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electric charge

of black holes, 101
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of the universe, 115
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grand unified era, 58
Grand Unified Theory (GUT), 44-5,
50-1, 57, 58, 81
graviton, 41
gravity
dominant force in universe, 113,
128
effect on galaxies, 4, 29, 62, 72
effect on light, 97, 98
effect on stars, 3, 15, 16, 22, 62-4,
96-7, 98
and expansion of universe, 29, 31,
69-70
negative energy and, 36-7, 70,
108, 114
quantum aspects of, 41, 57,
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strength of, 42
unification with other forces,
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gravity waves, 101
Guth, Alan, 81
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Hawking, Stephen, 105, 106, 107,
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helium, 14-16, 60, 61, 63, 66-8, 75,
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hidden dimensions, 45-50, 53,
87-90

horizon distance, 74-5, 77, 89-90,
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Hubble, Edwin, 21

Hubble law, 21
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inflation, 6, 77-86, 87-95, 1224,
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beginning of, 81, 86, 88
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inside black holes, 121-7

motivation for, 77-9

observational test of, 86

quantum fluctuations during, 83,
86,91, 93

internal space, see hidden

dimensions

Kaluza, Theodor, 45, 46, 47
Kaluza—Klein theories, 50
Klein, Oskar, 47

Landau, Lev, 64
lepton, 33, 35, 39, 40, 41, 44, 50,
51,58, 66
light year, definition of, 2
light
colour, 8-9, 13, 14, 18
as a particle, 37
speed of, 2, 8, 23, 24, 26, 34, 74,
75,78, 96, 101
as a wave, 8, 9, 13, 18, 20, 38, 69,
98
see also electromagnetic radiation
Linde, Andrei, 81, 82, 88, 90, 114
lithium, 60, 67

matter era, 61-2
Maxwell, James Clerk, 23
Milky Way galaxy, 2-5, 19

neutrino, 66
neutrons, 10, 14, 15, 16, 33, 3941,
59-60, 63, 64, 66, 67,97, 98,
128
neutron star, 97, 100
nitrogen, 129
no boundary proposal, 119-21
nuclear force
strong, 39-41, 42, 58, 59
weak, 39, 42, 43, 58, 59, 66, 67
nucleosynthesis, 60-1, 66-8, 128
nucleosynthesis era, 60-1
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Penzias, Arno, 69

photon, 37-9, 41, 44, 58, 60, 68,
74-5, 78, 99-100, 128

Planck, Max, 57

Planck era, see Planck time

Planck length, 57, 88, 92, 93, 110,
119, 121-2, 124

Planck time, 57, 71, 86, 87, 88,
92-3,112-13, 119

Pluto, 1, 2

positron, 35

prism, 9, 14

proton, 10, 14, 15, 16, 33, 38-41,
48, 59, 60, 61, 63, 64, 66, 67,
81,128

Proxima Centauri, 2, 3

quantum fluctuations, 37, 57, 83-4,
85, 86,91, 93, 106-7, 110,
113-14, 118-20

quarks, 33, 35, 38-41, 44, 50, 51,
58-60, 63, 66, 128

quark era, 59

quasar, 4

solar system, 1-3, 5, 7, 65, 129
space-time
curvature of, 28-9, 34, 41, 45, 121
diagram, 26-7, 116-20
singularity
big bang, 30, 117, 119-22
black hole, 99-100, 105, 121-2
spin, 32, 33, 101
stars
collapse of, 63-5, 96-9
composition of, 14-17, 62, 63
number of, 3
as sources of elements, 65, 94, 129
temperature of, 15
see also neutron star, supernova,
white dwarf
Sun
fate of, 17, 64
origin of, 15, 63, 65
see also stars
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supernova, 65, 67, 129
superstring
era, see Planck time
observational test of, 52-3, 86
reversing collapse, 122
theory of, 51-4

Theory of Everything (TOE), 50
see also superstring; theory of
thermal equilibrium, 73, 75, 77,
106
thermodynamics, second law of,
102-6, 109

universe
baby, 123-7
conditions for life in, 93-5, 126
creation out of nothing, 113-16
cyclical, 30, 31
destiny of, 69-71, 90-3
electric charge of, 115
energy of, 80, 114-15

expansion of, 5-7, 18-22, 29, 56,

68, 69-71,77-9, 116-18,
122-3
finite age of, 1, 22, 29-31, 121

global, 125-7

history of, 55-65, 127-9

inside black hole, 121-7

mother, 123-5

observable, 74-5

size of, 5, 88, 90-1

structure of, 1-5, 88-90, 125

temperature, 55, 56, 57, 58, 59,
61, 67,128,129

see also inflation

vacuum
definition of, 34
quantum fluctuations of, 34-7,
107,113
Vilenkin, Alexander, 114
virtual particles, 35-9, 41, 42, 45,
51, 53, 54,107-9

W-particle, 39, 42, 43, 44, 58
white dwarf, 64, 97

Wilson, Robert, 69
X-particle, 44, 58

Z-particle, 39, 42, 43, 44, 58
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