
Index

Acceleration, 22, 42, 102, 104, 108, 156, 157,
170, 187, 238

centrifugal, 66
centrifugal stretch, 189
centripetal, 65, 104
centripetal Fermi-Walker, 56, 62
extreme, 207, 250
relative, 126
relative, equation for, 136–138, 186
spatial, 201
tangential Fermi-Walker, 56

Active galactic nuclei, 212
Affine parameter, 22, 77, 81, 92
Ambiguity, 202, 205
Angular momentum

azimuthal, 201
Antisymmetrization, 12, 15

of four indices, 37
Apparent horizon, 153
Arc length parameterization, 106

Basis, 11
Bel-Robinson tensor, 132
Bianchi identities, 19
Binormal of a world line, 64, 66
Black hole, 135, 186, 207, 212

Kerr, 136
rotating, 165
Schwarzschild, 136

Boost maps, 51, 66
Born rigidity, 48, 130, 138, 156, 158, 173, 200
Boundary conditions, 95
Boyer-Lindquist coordinates, 32, 166, 199

Carter observers, 176
Christoffel symbols, 18
Circular orbits, 157, 172

equatorial, 163, 192
Clock

rates, 6
synchronization, 3

Clock effect

in Kerr space-time, 246
in Schwarzschild space-time, 246

Commutation brackets, 12, 153

Components of the connector, 76, 80
Concatenation of curves, 75
Congruence of curves, 1
Connecting

tensor, 51
vector, 77, 137, 186

Connection, 17
coefficients, 60, 76
compatible with the metric, 17

Connector, 75, 144
consistency, 75
differentiability, 75
linearity, 75

Constant of motion, 192, 218
Contraction

left, 13
right, 13

Coordinate components, 226
Coordinates

ingoing, 153
null, 153

outgoing, 153
Coriolis force, 196
Cosmological constant, 28
Cotton tensor, 20
Curvature

invariants, 155, 167
scalar, 19
singularity, 155, 167

Curve
relatively flat, 65, 107
relatively straight, 65, 107, 181

de Rham Laplacian, 26, 27
Derivative

absolute, 21, 38, 53, 75
covariant, 17, 18, 27, 38
exterior, 23, 24
Fermi-Walker, 22, 38, 53, 63, 64, 66
Lie, 23, 27, 38, 53, 75
of a connecting vector, 79
of the world function, 77

spatial absolute, 39
spatial covariant, 39
spatial exterior, 39
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306 Index

spatial Fermi-Walker, 39, 54
spatial Lie, 38
spatial-Fermi-Walker temporal, 45
spatial-Lie temporal, 38, 45, 164

Deviation matrix, 187
Directional singularity, 167
Divergence operator, 25
Doppler velocity, 100, 143
Droste, 31

Eddington-Finkelstein coordinates, 153
Effective radius, 159
Eikonal, 100
Einstein tensor, 20
Einstein’s equations, 28, 129

exact solutions, 29
in Maxwell-like form, 131

Electric and magnetic fields, 113
Electric part

of a p-form, 36
Electromagnetic 1-form, 26
Electromagnetic power, 112
Embedding diagrams, 182
Energy density, 120

current, 117
of an electromagnetic field, 113, 114

Energy equation, 119
Energy of a particle, 99
Energy-momentum tensor, 113, 132

of a fluid, 116
of a perfect fluid, 117
of an electromagnetic field, 28, 113
of dust, 118
of matter energy, 28
trace-free part, 117
with thermal stresses, 123

Ergosphere, 169
Event horizon, 153, 166
Expansion, 41, 238

tensor, 111, 137, 156, 187
Exterior product, 16

Faraday, 115
Faraday 2-form, 26, 28, 33
Fermi

coefficients, 227, 256
coordinates, 80, 142, 274
frame, 151, 225, 226
metric, 81
rotation, 188, 201

Fermi-Walker
angular velocity vector, 62, 160, 170

curvature of a world line, 65, 164
gravitational force, 55, 174, 233
relative flatness, 107

relative torsion, 65
strain tensor, 139, 188, 201
structure functions, 43, 45, 62, 157
torsion of a world line, 65

transport, 22, 63, 235
Fluids, 116

dust, 118
dynamics, 118, 120
evolution equations, 118
ordinary, 118, 120
perfect, 117, 122
viscous, 124

Force

centrifugal, 106, 198, 244
gravitational, 107, 198, 235
in a fluid, 118, 121
orthogonal splitting , 111
tidal, 136

Force equation, 103, 105, 106
Frame

adapted to an observer, 2, 41, 61, 82
complex null (Newman-Penrose), 69
evolution of frame vectors, 42
inertial, 3, 60
null, 69
orthonormal, 59, 60, 238
phase-locked, 162
real null, 70
spatial, 2
structure functions, 12, 42
Sun-locked, 230

Frenet-Serret frame, 104, 138, 157, 162, 175,
257

absolute, 63
angular velocity, 63, 65, 258
comoving, 65, 69, 105–107, 182
curvature, 163
relative, 64
torsions, 163

Frenet-Serret procedure, 64

Frequency, 100
of a photon, 99
reduced, 201
shift, 80, 100, 194, 214

Geodesic, 22, 77, 192
completeness, 154
in gravitational wave metric, 185
meeting point, 178, 216
null, 219
spatially circular, 178

Geodesic deviation, 79, 135

generalized equation, 141
Gödel solution, 84
GPS, 88, 89, 94
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Index 307

Gravitational
compass, 135
drag, 217
grip, 207

polarimeter, 255
strength, 198

Gravitational waves, 87, 184, 255
polarization, 87

Gravitoelectric field, 115
Gravitoelectromagnetism, 116
Gravitomagnetic field, 116
Gyroscope, 234

on a geodesic, 255
Gyroscope precession, 208

backward, 207
forward, 207
induced by gravitational waves, 255

Hamilton-Jacobi, 218
Harmonic motion, 192, 203
Heaviside function, 183
Hodge duality, 16, 37
Hubble constant, 82
Hydrodynamics, 123, 124

Inertial
forces, 11, 55
frame, 59

Integrated spectrum, 213
Inverse boost, 51, 53
Inward direction, 194
Isometries, 27

Jacobi identities, 44

Keplerian
angular velocity, 158
relative velocity, 164

Kerr metric
inverse metric, 166
weak field limit, 210

Killing
equations, 27
horizon, 153
tensor, 28
vectors, 27, 80, 84, 86, 166

Killing-Yano tensor, 288
Kinematical tensor, 41, 53, 108
Kretschmann, 155

Kronecker delta, 13
generalized, 15

Kruskal coordinates, 154

Laboratory
as a congruence of curves, 1
space-time history, 1

Lapse, 169

Length parameterization, 57, 65
Lense-Thirring, 239

space-time, 209
Levi Civita symbol, 14
Lie

brackets, 12, 153
structure functions, 157
transport, 23

Light
speed in vacuum, 3

Line of sight, 99
Linearity

of coordinate transformations, 76
Local rest space, 49
Lorentz

factor, 49, 88, 159, 172, 216, 230
force, 113
gauge, 27
invariants, 2
transformations, 2, 8, 9, 33, 59, 60, 113,

120
Lowering of indices, 14

Magnetic part
of a p-form, 36

Maps between LRSs, 49
Mashhoon, 244
Mass density, 120
Maxwell equations, 27, 115
Measurement

ambiguity, 2
domain, 1, 91, 99, 126
local, 1
non-local, 1, 126
of angles, 95, 149
of curvature, 126
of spatial intervals, 74
of time intervals, 74

Metric tensor, 42
Minkowski, 60
Mixed projection maps, 49
Momentum, 103

4-vector, 99, 104
density of a fluid, 117

Motion in a pipe, 191

Normal
neighborhood, 77, 91
of a world line, 64, 66
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308 Index

Notation
three-dimensional, 39

Null orbits, 177, 218

Obsculating circle, 202
Observer, 2

extremely accelerated, 180
inertial, 2
static, 3, 5, 156, 169

transformations, 108
zero-angular-momentum (ZAMO), 170

Orbit
relatively flat, 65
relatively straight, 65, 181

Orientation of a frame, 14
Oriented manifold, 14
Orthogonal decomposition, 34

Painlevé-Gullstrand coordinates, 154, 166
Papapetrou equations, 232
Papapetrou field, 27
Parallel

transport, 21, 100, 178
Penrose-Debever equation, 28
Petrov classification, 28, 33, 134, 155, 168
Power equation, 104
Poynting vector, 113, 114
Precession

backwards, 198
forward, 198
in a weak gravitational field, 237
in Kerr space-time, 247

Pressure, 113
Principal null directions, 155, 168, 177
Projected absolute derivative, 55

Projection operators, 34
Proper mass of a fluid, 119
Proper time, 2

Raising of indices, 14

Ray-tracing, 218
Recession

relative motion of, 4
Reduced frequency, 203, 213
Relative boost, 49
Relative velocity, 48, 56
Relativity

factor, 3, 6
of time, 2, 3
principle, 3
special theory, 2

Ricci identities, 19, 47, 130

Ricci rotation coefficients, 60, 238
Ricci scalar, 29
Ricci tensor, 19, 29, 127

Riemann tensor, 18, 126, 143, 167
electric part, 126, 131, 136, 157, 188
Fermi-Walker spatial tensor, 47
force equation, 241

frame components, 46
magnetic part, 126, 131, 141
spatial symmetry-obeying tensor, 47
symmetries, 19

Sagnac effect, 215
Satellite attitude, 226
Scalar curvature, 127
Schiff formula, 239, 248
Schwarzschild coordinates, 152
Scurl operation, 40, 128
Separation constant, 218
Shear, 41, 117
Shiff formula, 237, 241
Shift, 169
Simultaneous event, 93, 95, 96, 143
Space distances, 91
Space-ship, 194
Space-time, 11
Space-time solutions

anti-de Sitter, 30
de Sitter, 30, 82
Friedmann-Robertson-Walker, 30
Gödel, 30, 84, 85
Gravitational plane wave, 33
Kasner, 30
Kerr, 32, 152, 165, 199, 218
Kerr-Newman, 32
maximally symmetric, 29
Minkowski, 30, 80, 88
Reissner-Nordström, 31
Schwarzschild, 31, 152, 154, 156, 157, 186

Space-time splitting, 34
Spatial

cross product, 39
curl, 40
curvature angular velocity, 160
distance, 93, 95
divergence, 40
divergence of spatial tensors, 40
duality operation, 37
gradient, 40
inner product, 39
momentum of a photon, 99

orientation, 194
velocity, 96

Spin vector

boosted, 234
Fermi-Walker transport, 235
projected, 232

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

Cambridge University Press
978-0-521-88930-8 - Classical Measurements in Curved Space-Times
Fernando de Felice and Donato Bini
Index
More information

http://www.cambridge.org/9780521889308
http://www.cambridge.org
http://www.cambridge.org


Index 309

Splitting
longitudinal-transverse, 104
of a 4-momentum, 99
of a form, 36

of a tensor, 36
of a vector, 35
of a volume 4-form, 37
of differential operators, 38

Strains, 126, 135, 139, 191
Stress

in a fluid, 121
transformation law, 121

Stress tensor, 117, 118
Structure functions, 61
Structure functions in terms of kinematical

quantities, 44
Super-energy density, 134
Super-Poynting vector, 134
Supplementary conditions, 245
Symmetrization, 15
Szekeres, 135

Tensor field
metric, 14
non-degenerate, 13

Tensor product, 12
Tetrad, 59

phase-locked, 189
Thermo-conduction, 117, 124
Thermodynamics

first law, 119
Thomas precession, 235
Three-point tensor, 147
Thrust, 207

specific, 209
Tidal strains, 201
Time delay, 80, 215
Time interval, 91, 95

Time parameterization, 54–57, 61, 233
Torsion tensor, 18
Torsions of a world line, 63
Trace of a tensor, 13
Trace-free tensor, 13
Transport law, 61

Twist tensor, 139, 188
Two-point function, 74, 75

Velocity
composition of, 97, 98
relative, equation for, 138
spatial, 96, 144

Velocity parameter, 159
Volume 4-form, 14, 34
Volume (bulk) viscosity, 117
Volumetric expansion, 41
Vorticity

tensor, 41, 156, 158, 163, 188, 238
vector, 41, 109, 137, 170, 174

Weyl tensor, 20, 28, 127, 130–132, 167
principal null directions, 28

World function, 74, 75, 92, 145
derivatives, 77, 93
in de Sitter, 82
in Gödel, 84
of a gravitational wave, 87

X-ray binaries, 212
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