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Opponent review on tl ie Habilitation Thesis of Mgr. David Krejčiřík, Ph.D. 

The (cumula t ive) hab i l i ta t ion thesis submi t ted by Mgr. David Krejč i ř ík . Ph .D . col lec ls con t r i bu t ions of Mgr. 
David Krejčiř ík, Ph .D . and his co-authors in the field of mathemat ica l analysis and ma themat i ca l physics. It 
is divided in to three key groups: 

1. Toy models: 8 papers 

2. Waveguides: 8 papers ( 1 prepr int on ArX iv , 2 accepted páper) 

3. Pseudospectra: 5 papers (1 prepr int on A rX iv , 1 accepted páper) 

Except for the papers [36] (5 pages) and [38] (2 pages), all others are co-authored. A l l papers (except the two 
preprints) have appeared in prest igious in temat iona l journals : all of t hem are peer-reviewed and at least two 
of them appeared in very t op level journa ls (Trans. Amer. M a t h . Soc. and Phys. Rev. D ) . 

On 25 pages ( I n t roduc t i on and the f irst two chapters) . Mgr . David Krejč i ř ík, Ph .D . descnbes the results 
achieved in the above papers and their mutua l connect ions. 

The thesis is a iming at the invest igat ion of spectral properties of non-sel f -adjo int operators. Th is is strongly 
mot ivated by new concepts in q u a n t u m mechanics where observables are represented by non-sel f -adjo int 
operators. Here two concepts are the dr iv ing force: Quas i -Hermi t ian quan tum mechanics and . J^ . ^ -symmet r i c 
quan tum mechanics. T h e focus is on s imi lar i ty to self-adjoint and normál operators and an expl ic i t descr ipt ion 
of the so-called metr ic operá to r for expl ic i t solvable models in 1-d ( toy problems) and , subsequently. in 2-d 
and arbitrary d imension (wavegu ide) . Moreover, th is invest igat ion is amended by a subtle use of pseudospectra 
and pseudomodes in the descr ip t ion o f non-sel f -adjo int features (pseudospectra) . 
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1. Toy models. The results in this group are motivated by the idea to provide a solvable model for Quasi-
Hermi t ian quan tum mechanics. In essence the provlded toy model is just the second dertvative on a 
bounded interval . Bu t w i t h a verv (non-sel f -adjo int ) boundary cond i t ion of Robin- type. Th is model is 
at the same t ime / 7 -symmetnc . The main cont r ibu t ion of Mgr David Krejčiř ík. Ph D. (and his co-
anthors) is to give an expl ici t descr ipt ion of the metr ic operátor, i.e.. the t ransformat ion which turns 
the non-sel f -adjoint model via simi lar i ty into a self-adjoint one. In a sequel of papers different formulas 
for the metr ic operátor were developed and the model was extended to curved manifolds (which is 
an interest ing result for its own) and to operátor matrices of Pauli type Th is k ind of ideas were also 
uti l i7ed for the invest igat ions of the Laplacian on f ini te metr ic graphs Solvable models are seldom in 
quan tum mechanics and especially when it comes to non-sel f-adjoint problems. It is an extrernely valuable 
cont r ibu t ion to provide such an interest ing model class as toy problems. 

2. Wavegu ides . O f course it is very natural to enlarge the above toy problems to higher dimensions. 
This was done by Mgr . David Krejčiř ík. Ph .D. (and his co-authors) for a two-d imensional inf in i te str ip. 
Moreover, this operátor was studied when the waveguide tends to zero In add i t ion . numerical s imulat ions 
were used and higher dimensions were considered. Here the spectrum is approximated via a per turbat ion 
scheme. EspecÍ3llv the obtained eigenvalue asymptot ics are very impressive. Moreover. other models were 
considered like the Laplacian w i th complex d e l u interact ion or e lectromagnet ic Schródinger operators 
w i t h complex potent ia ls Papers in this group concentrate on the descr ipt ion o f s p e c t r a l p r o p e r t i e s . 

3. P s e u d o s p e c t r a . Thp last signif icant cont r ibu t ion of Mgr. David Krejč i ř ík , Ph .D . is connected w i th 
pseudospectra Th is concept was used to rigorously clescribe non-sel f-adjoint features of Quas i -Hermi t ian 
and y / - s y m m e t r i c operators In [61] it was shown that the eigenfunct ions o f the of the imaginary 
cubic osci l lator - a very popular and intensively investigated operátor in the , x T F - c o m m u n i t y - are 
complete but do not fo rm a Riesz basis. More precisely. Mgr David Krejčiř ík, Ph .D. (and his co-authors) 
showed tha t the corresponding metr ic operátor is bounded w i t h an unbounded inverse. This implies tha t 
the corresponding operátor is not quasi-self-adjoint. Consequently. the model is not relevant quan tum-
mechamcal ly - a very remarkable result. Th is was done by using a very simple argument involv ing tr iv ial 
and non-t r iv ia l pseudospectra, The developed technique was then subsequentiv applied to Schroodinger 
operators w i t h an imaginary sign potent ia l on the real line or to Schroodinger operators w i th complex 
potenba l 

Mgr, David Krejč i ř ík, Ph .D . is for sure able to conduct independent scientihc research in the field of ma­
themat ica l analysis and mathemat ica l physics. This clearly emerges f rom the first chapters of the submi t ted 
Habi l i ta t ion thesis and the papers he submi t ted . In the f irst two chapters he gives a concise and very under-
standable presentat ion of his results and the reiation to the exist ing l i teratuře. Th is is also reflected in many 
references. 

Therefore, I expl ic i t ly recommend the appomtment of Mgr. David Krejčiř ík Ph .D as an associate professor 
I am sure he wil l be an excellent choice for such kind of posi t ion. 


