
Contents

General introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . vii

1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1
2 The laws of General Relativity . . . . . . . . . . . . . . . . . . . . . . . 9

2.1 The Einstein equations . . . . . . . . . . . . . . . . . . . . . . . . . 9
2.1.1 Regular ellipticity and regular hyperbolicity . . . . . . . . . . 16

2.2 The Cauchy problem . . . . . . . . . . . . . . . . . . . . . . . . . . 19
2.2.1 Cauchy problem for the Einstein equations: local in time,

existence and uniqueness of solutions . . . . . . . . . . . . . 19
2.3 Decomposition of the Einstein equations . . . . . . . . . . . . . . . 31

3 Asymptotic flatness at spacelike infinity and conserved quantities . . . . . 35
3.1 Conserved quantities . . . . . . . . . . . . . . . . . . . . . . . . . . 35
3.2 Asymptotic flatness . . . . . . . . . . . . . . . . . . . . . . . . . . 54

3.2.1 The maximal time function . . . . . . . . . . . . . . . . . . . 58
3.2.2 Positivity of the energy . . . . . . . . . . . . . . . . . . . . . 60

3.3 Angular momentum . . . . . . . . . . . . . . . . . . . . . . . . . . 70
3.3.1 Independence from exhaustion . . . . . . . . . . . . . . . . . 71
3.3.2 Conservation of angular momentum . . . . . . . . . . . . . . 71

3.4 The center of mass integrals . . . . . . . . . . . . . . . . . . . . . . 72
3.4.1 Conservation of center of mass integrals . . . . . . . . . . . . 76

4 The global stability of Minkowski spacetime . . . . . . . . . . . . . . . . 78
4.1 Statement of the problem . . . . . . . . . . . . . . . . . . . . . . . 78

4.1.1 Field theories in a given spacetime . . . . . . . . . . . . . . . 79
4.2 Sketch of the proof of the global stability of Minkowski spacetime . 103

4.2.1 The problem in General Relativity – two main difficulties . . . 103
4.2.2 Resolution of the first difficulty . . . . . . . . . . . . . . . . . 103
4.2.3 Resolution of the second difficulty . . . . . . . . . . . . . . . 109
4.2.4 The controlling quantity . . . . . . . . . . . . . . . . . . . . 124
4.2.5 The continuity argument . . . . . . . . . . . . . . . . . . . . 127
4.2.6 Estimates for the geometric quantities associated to the maximal

foliation fHtg . . . . . . . . . . . . . . . . . . . . . . . . . . 131
4.2.7 Estimates for the geometric quantities associated to the null

foliation fCug . . . . . . . . . . . . . . . . . . . . . . . . . . 132
4.2.8 Decomposition of a Weyl field with respect to the surfaces St;u 137
4.2.9 The borderline error integrals . . . . . . . . . . . . . . . . . . 139

Bibliography . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 143
Index . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 145


