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AbStraCt Translate

The physical models of interest in this thesis are the Navier-Stokes equations (NSE) and surface quasi-geostrophic
equation (SQG). We establish Gevrey regularity of solutions to these equations by combining Fourier analytic
techniques with the semigroup approach of Weissler. This unifies several results regarding lower bound estimates
on the radius of analyticity for the NSE, as well as provides an extension of the classical technique of Foias and
Temam to so-called supercritical problems in the case of the SQG equation. Here and throughout, "criticality” refers
to the discrepency in the order of dissipation and order of derivatives appearing in the nonlinearity, with subcritical
specifically referring to the case where the order of dissipation dominates that of the nonlinearity, critical referring
to the case where the orders are identical, and supercritical when the order of the nonlinearity is greater than the
dissipation. This thesis can therefore be organized into two parts: Gevrey regularity of subcritical equations and
Gevrey regularity of critical and supercritical equations.

In the first part of this thesis, we analyze a general, subcritical system, which includes as special cases, the NSE
and subcritical SQG equation. We show that in the case of the NSE, we recover the best-known estimates for the
maximal radius of spatial analyticity for both the two-dimensional (2D) and three-dimensional (3D) NSE in the
context of turbulence. Moreover, our results suggest a path for potential improvement in the 3D case. Finally, we
compare our method to the standard energy method and show that both approaches essentially give the same
conclusions for the NSE, but that our method allows for an analysis of a more general system.

The second part of the thesis is dedicated to a particular supercritical problem, namely, the supercritical SQG
equation. In this case, more care is needed when estimating the nonlinear term. In particular, the structure of the
nonlinearity is exploited in a crucial way, in the form of a commutator, in order to ensure Gevrey regularity of
solutions. In doing so, we present a method to extend the Gevrey norm technique of Foias and Temam to Besov
spaces, as well as refine existing results concerning the regularity of solutions to the supercritical SQG equation in
these spaces. We emphasize that the nature of Besov spaces and of the nonlinearity are exploited togetherin
order to establish the desired estimates for the nonlinear term, for which we employ classical harmonic analysis
techniques to derive.

Details

Subject Geophysics;
Mathematics;
Plasma physics

1of4 01/28/2016 05:18 PM



On Gevrey regularity of equations of fluid and ge... http://search.proquest.com/docview/1615401621/...

Classification 0373: Geophysics
0405: Mathematics
0759: Plasma physics

Identifier / keyword Pure sciences, Earth sciences, Gevrey regularity, Navier-stokes equations,
Radius of analyticity, Supercritical, Surface quasi-geostrophic equation,
Turbulence

Title On Gevrey regularity of equations of fluid and geophysical fluid dynamics with

applications to 2D and 3D turbulence

Author Martinez, Vincent R.
Number of pages 124

Publication year 2014

Degree date 2014

School code 0093

Source DAI-B 76/01(E), Jul 2015
Place of publication Ann Arbor

Country of publication United States

ISBN 9781321179231

Advisor Jolly, Michael S.
Committee member Biswas, Animikh; Demeter, Ciprian; Hoff, David; Temam, Roger
University/institution Indiana University
Department Mathematics

University location United States - Indiana
Degree Ph.D.

Source type Dissertations & Theses
Language English

Document type Dissertation/Thesis

20of4 01/28/2016 05:18 PM



On Gevrey regularity of equations of fluid and ge...

3of4

Al hesis nymber 363634551

Document URL http://search.proquest.com/docview/1615401621?accountid=14577
Copyright Copyright ProQuest, UMI Dissertations Publishing 2014
Database ProQuest Dissertations & Theses Global

Search selected databases...

L Download PDF ]

[Orderacopy b o J

99 Cite & Email

&3 Print «+« More

D Add to Selected items

University of Maryland, Baltimore County

Documents with shared references (1398)

Related items

Search with indexing terms

Subject
[] Geophysics
[] Mathematics

[ ] Plasma physics

http://search.proquest.com/docview/1615401621/...

Search |

University of Maryland,
Baltimore County

Contact Us  Terms and Conditions  Accessibility

Privacy Policy

01/28/2016 05:18 PM



