earlier (1987])
T oedition.

Ott, E., Chaos in Dynamical Systems (Cambridga Univ. Press, 1993).

This ip & wery lneightful, graduate level text by one of the mopt
prolific researchars in the field, ueing high-level mathematice only ae
necessary to elucidate the concepts and not ae an end in itself,

Peitgen, H. . and Richter, P. H., The Beauty of Fractals: Images of
Complex Dynamical Systems {Springer-vVerlag, 1986). Rera's a book that
- will boggle your mind with beautiful images mainly from the Mandelbrot
and Julia sets. It'e-computer art at its finest. ([See alec the other
books co-authoered by Paitgen.} '

Pickover, C. A., Computers, Pattern, Chacs and Beauty: Graphica from an
Unzeen World (st. Martin'e Press, 1990). This im a how=to bock by the
maeter of computaer graphic art and visualization filled with original
ideas for the computer generation of fractals and other artistic
patterns. (S5ee alsc the many other engaging books by Pickever.)

Schroeder, M., Fractals, Chacs, and Power Laws: Minutes from an
Infinite Paradisae (Freeman, 1991}. This is a highly readable book
.packed with examples of temporal and spatial chace in encrmously
diverse contexte {and a wealth of puna}.

Bprott, J. €., Stranga Attractors: Creating Patterne in Chaos (M&T

- Bocks, 1993). This i a popularization that uszes computer art ae a
meane for discussing the principles of chaps. It'e included here on
the strength of ite author.

Sprott, J. €. and Rowlands, 5. Chaps Demongctrations {Phyelce Academic
Software, Box 2202, North Ccarclina State University, Ralejgh, NC 27695,
BOQ-955-TASL}. This is the {(IBM) computer software that will ba used
for mast of the demonstrations in the couree. It is on display in the
Phyolcs Museum (1328 Sterling}. See also the Chaos Data Analyzer
program by the same suthors and publisher for time-series analysis.

1
Stewart, 1., Doer God Play Dice?: The Mathematics of Chacs {Blackweall,
1989). Thie ia a charming little heok that's basically a
popularization but that doesn't shy away from using simple mathematics.

Thompson, J. M. T. and Btewart, H., B., Nonlinear Dynamice and Chacs
{Wiley, 1986). This is a standard advanced undergraduate text aimed at
rphiyveical peilence studente. It'e a bit uneven in the level of treatment
of the variocus topiecs, bot it might have served aa a text for our
courae,

Tacnie, &, R., Chaog: From Theory to Applications (Pleaum Press, 1992).
Thie bock ie sspecially good on the time-series analyseis topice that
are largely missing from the other bocks. It might have been a text
for our course except that it is lees thorough, hae fewer references,
and o©osts a bit more thanp Hilborn.




Comnmente’ on Computers and Programming

You will need to approach the study of chace differently from
other math and ecience courses you have had. “Although meoet of the
phenomena we will be diecussing are described by equations, the
equaticns generally cannot be solved in the usual ways you have
learned. - The computer becomes a necesgary and convenient toel for
undergtanding chaca. Fortunately, the equatione are ueually very
simple, and the programming requirements are minimal. o

You have. bheen given complete freedom to choose a computer and
programming language. The best computer is one to which you have eaay
access. You will probably be happier weing a primitive computer at
home rather than a. fancier one that yow have to access by telaphone
(modem) or by geing to one of the computar laks on campus, unle&sa for
acma reason you préfer to work away from home. Most personal ccmputars.'
are either IBM PC compatiblea or Apple Macintoshes. 'The IBM's are more
common and tend to be easler to program, whereas the Macintoshea have a
slick graphical user interface (GUI) that you may prefer. If you have
no other accese to a computer, you are welcomwe to usa the Hext machines
in the Phyeics Department computer lab (2409 Sterling).

Just -am the hbest language for speaking le the oné most familiar to
yqﬁ, the best computer language -is the one you. are moet comfortable
using. If you are skilled in a language such as BRBIC, C, Pascal, or
FORTRAN, get a modern lnteractive compiler for that language and usa 1t
on your PC. Any language will suffice, and modern compilers in tha
various languages are 50 good that there is little reascn to prefer one
over ancther. If you have never done any serious programming; you -
might start by learning BASIC. It is easy to learn and more than
adequate for the assignments you willl be asked to do. My personal
favorite is PowerBASIC for the IBM. (Availakle for 5137 from
Programmer's Paradise, 1163 Shrewsbury Ave., Shrewsbury, NJ 07702, B800-
445-7899). The closest thing for the Macintosh is Microsocft QuickBASIC
{$63 from MACC), hut it's pot nearly .as vereatils, fast, or sasy to uee
as PowerBASIC. You might visit the HACC Showroom {(Room 1150} for
advice, demonstrations, and informaticn on how to purchase a snitable
compilar.

Ancther posoibility you may wish to consider ié one of the
algebraic manipulation tools such as Mathematica, Maple, Darive, or
Theorist, or even a modern spreadsheet program such as Microsoft Excel.
Thie option would be meost sensible if you are already highly skilled in
its use. You should be able to complete most if not all of the
assigmments in this way. In the long run, you will probably find a
conventlonal programming language more werpatile and useful,. however,

In any case, I would advise you tb develop your programs as
modular subroutines and to document them so that they can be reused.,
There will be cccaslons during the semester where you will need
something you did several weeka previous. Especially as we move into
the time-serles analysis part of the course, you will be developing
routines that may be of use to you in analyzing experimaental data
after the couree concludes.
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_ Hamea 2

Are you tak;ng.tha course for credit?
What type of computer do you have {if any)?

What computer languages-do you know?

Student Queeticnnaire

In an effort to conetruct the course to best meat your needs, I'd

-appreciate it if you would provide me with some informaticn akhout

yourself, ¥You may turn this shset in with your first homework set.

E-mail or other address:

Year fMajor:

~

How much prograuming experience do you have?

What do you hope to learn from the couroe?

Comment 83




