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Symmetry and Geometry
applications of group theory

The mathematical sciences particularly exhibit
order, symmetry, and grace; and these are the
greatest forms of beauty.

from Aristotle
Metaphysics

Symmetry is a notion that expresses our intuitive grasp of beauty, harmony, balance and
aesthetically gratifying proportionality. The mathematical study of symmetry has been
formalized in terms of group theory, which finds application in practically every domain
of mathematics and the sciences. It is a powerful key that opens doors to various hidden
structures.

In this course we will study groups and associated algebraic structures with emphasis on
understanding low-dimensional examples and their matrix representations. Special
attention will be given to rotations, the Moebius group, SL(2,Z), SL(2,C), SU(2)
hyperbolic rotations SO(n,1), Apollonian group. Various relationships among them will
be analyzed and exemplified. Topics will include algebraic structures like quaternions,
octonions, Lie algebras, Clifford algebras, spin structure, Pythagorean triples, integer
sequences, geometry of Descartes configuration in R", projective geometry, elements of
fractal geometry.

Applications in geometry will bring an occasion to build and verify one’s mathematical
intuition. A certain fractal arrangement of circles (or higher-dimensional spheres) known
as integral Apollonian circle packing, will be used as a vehicle to wander through these
topics. It conceals a multitude of far-reaching connections within mathematics: from
geometry to group theory to number theory, many of them discovered very recently. The
course will include reading of recent relevant papers (see below).

Audience: The topics to be covered are of universal importance and go beyond the
specific applications. Students of diverse interests are invited to participate in this class.

Prerequisite: Basic linear algebra.

Text: Excerpts from a number of books will be made available. Also, lots of handouts will be
freely distributed.

Additional information: http://www.math.siu.edu/Kocik/symmetry/symmetry.html
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Other interesting resources will be given at a later time.



