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Anisotropic wave propagation in nematic liquid crystals

Paolo Biscari

Politecnico of Milano (Italy)

Despite the fact that quantitative experimental data have been available for more than forty years now,
nematoacoustics still poses intriguing theoretical and experimental problems. In this talk, we show
how that the main observed features of acoustic wave propagation through a nematic liquid crystal cell –
namely, the frequency-dependent anisotropy of sound velocity and acoustic attenuation – may be plausibly
explained by a first-gradient continuum theory characterized by a hyperelastic anisotropic response from
an evolving relaxed configuration. This work is in cooperation with Antonio Di Carlo and Stefano Turzi.

Biaxiality and asymptotic analysis of a 2D Landau-de Gennes model

Giacomo Canevari

Paris VI (France)

We consider the isothermal Landau-de Gennes model on a bounded, two-dimensional domain, with
smooth Dirichlet boundary conditions. We prove that, in the low temperature regime, minimizers are
nowhere isotropic and maximally biaxial near the singularities (that is, their biaxiality parameter reaches
the maximum value 1). Our proof relies on an energy method. Moreover, we discuss the convergence of
minimizers in the vanishing elastic constant limit. We show that the limiting map is locally minimizing
harmonic, away from singularities. Our asymptotic analysis is performed in a general setting, which
recovers the Landau-de Gennes problem as a specific case.

The long time behavior of solutions to the nematic Liquid Crystal Systems

Mimi Dai

University of Illinois (USA)

We consider the Ericksen-Leslie model for the nematic liquid crystal (LCD) systems. Regularity
and uniqueness of solutions to the density dependent LCD system were established. The long time
behavior of such regular solutions was studied and optimal decay (time) rate was obtained in all of the
Sobolev spaces Hm with m > 0.

Well posedness of certain hyperbolic systems arising in fluid dynamics

Eduard Feireisl

Mathematical Institute of the Czech Academy of Sciences (Czech Republic)

We discuss the issues of well-posedness for the compressible Euler and Euler/Fourier systems arising in
the dynamics of compressible and/or heat conducting inviscid fluids. We show how the method of convex
integration can be adapted to produce infinitely many weak solutions emanating from the same initial
data. Finally, we propose an admissibility criterion based on the Second Law of thermodynamics to
eliminate the physically unrealistic solutions.
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Asymptotic analysis of an isothermal model for nematic liquid crystal flow

Sergio Frigeri

WIAS - Berlin (Germany)

A 3D isothermal model for liquid crystals which accounts for stretching effects will be discussed. The
model consists in a system coupling a nonlinear evolution equation for the director field with an incom-
pressible Navier-Stokes equation for the evolution of the velocity field. For this system we shall present
some asymptotic analysis results concerning the existence and properties of trajectory attractors under
different boundary conditions on the director field and different assumptions on the regular double-well
potential.

Stability of the melting hedgehog

in the Landau-de Gennes theory for nematic liquid crystals

Radu Ignat

University Toulouse III (France)

We study a Landau-de Gennes model that describes nematic liquid crystals by using Q-tensor valued
maps. We focus on the radially symmetric solution corresponding to the vortex defect, that is infor-
mally known as the melting hedgehog. Our main result is the local stability of the melting hedgehog
under arbitrary Q-tensor valued perturbations in the regime of small enough reduced temperature. As a
consequence of our method, we also rediscover the loss of stability of the vortex defect for large enough
negative temperatures. This is a joint work with Luc Nguyen, Valeriy Slastikov and Arghir Zarnescu.

An Initial-Boundary Value Problem for the

Fully-Coupled Navier-Stokes/Q-Tensor System

Yuning Liu

University of Regensburg (Germany)

We prove short-time well-posedness and existence of global weak solutions of the Beris–Edwards model
for nematic liquid crystals in the case of a domain with inhomogeneous Dirichlet boundary conditions.
The system consists of the Navier-Stokes equations coupled with an evolution equation for the Q-tensor.
The solutions possess higher regularity in time of order one compared to the class of weak solutions with
finite energy. This regularity is enough to obtain Lipschitz continuity of the non-linear terms in the
corresponding function spaces. Therefore the well-posedness is shown with the aid of the contraction
mapping principle using that the linearized system is an isomorphism between the associated function
spaces.

On some non-isothermal models for nematic LC’s

Giulio Schimperna

University of Pavia (Italy)

In this talk we introduce a general framework suitable for representing the evolution of nematic liquid
crystal flows in a non-isothermal setting. The state of the material under consideration is described by the
behavior of three unknowns: the macroscopic velocity, the Q-tensor (a tensor-valued variable representing
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the local configuration of the crystal) and the (absolute) temperature. A crucial point is related to the
choice of the configuration potential for the liquid crystal: this is a function whose minima with respect to
Q correspond to the preferred states of the liquid crystal (i.e., they act as local energy minima). Here we
will make an attempt at considering the physically meaningful configuration potential recently proposed
by Ball and Majumdar. The dependence on temperature introduces severe difficulties in the mathematical
tractation of this term, which exibits a behavior which is at the same time singular (with respect to the
Q-tensor) and degenerate (with respect to the temperature). We will try describe the mathematical tools
we used in order to overcome these difficulties. In particular, we will give the highlights of our proof of
existence for weak solutions to the evolutionary system in a suitable regularity class. Our result holds in
three dimensions of space and without any magnitude restrictions on coefficients or data. In view of the
occurrence of the Navier-Stokes system, we did not address the question of uniqueness.

The results reported in this talk have been obtained in collaboration with Eduard Feireisl (Academy
of Sciences of Czech Republic, Prague), Elisabetta Rocca (WIAS-Berlin and University of Milano) and
Arghir Zarnescu (University of Sussex).

Decay character of solutions to diffusive equations

Maria Schonbek

University of Santa Cruz (USA)

By examining the Fourier transform of the data near the origin, we give a method to study lower and
upper algebraic rates of decay to solutions of diffusive systems of equations.

Low-symmetry liquid crystals

Stefano Turzi

Politecnico of Milano (Italy)

Nematic liquid crystals are usually assumed to have uniaxial symmetry. However, many real mesogens
do not possess such symmetry. It is therefore natural, and possibly important for applications, to extend
the theories of liquid crystals to lower molecular and phase symmetries. Since 1970, when Marvin Freiser
of IBM predicted that molecules possessing D2h symmetry could form a biaxial nematic phase, chemists
have been attempting to synthesize such a liquid crystal. While lyotropic biaxial phases were found, a
thermotropic phase proved more difficult to create. However, in 2004 there has been the experimental
claim that bent-core molecules may form the elusive biaxial nematic phase. Since then, interest in
biaxial phases has increased significantly. However, the extensions of the existing theories to lower
symmetries are far from trivial as we try to show during the presentation. In particular, we only explore
some recent developments in the theory of low-symmetry nematics. Namely, we discuss the abstract
definition of orientational order parameters in a general setting and the construction of molecular-field
and Landau theories to describe the phase behaviour of biaxial nematics (D2h) and C2h-nematics. Finally,
we investigate the symmetry of the entropy function when a general second-rank order parameter (Saupe
ordering super-matrix) is used to describe the orientational order of the liquid crystal. Although it is
unrealistic to expect to describe the algebraic structure of the ring of invariants, we are able to calculate
the Molien series giving the number of linearly independent invariants at each homogeneous degree.
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Equilibrium configurations of nematic liquid crystals on surfaces

Marco Veneroni

University of Pavia (Italy)

The topology and the geometry of a surface play a fundamental role in determining the equilibrium
configurations of thin films of liquid crystals. We present an analysis of a recently introduced surface
energy, in the case of two-dimensional nematic liquid crystals coating a toroidal particle. We show how
the extrinsic curvature acts as a selection principle among equilibria of the classical energy, and how new
configurations emerge. This is a joint work with A. Segatti (Pavia) and M. Snarski (Brown).

A quadratic elastic theory for helical nematic phases

Epifanio Virga

University of Pavia (Italy)

A new nematic phase has recently been discovered and characterized experimentally. It embodies a
theoretical prediction made by Robert B. Meyer in 1973 on the basis of mere symmetry considerations
to the effect that a nematic phase might also exist which in its ground state would acquire a ”helical”
configuration, similar to the chiral molecular arrangement of cholesterics, but with the nematic director
precessing along a cylindrical helix (instead of a circle). Experiments with newly synthetized materials
have shown helical equilibrium structures with characteristic pitch in the range of 10 nanometres and
helix angle of about 20 degrees. In 2001, Ivan Dozov proposed an elastic theory for such (then still
speculative) phases which features a negative bend elastic constant along with a quartic correction to the
nematic energy density that makes it positive definite. This lecture will present some thoughts about
describing the elastic response of helical nematics within a purely quadratic gradient theory and their
bearings on dynamics.

Long-time behavior and weak-strong uniqueness

for incompressible viscoelastic flows

Hao Wu

Fudan University, Shanghai (Cina)

We consider the Cauchy problem for incompressible viscoelastic fluids in the whole space Rn (n = 2, 3). By
introducing a new decomposition to the system via Helmholtz’s projection, we first provide an alternative
proof on the existence of global smooth solutions near equilibrium. Then under additional assumptions
that the initial data belong to L1 and their Fourier modes do not degenerate at low frequencies, we obtain
the optimal L2 decay for the global smooth solution. At last, we discuss the weak-strong uniqueness
property for the incompressible viscoelastic system.
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