CONTENTS

PREFACE vii
I.  INTRODUCTION 1
II. REDISCOVERY OF GAUGE SYMMETRY
2.1  Introduction 5
2.2 The Einstein Connection
2.3 Weyl’s Gauge Theory 11
2.4  Canonical Momentum and Electromagnetic
Potential 15
2.5 Quantum Mechanics and Gauge Theory 16
2.6 The Aharonov-Bohm Effect 18
2.7  FElectromagnetism as Gauge Theory 21
2.8 Isotopic Spin and the New Gauge Theory 22
2.9 Yang-Mills Gauge Theory 25
2.10 Gauge Theory and Geometry 29
2.11 Discussion 32
III. GAUGES, POTENTIALS AND ALL THAT
3.1 Introduction 34
3.2  Local Gauge Transformations 35
3.3 Connections and Potentials 36
3.4 The Vector Potential Field 39
3.5 Choosing a Gauge 41
3.6 Maxwell’s Field Tensor and Stokes’ Theorem 43
IV. YANG-MILLS GAUGE THEORIES
4.1 Introduction 48
4.2  Building a Gauge Model 48
4.3 The Problem of Mass 51
4.4 The Yang-Mills Equations 52

4.5 Particle Equation of Motion 53



X Contents

V. THE MAXWELL EQUATIONS

5.1 Introduction 57
5.2 The Non-Abelian Divergence 57
5.3  The Second Maxwell Equation and Charge
Conservation 61
5.4 Maxwell’s Equations and Superposition 65
5.5 Charges in Yang-Mills Theory 66
5.6  Yang-Mills Wave Equation 70
V1. THE DIFFICULT BIRTH OF MODERN GAUGE THEORY
6.1 Introduction 73
6.2 Leptons and W Bosons 73
6.3  Quarks and Weak Decays 77
6.4 The “Dark Age” of Field Theory 82
VII. THE BREAKING OF GAUGE SYMMETRY
7.1  Introduction 86
7.2 Symmetry Breaking of the Second Kind 87
7.3  Geometry of Symmetry Breaking 88
7.4  The Broken Gauge Superconductor 93
7.5 Spontaneous Symmetry Breaking 96
7.6  Goldstone’s Theorem 100
7.7 A Parable on Symmetry Breaking 101
VIII. THE WEINBERG-SALAM UNIFIED THEORY
8.1 Introduction 102
8.2  Weak Interactions Revisited 103
8.3  Unification without Renormalization 106
8.4 Symmetry Breaking and Gauge Field Masses 110
8.5 The Weinberg Angle 111
8.6 Renormalization and Revival 113
8.7 The Electron Mass 117
8.8 Discussion 118
IX. COLOR GAUGE THEORY
9.1 Introduction 121
9.2 Colored Quarks and Gluons 122

9.3 Colorless Quark Systems 124



Contents

9.4 Asymptotic Freedom
9.5 The Running Coupling Constant
9.6 Discussion

X. TOPOLOGY AND GAUGE SYMMETRY

10.1 Introduction

10.2 Why Flux Trapping?

10.3 The Topological Superconductor

10.4 The Canonical Vortex
10.4.1 Internal Space and Topology
10.4.2 Where Has the Torus Gone?
10.4.3 The Degenerate Vortex

10.5 How to Add the Flux Number

10.6 The Dirac Magnetic Monopole

10.7 Discussion

APPENDIX: SOME KEY GROUP THEORY TERMS

A.1 Continuous Groups
A.2 Compact Lie Groups
A.3 Orthogonal and Unitary Groups
A.3.1 Orthogonal Groups
A.3.2 Special Unitary Groups
A.3.3 Homomorphism of O(3) and SU(2)
A.4 Group Generators
A.4.1 Rotation Group
A.4.2 Lie Group Generators
A.5 SUQ) Group

INDEX

xi

127
130
136

139
140
141

144
147
147
149
153
157

158
159

160
161
162

164
165
166

169



