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The supervisor’s report on the PhD thesis by
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General Relativity in Higher Dimensions

MFF UK, Prague 2012

This thesis is devoted to a general study of various applications of the algebraic
classification of the Weyl tensor in higher dimensional gravity theories. Most of the
results presented in this thesis hold in arbitrary spacetime dimension N ≥ 4.

In Chapter 2, based on a paper published in Classical and Quantum Gravity,
generalized Kerr-Schild (GKS) spacetimes (Kerr-Schild spacetimes with (anti-)de
Sitter background) of arbitrary dimension are studied. First, using Einstein equa-
tions, necessary and sufficient conditions for the Kerr-Schild vector being geodetic
are expressed in terms of stress energy tensor. It turns out that in most applications
such conditions hold and in the rest of the Chapter 2 the author thus naturally fo-
cuses on the geodetic case. It is shown that GKS spacetimes with a non-expanding
Kerr-Schild vector are of type N, while non-vanishing expansion implies types II
or D. It is also shown that in the expanding case the optical matrix obeys the op-
tical constraint. This result is also relevant in the context of higher dimensional
generalization of the Goldberg-Sachs theorem. Using higher dimensional NP/GHP
formalism, it also allows to study curvature singularities in such spacetimes in full
generality and compare these results with the well known Myers-Perry black hole
metric belonging to this class.

In Chapter 3, extended Kerr-Schild (xKS) spacetimes admitting a more general
form of the metric than GKS spacetimes and containing e.g. type III Kundt space-
times and the CCLP black hole solution of the five-dimensional minimal gauged
supergravity are studied. For example, it is shown that for a geodetic Kerr-Schild
vector, xKS spacetimes are of type I. Results presented in this chapter are not fully
completed but certainly form a substantial basis for a future publication.

Chapter 4 is based on and extends results of a paper published in Physical
Review D. In this chapter, appropriate assumptions on an algebraic type of the
Weyl and Ricci tensors are used to find exact solutions of quadratic gravity. It is
shown that for Einstein spacetimes assuming type III and N Weyl tensor leads to a
remarkable simplification of the field equations of quadratic gravity. In fact for type
N these equations reduce to the Einstein equations and thus all type N Einstein
spacetimes are also exact solutions of quadratic gravity. These results are also in
part generalized to the case of type III or to the case with the Ricci tensor containing
an additional null radiation term.

This thesis is well written and the author has put a lot of effort into presenting
a self-contained, pedagogically written text. In my view this thesis will be useful for
students and researches working in this field.
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Tomáš Málek has exhibited a considerable talent and ability to creatively solve
problems in mathematical physics. After an initial phase necessary for studying the
background, he has been able to perform a considerable amount of research work. In
particular, he has demonstrated outstanding skills in using the computer system for
symbolic calculations Cadabra, where in fact he has contributed to the development
of this system by reporting several substantial bugs which have been corrected in
the subsequent versions. The original results and open problems discussed in this
thesis demonstrate Tomáš Málek’s ability to perform a high quality research in a
creative and stimulating environment.

I fully recommend this work to be accepted as a Ph.D. thesis.

February 12, 2012
Vojtěch Pravda
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