BRIDGES

Mathematical Connections
in Art, Music, and Science

Conference Proceedings
1999

Reza Sarhangi, Editor






Bridges

Mathematical Connections in Art, Music and Science

1999



Bridges: Mathematical Connections in Art, Music, and Science;
Conference Proceedings, 1999.

Reza Sarhangi, Editor
Department of Mathematics
Southwestern College
Winfield, Kansas 67156-2499

© 1999 Bridges Conference. (http://www.sckans.edu/~bridges/). All rights reserved. General
permission is granted to the public for non-commercial reproduction, in limited quantities, of .

individual articles, provided authorization is obtained from individual authors, and a complete

reference is given for the source. All © rights and responsibilities for individual articles in the
1999 Conference Proceedings remain under the control of the original authors.

ISBN 0-9665201-1-4
ISSN 1099-6702

Printed by Gilliland Printing, White Plains, Maryland, United States of America.
Front cover design taken from Harmony, Chromatics, and Chaos (page 1).

Back cover design taken from The Sky Within (page 145).
Cover layout by Karen Mages.



Contents

Preface

Harmony, Chromatics, and Chaos
M. Field

Mathematical “Abstracts”
L. Holbrook

Systems of Proportion in Design and Architecture and their Relationship to Dynamical Systems Theory

J. Kappraff

On Understanding the Search Problem for Image Spaces
G. R. Greenfield

Geometric Sculpture for K-12: Geos, Hyperseeing, and Hypersculptures
N. A. Friedman

The Marriage of Mathematics and Psychology: An Enduring Love Story
A. M. Karkowski

Mobius Knitting
D. C. Isaksen and A. P. Petrofsky

Diagrammatic Relations in Interart Discourse
K. W. Hooper

Polyhedral Sculptures with Hyperbolic Paraboloids
E. D. Demaine, M. L. Demaine, and A. Lubiw

The Mathematics of the Just Intonation Used in the Music of Tet
J. K. Haack ‘

Math at the Service of Meaning: Links Between Geometry, Myth
1. Rousseau

Some Briggsian Bridges Between Sense Perception, Postage Star,
A Musician-Mathematician Looks at Life |
S. Eberhart

Barn-Raising an Endo-Pentakis-Icosi-Dodecaherdon
E. Knoll and S. Morgan

ix

21

41

55

63

67

71



vi

Audio Visualization in Phase Space
D. Gerhard

The Sky Within: Mathematical Aesthetics of Persian Dome Interiors
R. Sarhangi

Where’s the BEAT? Discovering the Musical Rhythms and Accompanying Mathematical Patterns
in Poetry
B. F. Mayhew

Analogies from 2D to 3D — Exercises in Disciplined Creativity
C. H. Séquin

The Well-Rounded Architect: Spheres and Circles in Architectural Design
K. Williams

Aesthetics, Beauty, and Computer Science
P. S. LaFollette, Jr.

Teaching Mathematical Thinking through Origami
D. Meyer and J. Meyer

Merging Paradigms
B. Collins

Towards Visual Perception of Periodic Tilings: A Computational Model
K. Manske, A. Assadi, H. Eghbalnia, and S. Palmer

PHYSICS: A Search for Simplicity, Beauty and Symmetry
R. C. Morrison

Repetition and Self-Similarity in Modern Poetics
D. F. Daniel and G. Bethel

Artistic Patterns in Hyperbolic Geometry
D. Dunham

The Conceptual Mechanics of Expression in Geometric Fields
C. Singer

Whirling Chaos: A Multisensory Kinetic Art System
J. Cusumano

“The Optiverse” and Other Sphere Eversions
J. M. Sullivan

The Linear Visualization of Mathematical Anomalies In Sculptural Space: An Artist Presentation
D. R. Schol

The Art-Science Marriage, From Quarrel to Understanding
S. Marcus

137

145

157

161

173

185

191

205

211

221

231

239

251

257

265

275

279



vii

Abstracts

Recognizable Motif Tilings Based on Post-Escher Mathematics
R. W. Fathauer

The Theater of Mathematics and the Mathematics of the Theater
S. Marcus

Music, Mathematics, and Magnetic Ordering
R. Krantz, J. Douthett, and J. Clough

Model Building — An Applied College Algebra Course Dealing with Observed Patterns
D. Thoman

The Volterra Series for Modeling of Input-Output Dynamical Systems
D. Sidorov

Towards A Topology of Music
I. Jackson and N. P. Ritchey

The K-Dron, A New Geometrical Shape — Its Nature, Properties, and Consequences
J. Kapusta

Abstraction, Reflection, and Learning — Musing of a Mathematician/Educator
Mara Alagic

Reading Numbers as a Metaphor of the Universe
S. Marcus

291

293

295

297

298

299

300

301

302






Preface

We pause at the beginning of the second gathering of a conference called Bridges to marvel at the diverse
nationalities, cultures, languages, academic fields, and talents which make this conference possible.
There are moments in our lives that are preserved in our memories beyond time and location. We want
this to be one of those moments. Our hope is that the Bridges Conference Proceedings will assure this
possibility. Only words and memories will remain. The rest will be gone.

The cover of the book has been decorated with two images. One was made centuries ago by an unknown
artist based on years of practice and experiments with simple construction tools. The other was created a
few months ago by a mathematician using high speed computers and contemporary technology. One is
the production of a person who didn’t have a solid knowledge of mathematics in today’s sense. The
other is the production of modern mathematics — Chaos Theory. One is from the East; the other is from
the West. One is centuries old, during the time when today’s productions were dreams. The other was
created only a few months ago. But both bring a similar feeling. Both excite us. Both go somewhere
inside us deeper than any words can describe. They are similar beyond culture, geographic location, time,
and knowledge. Symmetry is universal. Mathematics expresses this universality.

The first Bridges proceedings came as the result of our excitement and love for a process with an
unknown future. We did not know what to expect. The second proceedings, with the same excitement
and love, has added the flavors of wisdom and experience. Can we say we have grown? We leave that to
the reader to decide.

The proceedings gets its reputation from its authors who have spent hours creating quality work. At the
same time, we should not forget about the many, many reviewers who patiently read these papers and
commented on them for their improvement. In some cases, the reviewers explained in such detail how
the paper could be improved that the review could be considered a paper itself. The short time available
for reviewing papers brought even more responsibility to the reviewers, most of whom were
overwhelmed by their own professional duties. To them we say a sincere “Thank you.”

It was our intention that advice and comments from the reviewers come in language that encourages
authors to improve their work — the language that is, unfortunately, rare in the academic world. Can we
publish a valuable collection of papers and review them in a friendly environment that not only brings
knowledge, but also creates community?

On May 1, 1999, the conference lost one of its close friends. Professor Richard Morrison, a member of
the physics department of the University of New Haven in Connecticut, was more than a friend.
Professor Ralf E. Carriuolo, his colleague for more than 30 years and a friend outside of the university,
says, “He was so enthused when he returned from the conference last year that he kept asking me, almost



daily, if I had cleared my calendar for the end of July of this year so the two of us could go together. We
read the proceedings from last year thoroughly and spent many wonderful breakfasts in my kitchen
discussing several of the articles.” Professor Morrison adopted the 1998 Bridges Conference Proceedings
as the textbook for a class of honor students at his school during the spring of 1999. He had planned to
establish a scholarship for students to participate in the conference each year. We hope his colleagues
will bring his dream to reality. The conference will do its part to make this dream possible.

Bridges has become symbolic of our own integrative studies program at Southwestern College. Here we
invite students in their general education to consider where fields overlap or meet and which subjects
seem to be transdisciplinary. Our two-semester course, Creativity, has called on the interests and
creativity of more than half of our faculty and most of the fields represented here. A course titled
Mathematics and Art was another of the pillars of this conference. There is a hunger for this gathering
and dialogue among disciplines, and we are delighted that we can provide a home for this critical
discussion of science, mathematics, and the arts.

Southwestern College has new leadership. Bridges 1998 could not have been realized without the support
of Past President Carl Martin, Dean David Nichols, and their staff. Today, President Dick Merriman and
his staff have continued this tradition of support for Bridges 1999. We are grateful for their
encouragement for this conference and for all the Bridges yet to be built.

A large number of the papers in this collection and the previous one have been formatted and made ready
for publication in the mathematics department of Southwestern College. Special thanks are due to Lois
McCaw, Cathy Feist, Jennifer Dougherty, Jennifer Benevento, and Simon Luhur for their work in this
regard.

Reza Sarhangi



