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The topic of the thesis is the investigation of specific properties of exact spacetimes in the context 
of Einstein’s general relativity theory and its extension to higher dimensions. Namely, the author 
thoroughly studies the behaviour of free test particles in several large and interesting classes of 
exact spacetimes. This enables him to clarify their physical properties. 
 
Chapter 2 is devoted to the study of geodesics if the family of spacetimes which represent 
expanding impulsive gravitational waves propagating in flat, de Sitter, or anti-de Sitter universe. 
A complete and explicit description of the corresponding refraction and focusing effect caused by 
the impulse is obtained. These results were published in Physical Review D in 2010.      
 
In Chapter 3, investigation of relative motion of test particles, based on the geodesic deviation 
expressed in a suitable physical interpretation frame, is presented for a completely general 
spacetime in four or arbitrarily higher number of dimensions D. By decomposing the Riemann 
and Weyl tensors into scalars of various boost weights, specific effects on the test particles are 
identified, in particular the purely transverse effect of gravitational waves encoded in the 
symmetric and traceless matrix Ψ4ij describing D(D-3)/2 polarisation states. This fully general 
analysis of exact spacetimes was published in Physical Review D in 2012. 
 
Such an interpretation method can be applied to various important classes of spacetimes with 
specific geometric properties and algebraic structure. This is amply demonstrated in subsequent 
three chapters of the submitted thesis. 
 
In Chapter 4, the analysis of local behaviour of test particles is presented for a complete family of 
nontwisting solutions of Einstein’s equations. To obtain all the canonical terms in the geodesic 
deviation explicitly, Robert Švarc had to evaluate the complicated Riemann, Ricci and Weyl 
tensors for a very general metric (4.1), see expressions (4.19)-(4.39). To my knowledge, these 
were not calculated and published elsewhere, and can be crucial for investigation of nontwisting 
spacetimes. Two large subclasses are studied subsequently, namely the nonexpanding Kundt 
family (Chapter 5) and the expanding Robinson-Trautman family (Chapter 6) in any dimension. 
Chapters 4-6 contain a sufficient amount of new interesting results which will be submitted for 
publication in several separate articles.  
 
The thesis represents an original contribution to the study of exact spacetimes in Einstein’s theory 
and its extension to higher dimensions, originally motivated by various attempts to quantize 
gravity or unify it with other forces in nature. However, rigorous investigation of exact solutions 
of generalized Einstein equations is also important from purely theoretical point of view. For 
example, it may elucidate in what sense are four-dimensional spacetimes special. 
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The technical quality of the work is also very good, the thesis is well-organized and there are 
almost no typos. The list of references is adequate, and relations to previous works are properly 
included. 
 
To summarise my report, in all aspects the thesis submitted by Robert Švarc is of a high quality 
and clearly demonstrates his ability to perform independently a creative research. The thesis fully 
satisfies the conditions required, and I am thus happy to recommend its acceptation as a doctoral 
thesis at the Faculty of Mathematics and Physics of the Charles University. 
 
 
 
 
 
Prague, July 20, 2012     prof. RNDr. Jiří Podolský, CSc., DSc. 
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