
Contents

Notation xvi

Part I: Gravitational-wave theory 1

1 The geometric approach to GWs 3
1.1 Expansion around flat space 4
1.2 The transverse-traceless gauge 7
1.3 Interaction of GWs with test masses 13

1.3.1 Geodesic equation and geodesic deviation 13
1.3.2 Local inertial frames and freely falling frames 15
1.3.3 TT frame and proper detector frame 17

1.4 The energy of GWs 26
1.4.1 Separation of GWs from the background 27
1.4.2 How GWs curve the background 29
1.4.3 The energy–momentum tensor of GWs 35

1.5 Propagation in curved space-time 40
1.5.1 Geometric optics in curved space 42
1.5.2 Absorption and scattering of GWs 46

1.6 Solved problems 48
1.1. Linearization of the Riemann tensor in curved space 48
1.2. Gauge transformation of hµ⌫ and R(1)

µ⌫⇢� 49
Further reading 51

2 The field-theoretical approach to GWs 52
2.1 Linearized gravity as a classical field theory 53

2.1.1 Noether’s theorem 53
2.1.2 The energy–momentum tensor of GWs 58
2.1.3 The angular momentum of GWs 61

2.2 Gravitons 66
2.2.1 Why a spin-2 field? 66
2.2.2 The Pauli–Fierz action 70
2.2.3 From gravitons to gravity 74
2.2.4 E↵ective field theories and the Planck scale 79

2.3 Massive gravitons 81
2.3.1 Phenomenological bounds 82
2.3.2 Field theory of massive gravitons 84

2.4 Solved problems 95
2.1. The helicity of gravitons 95
2.2. Angular momentum and parity of graviton states 98

Further reading 100



viii Contents

3 Generation of GWs in linearized theory 101
3.1 Weak-field sources with arbitrary velocity 102
3.2 Low-velocity expansion 105
3.3 Mass quadrupole radiation 109

3.3.1 Amplitude and angular distribution 109
3.3.2 Radiated energy 113
3.3.3 Radiated angular momentum 114
3.3.4 Radiation reaction on non-relativistic sources 116
3.3.5 Radiation from a closed system of point masses 121

3.4 Mass octupole and current quadrupole 125
3.5 Systematic multipole expansion 131

3.5.1 Symmetric-trace-free (STF) form 134
3.5.2 Spherical tensor form 139

3.6 Solved problems 156
3.1. Quadrupole radiation from an oscillating mass 156
3.2. Quadrupole radiation from a mass in circular orbit 158
3.3. Mass octupole and current quadrupole radiation from

a mass in circular orbit 161
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