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Slovní vyjádření, komentáře a připomínky vedoucího/oponenta: 

 
The goal of this diploma thesis is to derive vacuum field equations of quadratic gravity in the Newman-Penrose 

formalism and present its applications on simple examples. 

In Introduction, the author gives a brief historical overview of general relativity. 

In Chapter 1, the least action formulation of Einstein's general relativity and its generalization including quadratic 

terms in curvature, quadratic gravity, is summarized. The quadratic gravity field equations are then rearranged by 

separating the Ricci tensor part and the Ricci tensor free part. 

In Chapter 2, the standard Newman-Penrose (NP) formalism is rederived, including the Ricci and Bianchi identities. 

The geometrical interpretation of NP quantities is recalled. 

In Chapter 3, as an application of the NP formalism to general relativity, the Schwarzschild solution is rederived as 

the only vacuum spherically symmetric spacetime. In quadratic gravity, the field equations and Bach tensor 

components projected onto the NP frame are computed. 

In Chapter 4, the NP formalism is applied to the Robinson-Trautman and the Kundt classes of spacetimes.  In general 

relativity, the NP formalism with the Robinson-Trautman spherically symmetric metric ansatz is used to rederive the 

Schwarzschild solution again. In quadratic gravity, the NP formalism with the Robinson-Trautman spherically 

symmetric metric ansatz is employed to find the NP projections of the field equations. These equations can be 

simplified using the conformal-to-Kundt form of the spherically symmetric metric for which NP quantities are 

calculated and the quadratic gravity field equations are given, which are in agreement with previously obtained 

results.  The simple pp-wave solutions are then studied in general relativity and quadratic gravity. 

 

 

The work has a clear structure and an appropriate length. I have noticed a small number of grammar errors (often 

errors in the use of articles). I have the following objections 

- page 31 - eqs. (3.41)-(3-47) - since the NP projections of the Bach tensor part BZ  are not expressed using the NP 

quantities, the NP projections of the quadratic gravity field equations are not complete; 

- page 24, eq. (2.105) - the contravariant index of m should be ν and e(b) should have a covariant index μ;  

- page 44 - the symbol H is used for two different functions, I would prefer to use different symbols; 

- the choice of the language is sometimes too informal for a scientific text, e.g. “Does not make sense, right?”  on 
page 4. 
 

 

I find the idea of extending the NP formalism to quadratic gravity interesting and useful. It involves a considerable 

amount of computations and the author has undertaken the task appropriately. Thus I am happy to recommend his 

work to be accepted and acknowledged as a diploma thesis. 

 



Případné otázky při obhajobě a náměty do diskuze: 

 
I would like to ask the following questions: 

- Are computations made mainly by hand or using a computer algebra software (e.g., Mathematica)? 

- For spherically symmetric spacetimes, it is possible to express the Ricci tensor in terms of Ricci rotation coefficients 

and components of the Weyl tensor, e.g., (4.52)-(4.54). How general is such behaviour beyond the class of 

spherically symmetric spacetimes? 

- Would it be possible to present at least one complete NP quadratic gravity field equation (with BZ components 

expressed using NP quantities)? 
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