Posudek prace

prredloZzené na Matematicko-fyzikalni fakulté
Univerzity Karlovy

posudek vedouciho U posudek oponenta
bakalaiské prace Q diplomové préace

Autor: Marek Milicka

Néazev préace: Black hole thermodynamics
Studijni program a obor: Fyzika

Rok odevzdani: 2024

Jméno a tituly vedouciho/oponenta: doc. Mgr. David Kubiziak, PhD
Pracovisté: Institute of Theoretical Physics, MFF, UK
Kontaktni e-mail: david.kubiznak@matfyz.cuni.cz

Odborna aroveri préace:
vynikajici O velmi dobrd U pramérna O podprumérma O nevyhovujici

Vécné chyby:
témet zadné 1 vzhledem k rozsahu pfiméteny pocet U méné podstatné cetné U zavazné

Vysledky:
U originalni pavodni i pfevzaté U netrividlni kompilace O citované z literatury 0 opsané

Rozsah prace:
Q veliky standardni U dostateény U nedostate¢ny

Graficka, jazykova a formalni droven:
vynikajici U velmi dobrd QO primérna O podpriméma U nevyhovujici

Tiskové chyby:
témet zadné 1 vzhledem Kk rozsahu a tématu pfiméteny pocet U Cetné

Celkova urovein prace:
vynikajici U velmi dobrd QO primérna O podpriméma U nevyhovujici



Slovni vyjadfeni, komentaie a pripominky vedouciho/oponenta:

In his bachelor Thesis, Mr. Mili¢ka beautifully summarizes mathematical and physical
foundations of black hole thermodynamics. Namely, after introducing the basic concepts, such as
surface gravity, Hawking’s temperature, and Bekenstein’s entropy, some more advanced
techniques, such as the Euclidean path integral are discussed and used to re-derive the basic
thermodynamic properties of various black hole spacetimes. The last chapter is devoted to recent
developments in the subject, and deals with the extended black hole thermodynamics, and black
hole phase transitions. It is in this part where novel results are presented regarding the virial
expansion of the black hole equation of state.

The work has a very good balance between rigorous mathematical treatment and physical intuition
— the focus is on explaining the basic concepts while more complicated derivations are gathered in
the appendices. | believe that the author succeeded very well in his goal to i) provide a “self-
contained reference” and ii) “present the subject at the level accessible to readers familiar only
with basic general relativity”. | believe the Thesis may serve as a very good introduction into the
subject for future students. Moreover, the obtained results, when slightly extended, may serve as a
basis for a future research publication.

To summarize, | believe this is an excellent Thesis, that not only may serve as a well written
introduction into the foundations and recent developments of black hole thermodynamics, but also
contains some novel yet unpublished results. I am very happy to recommend it to be recognized as
bachelor thesis.

Piipadné otazky pii obhajobé a naméty do diskuze:

1) The black hole thermodynamics is closely related to the Einstein field equations. This is
especially apparent from Jacobson’s derivation of these equations. Can you please outline
the basic idea behind this derivation?

2) Can you estimate the mass of a primordial black hole that was created in the Early
Universe that would just now completely evaporate via Hawking radiation?

3) What is the striking difference between the black hole entropy and the entropy of ,,normal
thermodynamic systems*?
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uznat jako bakalatskou.
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