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Report on Petr Castulik's PhD
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and nonnal coniponents are O, Piandils boundary laver theory leads to a
very unstable system of PDEs which s osually nor well-posed except in very
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Chapter 2 deals with the derivation of the Navier-S:okes models for mual.
tipolar fluids from kinetie models more coruplicated than the Boltzmann
eguaton -~ the same spirit as the Fnskoy cquetion.

We recall that the Boltzmann cquation 1s obtained fremn molecular 2an
slytiatstdos dnder S0t very speciiic sonling assmption (called rie Bolannny: -
Grad imiry jo wiich the molecular radius s sent to 0. As aresult
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{bj each suclt collision s instantaneous and localized in a single point n
space,

Petr Castulik propeses miodifications of the classical RBolizinann orjua-
ton that take into cocount the mslecnla: radius as well as the duraticn
ol cach molecular collision. "Thix leads ro perturbations of the usual Boltz-
mann equation by terms of the order of i mwan free path, As a yesuh,
the leading order term i the hydrodvioamic bmit s stll 4 Maxwellian, but

the perturbation leads to o more compheated streos tensor beld, and the

reswdiing Navior Stokes tope equadtion woades Bigher order derivatives of
the solution (up o order 3, for nstance). In 1iis case agali, the derivarion
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Chapter 3 considers a modification of the classical Boltzmann cquation
e to Alexrev, which vonwsts of adding w the streaming operater the
second order terpy m the Tavior expansion of the solution restricied o o
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Petr Castulik studies the linearized equation about some Maxwellian
state. Depending on the sign of the second order perturbation, the resul-
ting problem is well-posed either as & Cauchy-problem or as a houndary
value problem in the time variable. He discusses the respective merits of
the theories corresponding to both signs for this perturbation, starting from
Alexeev's argument based on the Boltzmann H Theorem.

Finally he establishes the acoustic limits for this model, for both aigny
of the Alexeev perturbation term. In this limit, this perturbation term is
not scaled with the mean free path, thereby leading non classical acoustic
EUATIONS.

In my opinion, Petr Castulik’s thesis is a highly original and significant
contribution to a very difficult class of mathematical problems, which opens
door to further questions in applied analysis and modeling. Undoubtedly,
this contribution is at the level of a very good PhD.
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