Contents

1 Basic Concepts
1.1 Electromagnetism . . . .. .. ... .. ... .. ... .. ...
1.2 Yang-Mills Theory .. ... ... ... ... . ...... ...
1.3 Dirac Phase Factors . . . . ... ... ... ...........
1.4 Specification of Gauge Groups . . . . . . ... ... ... ...

2 Monopoles
2.1 Magnetic Charge as Topological Obstruction . . . . .. .. ..
2.2 Nonabelian Monopoles . . . .. ... ... .. ... ......
2.3 Patching away the Dirac String . . . . . . .. ... ... ...
2.4 Phase Transport with Patched Potentials . . . . . . ... ...
2.5 Potentials for Nonabelian Monopoles . . . .. ... ... ...
2.6 Monopoles in Broken Symmetries . . . .. .. .. ... .. ..

3 Mathematical Interlude
3.1 Homotopy Groups . . . . . . . . v v v i
3.2 Lie Groups and Lie Algebras . . . . .. .. ......... ..
3.3 Differential Forms . . . . . ... .. .. ... .. ... ...
34 FibreBundles . . . . ... ... .. ... ... .. ... ...,

4 Loop Space Formulation
4.1 Why Loop Space, and Why Not? . .. .. ... ... .....
4.2 Parametrized Loops and Derivative . . . . ... ... ... ..
4.3 Connection, Curvature and Holonomy . . . . . . ... ... ..
4.4 Monopoles as Sources of Curvature . . .. ... ...... ..
4.5 Extended Poincaré Lemma . . . . . . ... ... .. ......

5 Dynamics
5.1 Interaction as Consequence of Topology . . . . . ... ... ..
52 Duality. . . . . ..
5.3 Classical Theory of Nonabelian Monopoles . . . . .. ... ..

vii

_ O Ot s



viii CONTENTS
5.4 Dual Yang-Mills Theory . ... .. ... ... ... ...... 124
55 Remarks . . . . .. .. .. L 127

6 Generalized Gauge Structures 129
6.1 Preamble . .. .. ... ... . ... L. 129
6.2 Group Manifold as Base Space . . . . . ... ... ... .... 131
6.3 Distinguishing Two Concepts of Locality . . . . ... ... .. 137
6.4 Towards a ‘Pointless’ Theory . . . . .. .. .. ... .. .... 140





