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1960 ε 3 (Earth satellite), 33

1pN Lense–Thirring

acceleration, 12, 31, 88, 90, 98, 101, 103, 119, 223

acceleration, normal component, 90

acceleration, radial component, 90

acceleration, transverse component, 90

correction to the draconitic period, 99

correction to the sidereal period, 100

dec., instantaneous shift, 115, 116

dec., net shift per orbit, 115, 229

effect, 7, 88–90, 93, 96, 231–233

equations of motion, numerical integrations, 98, 99,

101–103, 118

full width at half maximum transit duration, net

shift per orbit, 111

inclination, net shift per orbit, 106, 228, 229

inclination, precession, 89, 217, 227

ingress/egress transit duration, net shift per orbit,

110

instantaneous orbital shifts, 92

instantaneous orbital shifts, 13, 92, 197

longitude of the pericentre, precession, 93

mean anomaly at epoch, net shift per orbit, 98

microquasar, precession, 89

node, net shift per orbit, 228, 229

node, precession, 219, 227

orbital precessions, equatorial orbit, 94

orbital precessions, general case, 93, 97, 100, 102,

217–219

orbital precessions, polar orbit, 95, 231

periastron, precession, 89, 224

pericentre, net shift per orbit, 228, 229

perihelion, precession, 89, 220

perturbed orbit, 102

RA, instantaneous shift, 115, 116

RA, net shift per orbit, 115, 229

radial velocity curve, instantaneous shift, 107–109

radial velocity curve, net shift per orbit, 108, 109

radial velocity semiamplitude, net shift per orbit,

106, 109, 110, 229

range rate, instantaneous shift, 116–118

range, instantaneous shift, 116–118

semilatus rectum, instantaneous shift, 106

sky-projected spin-orbit angle, precession, 113, 114

time of inferior conjunction, net shift per orbit, 111,

113

total transit duration, net shift per orbit, 110

transit characteristic timescales, net shifts per orbit,

112

variation of the times of arrival, instantaneous shift,

114

variation of the times of arrival, net shift per orbit,

109, 114

1pN graviteolectric test particle

mean anomaly at epoch, net shift per orbit, 229

pericentre, net shift per orbit, 229

1pN gravitoelectric

feature of motion, 12

orbital effects, 16, 64

1pN gravitoelectric test particle

acceleration, 31, 54, 57–61, 146

acceleration, normal component, 55

acceleration, radial component, 55

acceleration, transverse component, 55

dec., instantaneous shift, 62

dec., net shift per orbit, 229

equations of motion, 59–61, 63

equations of motion, numerical integrations, 58–61,

63

instantaneous orbital shifts, 55

mean anomaly at epoch, net shift per orbit, 229

mean anomaly at epoch, precession, 220

mean anomaly, instantaneous shift, 57, 63

net orbital shifts, 154

orbital precessions, 56, 58, 60, 217–219

pericentre, net shift per orbit, 228

perihelion, precession, 7, 54, 220

RA, instantaneous shift, 62

RA, net shift per orbit, 229

1pN gravitoelectric two-body

acceleration, 64, 73

acceleration, normal component, 65, 75

acceleration, radial component, 65, 75

acceleration, transverse component, 65, 75
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eccentricity, instantaneous shift, 76

full width at half maximum transit duration, net

shift per orbit, 70

ingress/egress transit duration, net shift per orbit, 70

instantaneous orbital shifts, 65, 74

mean anomaly, instantaneous shift, 66

net orbital shifts, 66, 78

orbital precessions, 224

periastron, precession, 224

pericentre, fractional advance, 80, 83

pericentre, instantaneous shift, 74

radial velocity curve, instantaneous shift, 68

radial velocity curve, net shift per orbit, 68

radial velocity semiamplitude, net shift per orbit, 68

range rate, instantaneous shift, 63

range, instantaneous shift, 63

semimajor axis, instantaneous shift, 76

time of inferior conjunction, net shift per orbit, 71,

72

total transit duration, net shift per orbit, 69

transit characteristic timescales,

net orbital shifts, 71

transit characteristic timescales,

net shifts per orbit, 68

variation of the times of arrival,

instantaneous shift, 72

variation of the times of arrival,

net shift per orbit, 72

1pN gravitomagnetic

feature of motion, 12, 88

orbital effects, 16, 91, 227

orbital precessions, 88, 94

1pN gravitomagnetic spin octupole

acceleration, 119

acceleration, normal component, 120

acceleration, radial component, 120

acceleration, transverse component, 120

orbital precessions, equatorial orbit, 121

orbital precessions, general case, 120

orbital precessions, polar orbit, 122

1pN quadrupole

acceleration, 147

acceleration, normal component, 147

acceleration, radial component, 147

acceleration, transverse component, 147

direct orbital precessions, 148

direct orbital precessions, equatorial orbit, 149

direct orbital precessions, general case, 148

direct orbital precessions, polar orbit, 149

mixed net orbital shifts, total, equatorial orbit, 151

mixed net orbital shifts, total, general case, 13, 150,

203

mixed net orbital shifts, total, polar orbit, 152

mixed orbital precessions, total, 151, 154

orbital precessions, total, 154

2pN

acceleration, 73

acceleration, normal component, 74

acceleration, radial component, 74

acceleration, transverse component, 74

direct, net orbital shifts, 74

mixed I, net orbital shifts, 75

mixed II, net orbital shifts, 76

mixed, total net orbital shifts, 77

net orbital shifts, total, 73, 77, 78

orbital effects, 12

orbital precessions, 225

orbital precessions, total, 78

periastron, precession, 73, 224

pericentre, fractional advance, 80, 83

pericentre, net shift per orbit, 74, 80

3rd body

disturbing function, gravitoelectric, 160

disturbing function, gravitomagnetic, 162

mass, 155, 156, 160–162, 189

spin angular momentum, 155, 162, 189, 226

spin angular momentum unit vector, 189

3rd body, orbit around

argument of pericentre, 189, 225, 226

de Sitter, orbital precessions, 161, 232

distance, 161, 162, 189

eccentricity, 189, 225

gravitomagnetic, orbital precessions, 163

inclination of the orbital plane, 189

Keplerian mean motion, 156, 189

longitude of the ascending node, 189

orbital angular momentum, 161, 217, 226

orbital angular momentum per unit mass, 160, 189

orbital angular momentum unit vector, 189

orbital period, 155, 161, 162, 189, 225

semimajor axis, 189

true anomaly, 189

acceleration, centripetal, 104

accretion, disk, 87, 90

activity indices

photometric time series, 85

spectroscopic time series, 85

affine, parameter, 3, 182

altimetry, 170

angle, broken, see angle, dogleg

angle, dogleg, 17, 35

anomalistic period, see orbital period, anomalistic

anomaly

eccentric, 18, 157, 166, 168, 169, 173, 187

mean, 17, 18, 63, 98, 116, 144, 186

mean, at epoch, 8, 17, 26, 31, 94, 98, 186, 220,

229

mean, at epoch, net shift per orbit, 228

mean, at epoch, precession, 26, 31

mean, instantaneous shift, 36, 37, 52

true, 17, 18, 21, 30, 36, 46, 186

true, at epoch, 21, 25, 28–30, 37, 56, 74, 83, 127,

186, 189, 225

true, at midtransit, 46

true, instantaneous shift, 36
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apocentre

height, 231

position of, 18, 55, 97

approximation, weak-field and slow-motion, 5, 87,

156, 175

apsidal, constant, 85, 183

apsidal period, see orbital period, anomalistic

apsides

line of, 17, 27, 30, 33, 58, 59, 97, 98, 129–131

position of, 55

Astrodynamical Space Test of Relativity using Optical

Devices (ASTROD) (interplanetary probe), 233

astrodynamics, 11

astrometry, relativistic, 11

astronomy, 11

atoms, 87

attraction, gravitational, 3

B1620–26, triple system, 96

barycentric, radial velocity, see radial velocity,

spectroscopic binary, systemic

Bayesian, approach, 8

BepiColombo (interplanetary probe), 51, 52, 63, 89,

118, 144

Bessel

function of the first kind of order s, 18, 182

modified function of the first kind of order s, 182

modified function of the first kind of order s = 0,

168

modified function of the first kind of order s = 1,

169

binary, 6, 7, 64, 73, 84, 94, 96, 107, 109, 125, 136, 166

angular momenta, 94, 107, 115

angular momentum, body A, 94, 96, 107, 184

angular momentum, body B, 94, 107, 184

companion, 38, 48, 72, 85, 96, 107, 114, 124, 136,

141, 142, 184, 225

companion, mass, 38, 107, 136, 184

companion, standard gravitational parameter, 184

equatorial radius, body A, 185

equatorial radius, body B, 185

magnitude of the angular momentum, body A, 184

magnitude of the angular momentum, body B, 184

mass, body A, 7, 37, 64, 73, 94, 107, 125, 136, 184

mass, body B, 7, 37, 64, 73, 94, 107, 125, 136, 184

masses, 7, 37, 64, 73, 94, 107, 115, 125, 136, 141,

161, 166

normalized mass, body A, 80, 184

normalized mass, body B, 80, 184

pulsar-white dwarf, minimum distance, 72, 115

quadrupole mass moment (dimensional), body A,

125, 136, 185

quadrupole mass moment (dimensional), body B,

125, 136, 185

quadrupole mass moment (dimensionless), body A,

185

quadrupole mass moment (dimensionless), body B,

185

quadrupole mass moments, 125, 136, 141

reduced mass, 96, 184

spectroscopic, 37

spectroscopic, double-lined (SB2), 37

spectroscopic, light curve, 37

spectroscopic, single-lined (SB1), 37

spin axes, 11, 141

spin axis, body A, 184

spin axis, body B, 184

standard gravitational parameter, 64, 184

symmetric mass ratio, 65, 184

total mass, 38, 64, 80, 107, 184

black hole, 6, 48, 62, 68, 69, 74, 87, 124, 227

accretion disk, 92

horizon, 86

mass, 181

Schwarzschild radius, 68, 181

singularity, naked, 86, 227

standard gravitational parameter, 181

Blandford–Znajek effect, 87

blazar, 74

body

characteristic size, 182

fluid, 85

fluid, centre, 85

fluid, homogeneous, 85

fluid, mass concentration, 85

hydrostatic equilibrium, 84, 85, 124, 183

massive, 3, 13, 84, 190, 192

massive, spherically symmetric, 191

boson stars, 227

bosons, 227

causality violations, 86

Celestial

Equator, 218, 219, 231

Sphere, 38

celestial mechanics, 11

perturbative methods, 19

relativistic, 11

censorship, cosmic conjecture, 86

centrifugal quadrupole parameter, 124, 183

Christoffel, symbols of the second kind, 3, 182

Chronos, personification of time in pre-Socratic

philosophy, 2

clock, 87

gravitomagnetic effect, 91, 103, 104

clouds, 41

collapse, gravitational, 86

conditions, initial, 9, 83

coordinate, system, 5

coordinates, 5

harmonic, 11, 190

coordinates, spatially isotropic, see coordinates,

harmonic

correlations, matrix, 8

cosmic expansion, accelerated, 10

cosmological constant, 165, 166, 168
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counter orbiting particles, 91, 103, 104

covariance matrix, 8

curvature of spacetime, see spacetime, curvature of

Damour-Deruelle

mean motion, 81, 188

parametrization, 73, 80, 81, 189

proper time eccentricity, 80, 189

dark matter, 10, 165, 172, 173

density profile, 165

density profile, exponential, 13, 172

density profile, power-law, 13, 173

density profile, scale length, 181

density profile, scaling parameter, 181

exponential density profile, orbital precessions, 173

power-law density profile, exponent, 182

power-law density profile, mean anomaly at epoch

precession, 213

power-law density profile, orbital precessions, 13,

174, 212

power-law density profile, pericentre precession,

212

dark matter, nonbaryonic, 171

Darwin–Radau, relation, 84, 183

dimensionless parameter, 84, 183

data centres, 11

data reduction, 170

data reduction software, 223

de Sitter–Fokker perigee precession, 162

de Sitter–Fokker spin precession, 15, 48, 155, 160

dec., of the north pole of rotation, 94, 95, 121, 122,

128, 149, 151, 183

declination (dec.), 11, 12, 36, 49, 185, 229

DI Herculis (binary star), 85

differential geometry, see geometry, differential

disturbing function, 26, 182, 190

dark matter, exponential density profile:, 173

dark matter, power-law, density profile, 173, 212

logarithmic, 169

draconitic period, see orbital period, draconitic

drag-free, spacecraft, 230, 232, 233

dragon, 31

Earth, 2, 7, 8, 13, 16, 33, 39, 46, 48–50, 54, 59–61,

63, 64, 88, 90, 98, 101, 103, 116, 131, 135, 144,

146, 164, 196, 219, 223, 225, 230, 233

angular momentum, 7, 180

angular momentum per unit mass, magnitude, 215

angular momentum, magnitude, 180, 215

dec. of the north pole of rotation, 215

ellipticity, 215

equatorial plane, 230, 232

geopotential, 223, 224, 232

geopotential, even zonal harmonics, 223, 224, 232

geopotential, odd zonal harmonics, 232

mass, 180

physical parameters, numerical values, 215, 223

quadrupole mass moment (dimensionless), 180,

230

RA of the north pole of rotation, 215

radius, equatorial, 180, 215

radius, polar, 215

satellites, 33, 49, 88, 232

satellites, geodetic, 7, 54, 88, 217, 222, 223

spin axis, 181

standard gravitational parameter, 180

eccentricity, 7, 16, 20, 31, 63, 68, 69, 72, 80, 81, 83,

97, 115, 140, 144, 186, 189

instantaneous shift, 37

rate of change, 21

Echelle SPectrograph for Rocky Exoplanets and

Stable Spectroscopic Observations

(ESPRESSO), 39

eclipse, 31

primary, 40

secondary, 40

ecliptic, plane of, 16, 231

Einasto, mass density profile, 172

Einstein, field equations, 4–6, 11, 227

Einstein, gravitational constant, 5, 181

Einstein, summation convention, 191

ejecta, angle, 89

electric

charges, 87

currents, 87

electromagnetic waves, see waves, electromagnetic

electromagnetism, 87

Elliptical Uranian Relativity Orbiter (EURO)

(interplanetary probe), 14, 230, 231

ellipticity, 119, 183

ELXIS (Earth satellite), 14, 230, 232

energy, 4

density, 5

potential, of interaction, 192

rest, 4

energy-momentum, tensor, 4, 181

Ephemeris of Planets and the Moon (EPM), 220

equation of geodesics, 3

equations of motion, 3, 6, 11, 35

equator, 104, 105

Equivalence Principle (EP), 2–4

strong, 3, 226

weak, 2

Euler angles, 17

European Southern Observatory (ESO), 40

European Space Agency (ESA), 233

even zonal harmonic, degree ` = 2, see quadrupole

mass moment (dimensionless)

Event Horizon Telescope (EHT), 6, 92

exoplanets, 16, 37–39, 64, 68, 69, 89, 92, 107–109,

112, 136

angular momentum, 108, 109, 141

circumbinary, 96

eccentricity, 68, 69, 71, 112, 141

mass, 69, 108, 109, 136, 137

orbital angular momentum, 141

orbital frequency, 108, 109, 136, 137
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exoplanets (cont.)

orbital period, 68, 69, 108, 109, 136

quadrupole mass moment (dimensionless), 136,

137

radius, 42, 46, 69, 108, 109, 136, 137

rotational frequency, 108, 109, 136, 137

sky–projected spin–orbit angle, precession, 47, 113,

141, 142

sky-projected orbital angular momentum, 46, 92

sky-projected spin-orbit angle, 92

spin axis azimuth in the plane of the sky, 92

spin-orbit, misalignment, 108

star–planet, distance, 108, 109, 136, 137

star–planet, minimum distance, 68, 71, 72, 112,

140, 141

exoplanets, habitable, 39

exoplanets, host star, 71, 92, 107, 112, 113, 140–142

angular momentum, 47, 108, 109, 113, 141

azimuthal angle of the spin axis in the plane of the

sky, 47

equatorial radius, 42, 46, 141

mass, 108, 109, 137

quadrupole mass moment (dimensional), 142

quadrupole mass moment (dimensionless), 137,

141

radius, 108, 109, 137

sky-projected angular momentum, 47, 92

spin axis, 92, 113, 141, 142

spin axis azimuth in the plane of the sky, 113

spin axis tilt to the line of sight, 92, 113, 142

exoplanets, transiting, 11, 12, 36, 40, 41, 46, 68, 71,

72, 92, 109, 112, 113, 137, 140–142

characteristic timescales, 11, 12, 40, 71, 72, 113,

141

disk, 40

impact parameter, 42, 183

planet to star radius ratio, 42, 185

sky-projected spin-obit angle, 12, 46

sky-projected spin-orbit angle, 113, 141

exotic compact objects (ECOs), 227

explanets

longitude of the ascending node, 47

Extreme Precision Radial Velocity (EPRV), 39

EXtreme PREcision Spectrograph (EXPRES), 39

fermion balls, 227

fermions, 227

field

1pN gravitoelectric, 48, 63, 217–220, 232, 233

1pN gravitomagnetic, 84, 87–90, 96, 98, 116, 164,

217–220, 223, 224

1pN gravitomagnetic, Lorentz-violating, 175,

184

1pN gravitomagnetic, matter ring, 96, 217, 226

1pN gravitomagnetic, spin octupole, 119, 184

gravitational, 2, 3, 5–7, 11, 15, 84, 88, 155

gravitational, external, 3, 226

pK quadrupolar, 217, 219, 220

field effective theory, 10

free fall, 2, 3, see fall, free

full-width at half-maximum (FWHM),

cross-correlation function (CCF), 85

Galactic Centre, 6, 14, 20, 38, 49, 55, 172, 217, 227

galaxies, 10, 171

halos, 172, 173

Galaxy (Milky Way), 97

Gauss

equations for the variations of the orbital elements,

22, 80, 83

general theory of relativity (GTR), 1–6, 9, 11, 37, 54,

65, 82, 87, 89, 156, 165, 190, 224, 225, 227,

233

generalized hypergeometric function, 174, 182

geodesic deviation equation, 5

geodesics, equation of, see equation, of geodesics

geodetic precession, spin, see de Sitter–Fokker,

precession, spin

geometry, differential, 2

GRACE Follow–On (GRACE–FO) (Earth satellite),

50

grava-stars, 227

gravitation, 1–5, 11

gravitational attraction, see attraction, gravitational

gravitational field, see field, gravitational

gravitational potentials, see potentials, gravitational

gravitational waves, see waves, gravitational

gravitoelectromagnetism, paradigm, 87

gravitomagnetic field, see field, 1pN gravitomagnetic

gravitomagnetic precessions, see 1pN

Lense–Thirring, orbital precessions, general case

gravitomagnetism, 4, 87, 89

gravity

absence of, 3

field, mapping, 170

models of, modified, 10, 13, 16, 31, 37, 82, 169

Gravity Probe B (GP–B) (Earth satellite), 7, 90

Gravity Recovery and Climate Experiment (GRACE)

(Earth satellite), 50

Gravity Recovery and Interior Laboratory (GRAIL)

(Moon satellite), 50

GRAVSAT (Earth satellite), 50

Greeks, ancient, 31

gyroscopes, 7, 87, 90

H ´̄elios, Greek deity of Sun, 54

H1743–322 (microquasar), 90

Hamilton–Jacobi method, 73, 80

HD 209458 (star), 92

HD 286123 (star), 40, 41

helioseismology, 85

hierarchical triple system, 96, 155, 165, 225

distant companion, 96, 97, 155, 165, 225, 227

inner binary, 155, 165, 217, 225, 226

Highly Elliptical Relativity Orbiter (HERO) (Earth

satellite), 14, 230
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Horizons System, NASA JPL, 63, 64, 117, 144, 145,

221

Hubble parameter tension, 10

Iūnō, Roman deity, 13

Icarus (asteroid), 7, 54

imaginary unit, 87

in-plane acceleration, 90

inclination

of the orbital plane, 7, 16, 20, 106, 133, 186, 217,

228, 231, 232

of the orbital plane, critical, 230

inclination, net shift per orbit, 228

inclination, precession, 22, 218

inertial forces, 15

centrifugal, 15

Coriolis, 4, 15

inner planets of the solar system, see solar system,

planets, inner

interactions, fundamental, 1

International Astronomical Union (IAU), 11

International Celestial Reference Frame (ICRF), 63,

64, 117, 144, 145, 214, 215, 217, 220, 221, 223

inverse-square, law, see Newton, inverse-square law,

acceleration

IORIO (interplanetary probe), 14, 230, 231

iron line, 90

J2000.0, reference epoch, 49, 214, 215, 218, 219

Jacobi equation, see geodesic, deviation, equation

Jet Propulsion Laboratory (JPL), 63, 64, 117, 144,

145, 221

Juno (interplanetary probe), 13, 88, 217, 220–222

node period, 221

orbital parameters, 221

perijove period, 221

Jupiter, 13, 40, 68, 69, 71, 85, 88, 90, 96, 107–109,

112, 113, 136, 137, 140, 141, 146, 217, 220, 221,

231

angular momentum, 181

angular momentum, magnitude, 181

dec. of the north pole of rotation, 181, 215

ellipticity, 215

mass, 181

physical parameters, numerical values, 215, 221

quadrupole mass moment (dimensionless), 181,

221

RA of the north pole of rotation, 181, 215

radius, equatorial, 181, 215

radius, polar, 215

spin axis, 181

standard gravitational parameter, 181

K2–137 (star), 40, 107, 136

Kelt–9 (star), 47, 107, 113, 114, 141, 142

Kepler

mean motion, 185

orbital elements, 7, 8, 11, 13, 16, 18–22, 25, 27, 29,

30, 36, 58, 59, 63, 64, 73, 78, 80, 82, 88, 117,

120, 126, 129, 131, 144, 145, 148, 150, 160,

197, 199

Kepler mean motion, see mean motion, Keplerian

Kepler orbital period, see orbital period, Keplerian

Kepler third law, 216

Kepler, ellipse, 16, 19, 20, 26–28, 30, 31, 34, 74,

191–193

osculating, 19–25, 31, 58, 60, 97, 100, 102, 130,

132, 134

Kepler–13 (star), 47

Kerr black hole, 86, 87, 91, 125, 227

angular momentum, 86, 89, 115, 181, 227

angular momentum, magnitude, 86, 181

even spin moments, 87

mass, 227

mass multipole moments, 86, 181

multipole moments, 227

odd mass moments, 87

quadrupole mass moment (dimensional), 125, 143,

181

shadow, 6, 92

spacetime, 91

spin axis, 181

spin axis azimuth in the plane of the sky, 115, 181

spin axis tilt to the line of sight, 181

spin dipole moment, 86

spin multipole moments, 86, 181

spin parameter, 86, 181

Kronecker delta, 158, 182, 190

Kronos (Greek pre-Olympian deity), 2

LAGEOS (Earth satellite), 14, 217, 222, 223

node period, 222

orbital period, 222

perigee period, 222

retroreflectors, 222

LAGEOS–2 (Earth satellite), 222

Lagrange equations of motion, 147

Lagrange planetary equations, 13, 26

Lagrangian per unit mass, 182

1pN Lense–Thirring, 192

1pN gravitoelectric test particle, 147, 191

1pN gravitoelectric, test particle, 191

Newtonian, quadrupole mass moment

(dimensionless), 193

Newtonian, spherical body, 26, 191

pK, 13, 26, 27, 190, 193

Laplace–Lagrange, first parameter, 32, 186

Laplace–Lagrange, second parameter, 32, 186

Laplace–Runge–Lenz

unit vector, 58, 129, 188

vector, 32, 59, 97, 98, 188

LARES (Earth satellite), 222, 230

LARES–2 (Earth satellite), 222

Laser Astrometric Test Of Relativity (LATOR)

(interplanetary probe), 233

Laser Interferometer Gravitational-wave Observatory

(LIGO), 6
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laser, pulses, 222

laser-ranging stations, 11

latitude, argument of, 17, 35, 106, 186

latitude, argument of

at epoch, 186, 227, 229

latitude, argument of

at epoch, 229

least-square approach, 8, 146

Legendre

polynomial of degree `, 123, 182

polynomial of degree ` = 3, 119

LEnse–Thirring Sun–Geo Orbiter (LETSGO)

(interplanetary probe), 14, 230, 231

lensing, gravitational, 92

Levi-Civita 3-dimensional symbol, 182, 191

line

of sight, 113, 142

straight, 3

line of sight, see sight, line of

logarithmic potential, 169

characteristic length scale, 169, 184

mean anomaly at epoch, precession, 169

orbital precessions, 169

pericentre, precession, 169

longitude, true, 17, 35, 101, 133, 186

at epoch, 186

Lorentz invariance, see Lorentz, symmetry

Lorentz, symmetry, 4, 10

spontaneous breaking, 175

violations, 10, 13, 165, 175

Lorentz-violating coefficients, 175

vector, 184

Lorentz-violating gravitomagnetic

acceleration, 175

acceleration, normal component, 175

acceleration, radial component, 175

acceleration, transverse component, 175

Lorentz-violating off-diagonal coefficients

vector, 175

Love, number, 85, 183

LS I+61◦303 (microquasar), 89

Lunar Laser Ranging (LLR), 2, 6, 162

M dwarf Advanced Radial velocity Observer Of

Neighbouring eXoplanets (MAROON–X),

39

magnetohydrodynamical general relativistic

simulations, 92

manifold

differentiable, 2

Lorentzian, 1, 2, 181

pseudo-Riemannian, 2

Riemannian, 2

number of dimensions, 181

Mars, 88, 218, 220

Mars Global Surveyor (MGS) (interplanetary probe),

89

mass

central body, 7, 9, 15, 19, 20, 54, 58, 60, 182, 190,

192

density, 4, 119, 181

profile, 172

monopole moment, 7, 16, 54, 155, 156, 160–162,

168, 175, 221

multipole moments, 7, 16

point approximation, 85

quadrupole moment, 16, 221

mass-energy

currents, 87, 190

distribution, 190

material bodies

composition, 4

mass, 4

matter, 4

Maxwell equations, 87

mean anomaly at epoch, precession, 20, 98,

219

mean motion

instantaneous shift, 37

Keplerian, 16, 22–25, 38, 80, 156

Mercury (planet), 7, 51, 52, 54, 63, 64, 116, 117,

144, 145, 217, 219, 220, 232

Mercury (Roman deity), 89

MESSENGER (interplanetary probe), 89

Messier M87 (galaxy), 6, 90

metric tensor signature, 2

MicroSCOPE (Earth satellite), 2

midtransit, 42

Modified General Relativity (MGR), 10

MOdified Gravity (MOG), 10

MOdified Newtonian Dynamics (MOND), 10

modulation, quasi-periodic, 89

moment of inertia, 84, 183

Moon, 2, 3, 17, 31, 48, 50, 162, 164

orbital angular momentum, 164

NASA Exoplanet Archive, 41

National Aeronautics and Space Administration

(NASA), 63, 64, 117, 144, 145, 221

near-infrared emission, 92

NEID, 39

net shifts per orbit

1st order, 25, 28

2nd order, 27, 28

mixed, 29

neutron star, 6, 47, 48, 86, 124, 224–226

angular momentum, 86

equation of state (EOS), 224

moment of inertia, 86, 216, 224

quadrupole mass moment (dimensional), 124,

216

Newton

dynamics, laws of, 1

gravitational constant, 5, 15, 180

gravitational force, 1–3
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inverse-square law, 165

acceleration, 11, 15, 104, 165, 185

Universal Gravitation, theory of, 1, 2, 5

Newton potential, see potential, Newtonian, arbitrary

mass distribution

no-hair theorems, 86, 227

node

ascending, longitude of, 7, 17, 19, 31, 61, 99, 131,

186, 218, 223, 228, 231

ascending, position of, 59–61, 101, 133, 135

descending, longitude of, 17, 186

node, net shift per orbit, 228

node, precession, 20, 23, 113, 141, 218

nodes

line of, 17, 19, 33, 36, 42, 59–61, 92, 99–101, 106,

131–133

line of, unit vector, 18, 59, 60, 99, 101, 131, 133,

187

of the orbit, 31, 36

non-gravitational forces, 2, 16, 171, 222, 232

nonconservative forces, see non-gravitational forces

Nordtvedt, effect, 3, 226

normal unit vector, see orbital angular momentum,

unit vector

normalized moment of inertia (NMoI), 84, 183

oblateness, 16, 133, 136–138, 146

observables, 8, 12, 25, 36, 37

calculated values, 8

instantaneous shifts, 1st order, 36

measured values, 8

net shifts per orbit, 1st order, 37

observatories, astronomical, 11

off-diagonal gravitomagnetic metric tensor

components, 87, 190, 192

OJ 287 (blazar), 74

once-per-revolution

acceleration, 169

acceleration, cosine coefficient of the normal

component, 170, 188

acceleration, cosine coefficient of the radial

component, 170, 188

acceleration, cosine coefficient of the transverse

component, 170, 188

acceleration, normal component, 170

acceleration, orbital precessions, 170

acceleration, radial component, 170

acceleration, sine coefficient of the normal

component, 170, 188

acceleration, sine coefficient of the radial

component, 170, 188

acceleration, sine coefficient of the transverse

component, 170, 188

acceleration, transverse component, 170

OPTIS (Earth satellite), 233

orbit, circular, 18, 20, 41, 55, 70, 90, 99, 103–111,

136–140, 172, 187, 232

polar angle, 104–106

orbit, equatorial, 90, 99–101, 104–106, 125, 133

orbit, polar, 20, 90, 99, 125, 231, 232

orbit, prograde, 90, 95, 104, 105

orbit, retrograde, 91, 95, 105, 106

orbit, rotational sense, 90, 91, 104, 105

orbital angular momentum, 19, 24, 96, 107, 112, 114,

115, 136, 141, 142, 161, 162, 187, 192, 195

unit vector, 24, 55, 74, 90, 120, 125, 136, 147, 188

orbital effects, mixed, 28

orbital effects, post-Keplerian (pK), 11, 217–219,

227

orbital effects, post-Newtonian (pN), 14, 230

orbital element, non-singular

k̃, 35, 186

q̃, 35, 186

k, 106

q, 106

orbital elements, non-osculating, 8, 21

orbital frequency, see mean motion, Keplerian

orbital motions, 172

orbital period, anomalistic, 12, 28–30, 186

1pN Lense–Thirring, 97, 98

1pN gravitoelectric test particle, 57, 58, 154

1pN gravitoelectric two-body, 67, 78

quadrupole mass moment (dimensionless), 129,

154

orbital period, Keplerian, 16, 18, 21–25, 28, 30, 40,

42, 48, 58–60, 63, 68, 69, 78, 97, 100, 102, 115,

135, 137, 144, 154, 155, 168, 173, 185, 221, 222,

225

orbital period, sidereal, 12, 33, 35, 36, 100, 133, 186

orbital period, draconitic, 12, 31, 33, 34, 36, 99, 100,

186

1pN Lense–Thirring, 98, 100

1pN gravitoelectric test particle, 58, 61

1pN gravitoelectric two-body, 67, 68

quadrupole mass moment (dimensionless), 130,

132, 133

orbital precessions, see precessions, orbital

1st order, 25

mixed, 29

orbital shifts, instantaneous

1st order, 11, 25, 28, 29, 36

2nd order, 11, 27, 28

oscillations, quasi-periodic, 89

out-of-plane acceleration, component of, see

post-Keplerian (pK) acceleration, normal

component

out-of-plane unit vector, see orbital angular

momentum, unit vector

parallel (Earth line of latitude), 33

parallel transport, 15, 156

parameters, solving for, 8, 74, 146

parametrized post-Newtonian (PPN) formalism, 9

βPPN parameter, 9, 182

γ PPN parameter, 9, 182

Penrose process, 87
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periastron

advance, 7, 66

advance, fractional, 74

distance, 141

net shift per orbit, 228

pericentre

advance, 66, 122, 150

argument of, 7, 17, 31, 80, 186, 219, 228, 231

longitude of, 17, 93, 186, 220

passage at, 28, 31, 98

position, 31

position of, 17, 18, 26, 30, 46, 55, 58, 97, 98, 130

precession, 20, 24

precession, in plane, 94

time of passage at, 17, 26, 31, 98

perigee

argument of, 162, 230

height, 230

perihelion, precession, 172, 219

perijove, 222

perinigricon

advance, 7

distance, 62, 68, 115, 143

perturbations, orbital secular, 20

Pioneer, anomaly, 171

Pisa, Leaning Tower of, 2

plane

equatorial, 16, 34, 94, 103, 104, 121, 127, 149, 151,

187, 195, 196

fundamental, of the reference frame, 16, 17, 33, 35,

36, 38, 42, 48, 49, 61, 92, 99–104, 134, 135,

225

of the orbit, 17, 19, 21, 24, 34–36, 55, 58, 90, 94,

95, 99–101, 104–106, 121, 122, 125, 127, 128,

149, 151, 152, 195, 225, 230, 232

of the sky, 17, 42, 47, 48, 91, 92, 113, 181, 225

planet

gaseous giant, 68, 69, 84, 108, 109, 113, 136, 137,

141

gravity field, multipoles, 231

Planetary Laser Ranging (PLR), 6

planets, rocky, see solar system, planets, inner

platinum, 2

Poisson, equation, 5, 173

polarimetric observations, 92

polarized submillimetre infrared observations,

92

position unit vector, see radial unit vector

position, vector, 16, 18, 50, 51, 54, 58–60, 88, 97–99,

101, 129, 131, 133, 187

projection onto the primary’s spin angular

momentum, 88, 147, 187

shift, 51, 187

shift, normal component, 51, 188

shift, radial component, 51, 188

shift, transverse component, 51, 188

post-fit residuals, see residuals, post-fit

post-Keplerian (pK)

anomalistic correction to the Keplerian orbital

period, 186

draconitic correction to the Keplerian orbital

period, 186

perturbed orbital period, 28

perturbed trajectory, 19, 20, 27, 31

potential, 26

potential, spherically symmetric, 27

radial velocity, instantaneous shift, 38

sidereal correction to the Keplerian orbital period,

186

post-Keplerian (pK) acceleration, 11, 15, 16, 19, 25,

28, 30, 32–35, 47, 51, 123, 146, 185

r−1, 169

constant, 171

constant, normal component, 171

constant, orbital precessions, 171

constant, radial component, 171

constant, transverse component, 171

normal component, 23, 188

radial component, 23, 31, 188

transverse component, 23, 188

post-Keplerian (pK) orbital effects, see orbital effects,

post-Keplerian (pK)

post-Newtonian (pN)

corrections to the Minkowski metric tensor, 182,

190

spin precessions, 13, 15

post-Newtonian (pN), approximation, 6, 190

1pN order, 7, 83, 84, 119, 146, 191

2pN order, 7, 73, 191

potential, energy

interaction, 181

spin-spin, 162

two-body, 161

potential, gravitomagnetic, spin octupole, 119, 184

potential, Newtonian

arbitrary mass distribution, 4, 5, 181, 182, 190

axisymmetric body, 16, 122, 123, 147, 183

spherical body, 123, 182

potentials, gravitational, 5

potentials, metric tensor components, 4

power-law potential n = −2

mean anomaly at epoch, precession, 168

pericentre, precession, 168

power-law potential n = 2

mean anomaly at epoch, precession, 167

pericentre, precession, 167

power-law potential n = 3

mean anomaly at epoch, precession, 167

pericentre, precession, 167

power-law potential n generic

mean anomaly at epoch, precession, 166

pericentre, precession, 166

power-law, potential, 165

dimensional strength parameter, 166, 184

disturbing function, 166

www.cambridge.org/9781009562874
www.cambridge.org


Cambridge University Press & Assessment
978-1-009-56287-4 — General Post-Newtonian Orbital Effects
From Earth's Satellites to the Galactic Centre
Lorenzo Iorio
Index
More Information

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

Subject Index 279

precession of the inclination, see inclination,

precession

precession of the node, see node, precession

precession of the pericentre, see pericentre,

precession

precessions, orbital, 13

1st order, 26

2nd order, 28, 30

precise orbit determination (POD), 170

pressure, 5

probe, 146, 221, 222, 232

PSR B1913+16 (binary pulsar), 225

PSR J0337+1715 (triple pulsar), 2, 96, 225, 226

PSR J0337+1715 (triple pulsar), inner binary, 3, 96

PSR J0737–3039 (binary pulsar), 13, 14, 48, 89, 216,

217, 225

physical parameters, numerical values, 225

PSR J0737–3039A (pulsar), 48, 86

angular momentum, 86

rotational period, 86

PSR J0737–3039B (pulsar), 48, 86

angular momentum, 48, 86

rotational period, 86

PSR J0737–3039 (binary pulsar), 214

PSR J1141–6545 (binary pulsar), 72, 85, 89, 114,

115, 124, 141, 142

Pugh–Schiff spin precession, 7, 15, 90, 155, 160

pulsar

emission, 47

millisecond, 96

triple, 14, 96, 97, 217, 226, 227

pulsar, binary, 2, 7, 11, 12, 36, 47, 48, 64, 66, 72–74,

85, 89, 96, 114, 124, 141, 142, 146, 225

barycentre, 48

barycentric orbit, 48, 226

barycentric semimajor axis, 48

radio pulses, 47, 48

semimajor axis, 216

times of arrival (TOAs), 47

variation of the times of arrival, 11, 48

quadrupole mass moment (dimensional), 124, 183,

225

acceleration, 125

dec., instantaneous shift, 143

dec., net shift per orbit, 229

inclination, net shift per orbit, 228, 229

mean anomaly at epoch, net shift per orbit,

229

node, net shift per orbit, 228, 229

orbital precessions, 227

pericentre, net shift per orbit, 228

perinigricon, net shift per orbit, 229

RA, instantaneous shift, 143

RA, net shift per orbit, 229

radial velocity semiamplitude, net shift per orbit,

137, 229

variation of the times of arrival, instantaneous shift,

141, 142

variation of the times of arrival, net shift per orbit,

141

quadrupole mass moment (dimensionless), 11, 12, 16,

31, 84, 123, 124, 129, 130, 132, 134, 137, 150,

183, 193

acceleration, 13, 123, 146

acceleration, normal component, 125

acceleration, radial component, 125

acceleration, transverse component, 125

correction to the sidereal period, 133

dec., net shift per orbit, 143

dec., instantaneous shift, 142

equations of motion, numerical integrations,

129–131, 133, 135, 145

full width at half maximum transit duration, net

shift per orbit, 139

inclination, net shift per orbit, 136

inclination, precession, 218

ingress/egress transit duration, net shift per orbit,

138

instantaneous orbital shifts, 13, 126, 199

mean anomaly at epoch, precession, 220

mean anomaly, instantaneous shift, 129, 144

net orbital shifts, equatorial orbit case, 128

net orbital shifts, general case, 127, 154

net orbital shifts, polar orbit case, 128

node, precession, 219

pericentre, precession, 220

RA, instantaneous shift, 142

RA, net shift per orbit, 143

radial velocity curve, instantaneous shift, 136,

137

radial velocity semiamplitude, net shift per orbit,

136

range rate, instantaneous shift, 144, 145

range, instantaneous shift, 144

sky-projected spin-orbit angle, precession,

141

time of inferior conjunction, net shift per orbit, 140,

141

total transit duration, net shift per orbit, 138

transit characteristic timescales, net shifts per orbit,

137, 140

quantum gravity, theory of, 10

quantum regime, 3

RA of the north pole of rotation, 94, 95, 121, 122,

128, 149, 151, 183

radar ranging, 54

radial unit vector, 24, 55, 74, 90, 120, 125, 136, 147

radial velocity, spectroscopic binary, 11, 12, 36–39,

187

accuracy, 39

curve, 37, 68, 106, 135

semiamplitude, 39, 68, 106, 135, 187, 229

systemic, 38, 187
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radiation

gamma, 47

optical, 47

radio, 47, 225

X, 47

radius, circular orbit, 104, 187

radius, equatorial, 119, 182

radius, polar, 119, 183

rate of change of the eccentricity, see eccentricity, rate

of change

rate of change of the semimajor axis, see semimajor

axis, rate of change

redshift, gravitational, 225

reference

x axis, 16, 17, 33, 42, 47, 91, 92

y axis, 92

z axis, 17, 38, 42, 48, 92, 93, 104, 125, 147, 148,

150

direction, 16, 33, 36, 47, 102, 104, 106, 135

reference frame, 13, 16, 38, 94, 121, 128, 147–151,

155, 160, 196

accelerated, 4, 5

dynamically non-rotating, 15, 155, 160, 232

inertial, 2, 15

kinematically non-rotating, 15, 155

kinematically rotating, 160, 232

rotating, 4

relativistic

jets, 87

multipoles, 120

remote sensing, 170

residuals, post-fit, 8, 9, 146, 170, 223

Ricci

spacetime curvature tensor, 4, 182

tensor trace, 5, 182

Riemann, spacetime curvature tensor, 4, 5, 156, 182

right ascension (RA), 11, 12, 34, 36, 49, 185, 229

ring, massive, 96, 165, 226, 227

potential expansion, 165, 166, 226

quadrupole, 165, 166, 226

Rossby wave-induced spiral pattern, 92

Rossiter–McLaughlin effect, 47, 92

rotation, rigid, 119

rotational

frequency, 85, 107, 183

period, 86, 183

S star, 20, 37–39, 49, 62, 68, 69, 74, 89, 91, 115, 116,

143, 172

S2 (star), 7, 39, 54

S4716 (star), 14, 49, 109, 110, 137, 138, 217, 227–229

satellite, 15, 19, 20, 27, 30, 88, 94, 95, 121, 122, 127,

128, 149, 151, 152

data reductions, 169

Satellite Laser Ranging (SLR), 6, 7, 88, 222, 223

stations, 223

Saturn, 88

Saturn (Roman deity), 2

Scalar Tensor Vector Gravity (STVG), 10

self-energy, gravitational, 226

self-gravity, 2, 3

semilatus rectum, 16, 31, 106, 186

semimajor axis, 7, 16, 20, 37, 38, 40, 48, 59–61, 81,

83, 96, 98, 101, 103, 131, 133, 135, 185, 189,

222, 230

instantaneous shift, 37

rate of change, 21, 230

Sgr A∗, 6, 7, 20, 38, 54, 62, 91, 92, 107, 109, 115,

136, 142, 227

Shapiro, delay, 225

sidereal period, see orbital period, sidereal

sight, line of, 17, 36, 38, 42, 48, 85, 91, 92, 181, 225

SINgle Faint Object Near–IR Investigation

(SINFONI), 40

sky-projected spin-orbit angle, 11, 183

SLALOM (Earth satellite), 50

solar system, 6, 7, 11, 13, 16, 50, 88, 89, 172, 214,

217, 230, 233

ice giants, 220

moons, 88

planets, 13, 88, 217–220

planets, inner, 7, 54, 88

planets, outer, 88

spacecraft, see probe

spacetime, 2–5, 13, 15, 156, 160, 166

curvature of, 1, 3, 4

geodesic, 3

metric inverse tensor, 3, 182

metric tensor, 3, 4, 13, 27, 87, 165, 182, 190

Special Theory of Relativity (STR), 1, 2, 4

spectral energy distribution (SED), 85

spectrum, electromagnetic, 47

speed of light in vacuum, 2, 5, 6, 48, 180

spheroid, oblate, 119

spin

dipole moment, 7, 12, 16, 119, 221

multipole moments, 7, 16

octupole moment, 12, 16, 221

spin angular momentum, 7, 19, 20, 84, 88, 94, 96, 99,

102, 107–109, 112, 114, 129, 131, 135, 136, 142,

147, 183, 190, 192, 195, 196, 231

magnitude, 183

unit vector, 88, 90, 91, 93, 95, 97, 99, 100, 102,

104, 122, 125, 148–150, 183

spin axis, see spin angular momentum, unit vector

spin-orbit coefficients

equatorial orbit, 195

general case, 194

polar orbit, 195

spin aligned with the z axis, 196

spin-orbit coefficients are defined in Appendix D, 13

standard gravitational parameter, 15, 182

Standard Model Extension (SME), 10, 175

Standard Model of elementary particles and fields, 10

star, main sequence, 37–40, 48, 68, 69, 72, 84, 85, 87,

89, 96, 107–109, 124, 136, 137, 146
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activity indices, 85

disk, 40

equatorial rotational velocity, 85, 183

mask, 85

projected rotational velocity, 85, 183

quadrupole mass moment, 107

radius, equatorial, 85

reduced spectrum, 85

rotational period, 85

spin axis, 85

spin axis azimuth in the plane of the sky, 183

spin axis tilt to the line of sight, 85, 183

spots, 41

stress-energy tensor, see energy-momentum, tensor

stresses, internal, 4

strong, gravitational regime, 5, 6, 89

sub-satellite, point, 33

time of passage of, 33

Sun, 2, 7, 13, 40, 63, 68, 69, 71, 90, 107–109, 112,

116, 136, 137, 140, 162, 164, 217–220, 232, 233

angular momentum, 89, 117, 180

angular momentum, magnitude, 85, 117, 180

dec. of the north pole of rotation, 117, 144, 145,

180, 214

ellipticity, 214

mass, 63, 64, 180

physical parameters, numerical values, 214,

217–219

quadrupole mass moment (dimensionless), 107,

144, 145, 180, 217–220, 232

RA of the north pole of rotation, 117, 144, 145,

180, 214

radius, equatorial, 180, 214, 232

radius, polar, 214

spin axis, 144, 145, 180

standard gravitational parameter, 180

supermassive black hole in M87, 6, 90

supermassive black hole in Sgr A∗, 6, 7, 20, 38, 54,

89, 107, 110, 115, 116, 136, 138, 143, 227–229

angular momentum, 107

mass, 107, 110, 116, 136, 138, 143, 228, 229

quadrupole mass moment (dimensional), 136

spin axis, 91, 92, 109, 110, 115, 116, 137, 138, 143,

144, 227–229

spin axis azimuth in the plane of the sky, 91, 109,

110, 116, 137, 138, 143, 144

spin axis tilt to the line of sight, 91, 92, 109, 110,

115, 116, 137, 138, 143

spin parameter, 107, 110, 116, 136, 138, 143,

227–229

supermassive black hole in Sgr A∗, 229

mass, 229

spin axis, 229

spin parameter, 229

superradiance, 87

symmetry

axial, 123

spherical, departures from, 16

symmetry axis, 121, 123

systematic errors, 41

temporal coordinate, 182

test particle, 3, 4, 11, 13, 15–20, 24, 28, 30, 31, 33,

35, 49, 58, 59, 61, 62, 64, 65, 69, 84, 90, 97–99,

102, 104–106, 108, 115, 119, 129, 131, 135, 137,

142, 155, 156, 161, 175, 192

tetrad components, 156

TianQuin (interplanetary probe), 233

tidal

angular momenta alignment, 108, 109, 137

effects, 15, 107, 155

forces, 3, 107, 136

matrix, 156

matrix, 1pN gravitoelectric, 158

matrix, 1pN gravitomagnetic, 159

matrix, Newtonian, 49, 158

orbit circularization, 108, 109, 137

orbital effects, 13

spin-orbit synchronization, 108, 109, 136,

137

tidal acceleration, 156, 172

normal component, 156

radial component, 156

transverse component, 156

tidal effects, 84, 108, 109, 137

tidal quadrupole parameter, 124, 183

tide, K1, 232

tide-raising companion, 124

mass, 124, 183

semimajor axis, 124, 183

tides, 3, 108, 109, 136, 137

Time, see Chronos

time

coordinate, 11, 182, 191

inferior conjunction of, 40, 46, 71, 72, 112, 141,

185

initial instant, 17, 25, 58, 60, 83, 97, 100, 102, 127,

130, 132, 134, 186

proper, 3, 11, 182

standards, 41

timelike curves, closed, 86

times of arrival (TOAs), 12, 226

titanium, 2

Titans (Greek pre-Olympian gods), 2

transit

egress duration, 44

flux, 40

ingress duration, 43

ingress/egress duration, 40, 44, 185

primary, 40, 44

primary, full width at half maximum duration, 40,

44, 185

secondary, 40

total duration, 40–43, 185

transverse unit vector, 24, 55, 74, 90, 120, 125, 136,

147
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two-body

distance, 1, 16, 19, 31, 109, 125, 161, 162, 175,

187, 192

range, 12, 50, 52, 185, 232

range rate, 12, 50, 52, 185

range rate shift, 51, 185, 231

range shift, 51, 185, 232

two-body system, 88

restricted, 9, 11, 13, 15, 155, 156, 160–162

restricted, primary, 7, 13, 15, 19, 20, 24, 31, 49, 50,

58, 60, 62, 88, 90, 99, 102, 103, 115, 121, 123,

129–132, 134, 135, 142, 146, 155, 168, 172,

187, 193

restricted, primary, 11, 102, 123

unit vector

in the orbital plane normal to the line of nodes, 19,

187

in the orbital plane along the line of nodes, see

node, ascending, unit vector

perpendicular to the orbital plane, see angular

momentum, orbital, unit vector

range rate shift, auxiliary, 51, 185

Uranus, 88, 231

velocity, vector, 18, 50, 51, 147, 175, 187, 191–193

magnitude, 187

projection onto the position vector, 54, 187

projection onto the primary’s spin angular

momentum, 187

shift, 51, 187

shift, normal component, 51, 188

shift, radial component, 51, 188

shift, transverse component, 51, 188

Vernal Equinox

at some reference epoch, 16, 180, 232

Very Large Telescope (VLT), 40

Virgo (laser interferometer), 6

WASP–33 (star), 47, 107

waves

electromagnetic, 3–5, 87

gravitational, 5, 6, 156, 157, 233

gravitational, frequency, 157, 233

weak-field and slow-motion approximation, see

approximation, weak-field and slow-motion

weight force, 2

white dwarf, 3, 48, 85, 124, 225, 226

angular momentum, 86

binary, 2, 72, 89, 96, 114, 141, 142, 225

mass, 86

moment of inertia, 85

quadrupole mass moment (dimensional), 124,

142

radius, 86

rotational frequency, 85

triple, 96

worldline, 2, 3

geodesic, 15, 156, 160

wormholes, 228

X-ray

binaries, 89

lightcurve, 92

XMM–Newton (spaceborne mission), 92

XO-3 (star), 47

Yukawa potential, 165, 168

dimensional strength intensity, 168, 184

dimensionless strength intensity, 168, 184

disturbing function, 168

mean anomaly at epoch, precession, 168

orbital precessions, 168

pericentre, precession, 168

scale distance, 168, 184

Zeus (Greek deity), 2
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