Appendix A

Annotated Bibliography

Books and articles on chaos and fractals have proliferated enormously in recent years. A selection of the most useful and readable of these is listed here, along with comments on the content and level of each.

Abbott, E. A. Flatland: A Romance of Many Dimensions (New York: Barnes & Noble, 1983). An entertaining classic written in 1884 by a Victorian schoolmaster and minister, this book explains the fourth and higher dimensions by considering the impact of a visit by a three-dimensional creature (A Sphere) to a world inhabited by two-dimensional creatures (A Square and others).

Abraham, F. D. A Visual Introduction to Dynamical Systems Theory for Psychology (Santa Cruz, CA: Aerial Press, 1990). This book shows how attractors in dynamical systems have application to a field as unlikely as psychology. It contains numerous sketches of attractors and an explanation of the technical terms used to describe them.

Abraham, R. H. and C. D. Shaw. Dynamics—The Geometry of Behavior (Santa Cruz, CA: Aerial Press, 1982). A four-part series that attempts to explain the fundamentals of dynamical behavior without equations using cartoonlike drawings with extended captions.

Barnsley, M. F. Fractals Everywhere (San Diego, CA: Academic Press, 1988). This classic text by an expert mathematician describes the mathematics underlying fractals and provides a good source of new fractal types.

Barnsley, M. F., R. L. Devaney, B. B. Mandelbrot, H. O. Peitgen, D. Saupe, and R. F. Voss. The Science of Fractal Images (New York: Springer-Verlag, 1988). A readable collection of articles describing the mathematics that underlies the computer generation of fractals.

Briggs, J. Fractals: The Patterns of Chaos (New York: Touchstone, 1992). A non- mathematical but detailed explanation of fractals and chaos with many high-quality drawings and photographs.

Briggs, J. and F. Peat. The Turbulent Mirror: An Illustrated Guide to Chaos Theory and the Science of Wholeness (New York: Harper and Row, 1989). This unusual book combines a simple mathematical description of chaos with loosely related philosophical and psychological ramblings.

Burger, D. Sphereland (New York: Barnes & Noble, 1983). An entertaining book written in the style of the one by Abbott, it picks up where Flatland stops in describing the properties of high-dimensional spaces.

Chernikov, A. A., R. Z. Sagdeev, and G. M. Zaslavsky. “Chaos: How Regular Can it Be?” Physics Today, page 27 (November 1988). Written by a group of active Russian nonlinear dynamicists, this review article provides a good background for understanding stochastic webs.

Crutchfield, J. P., J. D. Farmer, N. H. Packard, and R. S. Shaw. “Chaos.” Scientific American Vol. 255, page 46 (December 1986). This easily readable article presents the fundamentals of chaos theory in a compact form.

Devaney, R. L. An Introduction to Chaotic Dynamical Systems (Reading, MA: Addison-Wesley, 1989). This advanced undergraduate text summarizes the mathematics that underlies chaotic systems of equations.

Devaney, R. L. Chaos, Fractals, and Dynamics: Computer Experiments in Mathematics (Reading, MA: Addison-Wesley, 1990). This book introduces chaos, fractals, and nonlinear dynamics with numerous beautiful images using computer exercises in BASIC and simple mathematics.

Devaney, R. L. A First Course in Chaotic Dynamical Systems: Theory and Experiment (Reading, MA: Addison Wesley, 1992). Written at the undergraduate college level, this book provides an excellent introduction to chaos and fractals.

Dewdney, A. K. “Probing the Strange Attractors of Chaos.” Scientific American, Vol. 257, page 108 (July 1987). This typical Scientific American presentation provides a readable though abbreviated introduction to the mathematics underlying strange attractors.

Falconer, K. Fractal Geometry: Mathematical Foundations and Applications (New York: Wiley, 1990). In somewhat technical terms this book explains the mathematics underlying fractals and describes the various methods of defining and calculating their dimensions.

Feder, J. Fractals (New York: Plenum Press, 1988). This introductory technical book describes fractals using geometrical ideas and explains time-series analysis and other related topics from a physical viewpoint.

Feigenbaum, M. J. “Qualitative Universality for a Class of Nonlinear Transformations.” Journal of Statistical Physics Vol. 19, page 25 (1978). Highly technical but historically important, this paper lays the foundation for many of the principles of chaos by reference to the logistic equation and similar one-dimensional nonlinear maps.

Field, M. and M. Golubitsky. Symmetry in Chaos: A Search for Pattern in Mathematics, Art, and Nature (Oxford: Oxford University Press, 1992). A spectacularly illustrated book that includes computer-generated images of flowers, graphic logos, motifs, and other artistic mathematical patterns.

Gleick, J. Chaos: Making a New Science (New York: Viking Penguin, 1987). This best-selling, historical, and nontechnical account is the starting point for anyone who wants to understand why chaos has excited the imagination of the scientist and nonscientist alike.

Grassberger, P. and I. Procaccia. “Characterization of Strange Attractors.” Physical Review Letters, Vol. 50, page 346 (1983). A somewhat mathematical paper that was the first to propose the correlation dimension as a convenient method for quantifying strange attractors.

Gulick, D. Encounters with Chaos (New York: McGraw Hill, 1992). A rigorous upper-undergraduate-level introduction to the mathematics of chaos.

Hao, B. L. Chaos II (Singapore: World Scientific, 1990). This book reprints many introductory and influential papers on chaos and includes a bibliography of 117 books and 2244 technical papers.

Hénon, M. “A Two-Dimensional Mapping with a Strange Attractor.” Communications in Mathematical Physics, Vol. 50, page 69 (1976). Although somewhat technical, this article describes one of the first thoroughly studied examples of a chaotic, two-dimensional quadratic map.

Hofstadter, D. R. Godel, Escher, Bach: An Eternal Golden Braid (New York: Vintage, 1980). Dealing with, among other things, self-similarity and recursion in music, art, and science, this largely nonmathematical but deeply philosophical book is highly recommended.

Hofstadter, D. R. “Strange Attractors: Mathematical Patterns Delicately Poised Between Order and Chaos.” Scientific American, Vol. 245, page 22 (November 1981). This article provides an introduction to the mathematics of strange attractors and their significance.
Hofstadter, D. R. Metamagical Themas (New York: Basic Books, 1985). A recreational mathematics book that contains many interesting topics, including a chapter on mathematical chaos and strange attractors.

Jackson, E.A. Perspectives of Nonlinear Dynamics (Cambridge: Cambridge University Press, 1991). A two-volume graduate-level text that covers all the essentials of chaos and nonlinear dynamics and includes many nice drawings.

Knuth, D. E. Seminumerical Algorithms, 2nd ed., Vol. 2 of The Art of Computer Programming (Reading, MA: Addison-Wesley, 1981), chap. 3. This serious mathematical book is the classic reference for describing, among other things, the methods by which computers are used to generate pseudorandom numbers and the pitfalls inherent in their misuse.

Krasner, S., ed. The Ubiquity of Chaos (Washington, D. C.: American Association for the Advancement of Science, 1990). A collection of 19 scientific papers that illustrates the wide range of fields in which chaotic processes have been discovered and studied.

Levy, S. Artificial Life: The Quest for a New Creation (New York: Pantheon Books, 1992). This book takes up where Gleick left off and covers much of the recent history of chaos and its developers.

Li, T. Y. and J. A. Yorke. “Period Three Implies Chaos.” American Mathematical Monthly, Vol. 82, page 985 (1975). This historical paper contains the first published reference to the term chaos.

Lorenz, E. N. “Deterministic Nonperiodic Flow.” Journal of the Atmospheric Sciences, Vol. 20, page 130 (1963). Although slow to be appreciated, this historically important paper is now regarded as the first modern example of a strange attractor resulting from the solution of a simple set of ordinary differential equations originally proposed to model atmospheric convection.

Mandelbrot, B. B. The Fractal Geometry of Nature (San Francisco: W. H. Freeman, 1982). An extended essay by the father of fractals, this was the seminal work that brought to the attention of the nonspecialist the ubiquity of fractals in nature.

May, R. M. “Simple Mathematical Models with Very Complicated Dynamics.” Nature, Vol. 261, page 459 (1976). A thought-provoking and mathematically straightforward paper that initiated the widespread interest in the logistic equation and other one-dimensional maps as models for natural processes.

McGuire, M. An Eye for Fractals (Reading, MA: Addison-Wesley, 1991). This graphic and photographic essay by a physicist and amateur photographer contains beautiful black and white photographs of natural fractals in the style of Ansel Adams, with a simple mathematical description of fractals.

Moon, F. C. Chaotic Vibrations (New York: Wiley-Interscience, 1987). An advanced undergraduate text that emphasizes the applications of chaos theory to real-world engineering problems.

Moon, F. C. Chaotic and Fractal Dynamics: An Introduction for Applied Scientists and Engineers (New York: Wiley, 1992). An update of Moon’s previous book with many practical engineering applications of chaos theory.

Peitgen, H. O. and P. H. Richter. The Beauty of Fractals: Images of Complex Dynamical Systems (New York: Springer-Verlag, 1986). This beautiful, colorful exhibit of computer art emphasizes the Mandelbrot and Julia sets.

Peitgen, H. O., H. Jurgens, and D. Saupe. Fractals for the Classroom (New York: Springer-Verlag, 1992). A two-book set that explains the mathematical basis of fractals at a relatively elementary level and contains many BASIC program listings for the production of fractals.

Pickover, C. A. Computers, Pattern, Chaos and Beauty: Graphics from an Unseen World (New York: St. Martin’s Press, 1990). A how-to book by the master of computer graphic art and visualization filled with original ideas for the computer generation of fractals and other artistic patterns.

Pickover, C. A. Computers and the Imagination: Visual Adventures Beyond the Edge (New York: St. Martin’s Press, 1991). This extension of Pickover’s earlier book by the same publisher takes up where the other stopped and provides additional spectacular examples of computer art and philosophical insight.

Pickover, C. A. Mazes for the Mind: Computers and the Unexpected (New York: St. Martin’s Press, 1992). The third book in the series that includes puzzles, games, and mazes appealing to computer enthusiasts, artists, and puzzle-solvers, along with incisive commentary and additional dazzling computer images.

Porter, E. and J. Gleick. Nature’s Chaos (New York: Viking Penguin, 1990). This book of art combines photographs of natural fractals by Porter with a simple, almost poetic, explanation of chaos and fractals by Gleick.

Pritchard, J. The Chaos Cookbook: A Practical Programming Guide (Oxford: Butterworth-Heinemann, 1992). A practical and elementary tutorial that includes programs in BASIC and Pascal to ease the reader into the mathematics of chaos and fractals.

Rössler, O. E. “An Equation for Continuous Chaos.” Physics Letters, Vol. 57A, page 397 (1976). This short, classic paper by a nonpracticing medical doctor includes stereoscopic views of the Lorenz and Rössler attractors.

Rucker, R. The Fourth Dimension (New York: Houghton-Mifflin, 1984). The book to read if you want to understand the philosophical, geometrical, and physical meaning of space-time.

Ruelle, D. “Strange Attractors.” (Mathematical Intelligencer, Vol. 2, page 126 (1980). This mathematical article includes some of the history of the discovery and understanding of strange attractors and related chaotic phenomena.

Ruelle, D. Chance and Chaos (Princeton, NJ: Princeton Univ. Press, 1991). A charming little book by a pioneer in chaos, describing with minimal mathematics the philosophical implications of chaos and randomness.

Schroeder, M. Fractals, Chaos, and Power Laws: Minutes from an Infinite Paradise (New York: W. H. Freeman, 1991). A slightly mathematical but highly readable book packed with examples of temporal and spatial chaos in enormously diverse contexts and a wealth of puns.

Schuster, H. G. Deterministic Chaos (New York: Springer-Verlag, 1984). This work is aimed at the more mathematically inclined reader who wants to understand chaos and related topics in greater detail, and it includes a good mathematical description of the Lyapunov exponent.

Shaw, R. The Dripping Faucet as a Model Chaotic System (Santa Cruz, CA: Aerial Press, 1984). A short but detailed book that describes in nontechnical language how the ideas of chaos and strange attractors can be used to understand a phenomenon as simple as a dripping faucet.

Sparrow, C. T. The Lorenz Equations, Bifurcations, Chaos, and Strange Attractors (New York: Springer-Verlag, 1982). This somewhat technical book demonstrates the depth to which a single example of a strange attractor can be studied.

Sprott, J. C. “Simple Programs Create 3-D Images.” Computers in Physics, Vol. 6, page 132 (1992). This article by the author describes in detail how computers can be programmed to produce anaglyphic images of 3-D objects.

Sprott, J. C. “How Common is Chaos?” Physics Letters,  Vol. 173A, page 21 (1993). An abbreviated technical paper quantifying the occurrence of chaos in polynomial maps and ODEs that was the inspiration for this book.

Sprott, J.C. “Automatic Generation of Strange Attractors.” Computers &Graphics, Vol. 17, page 325 (1993). An abbreviated description of the technique that forms the basis of the present book.

Sprott, J. C. and G. Rowlands. Chaos Demonstrations (North Carolina State University, Raleigh, NC: Physics Academic Software, 27695-8202). An IBM PC program by the author and a colleague that provides a simple way to learn about chaos, fractals, and related phenomena. It comes with an 84-page user’s manual and 3-D glasses.

Stevens, R. T. Fractal Programming in C (New York: M&T Books, 1989). Also available in a TurboPascal version, this book provides programs and detailed descriptions for producing most of the standard fractal forms.

Stevens, R. T. Advanced Fractal Programming in C (New York: M&T Books, 1990). Picking up where Stevens’ previous one left off, this book emphasizes Mandelbrot and Julia sets but also discusses other fractal types, such as L-systems and iterated function systems.

Stewart, I. Does God Play Dice?: The Mathematics of Chaos (Oxford: Blackwell, 1989). A charming, light-hearted, but serious book that provides a good introduction to chaos using simple mathematics.

Stewart, I. and M. Golubitsky. Fearful Symmetry: Is God a Geometer? (Oxford: Blackwell, 1992). This sequel to the earlier book by Stewart deals with symmetry in nature, art, and science and provides computer programs for producing symmetrical patterns of considerable beauty.

Theiler, J. “Estimating Fractal Dimension.” Journal of the Optical Society of America, Vol. 7A, page 1055 (1990). A slightly technical paper containing an excellent review of the various ways of calculating fractal dimensions.

Thompson, J. M. T. and H. B. Stewart. Nonlinear Dynamics and Chaos (New York: Wiley, 1986). This advanced undergraduate text aimed at physical science students explains the mathematical basis for chaos.

Tsonis, A. A. Chaos: From Theory to Applications (New York: Plenum Press, 1992). An advanced undergraduate text that includes recent developments in the applications of chaos theory to real-world problems, such as improved methods of forecasting and distinguishing chaos from noise.

Weeks, J. R. The Shape of Space: How to Visualize Surfaces and Three-Dimensional Manifolds (New York: Marcel Dekker, Incorporated, 1985). This book explains in simple language and with clear illustrations the elements of topology that are fundamental to a deep understanding of strange attractors and other geometrical objects.

Wegner, T. and M. Peterson. Fractal Creations (Mill Valley, CA: Waite Group Press, 1991). This book is really a user’s manual for the incredible freeware program FRACTINT, which is constantly updated by a dedicated group of volunteer fractal programming enthusiasts.

Wolf, A., J. B. Swift, H. L. Swinney, and J. A. Vastano. “Determining Lyapunov Exponents from a Time Series.” Physica, Vol. 16D, page 285 (1985). A technical but surprisingly readable article that contains an excellent description of the practical considerations that go into the calculation of Lyapunov exponents.

Zhang, S. Y. Bibliography on Chaos (Singapore: World Scientific, 1991). With over 7000 references, this is the most extensive compilation available, and it serves to underscore the popularity of the subject.

