Chapter 19
Subje ts omitted in this ourse
As stated in the introdu tion, it would not be possible to in lude the whole of relativity in
a book of manageable size. We hose to go into several sele ted topi s, but omitted some
other topi s ompletely or nearly so. This short hapter is a list of the topi s we omitted,
with some suggestions to the readers for further reading. The suggested reading in ludes
only textbooks and monographs.
The following topi s were overed inadequately or not at all:
1. Gravitational waves. Speaking most generally, a gravitational wave is any gravitational eld that propagates through spa e independently of matter. It may, but does
not have to be periodi . There exists a large olle tion of exa t solutions of Einstein's
equations des ribing waves, for these see Ref. [33℄. There exists also an elaborate theory
of nearly-linear waves, a relatively good sour e for it is the book by Ohanian and RuÆni
[210℄, and also the lassi MTW ourse [52℄. The theory of generation and dete tion of
gravitational waves is worked out rather well, but progress in it is still going on, so the
urrent knowledge an be gained only from papers. Finally, a sophisti ated and elaborate
experimental te hnology is already in pla e, but to keep up with this one has to attend onferen es in addition to reading literature. The pioneer of the sear h for gravitational waves
was J. Weber; his small book an be re ommended to readers interested in the history of
the subje t [211℄.
2. The Cau hy problem. In ea h oordinate system, the set of Einstein's equations
an be separated into those equations that ontain at most the rst-order time derivatives of the metri omponents, and those that are of se ond order in time. The former
are limitations imposed on the initial data, the latter are the dynami al evolution equations. This approa h makes it possible to dis uss su h problems as the global existen e
or nonexisten e of solutions of Einstein's equations, horizons in general spa etimes and
general prin iples of propagation of gravitational waves. The pioneering paper in this eld
was that by Arnowitt, Deser and Misner [212℄, that gave the name, ADM, to the whole
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approa h. Refs. [52℄ and [166℄ are also good sour es for this topi , and Ref. [106℄ makes
elaborate use of it.
3.

Generating new stationary{axisymmetri

solutions out of known solu-

This is a very large eld of a tivity. The Kerr solution resulted from the Einstein
equations in onsequen e of a set of assumptions, not all of whi h had a lear interpretation. Changing these assumptions one an obtain other solutions. The rst important
step in this dire tion was made by Ernst [213℄, who redu ed the Einstein equations for
stationary axisymmetri va uum spa etimes to one equation for one omplex fun tion,
now alled the Ernst potential (in a subsequent paper, this approa h was extended to
the Einstein{Maxwell equations [214℄). Then it was dis overed that these equations admit
transformations of variables that lead from one solution to another, with a geometry that
is not a oordinate transform of the initial one. On the basis of this nding, several generating te hniques for obtaining new solutions were introdu ed. Meanwhile, the most
famous among the next-generation stationary{axisymmetri metri s, the Tomimatsu{Sato
solution [215℄, was found. An overview of the generating te hniques an be found in Ref.
[33℄, a more extended overview is the book by Belinskii and Verdaguer [216℄.
tions.

4. The Penrose transform. In this approa h points of the spa etime that lie at
in nity are mapped into nite points of another manifold, whi h in turn allows one to
dis uss values of fun tions instead of limits. This is a powerful tool, even though few
spa etimes are known for whi h the Penrose transform was onstru ted expli itly. More
on it an be found in the books by MTW [52℄ and by Hawking and Ellis [106℄.
5. Cosmi ensorship. This subje t was ompletely omitted in the present ourse.
It is a lively paradigm, on whi h perhaps the best sour e is the book by Joshi [166℄.
6. Experimental tests. Apart from the very few lassi al and most basi tests, we
did not really do justi e to this subje t. This is now a s ien e in itself, with large groups of
physi ists involved in proje ts lasting many years. Apparently, there exists no up-to-date
book on it. As a histori al introdu tion to the subje t, the old volume of pro eedings of
the Fermi s hool from 1972 an be re ommended [217℄, a dis ussion of results and their
meaning for the theory an be found in Ref. [4℄.
7. Spinor methods. This subje t was also ompletely omitted in the present ourse.
A large monograph [218℄ is available.
8. Relativisti astrophysi s. We did not give a fair representation of the lassi al
appli ations of relativity to astrophysi s be ause we on entrated on the on eptual basis of
relativity. The still most extended ourse on this subje t are the two volumes by Zeldovi h
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and Novikov [219, 220℄, more brief a ounts an be found in Refs. [52℄ and [221℄.
9. History of relativity. This subje t is treated rather super ially in most textbooks,
and ours is no ex eption. That history is important and an be ex iting is best attested
by the lassi book by A. Pais [222℄ { a detailed a ount of Einstein's life and s ienti
a tivities. Other important sour es are the book by Mehra [5℄ that explains how relativity
had been taking shape step by step, and the olle tion of original papers in whi h spe ial
and general relativity were reated, Ref. [6℄. Some important bits of history an be found
in the monograph by R. H. Di ke [3℄.
10. Spe ial relativity. We omitted this subje t altogether be ause we assumed that
spe ial relativity is now part of all ourses on ele trodynami s and should be familiar to
anyone setting out to study general relativity. Should any reader need to learn, we re ommend the following sour es: Synge's book [223℄ is an expert-level omplete textbook.
The book by Kop zynski and Trautman [224℄ is only in a small part devoted to spe ial
relativity, but it presents an enlightening geometri al approa h that simpli es many problems. Equally enlightening is the textbook by Rindler [124℄. Finally, spe ial relativity in
the ontext of ele trodynami s is presented in a readable way by Ja kson [225℄.
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