Contents

Introduction 1

Chapter 1. Hypercyclic and supercyclic operators 7 1. Introduction 7 2. How to prove that an operator is hypercyclic 7 3. Obstructions to hypercyclicity and supercyclicity 14 4. How big is the set of hypercyclic vectors? 18 5. Further examples 20 6. Comments and exercises 29

Chapter 2. “Universality” results 35 1. Mixing operators 35 2. Existence of Hypercyclic operators 40 3. Operators with prescribed orbits 44 4. There are many hypercyclic operators 47 5. There are few hypercyclic operators 49 6. Linear dynamics is complicated 51 7. Sums of hypercyclic operators 52 8. Comments and exercises 58

Chapter 3. Connectedness and hypercyclicity 61 1. Introduction 61 2. Connectedness and semigroups 62 3. Somewhere dense orbits 68 4. Comments and Exercises 71

Chapter 4. Weakly mixing operators 73 1. Introduction 73 2. Characterizations of weak mixing 74 3. Hypercyclic, non - weakly mixing operators 79 4. Comments and Exercises 87

Chapter 5. Ergodic theory and linear dynamics 91 1. Introduction 91 2. Gaussian measures and covariance operators 93 3. Invariant Gaussian measures for an operator 102 4. How to find an invariant Gaussian measure 106 5. The results 111 6. Examples 113 7. Further results 117 8. Comments and exercises 122 i

Chapter 6. Beyond hypercyclicity 127 1. Operators with d-dense orbits 127 2. Chaotic operators 129 3. Frequently hypercyclic operators 133 4. Spaces without chaotic or frequently hypercyclic operators 140 5. Almost closing the circle 143 6. Comments and Exercises 150

Chapter 7. Common hypercyclic vectors 153 1. Introduction 153 2. Common hypercyclic vectors and transitivity 155 3. Common Hypercyclicity criteria 159 4. A probabilistic criterion 165 5. Paths of weighted shifts 170 6. Comments and Exercises 177

Chapter 8. Hypercyclic subspaces 181 1. Introduction 181 2. Hypercyclic subspaces via basic sequences 182 3. Hypercyclicity in the operator algebra 184 4. Hypercyclic subspaces and essential spectrum 189 5. Examples 194 6. Algebras of hypercyclic functions 197 7. Comments and exercices 200

Chapter 9. Supercyclicity and the Angle Criterion 203 1. Strongly exposed points and the Angle Criterion 203 2. The Volterra operator 206 3. Parabolic composition operators 208 4. Comments and Exercises 211

Chapter 10. Linear dynamics and the weak topology 215 1. Introduction 215 2. Weakly closed and weakly dense sequences 216 3. Weak dynamics of weighted shifts 224 4. Unitary operators 235 5. Weak sequential hypercyclicity and supercyclicity 240 6. Comments and Exercises 242

Chapter 11. Universality of the Riemann zeta function 245 1. Introduction; Voronin’s theorem 245 2. Dirichlet series and the zeta function 248 3. The first half of the proof 256 4. Some Hilbert space geometry 258 5. Density of Dirichlet polynomials 260 6. Unique ergodicity and the Kronecker flow 265 7. The second half of the proof 267 8. Comments and Exercises 269

Chapter 12. The invariant subset problem on ℓ^1 273

Appendices 275 A. Complex Analysis 275 B. Function spaces 276 C. Banach space theory 279 D. Spectral theory 282 Notations 287 Bibliography 289 Author’s index 299 Index 301