


CHAPTER 1

1.1

1.2
1.3
1.4
1.5
1.6
1.7

CHAPTER 2

2.1
2.2
2.3
2.4

CHAPTER 3

3.1
3.2

CHAPTER 4

CHAPTER 5§

5.1
5.2
53
5.4
5.5

Contents

Preface . .
Acknowledgements

Introduction

The double challenge—More precision in known effects:

the search for new effects
Space from Riemann to Einstein
The local character of gravitation

Tide-producing acceleration and spacetime curvature .

Spacetime vs space .
Curvature and density

Einstein’s equation connecting curvature w1th den51ty

The Physics of a Superdense Star

Results of Newtonian treatment

Equilibrium configurations for general relativity .
Scalar tensor theory and equilibrium configurations
Equation of state

Pulsars .

Pulsars as neutron stars . .
The crust and interior of a neutron star

Supernovae

Black Holes

Collapse of a spherically symmetrical cloud of dust
The Kruskal diagram

“No bounce” .

Small departures from spherlcal symmetry
Rotation and the Kerr geometry

vii

V1

ANV A WD -

11
13
14

23
27
33
36

40

46
51
56
60



viii

5.6
5.7
5.8

CHAPTER 6

CHAPTER 7

7.1
7.2
7.3
7.4
7.5

7.6

7.7

7.8
7.9
7.10

7.11
7.12
7.13
7.14

CHAPTER 8

CHAPTER 9

CHAPTER 10

10.1
10.2

Contents

Energy sent out when mass falls in
Final outcome of collapse of a rotating body
Search for black holes and their effects

Quasi-Stellar Objects

Gravitational Radiation

Angular distribution of gravitational radiation
Detector of gravitational radiation

Bar as multiple-mode detector . . .
Earth vibrations as detectors of gravitational waves
Seismic response of Earth to gravitational radiation in
the one-hertz region . .
Changes in solar system dlstances not adequate as
detectors of gravitational waves

Sources of gravitational radiation

7.7.1 Spinning rod

7.7.2 Spinning star

7.7.3 Double star system

7.7.4 Pulsating neutron star

Splash of gravitational radiation -

Low-frequency part of splash radiation .
Radiation in elliptical orbits treated as a succession of
pulses

Fall into Schwarzschlld black hole

Radiation from gravitational collapse

Earthquakes and meteorites

Microscopic processes

The Traditional Three Tests of Relativity

The Retardation of Light as it Passes by the Sun on its
Way to and Return from Venus .

Relativistic Effects in Planetary and Lunar Motions

Planetary orbits
Search via corner reflector on the moon for relat1v1st1c
effects in the motion of the moon predicted by Baierlein

71
72
75

79

84

92
101
105
106

108

108
110
110
111
117
120
124
125

129
130
133

135
135

143

145

146
146

147



Contents

CHAPTER 11

11.1

11.2
11.3
11.4

CHUAPTER 12

12.1
12.2

12.3
12.4

12.5

CHAPTER 13

13.1

13.2
13.3

CHAPTER 14

14.1

14.2
14.3

CHAPTER 15

15.1
15.2
15.3
15.4
15.5
15.6
15.7

The Expanding Universe .

Metric and field equations for homogeneous isotropic
universe

The Hubble constant

The age of the universe . . .
Determination of the deceleration parameter g .

The Evolving Universe

Radio (and optical) counts . .
Information added by quasar redshifts: the “lumlno-
sity-volume ™ test . .

The physical nature of the evolutlon . .
Angular diameter-redshift tests: the universe as a
lens

Summary

The Microwave Background: The Primordial Fireball

Observations and interpretations of the microwave
background . . . . .
The canonical “hot big bang” cosmology .
Nucleosynthesis in the primordial fireball .

The Fate of Fluctuations: Galaxy Formation

Gravitational instability of perfect fluid Friedmann
models . : . .

Perturbations durmg the “plasma era”

Processes after recombination .

The Mystery of the Missing Mass: The Contents of the
Universe

Galaxies and clusters of galaxies
Quasars .

Diffuse intercluster gas
Electromagnetic radiation
Neutrinos .
Gravitational waves .
Black holes in intergalactic space

X

149

149
155
158
159

165
166

175
180

182
188

195

195
204
210

216

217
220
228

232

232
237
239
248
249
250
252



X

CHAPTER 16

16.1
16.2
16.3
16.4
16.5
16.6
16.7
16.8
16.9

CHAPTER 17

17.1

17.2

17.3,

17.4

CHAPTER 18

CHAPTER 19

19.1

19.2
19.3

19.4

19.5
19.6

APPENDIX

A.l

Content

Cosmic Background Radiation .

Radio band

Microwave and mllllmeter band
Infrared band.

Optical band .

Near ultraviolet band

Far ultraviolet band

X-ray band

y-ray band

Opacity effects on background radlat1on

‘“Non-Canonical” Models and the Very Early Universe

Evidence for the isotropy and large-scale homogeneity
of the universe . .

Helium production in non- canomcal models
Dissipation processes before recombination

The very early universe

The *‘Large Numbers”’: Coincidence or Consequence? .

Beyond the End of Time

Gravitational collapse as the greatest crisis in physics of
all time . .
Assessment of the theory that pred1cts collapse .
Vacuum fluctuations: their prevalence and final domin-
ance

Not geometry but pregeometry as the magic bulldmg
material. . .

Pregeometry as the calculus of proposxtlons

The black box model of collapse: The reprocessing of
the universe

References

Index

Selected Reprints on Black Holes and Gravitational
Waves

D. Christodoulou, “Reversible and irreversible trans-
formations in black-hole physics™, Phys. Rev. Letters 25,
1596 (1970)

254

255
255
256
256
258
259
259
265
267

270

270
275
278
280

283
286

286
288

290

293
297

302
308
325

333



Contents

A2

Al

A4

A5

A6

A7
A.8

A9

A.10

A.ll

A.12

A.13

S. W. Hawking, “Gravitational radiation from colliding
black holes.”” Phys. Rev. Letters 26, 1344 (1971)

D. Christodoulou and R. Ruffini, ‘“Reversible trans-
formations of a charged black hole”, Phys. Rev. 4,
3552 (1971)

D. C. Wilkins, “Bound geodesics in the Kerr metric”,
Phys. Rev. 5, 814 (1972)

G. W. Gibbons and S. W. Hawking, *“ Theory of the de-
tection of short bursts of gravitational radiation”, Phys.
Rev. 4, 2191 (1971)

F. J. Zerilli, “ Gravitational field of a particle falling in
a Schwarzschild geometry analyzed in tensor harmo-
nics”’, Phys. Rev., 2, 2141 (1970)

F.J. Zerilli, Errata, December 1971, unpublished

M. Davis, R. Ruffini, W. H. Press, R. H. Price, “Gra-
vitational radiation from a particle falling radially into
a Schwarzschild black hole’’, Phys. Rev. Lett., 27, 1466
(1971)

W. Press, “Long wave trains of gravitational waves
from a vibrating black hole”, Astrophys. J., 170, L105
(1971)

M. Davis, R. Ruffini, J. Tiomno, ‘“Pulses of gravita-
tional radiation of a particle falling radially into a
Schwarzschild black hole”’, Phys. Rev. D, 12,2932 (1972)
R. Ruffini, J. Tiomno, C. V. Vishveshwara, ‘Electro-
magnetic field of a particle moving in a spherically sym-
metric black hole background,” Nuovo Cimento Letters
3, 211 (1972)

V. F. Schwartzman, ‘“Halos around ‘black holes’”,
Soviet Astronomy—AJ, 15, 377 (1971)

S. W. Hawking, “Black holes in general relativity”,
Commun. Math. Phys. 25, 152 (1972)

xi



	page1
	page2
	page3
	page4
	page5
	page6

