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aberration of gravity, 110

accelerated frames, 52

accelerating expansion, 201

accelerating frames of reference,
53

accelerating towards Andromeda galaxy,
57

acceleration, 36

acceleration (angular) derived, 231

acceleration (angular) in orbit, 230

acceleration algorithm, 56

acceleration and elapsed coordinate
time, 55

acceleration and gravity, 222

acceleration and Lorentz transfor-
mation, 53

acceleration and radius of curva-
ture, 64

acceleration and space curvature,
224

acceleration and time, 54

acceleration and transverse move-
ment, 223

acceleration at the peri- or apoap-
sis, 230

acceleration conversion factor, 74

acceleration derivations, 228

acceleration over long distances,
56

acceleration with pure radial velo-
city, 229

acceleration:constant force, 228

acceleration:centripetal, 82

acceleration:radial geodesics, 78

acceleration:radial movement, 77

acceleration:transverse geodesics,
82

acceleration:transverse movement,
81

action at a distance, 110

addition of momentum, 43
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addition of velocities, 38, 43

addition of velocities, 43

additive acceleration, 84

aether-drift, 34

age of the universe, 200

angular momentum defined (New-
ton), 89

angular momentum equation (New-
ton), 90

angular momentum equation (re-
lativity), 95

angular momentum parameter, 91,
95

aphelion, 94

astronomical cycle of Moon, 130

binary neutron stars, 112

binary pulsars, 112

black hole, 99, 132

Ceiphed variables, 202

center of curvature, 52

center of geodesic curvature, 70

centrifugal acceleration, 83, 104

Cepheids, 209

circular orbit, 82, 83, 91, 103

classical vacuum, 192

coastal tides, 124

Coma cluster, 203

comoving coordinates, 165

conic section, 104

conservation of energy, 89

cosmic microwave background (CMB),
204

cosmic microwave background ra-
diation, 179

cosmic teardrop, 178

cosmic voids, 161

cosmological constant, 186

cosmological redshift parameter, 177

cosmological redshift, 203

cosmological units, 170

cosmology, 160
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cosmology:symbology of, 169

critical expansion rate, 186

curvature and acceleration, 52

curvature center constructed, 56

curvature, 166

curvature center, 52

curvature circle, 53

curvature radius, 52

curvature:positive, 167

curvature:radius of, 167

curved space, 72

curved spacetime, 72

curved time, 72

degenerative epoch, 196

density of the universe, 182

density parameter (epoch depen-
dency), 184

density parameter (the stability of),
185

density parameter as function of
expansion factor, 184

desynchronization of clocks, 59

desynchronization, 60, 61

differential equation, 66, 95, 105

distance ladder, 202

distance ladder, 205

distance parameter, 104

distant observer, 19, 27, 28, 29,
74

Doppler calculations, 47

Doppler shift (Newtonian), 44

Doppler shift (one way), 44

Doppler shift (relativity), 46

Doppler shift (two way), 46

Doppler shift fractional, 204

Doppler-radar, 78

effective potential, 96

effective potential equation (rela-
tivity), 96

effective potential of light, 100

effective potential parameter, 91

Einstein summation convention, 21

Einstein synchronization, 33

Einstein-de Sitter model, 171

Einstein’s field equations, 24

ellipticity of orbit, 94

energy - kinetic, 89

energy - potential, 89
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energy density of the vacuum, 192

energy equation, 42

energy of the vacuum, 58

energy-momentum tensor, 24

escape energy, 91

escape velocity, 79, 81

Escher’s infinite lattice, 162, 163,164

event horizon, 26, 73, 74, 81

expansion (power function), 194

expansion factor, 165

expansion law, 175, 180

expansion law for a ‘curved’ uni-
verse, 183

expansion law for the Einstein-de
Sitter universe, 175

expansion rate increasing?, 195

exponential expansion, 190

extreme danger radius, 100

false vacuum, 192

Friedmann equation, 182

galaxy, 160

galaxy:clusters of, 161

galaxy:Milky Way, 161

galaxy:supercluster Virgo, 161

galaxy:supercluster, 161

Galileian mechanics, 34

Galileian spacetime, 32

general theory of relativity (intro-
duction), 24

geodesic center, 67

geodesic center for Earth, 67

geodesic equations, 104

geodesic equations, 95

geodesic movement, 132

geodesics, 66

geodesics in curved spacetime, 67

geometrized units, 221

geometrized mass, 221

geometrized speed, 221

geometry of the universe, 200

g-force, 100

Giga-annum (Ga), 170

Giga-lightyear (Gly), 170

Gigayear (Gy), 170

gradient of curved space, 28

gravitational field, 24,68

gravitational redshift, 29

gravitational redshift, 29, 72
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gravitational time dilation, 27, 61,
72
gravitational waves, 112, 139

gravitational waves and binary black

holes, 140

gravitational waves and tidal gra-
vity, 139

gravitational waves as curvature
oscillations, 141

gravitational waves: binary pulsar,
143

gravitational waves: coalescence
of binary black holes, 143

gravitational waves: cosmic mu-
sic, 147

gravitational waves: detection, 143

gravitational waves: laser interfer-
ometry, 145

gravitational waves: LIGO facility,
145

gravitational waves: LISA project,
148

gravitational waves: polarization,
141

gravitational waves: strength of,
144

gravitational waves: transmitter/antenna

concept, 141

gravitational waves: Weber bars,
144

gravity - speed of, 109

gravity and moving objects, 77

gravity as geometry, 66

gravity-static, 66

harmonic analysis and prediction,
130

harmonic constituents, 130

Heisenberg's uncertainty, 34

helix in spacetime, 82

horizon problem, 189

Hubble constant, 163, 174, 179,
201

Hubble distance, 178

Hubble flow, 163, 164, 203

Hubble radius, 201

Hubble time, 178

Hubble's law, 163

hyperspace dimension, 72
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hyperspace, 166

inertial frame, 18

inertial observer, 19

inflation (expansion rate), 193

inflation, 190

invariant spacelike interval, 40

invariant timelike interval, 39

Irvin Shapiro, 123

isotropic movement, 38

isotropy of light, 39

k as a ‘curvature switch’, 182

Kepler's laws, 92

Kepler's first law for planetary or-
bits, 92

Kepler's second law for planetary
orbits, 93

Kepler's second law, 90,93

Kepler's third law for planetary or-
bits, 93

last scattering, 179

leap-seconds, 131

length contraction, 41

light (effective speed), 122

light deflection (corpuscular the-
ory), 120

light deflection (Eddington’s mis-
sion), 119

light deflection formula, 120

light deflection, 119

light-its peculiar nature, 31

lightlike interval, 16

Light-principle, 16

light's singularity, 32

lightyear, 170

line element, 21

linear acceleration, 51

local observer, 27, 28, 29, 74

local speed of light, 100

long baseline interferometry, 120

look-back distance, 204

look-back time, 179

Lorentz transformation , 16, 39

L-principle, 16

luminosity, 200

mass, energy and momentum, 41

matter dominated epoch, 194

Maxwell’s equations, 111

Megaparsec (Mpc), 170
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Mercury, 105

metric tensor, 21

Michelson interferometer, 146

Michelson-Morley, 34

micro-gravity, 136

Minkowski metric, 21

Minkowski spacetime diagram, 36

momentum summation, 43

momentum, 41

moon a planet?, 137

muon particle, 20, 79

muon, 80

MWAP, 201

neutron star, 132

Newton gravitation, 68

Newton potential, 68

Newtonian acceleration, 67

Newtonian dynamics, 86

Newtonian gravity ‘geometrized’,
70

Newtonian orbits, 103

Newton's gravity, 88

Newton's orbit energy, 92

Newton's speed of light, 87

non-circular orbit, 83, 84

numerical solution, 105

numerically integrate, 105

observables, 200

one-way speed of light, 33, 34, 39

open, flat and closed universes, 182

opposing acceleration, 75, 79, 87

opposing force, 87

opposing transverse acceleration,
85

orbit (numerical integration, sec-
ond order), 115

orbit of light, 101

orbit: marginally bound radius, 99

orbit: marginally stable radius, 99

orbital dynamics, 89

orbital energy, 90

orbital equation (Newton), 103, 104

orbital equation for light, 107

orbital equation, 103, 105

orbital equations (relativistic), 104

orbital parameters, 96

orbits - relativistic, 95

orbits in Newton dynamics, 90
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orbit’s turning points, 97

parallax, 206

parallax:annual, 170

Parametrized Post-Newtonian (PPN)
formalism, 149

parsec, 170

periapsis, 106

perihelion, 83

perihelion shift, 105

perihelion shift of Mercury, 118

phase transition, 192

photon, 33

Planck length, 192

Planck time, 192

planet Mercury, 94

poor man'’s orbit, 107

post-Newtonian approximation, 150

post-Newtonian approximations, 149

PPN approximation equation, 152

PPN line element, 153

PPN metric tensor, 153

PPN parameters, 155

PPN potentials, 156

PPN: Brans-Dicke theory, 159

PPN: conformally flat space, 151

PPN: deflection of light, 157

PPN: isotropic coordinates, 150

PPN: isotropic radial distance, 150

PPN: perihelion shift of Mercury,
158

PPN: solar system tests, 157

PPN: time delay of light, 158

proper distance, 165

proper motion, 207

propertime interval, 19

pulsar, 112

quantum fields, 187

quasi-Newtonian acceleration, 68,
221

quasi-Newtonian geodesic, 70

quasi-Newtonian orbit, 107

quasi-Newtonian time dilation, 70

radiation dominated epoch, 194

radiation energy density, 184

radius of geodesic curvature, 73

recession velocity, 204

redshift factor, 74

redshift, 176, 200
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redshift:and expansion factor, 177

redshift:distance and Hubble con-
stant, 179

relativistic acceleration from rest,
72

relativistic gravitaitonal accelera-
tion, 71

relativistic orbit, 84, 104

relativistic term, 105

relativity of simultaneity, 36

relativity principle, 15

relativity revival, 139

relativity, 15

rest energy, 41

rest mass of photon, 100

rest mass, 41, 42

retarded position, 110

Ricci tensor, 24

Sagnac effect, 218

Sagnac: absolute rotation, 220

Sagnac:'infinite’ loop, 220

scale factor, 168

Schwarzschild black hole, 26, 99

Schwarzschild coordinates, 79, 83

Schwarzschild geometry, 67

Schwarzschild metric tensor, 25

Schwarzschild metric, 25, 71, 72,
95

Schwarzschild radius, 26

Schwarzschild solution, 24

Schwarzschild speed of light, 122

second order differential equation,
106

semi-diurnal period, 129

shape of expansion, 200

Shapiro time delay experiment, 123

simultaneity, 36

singularity, 97

Small Magellanic Cloud, 202

space curvature, 72, 79, 80

space-hyperspace plane, 72

space-hyperspace-propertime domain,
81

spacelike interval, 16

space-propertime diagrams, 51

space-propertime path, 54

space-propertime plane, 72

spacetime calibration, 40
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spacetime diagram, 17, 31

spacetime geodesic, 84, 87

spacetime interval, 16, 41

spacetime projection, 41

special relativity, 16

speed of gravity, 109

spherical coordinate system, 22

standard candles, 208

superclusters, 161

superior conjunction, 122, 123

supernova, 202

supernovae SNe la, 209

synchronization offset, 36, 37, 39

test particle, 67

tests of relativity, 118

third order equation, 98

tidal amplitude, 128

tidal constituents, 130

tidal current - reversing, 127

tidal current - rotating, 127, 128

tidal current velocity, 128

tidal currents, 127

tidal force picture, 125

tidal force, 100

tidal forces and micro-gravity, 136

tidal gravity (Newtonian equation),
124

tidal gravity (relativistic view), 131

tidal gravity : the square of the
mass, 134

tidal gravity in a circular orbit, 135

tidal gravity near a black hole, 133

tidal gravity, 124

tidal phase, 128

tidal resonance, 129

tidal vector, 125

tides and the ‘Earth circulating wave’,
130

tides and the total angular mo-
mentum, 130

tides and tractive acceleration, 126

tides in our oceans, 126

time delay due to curvature of space,
121

time delay due to gravitational red-
shift, 121

time delay formula, 122

time delay measured by Shapiro,
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121

time delay of light, 120

time dilation, 19, 41

timelike interval, 16

total energy defined (Newton), 89

total energy equation (Newton),
90

total energy parameter, 91

total energy, 41

transmitted wavelength, 47

transverse acceleration, 84

twin paradox, 211

twin paradox - relativistic argument,

212
twin paradox - engineering argu-
ment, 213

universal time, 35

universe, 161

universe:age of, 176
universe:closed model, 167
universe:flat model, 167
universe:observable, 161, 164
universe:open model, 167
vacuum (classical), 187
vacuum (false), 187

vacuum energy contribution, 197
vacuum energy density, 184
vacuum energy, 186

velocity time dilation, 27
velocity transformation, 86
velocity transformations, 27
Virgo cluster, 202

was Einstein right?, 118
wave-particle duality, 36
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