
THE MATH BEHIND THE MUSIC

Mathematics has been used for centuries to describe, analyze, and create
music. In this book, Leon Harkleroad explores the math-related aspects
of music from its acoustical bases to compositional techniques to music
criticism, touching on

� overtones, scales, and tuning systems
� the musical dice games attributed to Mozart and Haydn
� the several-hundred-year-old style of bell-playing known as ring-

ing the changes
� the twelve-tone school of composition that strongly influenced

music throughout the twentieth century

and many other topics involving mathematical ideas from probability
theory to Fourier series to group theory. He also relates some cautionary
tales of misguided attempts to mix music and mathematics.

Both the mathematical and the musical concepts are described in an
elementary way, making the book accessible to general readers as well as
to mathematicians and musicians of all levels. The book is accompanied
by an audio CD of musical examples.

Leon Harkleroad gives frequent lectures on mathematics and music for
the Mathematical Association of America and other groups. He has been
published in many journals, and he has received the George Pólya Award
from the MAA for one of his papers.
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Mathematical content is not confined to mathematics. Eugene Wigner
noted the unreasonable effectiveness of mathematics in the physical
sciences. Deep mathematical structures also exist in areas as diverse as
genetics and art, finance and music. The discovery of these mathematical
structures has in turn inspired new questions within pure mathematics.

In the Outlooks series, the interplay between mathematics and other
disciplines is explored. Authors reveal mathematical content, limita-
tions, and new questions arising from this interplay, providing a provoca-
tive and novel view for mathematicians, and for others an advertisement
for the mathematical outlook.
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For Cynthia

Nagyon szeretlek, legkedvesebbem!
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PREFACE

For centuries people have explored connections between mathe-

matics and music. Yet, when I started writing this volume, very lit-

tle in the way of books surveyed the range of these connections.

You could find monographs devoted to one specific niche or an-

other, as well as any number of journal articles. But you would have

had a hard time locating a reputable source that gathered several

of the important topics in one place and gave them a broadly ac-

cessible presentation. Fortunately, that situation has been changing

recently. I hope that this book helps with such change. In Chapter 1,

I give an overview of the contents of the subsequent chapters. I will

just say here that I have tried for a blend of standard, core topics

with less familiar ones. In particular, I have highlighted some recent

work on math and music that may be new even to aficionados of the

subject.

The potential readership for an interdisciplinary book like this

encompasses a wide variety of backgrounds. Accordingly, I have

aimed to presume as little as possible on your prior experience in

either mathematics or music. The book, in part, grew out of lec-

tures I gave in a course that had no prerequisites. So, the students

ranged from math majors who were accomplished musicians to

math-phobes who could not read or perform music at all. I don’t

start totally from scratch in these pages as I did in the course, but

I have written with a fairly general audience in mind. Again, those
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PREFACE

already familiar with math and/or music should still find much new

material here. Despite the book’s origins, I have not written it as a

textbook. However, anyone inclined to take on the highly enjoyable

task of teaching a math-and-music course could certainly make use

of this in conjunction with the class.
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