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| Assessment of the significance of the dissertation thesis for
the field

After reading the dissertation thesis of Milan Hanu$ I have the following observa-
tions and assessments of the work. This work makes four major contributions to the
field of neutron transport. In particular this thesis

1. Proves the rotational invariance of the spherical harmonics (P,) equations,

2. Shows that the discrete ordinates (S,) equations can be formulated as a projec-
tion onto a Hilbert subspace of the full neutron transport equation,

3. Gives a rigorous derivation of the SP; equations based on the novel Maxwell-
Cartesian P3 equations derived in the thesis,

4. Provides an efficient implementation of an hp-adaptive scheme for the SP,
equations including an application to reactor problems in industry:

Each of these contributions could potentially be a publication in its own right. I
believe that all of these can have an impact on the field.



2 Assessment of the procedure taken to solve given problem,
methods used and attainment of a specified goal

The problem solving procedures used in this dissertation, in my opinion, follow the
standard and accepted practices in applied mathematics for the discretization and
solution of partial differential equations (PDEs). Moreover, the application of finite
element techniques implemented by the submitter are of top quality and will make
a contribution to the larger neutron transport community because they were imple-
mented in the Hermes2D open-source framework.

With respect to the dissertation’s knowledge and recognition of the existing neu-
tron transport literature, I give this dissertation the highest grade. The submitter
~ clearly has read the existing literature widely and properly cites existing work where
necessary. This allows the work to accurately place its contributions in the literature.

3 Opinion on the results of the dissertation thesis and the orig-
inal concrete contribution of the submitter

The result shown in Chapter 5 of the dissertation, in particular the derivation of
the SP3 equations as presented by Selengut from a rigorous perspective, are a major
contribution to the field. The result closes approximately 40 years of speculation of
the validity of that work, and opens the door to possibly revolutionary techniques.
The submitter’s derivation has set the foundation for a truly Ps-equivalent form of
the SP3 equations. Such a discretization has been long sought after because it would
reduce the number of unknowns from 16 for the full P; equations to 2 and give a
rigorous footing for the SP; equations.

The proof of the rotational invariance of the P,equations, while brief, is an im-
portant contribution to the theory of angular discretization of the neutron transport
equation. As noted in the dissertation, the rotational invariance is often asserted
by practitioners, such as myself, without a rigorous demonstration. This proof is an
important contribution.

The numerical results and implementation presented in this work are a major con-
tribution to the open source capabilities of neutron transport. The discourse multi-
mesh adaptive finite elements implementation, along with the results and compar-
isons of different transport schemes are noteworthy, and make a solid contribution to
the existing body of knowledge regarding the numerical solution of the SP,equations.



4 Assessment of the systematics, clarity, formal and linguistic
quality of the thesis

The clarity and presentation of this thesis is outstanding. There are several native En-
glish speaking students in my research group that cannot write in such clear, scientific
English. The tone used by the submitter is appropriately formal and, in my opinion,
strikes the correct balance between pedantry and having too little detail. The proofs
were clear and the definitions used in the thesis included helpful examples, where

applicable.

5 Opinion on student’s publications

The submitter has an acceptable publication record. The two journal articles, in-
cluding one currently under review along with eight conference proceedings is about
average for a student at this particular stage of his career. I do, however, encourage
the submitter to prepare several of the major results in this thesis for publication in
major international journals. Indeed, these important results should be disseminated
more widely than a dissertation. I would also encourage the submitter to present his
work at more international conferences, as the opportunity arises, in the next phase
of his career.

6 Unequivocal statement of the reviewer, whether he or she
recommends or doesn’t recommend the thesis for the de-
fense

I unequivocally recommend the thesis of Milan Hanu$ entitled “Mathematical Mod-
eling of Neutron Transport” for the defense.
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Posudek oponenta disertacni prace

Nézev prace: Matematické modelovani transportu neutronti
Autor: Ing. Milan Hanu$

Predlozena disertacni prace se vénuje studiu matematickych modeli a vypocetnich metod
transportu neutrond v jaderném reaktoru v ustaleném stavu. Vychazi se ze zakladni integro-
diferencialni rovnice pro uhlovou hustotu toku neutronti v =zavislosti na hlovych
a prostorovych soufadnicich a na energetické hlading€. Tvar rovnice a velky pocet nezavisle
proménnych vedou k pozadavku najit vhodnou diskretizaci usnadiujici numericky vypocet.
Zatimco diskretizace prostorové a energetické zavislosti se uvazuje ziejmé ve standardnim
smyslu, pozornost je soustfedéna na diskretizaci vzhledem k thlové zavislosti. Projekce do
prostoru sférickych harmonickych funkci (P~) a obdoba koloka¢ni metody (Sy) jsou podrobné
popsany vcetné diskuse jejich vyhod a nevyhod pfi numerickych vypoétech. Bazové funkce
Py aproximace lze po dimyslné transformaci pouzit jako novou sadu bazovych funkci
vedouci k vyhodnégjsi slabé formulaci tlohy. Tato vlastnost je v praci podrobné studovana
aje uvedena fada novych souvisejicich vysledkl. V zéavéru prace je uvedeno mnoho
naro¢nych numerickych simulaci, na jejichz implementaci se autor podilel.

Numerické simulace chovani neutron jsou zadsadnim tématem v mnoha odvétvich teoretické
a aplikované fyziky, kde v poptedi stoji zfejme zkoumani novych moznosti vyuziti jaderného
paliva. Soucasné zlepSujici se vypocetni moZnosti dovoluji fesit naro¢né€jsi tlohy. Nicméné
objem paméti pocitace je pouze nutnou podminkou. Numerické postupy musi poskytovat
feSeni v rozumném case. Analyza modell, jejich diskterizaci a metod feSeni je tedy
jednoznacné zadéna.

Vyty€ené cile byl splnény. Postup prace odpovidal vyborné zvladnutému védecko-
aplikaénimu pfistupu: od studia teoretické formulace ulohy, pies diskretizaci k implementaci
metod a vypo¢tim realnych tloh.

Autorovi se podatilo ptehledné uspotéadat hlavni soucasné znalosti o uvedené problematice.
Doplnil diikazy n€kterych znamych tvrzeni, kterd v literatufe chybi (rotacni invariance pro Py
aproximaci, vlastnosti systému algebraickych rovnic pro SP3). Nové uvedl operatorovou
formulaci Sy aproximace a zejména nové odvozeni SPy aproximace ze specialné formulované
Py aproximace s pomoci tenzorovych zapist, tzv. MCPy aproximaci. Autor vyvinul nové
vypocetni moduly a dolozil jejich efektivitu na ptikladech. V zavéru prace autor vyuziva
svého piehledu v tomto oboru a uvadi dal$i mozné sméry vyzkumu.

Prace se vyznacluje piikladnou systemati¢nosti a ptehlednosti a mimofadnou jazykovou
urovni.

Jak je patrné z bohatého seznamu autorovych publikaci, n€které uvedené i souvisejici
vysledky byly jiz publikovany. Za pozornost stoji zejména monografie Mathematical
Modeling of Neutron Transport: Theoretical and computational point of view.

Disertaéni praci doporucuji k obhajobé.
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