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INTEGRABLE DOUBLE KERR-SCHILD SPACES

HARK S. HICKMAN

Exact solutions of the vacuum Einstein field equations have been

sought for the last seventy years. In the 1960's a class of solutions,

known as Kerr-Schild solutions, were investigated. This class includes

solutions of great importance. For example the Schwarschild and Kerr

metrics are both members of this class. Unfortunately this class has

proven to be restrictive. This thesis is mainly concerned with a

generalization of this class, known as integrable double Kerr-Schild

solutions. Solutions of this class possess a totally null foliation of

codimension 2 and can be written in the form

g=gQ+Pl@l+2R18m+Qm8m

where gQ is a flat space metric, 1 and m are any basis for the

foliation and P , Q and R are complex valued functions. The Lorentz

signature of physical spacetimes necessitates integrable double Kerr-

Schild solutions to be complex solutions of the Einstein field equations.

Vacuum solutions of this class include, for example, the analytic

continuation of any real algebraically degenerate vacuum spacetime.

The necessary modifications of standard relativity theory are given to

allow the discussion of complex spaces. In particular, the well-known

Newman-Penrose formalism [7] and the 2-component spinor formalism [2] are
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adapted for complex spaces. Some of the novel features of complex spaces

are examined. In particular, a classification scheme based upon the

properties of complex wave surfaces of a null direction is given. The most

important subcase of this scheme is that of the integrable double Kerr-

Schild spaces. The wave surfaces give rise to a particularly useful tetrad

for studying these spaces.

The potentialization of Plebanski and Robinson [3,4] of vacuum

integrable double Kerr-Schild spaces is obtained by a novel method. Seven

of the ten vacuum field equations are satisfied identically with the

remaining three equations reduced to a single equation for the potential.

The potentialization is then specialized to the Petrov type N ® N case

(that is both the self-dual and anti-self-dual Weyl tensor are null) .

Several subcases are integrated yielding the complex analogues of the

Robinson-Trautman, Kundt and pp wave metrics plus two solutions which do

not possess real analogues (of Lorentz signature).

The canonical tetrad for integrable double Kerr-Schild spaces is

exploited to give an account of the Cohen and Kegeles theory of spin 1/2

and 1 fields [5,6] in conformally integrable double Kerr-Schild

backgrounds. The canonical tetrad allows the calculations to be completed

in a more direct manner and to obtain the results in a covariant form. The

Cohen and Kegeles treatment of gravitational perturbations of algebraically

degenerate vacuum spacetimes [6,7] is shown to be a first order

perturbation of the potential of Plebanski and Robinson. This potential-

ization is exploited to give an account of a higher order perturbation

scheme for vacuum integrable double Kerr-Schild backgrounds.
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