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3.5.2 Lévy Walks 115

3.5.3 Anomalous Diffusion: A Summary 118

3.6 Statistical Fluctuations between Equilibrium and Out-of-equilibrium 119

3.7 Einstein’s Approach 121

3.8 Stochastic Thermodynamics: An Introduction 126

3.8.1 Jarzynski Equality 127

3.8.2 Crooks Fluctuation Theorem 130

3.8.3 Fluctuation Theorem for a NESS 135

3.9 Bibliographic Notes 140

4 Linear Response Theory and Transport Phenomena 141

4.1 A Theoretical Basis for Transport Processes 142

4.2 The Kubo Formula for the Brownian Particle 144

4.3 Generalized Brownian Motion 146

4.4 Linear Response to an External Force 148

4.4.1 Linear Response and Fluctuation–Dissipation Relation 150

4.4.2 Work Done by a Time-Dependent Field 154

4.4.3 Simple Applications of Linear Response Theory 155

4.5 Hydrodynamics and the Green–Kubo Relation 160

4.6 Generalized Linear Response Function 165

4.6.1 Onsager Regression Relation and Time Reversal 167

4.7 Entropy Production, Fluxes, and Thermodynamic Forces 169

4.7.1 Nonequilibrium Conditions between Macroscopic Systems 169

4.7.2 Phenomenological Equations 172

www.cambridge.org/9781316512302
www.cambridge.org


Cambridge University Press & Assessment
978-1-316-51230-2 — Nonequilibrium Statistical Physics
Roberto Livi , Paolo Politi
Table of Contents
More Information

www.cambridge.org© in this web service Cambridge University Press & Assessment

ix Contents

4.7.3 Variational Principle 175

4.7.4 Nonequilibrium Conditions in a Continuous System 177

4.8 Physical Applications of Onsager Reciprocity Relations 180

4.8.1 Coupled Transport of Neutral Particles 180

4.8.2 Onsager Theorem and Transport of Charged Particles 184

4.9 Bibliographic Notes 196

5 From Equilibrium to Out-of-Equilibrium Phase Transitions:

Driven Lattice Gases 198

5.1 The Importance of Phase Transitions 199

5.2 Basic Concepts and Tools of Equilibrium Phase Transitions 200

5.2.1 Phase Transitions and Thermodynamics 200

5.2.2 Phase Transitions and Statistical Mechanics 203

5.2.3 Landau Theory of Critical Phenomena 206

5.2.4 Critical Exponents and Scaling Hypothesis 211

5.2.5 Phenomenological Scaling Theory 214

5.2.6 Scale Invariance and Renormalization Group 216

5.2.7 Equilibrium Phase Transitions Do Not Generally Exist in One

Dimension 221

5.3 The Model of Katz, Lebowitz, and Spohn 222

5.4 The (T)ASEP Models 224

5.4.1 ASEP with Periodic Boundary Conditions 225

5.4.2 TASEP with Open Boundary Conditions 227

5.5 Symmetry Breaking: The Bridge Model 231

5.5.1 Mean-Field Solution 233

5.5.2 Exact Solution for � j 1 235

5.6 Bibliographic Notes 240

6 Absorbing Phase Transitions 242

6.1 From Isotropic to Directed Percolation 243

6.2 The Domany–Kinzel Model of Cellular Automata 245

6.2.1 Contact Processes 249

6.3 The Phase Transition in DP-Like Systems 250

6.3.1 Control Parameters, Order Parameters, and Critical Exponents 250

6.3.2 Phenomenological Scaling Theory 254

6.3.3 Mean-Field Theory 256

6.4 Beyond the DP Universality Class 259

6.4.1 More Absorbing States 259

6.4.2 Conservation Laws 263

6.5 Self-Organized Critical Models 264

6.5.1 The Bak–Tang–Wiesenfeld Model 267

6.6 Bibliographic Notes 269

www.cambridge.org/9781316512302
www.cambridge.org


Cambridge University Press & Assessment
978-1-316-51230-2 — Nonequilibrium Statistical Physics
Roberto Livi , Paolo Politi
Table of Contents
More Information

www.cambridge.org© in this web service Cambridge University Press & Assessment

x Contents

7 Stochastic Dynamics of Surfaces and Interfaces 271

7.1 The Physics of Growth Processes 272

7.2 Roughness: Definition, Scaling, and Exponents 274

7.3 Deposition Models 278

7.3.1 The Random Deposition Model 278

7.3.2 Random Deposition with Relaxation 279

7.3.3 Deposition without Conservation 281

7.4 Self-Similarity and Self-Affinity 283

7.5 Symmetries and Power Counting: Toward Langevin-Type Equations 285

7.6 The Edwards–Wilkinson Equation 290

7.6.1 Dimensional Analysis 292

7.6.2 The Scaling Functions 294

7.7 The Kardar–Parisi–Zhang Equation 299

7.7.1 Overview of KPZ versus Dimension � 299

7.7.2 The Galilean (or Tilt) Transformation 301

7.7.3 Exact Exponents in � = 1 305

7.7.4 Beyond the Exponents 308

7.7.5 Experimental Results 310

7.8 Nonlocal Models 312

7.9 Bibliographic Notes 317

8 Phase-Ordering Kinetics 319

8.1 The Equilibrium Phase Diagrams 320

8.2 Quenching and Relaxation to Equilibrium 325

8.2.1 The Langevin Approach 328

8.3 The Correlation Function and the Structure Factor 333

8.4 The Coarsening Law in Ising-Like Systems: Nonconserved Dynamics 338

8.4.1 The Continuum Picture in Any Dimension 338

8.4.2 The Discrete Picture in � = 1 342

8.5 The Coarsening Law in Ising-Like Systems: Conserved Dynamics 346

8.5.1 The Continuum Picture in � > 1 346

8.5.2 The Discrete Picture in � = 1 350

8.6 Domain Size Distribution 352

8.7 The Coarsening Law in Nonscalar Systems 354

8.8 The Classical Nucleation Theory 362

8.8.1 The Becker–Döring Theory 364
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