Contents

Chapter 1. Lecture 1 (February 6) 3 1. What will be done in this course? (informal description) 3 2. Recall: the real line R 3 3. What do we need to do topology?

First attempt: metric spaces 4 4. What do we need to do topology?

Topological spaces: the abstract definition 5

Chapter 2. Lecture 2 (February 13) 7 1. Abstract definitions 7 2. Basis for a topology 9

Chapter 3. Lecture 3 (February 20) 13 1. Bases: continuation of the previous lecture 13 2. Countability axioms 14 3. Topological aspects associated to subspaces 15

Chapter 4. Lecture 4 (February 24) 21 1. Continuous functions 21

Chapter 5. Lecture 5 (March 6) 25 1. Normal spaces 25

Chapter 6. Lecture 6 (March 13) 35 1. Compact spaces 35

Chapter 7. Lecture 7 (March 13) 39 1. Compact spaces- continuation 39

Chapter 8. Lecture 8 (April 3) 47 1. Locally compact spaces 47

Chapter 9. Lecture 9 (April 10) 53 1. Connected spaces 53

Chapter 10. Quotient topologies 57 1. Quotient sets 57 2. Quotient topologies 59 3. Particular classes of quotients 61 4. Properties of quotient topologies 63 5. More examples 65 6. Exercises 75 123

124 CONTENTS

Chapter 11. Attaching cells 77 1. Cells 77 2. Attaching one n-cell 78 3. The characteristic map 80 4. Reconstruction 82 5. Adjoining more cells; cell complexes 84

Chapter 12. Fundamental group 89 1. Homotopies 89 2. Path homotopies 91 3. The fundamental group 95 4. Covering spaces and the homotopy group of S^1 98

Chapter 13. The Seifert- van Kampen theorem 103 1. The statement and first explanations 103 2. The case G_1 = G_2 = {1} 105 3. The case N = G_2 = {1} 105 4. The case G_2 = {1} 107 5. The case N = {1} 111 6. The general case 114 7. Examples 115