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Referee report on the do_ctoraj_thgsis:

"Asymptotic properties of the C-metric", by Mgr. Pavel Sladek

In the context of General Relativity, the submitted doctoral thesis studies classical aspects of the gravita-
tional field in four spacetime dimensions. In particular, it focuses on asymptotic and radiative properties of
certain exact vacuum solutions. This is an interesting field of research at the border between mathematics
and physics. It has been explored for many years by several authors, and various important results have
been established, but some aspects are still to be clarified. It is thus an appropriate topic for a doctoral
thesis. The main goal of the work is to apply the "conformal factor method" by Tafel ei ol. to the vacuum
C-metric and thus to calculate the corresponding expressions for the Bondi news function and mass aspect.

The manuscript consists of three chapters (and five appendices containing some technical details). Chap-
ter 1 summarizes the formalism employed in later calculations. This relies on two main approaches to the
study of gravitational radiation. The first of these, put forward by Bondi, Sachs and others, is based on the
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oriented and was developed by Penrose. These two methods were compared and connected by Tamburino
and Winicour. More recently, works by Tafel and others have further clarified this link and have provided
the necessary machinery for relating the Penrose conformal factor to certain important quantities defined
for Bondi metrics. All these notions are thus briefly reviewed in Chapter 1.

Chapter 2 illustrates the above general formalism by presenting a preliminary application to the simpler
cases of a cosmic string in a flat and in a Schwarsschild spacetime. Some of these results were already
known but are nevertheless useful to familiarize the reader with the technicalities of the approach.

The main results of the thesis are finally presented in Chapter 3. After a review of some general properties
of the C-metric (including some useful pictures and conformal diagrams), the method of Tafel ei ol. is
applied to it. This involves several calculations in order to first cast the C-metric in a form compatible with
Tafel's requirements. Then one is finally able to extract from this quantities of interest and, in particular,
the news function and the mass aspect. Further results include; the Study of the SHlftl] THSSS



small acceleration limits of the C-metric and comments on the corresponding structure of singularities; 
mass Jimits for large/zero Bandi time; a discussion of the structure of conical singularities of the (full) 
spacetime. 

The works by Bandi, Sachs and Penrose date back to the early 1960s, and the link by Tamburino and 
1Vinicour was also established soon afterwords. Subsequently, several papers clarifying various properties 
of the C-metric have been published. The news function was a]so computed (see, e.g., papers by Bičák, 
Farhoosh and Zimmernam, etc. quoted in the thesis). However, the method by Tafel and coworkers has 
been developed only recently. This has the advantage that one can compute the Bandi quantities directly 
i11 tcrms of the Pcnrose conforrnal factor, with no nccd to find m1 explicit transformation to Bandi-Sachs 

- coordinates. - Indeed, these are not always the most .. convenient_ mordinates_ to_ express_ an s!Xact solution,_ _
which is in particular true for the C-metric. In my view the most important resuit of the thesis is th""us
the application of this novel technique to an important exact radiative spacetime. 1Vhile rederiving certain
results that were already known, it enables one to check and compare with those obtained with different
methods and thus to test the feasibility of Tafel's proposal. The application of the "conformal factor
method" to the C-metric is new, and some of the more specific result (such as the mass aspect) appear
also to be published for the first time. The work may thus also prompt further subsequent applications of
the same techniques in different contcxts.

To conclude, there are just a couple of points where the presented manuscript could be improved. It would
have been useful to have an extended, more general introduction motivating on the one hand, the interest in
gravitational radiation and, in particular, in exact radiative spacetimes. And, on the other hand, discussing
(at least in general terms) the importance of the C-metric =d its various generalizations (e.g. with chm·ge,
spin, cosmological constant, Maxwell and dilaton fields, "wiggly" cosmic strings, etc.) and applications
(study of pair creation of black holes, black holes on branes, Iive-dimensional black rings, etc.); and to wlmt
extent and in what directions the results presented in the thesis can or can not be extended in future. This
would have put the work in a broader context and helped the reader better appreciate the status of the art.
In addition, a few comments on Tafel's results (2000) concerning the Bandi mass aspect and news tensor
for Robinson-Trautman spacetimes would have been perhaps in order, given that the C-metric belongs to
the Robinson-'D·autman family.

Overal!, I however think that the thesis can be accepted as a suitable work for a doctoral dcgree, and
pr .oves the author ability for creative scientific resea�ch. _____ _ 
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