
Contents

1. Adding a Dimension 1
1.1 Dimensions in Physics 1
1.2 Adding a Dimension 9
1.3 Extra Dimensions to Remove Singularities 42

2. Physics as Transformations 46
2.1 Introduction to Transformations 46
2.2 Alternative Representations in Quantum

Physics and Transformations Between Them 51
2.3 States and Transformations 69

3. Localization at Saddles 75
3.1 Saddles in Terrains and Physics 75
3.2 Saddles in Quantum Systems 80

4. Coins, Classical and Quantum 90
4.1 Coins in Classical Language and Physics 90
4.2 The Quantum Coin 92
4.3 Qubitcoins 107

5. Symmetry 109
5.1 Symmetries Around Us 109
5.2 Symmetries in Quantum Physics 121

6. Maps in Various Forms 140
6.1 Maps in Human History 140
6.2 Maps in Mathematics 146
6.3 Maps in Physics 151

7. The Problem of Time 156
7.1 Time in Our Lives 156
7.2 Time in Classical Physics 157
7.3 Time in Quantum Physics 161
7.4 The Invariant Imbedding Approach 169
7.5 Should Time Be Abolished? 174



Contents

8. Complexity and Emergence
8.1 Complexity
8.2 Temperature
8.3 Phases and Phase Transitions
8.4 Even More Profound Emergences
8.5 Classical Physics Itself an Emergence

References
Index

178
178
180
181
182
184

197
199


