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This lecture will survey some of the recent advances that have been made in the dyna
mics of general relativity and other classical relativistic field theories. In addition, we
shall indicate a few open problems that appear to be of basic interest.

1. Existence and Uniqueness Theorems for Geometrodynamics

The basic existence and uniqueness theorem states that Cauchy data on a spacelike
hypersurfaee determines uniquely (up to sllacetime diffeomorphisms) a piece of
spacetime (filled with whatever matter or other fields are under consideration)
containing the hypersurface. Moreover, it makes sense to look at the maximal devel
opment of such Cauchy data, just as it makes sense to look at maximal integral
curves of ordinary differentiai equations.

The rigorous theory developing results of this type begins with Choquet-Bruhat
[1948], [1952]. The subject as it existed up until about 1972 is adequately presented
in Hawking and Ellis [1973]. Some of the key developments since then are as follows,
in more or less chronological order:

(a) Fischer and Marsden (19720.] show how to write the evolution equations as a
first-order symmetric hyperbolic system.

(b) Miiller-zum-Hagen and Seifert [1977] study the characteristic initial value
problem.

(e) Hughes, Kato and Marsden [1977] prove a conjecture of Hawking and Ellis,
showing that the equations are well posed, with the metric in HS, 8> 2.5.
(See also Fischer nnd Marsden (1979a].)

(d) For asymptotically flat spacetimes, Choqllet-Bruhat and Christodoulou [1980]
and Christodoulou [1080] prove well-posednesB in the weighted Sobolev spaces
of Nirenberg-Walker and Cantor ("SNWC splll,es"; see Cantor [1979]). The
crucial point here is to allow Hilbert spaces (cf. MeOwen [1979]).

(e) Christodoulou and O'~[tlrchadha [1980] solve the boost problem in s~rwc

spaces; i.e. they show that the piece of spacetime generated by the initial data
is large enough at spatial infinity to include boosts. The methods may aUow also
for capturing a pieee of Q.
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