
Introducing Special Relativity

W. S. C. Williams

""Oded



Contents

Preface xi

Acknowledgements xii

1 Introduction 1

2 Momentum and energy in special relativity 4

**2.I Introduction 4
**2.2 Momentum and energy 4
**2.3 More useful formulae 6
**2.4 Units 8
**2.5 Rest mass energy 9
**2.6 Nuclear binding energy 10
**2.7 Nuclear decays and reactions 11
**2.8 Gravitation and E = Me2 13
**2.9 Summary 14

Problems 15

3 Relativistic kinematics I 17

**3.1 Introduction 17
**3.2 Elementary particle physics 18
**3.3 Two-body decay of a particle at rest 20
*3.4 Three-body decays 24
*3.5 Two-stage three-body decay 26

**3.6 The decay of a moving particle 28
3.7 Kinematics of formation 30
3.8 Examples of formation 33

**3.9 Photons 35
**3.10 Compton scattering 35
**3.11 The centre-of-mass 37



viii Contents

**3.12 The centre-of-mass in two-body collisions 41
*3.13 Reaction thresholds in the laboratory 42
*3.14 Summary 43

Problems 43

4 Electrodynamics 46

**4.1 Introduction 46
**4.2 Making contact with electromagnetism 46
**4.3 Relativistic mass 49
**4.4 Historical interlude 50

*4.5 Bucherer 51
*4.6 Accelerators 54
*4.7 The cyclotron frequency 55
*4.8 The cyclotron 56
*4.9 The limitations of the cyclotron 57
4.10 The synchrocyclotron 58
4.11 The synchrotron 59
4.12 Electron accelerators 60
4.13 Centre-of-mass energy at colliders 60

*4.14 Summary 61
Problems 62

5 The foundations of special relativity 64

**5.1 Introduction 64
**5.2 Some definitions 65
**5.3 Galilean transformations 68
**5.4 Electromagnetism and Galilean relativity 70
**5.5 Einstein's relativity 72
**5.6 The rise and fall of simultaneity 72
**5.7 Time 74
**5.8 Einstein's electrodynamics 76
**5.9 Comments on Einstein's results 78
**5.10 Charge invariance 80
**5.11 Summary 80

Problems 81

6 Relativistic kinematics II 82

**6.1 Introduction 82
**6.2 The Lorentz transformation of energy and momentum 82

*6.3 The Lorentz boost for optics: aberration 87



Contents ix

*6.4
*6.5
6.6

+6.7
*6.8

**6.9
*6.10

The relativistic Doppler effect 90
Aberration and the Doppler effect in astrophysics
Lorentz boosts and new variables 93
Graphical representation of the Lorentz boost 96
Lorentz boosts at work in particle decays • 99
Collision kinematics 100
Summary 102
Problems 102

91

7 The Lorentz transformation of time-space coordinates 109

**7.1 Introduction 109
**7.2 The Lorentz transformation of time-space coordinates 109
**7.3 Conformity with the postulates HI
**7.4 A simplification in notation 112

*7.5 A world line 113
*7.6 The interval 115

**7.7 The absence of simultaneity in special relativity 117
**7.8 The Lorentz-FitzGerald contraction 119

7.9 A diversion 122
**7.10 Time dilation 122
**7.11 The experimental tests of time dilation 125
**7.12 The travelling twin 128
*7.13 Proper time 131
*7.14 Time dilation and the Lorentz-FitzGerald contraction 132
7.15 The transformation of velocities 132
7.16 The composition of velocities 134

+ 7.17 Minkowski map 136
+ 7.18 The Lorentz-FitzGerald contraction and time dilation

on the Minkowski map 139 '•
*7.19 Summary 140

Problems 140

8 The formalities of special relativity 145

**8.1
**8.2

8.3
**8.4
**8.5

*8.6
8.7

Introduction 145
The derivation of the Lorentz transformation 145
Derivation using the k-calculus 147
Derivation using a conventional method 152
Derivation of the transformation of the
transverse coordinates 155
Summarising the Lorentz transformations 157
The general Lorentz boost 158



x Contents
+8.8 Two successive Lorentz boosts I 159
+8.9 Two successive Lorentz boosts II 160
*8.10 Four-vectors 164
*8.11 A classification of four-vectors 169
+8.12 Relativistic energy and momentum conservation validated 169
+8.13 The Thomas precession 175

Problems 178

9 Some developments in special relativity 182

*9.1 Introduction 182
*9.2 Relativistic kinematics with four-vectors 182
*9.3 More on waves 188
*9.4 Einstein to de Broglie 190
+9.5 Schrodinger's wave equation 192
+9.6 The Dirac equation 195

9.7 Maxwell's equations 198
9.8 The Lorentz transformation ofE and B 200

+9.9 The covariance of Maxwell's equations 204
+9.10 The electromagnetic four-vector potential 206
+9.11 Tensorland 208
+9.12 Electromagnetism with tensors 215
*9.13 What to remember 219
*9.14 What we have not discussed 219

Problems 220

10 A postponed prelude 226

**10.1 Introduction 226
**10.2 Maxwell and the ether 226
**10.3 The hunt for the ether: Michelson and Morley 227
**10.4 The hunt for the ether: Trouton and Noble,

Rayleigh, and Brace 230
**10.5 Saving the ether with Lorentz! 230
**10.6 Dragging the ether 232
**10.7 1905 and after 234

Problem answers 237
Bibliography 239
Index 243


