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To René Thom on his 65th birthday.

In recent years there has been a remarkable renaissance in the relation between
Geometry and Physics. This relation involves the most advanced and sophisticated
+ ‘,, ideas on each side and appears to be extremely deep. The traditional links between

+0 Po )Q o) e ) ?Vm'}uuh ‘IlFt ‘a) 1. Introduction

° (T . or in Maxwell’s Equations for Electro-Magnetism are concerned essentially with classical
fields of force, governed by differential equations, and their geometrical interpretation.

the two subj as embodied for ple in Einstein’s Theory of General Relativity

The new feature of present developments is that links are being established between

M * ‘_7 ” - / quantum physics and fopology. It is no longer the purely local aspects that are involved
- . . ..

but their global counterparts. In a very general sense this should not be too surprising.

athevolica 7190 ros o o o i 1y i

Both quantum theory and topology are characterized by discrete phenomena emerging

from a continuous background. However, the realization that this vague philosophical

view-point could be translated into reasonably precise and significant mathematical
u F statements is mainly due to the efforts of Edward Witten who, in a variety of directions,
S e > C~ v e 3 A (v has shown the insight that can be derived by examining the topological aspects of quantum

field theories.

The best starting point is undoubtedly Witten’s paper [11] where he explained
the geometric meaning of super-symmetry. It is well-known that the quantum Hamil-
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Quantum Field Theory and the Jones Polynomial *

Edward Witten **

School of Natural Sciences, Institute for Advanced Study. Olden Lane, Princeton,
NJ 08540, USA

Abstract. It is shown that 2 + 1 dimensional quantum Yang-Mills theory, with
an action consisting purely of the Chern-Simons term, is exactly soluble and
gives a natural framework for understanding the Jones polynomial of knot
theory in three dimensional terms. In this version, the Jones polynomial can be
generalized from S3 to arbitrary three manifolds, giving invariants of three
manifolds that are computable from a surgery presentation. These results shed
a surprising new light on conformal field theory in 1 + 1 dimensions.
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