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acceleration, 87, 90, 149 electromagnetism, 20, 22-27, 95-98, 179, see
constant, equations of, 121 Maxwell’s equations
proper, see proper acceleration electron-volt, 137
vector, 111, 113 energy conservation, 128
aether, 24, 97,179 energy equivalent of mass, 127
energy-momentum, 126, 133, 137, 162
big bang, 176 Equivalence Principle, 19, 148-150, 160
black hole, 173 euclidean space, 153
boost, 74 event horizon, 172

events, 3, 201
causality, 66-68

centre-of-mass energy, 136 falling lift, 149

centre-of-momentum frame, 132-136 FitzGerald, George Francis, 25, 96

clock force, 138
hypothesis, 10, 39 frequency 4-vector, 115-118
synchronisation, 10, 29

co-moving reference frame, 112 galilean transformation, 20
instantaneously, see ICRF Galileo, 19

Compton scattering, 139 gamma, 39, 74

conserved quantities, 134 general relativity, 5, 19, 110, 137, 160,

constant quantities, 134 163-176

coordinate system, 3, 154-155 geodesic, 158-159, 167

copernican principle, 175 geometry, 46, 153

cosmological constant, 176 good clock, 11

cosmology, 175-176 GPS, 170, 181

covariance, 22, 134 gravitational redshift, 152, 169, 183

curvature, 156-158, 160 gravitational waves, 173-175

gravity, 136, 160-163
differential geometry, 154, 166 group theory, 75-76

Doppler effect, 115-118
ICRF, 91, 113, 121

E6tvos experiment, 148 inertial frame, 5, 146, 149
Eddington-Dyson eclipse measurements, local, 150
172,183, 186-193 inner product, 199
Einstein tensor, 162 invariant
Einstein’s equation, 162 interval, 56-61, 77-78, 86
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quantities, 134
Kuhn, Thomas, 185

Langevin’s traveller, 87
length
contraction, 32-34, 63, 79
perpendicular, absence of, 37
measuring, 9-10
proper, see proper length
light
clock, 37-42
deflection, 171, 183
speed of, 27
light-metre, 47
lightlike separation, 67
linear algebra, 107
linearised gravity, see weak field solution
local observers, 7
Lorentz
group, 76, 97
transformation, 12, 25, 72-83, 105, 109, 116
Lorentz, Hendrik Antoon, 25, 96

magnitude (of a 4-vector), 108
mass, 125, 128-129
and gravity, 136
gravitational, 6
relativistic (as a bad idea), 126
Maxwell’s equations, 22, 95-98, 179
measurement, 7, 9
Mercury, 170, 183
metric, 58, 108, 110, 155-158
euclidean, 155
FLRW, 175
Minkowski, 58, 164, 168
Schwarzschild, 168, 169, 172
signature of, 61
weak-field, 165, 167
Michelson-Morley experiments, 25, 175, 179
Minkowski
diagram, 50-55, 63, 66, 101
space, 51
Minkowski, Hermann, 51, 77
momentum
4-vector, 125
of photons, 131

natural units, 46-50, 83, 138
Newton
and gravitation, 6

and gravity, 163

conception of spacetime, 77

first law, 4

second law, 5, 21, 138
notation

components, 105

sign of metric, 60
null cone, 67,172

orthogonal, 103, 199

paradoxes

pole in the barn, 88

spaceships, 90

twins, 84
physical units, 47
Poincaré transformation, 76
Poisson’s equation, 161
Popper, Karl, 178
postulates

first, 18-27

second, 27-29
Pound-Rebka experiment, 152, 183
Principle of Relativity, 18-27
proper acceleration, 113, 121
proper length, 41, 203
proper time, 60, 64, 78-79, 86, 111, 169
Pythagoras, 56, 139

quantum mechanics, 131, 139
relativistic, 50, 141, 181

rapidity, 74
reference frames, 3
rest frame, 8, 203
rest length, 203
rotation, 55, 76, 77

Sagnac effect, 181
scalar, 111, 125
scalar product, 108
Schwarzschild
metric, see metric, Schwarzschild
radius, 168
solution, 167-173, 184
sign convention, 60
simultaneity, 7-9, 32-34, 88
sociology of scientific knowledge, 190
spacelike separation, 67
spacetime, 45, 77-78
standard configuration, 12-13, 45, 60, 72, 74,
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200, 202

TALI, see time, atomic
tensors, 110
time
atomic, 11, 48, 170
coordinate, 164
dilation, 32-34, 63
gravitational, 169
timelike separation, 67

upper limit to speed, 94, 178

vectors
displacement, 104, 105
transformation of, 106
velocity
addition of, 75
vector, 111-113

weak-field solution, 164-167
worldlines, 50, 66
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