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4-acceleration, 1.38, 1.45, 1.51, 1.54, 1.111, 2.94
4-current, 1.119, 1.137, 2.58

4-force, 1.52, 1.53, 1.56, 1.142, 1.145
4-frequency, 1.48, 1.62

4-momentum, 1.55, 1.72, 1.110, 1.111

4-vectors, 1.1, 1.2

4-velocity, 1.1, 1.28, 1.38, 1.44, 1.45, 1.52,2.99

aberration, 1.27, 1.57

action, 2.57

addition of velocities, 1.28, 1.30, 1.59, 1.60, 1.64
age of the Universe, 2.145

area-circumference relation, 2.42

Bianchi identities, 2.39
binding energy, 1.93, 1.94
Birkhoff’s theorem, 2.51, 2.52

center of momentum, 1.4

centrifugal effect, 2.115

circular motion, 57, 62-65, 69

comoving distance, 61

Christoffel symbols, 2.3, 2.7, 2.17, 2.18, 2.20,
2.25,2.27,2.28,2.32,2.33,2.35-2.38, 2.43,
2.45,2.46,2.50,2.51,2.67, 2.68, 2.88, 2.89,
2.115,2.140

circular motion, 2.72, 2.74, 2.94, 2.97-2.100,
2.103,2.116,2.118

comoving distance, 2.90

comoving observers, 2.122, 2.138, 2.146

Compton scattering, 1.96, 1.97

inverse, 1.98

conformal transformation, 2.31

conservation law, 2.63, 2.66

conservation of 4-momentum, 1.42, 1.73-1.109,
1.150

constant acceleration, 1.41, 1.47-1.50

constants of motion, 2.22, 2.93, 2.109

coordinate acceleration, 1.49, 1.58
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coordinate singularity, 2.2, 2.8, 2.106

coordinate speed, 2.98, 2.101

coordinate time, 2.85, 2.95, 2.118

coordinate velocity, 2.92, 2.123

cosmological redshift, 2.130, 2.138, 2.139, 2.141,
2.144

covariant derivative, 2.25, 2.29, 2.33, 2.53

current conservation, 2.55

curve length, 2.6

curvilinear coordinates, 1.48, 2.3, 2.115

cylindrical coordinates, 2.10

dipole, 1.140, 1.141
divergence, 2.28, 2.29
Doppler effect, 1.61-1.66, 1.70, 1.71, 1.87

eigentime, see proper time

Einstein’s equations, 2.39, 2.44, 2.51, 2.52, 2.56,
2.61,2.117,2.134

elastic scattering, 1.88, 1.96-1.98

electromagnetic field, 1.114-1.143, 1.150, 2.53,
2.54,2.58,2.62

energy—momentum tensor, see stress—energy
tensor

equation-of-state parameter, 1.149, 2.148-2.150

equations of motion, 2.58, 2.59, 2.109, 2.111,
2.150

Euclidean space, 2.3, 2.36

Euler-Lagrange equations, 1.150

field tensor, 1.113, 1.137-1.140, 2.53

Fizeau’s experiment, 1.59, 1.60

flatness problem, 2.143

flow, 2.23, 2.65, 2.68

frequency shift, 1.61-1.68, 1.70, 1.71, 1.87, 2.113,
2.121-2.130, 2.138, 2.139, 2.141, 2.144

Friedmann equations, 2.143-2.145, 2.147-2.150
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gamma factor, 1.3, 1.44, 1.66, 1.77, 2.96, 2.99

gauge transformation, 1.113, 1.139, 2.112

geodesic deviation, 2.82, 2.114

geodesic equations, 2.6, 2.7, 2.9, 2.10, 2.19-2.21,
2.23,2.24,2.30,2.45,2.51,2.70, 2.78-2.90,
2.95-2.97,2.100, 2.113, 2.115, 2.131, 2.137,
2.141

gravitational lensing, 2.119, 2.120

gravitational potential, 2.98, 2.101, 2.111, 2.113,
2.116,2.117,2.127

gravitational redshift, 2.121, 2.124, 2.125, 2.127

gravitational waves, 2.132-2.136

great circle, 2.12

Green’s function, 2.134

harmonic gauge, 2.132

Hubble parameter, 2.145, 2.149
Hubble’s law, 2.142
hyperboloid, 2.20, 2.78, 2.84

ideal fluid, 1.144, 1.145, 1.147-1.149, 2.150

impact parameter, 2.76

index of refraction, 1.59, 1.60, 1.67, 1.69

inflation, 2.102, 2.143

inner product, 1.1, 1.2, 2.13

instantaneous rest frame, 1.42

invariance, 1.112, 1.115, 1.116, 1.119, 1.121,
1.122, 1.124-1.127, 1.130, 1.132, 1.135,
1.139-1.141,2.4,2.5

invariance of the speed of light, 1.24

Kepler’s laws, 2.72

Kerr spacetime, 2.101

Killing vector, 2.63-2.69

kinetic energy, 1.72, 1.88-1.91, 1.97, 1.100, 1.101,
1.103-1.105, 1.108, 1.109, 1.111

Kruskal-Szekeres coordinates, 2.107-2.110

Lagrangian, 1.150, 2.58-2.60, 2.62, 2.150

Laplacian, 2.28

length contraction, 1.5, 1.6, 1.8-1.12, 1.16, 1.29,
1.39,1.114

Levi-Civita connection, 2.56

light cones, 2.110

light travel time, 1.23

lightlike, 1.2, 1.35, 2.81

Lorentz boost, 1.36

Lorentz force law, 1.118, 1.123, 1.128, 1.131,
1.133, 1.143, 1.150

Lorentz transformation, 1.13, 1.17, 1.18, 1.22,
1.24-1.28, 1.30-1.37, 1.112, 1.114, 1.119,
1.120, 1.129, 1.130

Lorentzian manifold, 2.22, 2.43, 2.55, 2.79

Lorenz gauge, 1.120, 1.138,2.133

matrix representation, 1.35
Maxwell’s equations, 1.120, 1.134, 1.137, 1.138,
2.53-2.55

metric compatibility, 2.34

metric tensor, 1.48, 2.3, 2.7, 2.13, 2.19, 2.21, 2.22,
2.25,2.28,2.31,2.32,2.37,2.38, 2.41, 2.48,
2.51,2.66, 2.68, 2.69, 2.71, 2.78, 2.84, 2.86

Newtonian limit, 2.111, 2.114, 2.116-2.118
optical size, 2.76

paraboloid, 2.41, 2.66

parallel transport, 2.5, 2.9, 2.11, 2.12, 2.18, 2.30,
2.33-2.35,2.40

particle collisions, 1.73, 1.76, 1.77, 1.82, 1.84,
1.85, 1.88-1.98, 1.103-1.109

particle decay, 1.73-1.75, 1.78-1.81, 1.83, 1.86,
1.87,1.99-1.102, 1.133

perfect fluid, see ideal fluid

photon gas, 1.147

point charge, 1.117, 1.132, 1.136, 1.141, 1.142

point particle, 2.57

proper acceleration, 1.51-1.53, 1.58, 2.94, 2.100,
2.106

proper distance, 2.141

proper time, 1.20, 1.37, 1.38, 1.46-1.48, 1.50,
1.51,1.58,1.111, 2.72, 2.85, 2.91-2.96,
2.98-2.106,2.109, 2.118

pseudo-Riemannian metric, 2.22

radial free fall, 2.73, 2.91-2.93, 2.95, 2.105, 2.109,
2.128

reflection, 1.68

relative velocity, 1.10, 1.13, 1.18, 1.26, 1.34, 1.40,
1.43,1.44,1.46,1.47,1.57, 1.64, 1.76, 2.100,
2.105, 2.146

rest frame, 1.4

Ricci scalar, 2.45, 2.46, 2.50, 2.51

Ricci tensor, 2.44, 2.46, 2.48, 2.49, 2.51, 2.87,
2.112

Riemann curvature tensor, 2.14-2.17, 2.39-2.47,
2.51

Rindler coordinates, 2.25, 2.28, 2.47

Robertson—Walker spacetime, 2.61, 2.81, 2.84,
2.87-2.90, 2.102-2.104, 2.130, 2.131,
2.137-2.150

scalar field, 2.59, 2.60, 2.140, 2.150
Schwarzschild spacetime, 2.51, 2.70-2.77, 2.80,
2.91-2.100, 2.105, 2.107, 2.109, 2.110,

2.121,2.123,2.124

shortest path, 2.10

simultaneity, 1.8-1.10, 1.12, 1.19, 1.25, 1.32, 1.38,
1.39

smooth function, 2.1

Snell’s law, 1.69

spacelike, 1.2, 2.22

spacetime diagram, 1.1, 1.19-1.21, 1.23, 1.38

sphere, 2.1, 2.2,2.6-2.9, 2.11-2.14, 2.24,2.32,
2.35,2.37,2.82
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spherical coordinates, 2.2, 2.8, 2.13, 2.36

spherical symmetry, 2.51, 2.52

spinor, 1.35

stationary observer, 2.99, 2.100, 2.105, 2.128

stereographic projection, 2.37

stress—energy tensor, 1.136, 1.138, 1.142,
1.144-1.149, 2.39, 2.53, 2.56, 2.57, 2.60,
2.62,2.134

SUQ2),2.24

tangent curves, 2.4

tangent vector, 2.2, 2.4

tension, 1.146

tensor component transformation, 2.26, 2.27

threshold energy, 1.89, 1.94, 1.95, 1.103-1.105,
1.107-1.109

tidal effects, 2.111, 2.114

time dilation, 1.5, 1.7, 1.14, 1.15, 1.20, 1.21, 1.41,
1.80

timelike, 1.2, 2.22, 2.81

torsion tensor, 2.15

torus, 2.67

transverse traceless gauge, 2.133

variational formalism, 1.150
vector commutator, 2.15

wave, 1.70, 1.120-1.122, 1.134, 1.138,2.132

wave equation, 1.112, 1.137,2.112, 2.140

weak energy condition, 1.149

weak field limit, 2.112, 2.113, 2.119, 2.120, 2.132,
2.133
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