
Contents

Preface vii
Contents ix

BOOK 1

PartA: IntroductorySurvey

1 The kinetictheory in the history of physics 3
1.1 Organizationof thisbook 4
1.2 Airpressure 8
1.3 The kinetictheoryin the18thcentury 19
1.4 Absolutetemperatureand thethermalexpansionof

gases 23
1.5 Opinionson thenatureof heatbefore1840 27
1.6 The Second ScientificRevolution1800-1950 35
1.7 Naturephilosophyand thereactionagainst

materialism 51
1.8 Triumphs and failuresof the kinetictheory 69
1.9 Fin de Siecleand theresurrectionof atomism 90

PartB: Personalities

2 Herapath 107
2.1 Introduction 107

ix



X CONTENTS

2.2 Herapath's 1820 paper 110

2.3 The Royal Society controversy 115

2.4 Railways 121

2.5 The Mathematical Physics 127

2.6 Herapath's reputation afterthe revival of the kinetic
theory 130

3 Waterston 134

3.1 Biography 134

3.2 His 1845 paper 146

3.3 Theory of sound 149

3.4 Rayleigh's discovery of Waterston's paper 156

3.5 Later references 158

4 Clausius 160

4.1 Joule's revival of Herapath's theory 160

4.2 Kronig's 1856 paper 165

4.3 Clausius and the elementary kinetictheory 168

4.4 The mean free path 177

4.5 Later writings on kinetic theory 181

5 Maxwell 183

5.1 Possible source of the statisticalapproach 183

5.2 Gas viscosity 189
5.3 Specificheats and the hypothetico-deductive method 194

5.4 Reception of the kinetic theory in the 1860's 198

5.5 Maxwell, Osborne Reynolds, and the radiometer

(with C. W. F. Everitt,co-author) 210

6 BOLTZMANN 231
6.1 The distributionlaw 231

6.2 Transport equation and H-theorem 235

6.3 Reversibilityand recurrence paradoxes 238

6.4 Statisticalmechanics and ergodic hypothesis 240

6.5 Other contributions 243

6.6 Defense of the atomic viewpoint 244

6.7 Bibliography 247

7 Van der Waals 249

7.1 The states of matter 249

7.2 Biographical note 251

7.3 Earlier research on the gas-liquid transition 256



CONTENTS Xi

7.4 Kinetictheoryof non-idealgases 264

7.5 The van der Waals force 269
7.6 Recent speculationsabout statesof matter 270

8 Mach 274
8.1 The background for Mach's opinionson atomism 277
8.2 Mach's earlypro-atomism (1862) 282
8.3 Mach turns againstatomism (1872) 285
8.4 Miscellaneousremarks (1882-95) 287
8.5 Reconciliationof mechanisticand phenomenological

physics(1896-1900) 290
8.6 Mach "sees" an atom (1903) 294
8.7 The unrepentantsinner(1910) 295

8.8 Summary and concludingremarks 296
Index xv

BOOK 2

Part C: Problems

9 The wave theory of heat 303
9.1 Heat and radiationin the 19th century 303
9.2 Radiant heat and the declineof the calorictheory 307
9.3 Ampere's theory 314
9.4 Reception of the wave theory,1831-45 318

9.5 Transition from wave theory of heat to ther-
modynamics 325

9.6 Disappearanceof thewave theoryof heatafter1850 329

10 Foundations of statistical mechanics 1845-1915 335
10.1 Waterston'sequipartitiontheorem 336
10.2 Clausius'spostulateaboutinternalmotions 339
10.3 Maxwell's velocitydistribution 342

10.4 Equalizationof kineticenergy by collisions 343
10.5 The effectof forces on the distributionlaw: The

"Boltzmann factor" 347
10.6 Equilibriumof a column of gas under gravitational

forces 349
10.7 Approach to equilibriumand theproblem ofirreversi-

bility 351
10.8 The paradox of specificheats 353
10.9 Validityof the equipartitiontheorem 356

10.10 The ergodichypothesisof Boltzmann and Maxwell 363



Xli CONTENTS

10.11 Digression on the history of mathematics 378

10.12 Proof of the impossibilityof ergodic systems 383

11 Interatomic forces and the equation of state 386

11.1 The Newtonian program 386

11.2 The equation of statein the calorictheory 397

11.3 Interatomic forces in early kinetic theories 401

11.4 The virialtheorem 404

11.5 The van der Waals equation 406

11.6 Later discussions of the equation of state for hard

spheres 411

11.7 Second virialcoefficientfor continuous force law 416
11.8 Gibbs' statisticalmechanics 419

12 Viscosity and the Maxwell-Boltzmann transport

theory 422

12.1 Introduction 422

12.2 Mean-free-path formulae for viscosity 426

12.3 Maxwell's transport theory 432

12.4 Boltzmann's equation and the H-theorem 443

12.5 Hilbert'swork on the Boltzmann equation 447

12.6 Chapman's transport theory 449

12.7 Enskog's solution of the Boltzmann equation 456

12.8 Viscosity of dense gases 460

Appendix 12A: Biographies of Chapman and Enskog 463

13 Heat conduction and the Stefan-Boltzmann law 469

13.1 Introduction 469

13.2 The Dulong-Petit law of cooling 478

13.3 Heat conduction in gases, before Maxwell 483

13.4 Maxwell's kinetic theory of heat conduction 489

13.5 Experimental testsof Maxwell's theory 499

13.6 The temperature of the sun 507

13.7 The Stefan-Boltzmann law 513

13.8 The three modes of heat transfer 524

Appendix 13A: Leslie'sanalysis of heat transfer 534

Appendix 13B: Derivation of the T4 law 539

14 Randomness and irreversibility 543

14.1 Introduction: the world-machine and cosmic history 543

14.2 The cooling of the earth 551



CONTENTS XlII

14.3 The Second Law of Thermodynamics and the concept

of entropy 566

14.4 The introduction of statisticalideas in kinetictheory 583

14.5 Boltzmann's statisticaltheory of entropy 598

14.6 Molecular disorder 616

14.7 The recurrence paradox 627

14.8 Toward quantum theory: Planck's irreversibleradia-

tion processes 640

15 Brownian movement 655

15.1 Robert Brown's observations and interpretations

thereof 657

15.2 Miscellaneous observations and qualitativeexplana-

tions, 1840-78 663

15.3 Criticisms of the molecular-impact theory 667

15.4 Einstein'stheory of Brownian movement 672

15.5 Smoluchowski's theory of Brownian movement 686

15.6 Perrin's experiments and the realityof atoms 693

Part D: Bibliography

16 The literature of kinetic theory 705
16.1 Quantitative aspects of the history of kinetictheory 705

16.2 Journals and abbreviations 712

16.3 Bibliography of research publications on the kinetic

theory of gases, 1801-1900 721

Index xv


	page1
	page2
	page3
	page4
	page5

