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IP1

Pressure Transients and Fluctuations in Natural
Gas Networks caused by Gas-Electric Coupling

Natural gas-fired generators are often used to balance the
fluctuating output of wind generation within electric power
transmission systems. However, the time-varying output of
these generators results in time-varying natural gas burn
rates that impact the pressure in interstate transmission
pipelines. Fluctuating pressure impacts the reliability of
natural gas deliveries to those same generators and the
safety of pipeline operations. Motivated by this new emerg-
ing significance of the gas-grid coupling I start the talk re-
viewing gas-dynamic models of natural gas pipelines and
describe how to utilize this modeling to explore the ef-
fects of intermittent wind generation on the fluctuations
of pressure and transients in natural gas pipelines. I will
also discuss significance, use and pecularities of the gas-
dynamics modelings and simulations in gas-grid stochastic
optimization and control problems.

Michael Chertkov
Los Alamos National Laboratory
chertkov@lanl.gov

IP2

Invariant and Quasi-invariant Measures for Hamil-
tonian PDEs

In this talk, we discuss probabilistic aspects in the study
of dispersive Hamiltonian PDEs such as the nonlinear
Schrödinger equations. Lebowitz-Rose-Speer ’88, Bourgain
’94, and McKean ’95 initiated the study of invariant Gibbs
measures for dispersive Hamiltonian PDEs. In the first
part of the talk, we give a review on the construction of in-
variant Gibbs measures and discuss how it lead to a recent
development of probabilistic construction of solutions in
late 2000s. In the second part of the talk, we consider the
transport property of Gaussian measures. In particular,
we show quasi-invariance of Gaussian measures on Sobolev
spaces under certain dispersive Hamiltonian PDEs. We
also discuss the importance of dispersion in this quasi-
invariance result by showing that the transported measure
and the original Gaussian measure are mutually singular
when we turn off dispersion. The second part of the talk
is based on a joint work with Nikolay Tzvetkov (Université
Cergy-Pontoise) and Philippe Sosoe (Harvard University).

Tadahiro Oh
University of Edinburgh
hiro.oh@ed.ac.uk

IP3

Fluid Dynamics at Zero Reynolds Number: Non-
linearities in a Linear World

When describing some biological flows, small length and
time scales allow inertia to be neglected in mathematical
models, and the fluid dynamics may be described by the
linear Stokes equations. However, when the flow is coupled
to passive or actuated elastic structures, nonlinear behavior
can occur. We will discuss some examples of these com-
plex systems in the context of cilia, flagella and viscoelastic
networks at the microscale.

Lisa J. Fauci
Tulane University
Department of Mathematics

fauci@tulane.edu

IP4

Fascinating Nonlinear Interactions in Metamateri-
als

Metamaterials, or artificial materials with unusual wave
responses, have recently received significant attention in
the context of non-linear optics, since they allow a dra-
matic boosting of light-matter interactions, and a corre-
sponding enhancement of non-linear processes. In my talk,
I will overview our recent research activity in the area of
nonlinear metamaterials and their applications, including
the possibility of controlling with nanoscale resolution the
phase and amplitude of largely enhanced nonlinear pro-
cesses over a metasurface, the unusual nonlinear dynam-
ics of topological metamaterials, and optimal bounds on
time-reversal symmetry breaking induced by nonlinear pro-
cesses. Our results open exciting directions in nonlinear
physics, and in the talk I will discuss the mathematical
relevance of these problems and their impact on future
technology.

Andrea Al
The University of Texas at Austin
alu@mail.utexas.edu

IP5

Nonlinear, Nondispersive Surface Waves

Surface waves are waves that propagate along a boundary
or interface and decay exponentially away from it. Deep
water waves are familiar examples of dispersive surface
waves, but this talk will focus on nondispersive surface
waves. Physical examples include Rayleigh waves on an
elastic half-space, surface waves on a vorticity discontinu-
ity, which can be modeled by a Burgers-Hilbert equation,
and high-wavenumber surface plasmons on an interface be-
tween a dielectric and a conductor. An asymptotic analy-
sis of weakly nonlinear, nondispersive surface waves leads
to spatially nonlocal equations that describe the nonlinear
mixing of the spectral components of the wave. Typically,
these equations have short-time well-posedness for smooth
solutions, but numerical simulations show the formation of
singularities in finite time. Proofs of singularity formation
and the existence of global weak solutions for these nonlo-
cal equations often appear to be difficult and many open
questions remain.

John Hunter
Department of Mathematics
UC Davis
hunter@math.ucdavis.edu

IP6

Shaping Quantum Matter with Light: Exploiting
Pattern Formation in Exciton-polariton Conden-
sates

Our modern digital society is largely built on optoelec-
tronic devices that manipulate separately the semiconduc-
tor charge carriers and the light. The goal of polaritonics
the new emerging field of research is to replace fermions
(holes, electrons) by bosons, such as exciton-polaritons
for the new generation of optoelectronic devices. Bosonic
stimulation of optical transition, high coherence, room-
temperature condensation, high nonlinearity will pave the
way to realization of devices characterized by high quan-
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tum efficiency, ultrashort switching time and very low sig-
nal losses. Exciton-polariton quasi-particle is a mixture of
photon confined in a microcavity and exciton in an embed-
ded semiconductor Recent experiments investigated exci-
ton - polariton condensation and the phenomena associated
with it, such as pattern formation, quantised vortices and
solitons, increased coherence and the cross-over to regular
lasing. I will discuss our understanding of pattern forma-
tion and dynamics in polariton condensates to date and
suggest how to exploite polariton condensate dynamics in
applications.

Natalia G. Berloff
University of Cambridge and Skoltech
N.G.Berloff@damtp.cam.ac.uk

IP7

Parity-Time Symmetry in Optics

Recently, the idea of judiciously incorporating both opti-
cal gain and loss was suggested as a means to control the
flow of light. This proposition made use of some newly de-
veloped notions based on parity-time (PT) symmetry that
were initially conceived within the framework of quantum-
field theories. Since then, parity-time (PT) symmetry has
emerged as a new powerful paradigm in optics. In this
talk, we provide an overview of recent developments in this
newly emerging field.

Demetrios Christodoulides
College of Optics and Photonics/CREOL
University of Central Florida
demetri@creol.ucf.edu

IP8

The Role of Mathematics in Neuroscience

Mathematical and computational neuroscience have made
great recent advances. I will illustrate how mathematics
can provide deep insights into neuronal systems in the brain
through new theoretical and computational approaches. I
will discuss spatiotemporal dendritic information integra-
tion using PDE methods, a stochastic inverse problem of
reconstructing neuronal network topology using Granger
causality, compressive sensing principles embedded in early
sensory pathways, and spatiotemporal dynamics of the pri-
mary visual cortex using large scale computational model-
ing. I will also discuss experimental verification and rami-
fications related to these results.

David Cai
Courant Institute for Mathematical Sciences, NYU
Shanghai Jiao-Tong University
cai@cims.nyu.edu

SP1

Martin D. Kruskal Prize Lecture - A Dynamicists
View of Stability in Multi-Dimensions

There are many ways to approach the stability analysis of
a wave, steady or traveling, in one space dimension. These
largely rely on treating the spatial dimension as an evo-
lutionary variable, and hence allow the use of dynamical
systems techniques. The same perspective does not ap-
pear to help in higher dimensions except for domains with
a one-dimensional character, such as channels, or by re-
stricting to specific classes of functions, such as radial so-
lutions. The question I will pose is the following: Can we
conceive of a way to look at a multi-dimensional problem

so that these powerful dynamical systems-based techniques
can be used? I will approach this from two different direc-
tions. First, by asking if we can recast the one-dimensional
problem so that its generalization to higher dimensions is
natural: The Morse Index Theorem is particularly instruc-
tive here. Secondly, by looking carefully how we apply the
methodology of the Evans Function in one space dimension
and to what end. I will be describing a set of ideas that
draw on the efforts of a number of people who have lent
me their shoulders to stand on.

Christopher Jones
University of North Carolina
ckrtj@email.unc.edu

CP1

Modulating Functions Method for Parameters Es-
timation of High Order Nonlinear Wave Equations

Inverse problems to estimate coefficients of high order non-
linear wave equations such as the fifth order KdV and the
sixth order Boussinesq equations are considered. A method
based on the modulating functions is proposed to solve
these inverse problems. The main advantages of this ap-
proach are: it simplifies the identification problem to the
solution of a system of linear algebraic equations; it does
not require the initial values; and it is robust against cor-
rupting noises.

Sharefa Asiri, Taous-Meriem Laleg-Kirati
King Abdullah University of Science & Technology
sharefa.asiri@kaust.edu.sa, taous-
meriem.laleg@kaust.edu.sa

CP1

Hydrogen Bonds and Nonlinear Waves in DNA Dy-
namics

We study a type of generalized saturable nonlinear
Schrodinger equation, derived for the quasi-spin model of
DNA, subjected to the action of a protein and a bath of
phonons by using the Generalized Coherent State approach
(Takeno-Homma model), applied for averaging the cuasi-
spin Hamiltonian for DNA macromolecule. We analize
some special cases (analytically and numerically): 1) when
the external interaction disappears from the equation, and
2) of weakly saturating approximation.

Fernando Bernal-Vı́lchis, Máximo Aguero
Universidad Autónoma del Estado de México
correoacademico2015@gmail.com, maa-
guerog@uaemex.mx

CP1

Random Attractor for Stochastic Lattice Re-
sersible Gray-Scott System with Additive Noise

We prove the existence of a random attractor of the
stochastic three-component reversible Gray-Scott system
on infinite lattice with additive noise. We use a transfor-
mation of addition involved with O-U process, for proving
the pullback absorbing property and the pullback asymp-
totic compactness of the reaction diffusion system with cu-
bic nonlinearity.

Hongyan Li
Shanghai University of Engineering Science
hongyanlishu@163.com
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Junyi Tu
University of South Florida
junyitu@gmail.com

Rui Zhang
Shanghai University of Engineering Science
rui5028369@126.com

CP1

Dynamic Importance Sampling for Errors in An
Actively Mode-Locked Laser Model

We consider a soliton-based, actively mode-locked laser
model with a very low probability of pulses slipping rel-
ative to the mode-locking. We study the probability of
these error modes occurring using dynamic importance
sampling. For this problem deviations between an initially
determined optimal path and an actual trajectory can be-
come large, and dynamic importance sampling corrects for
this.

Nathan L. Sanford
Northwestern University
Northwestern University
nathansanford2013@u.northwestern.edu

William Kath
Department of Applied Mathematics, Northwestern
University
Department of Neurobiology, Northwestern University
kath@northwestern.edu

CP2

Stable Normalized Solitary Waves for Nonlinear
Schrodinger Systems

This talk is concerned with the existence of stable solitary
waves for coupled nonlinear Schrodinger systems, stud-
ied via their variational characterizations. The method is
based on the fact that solitary waves are critical points of
the Hamiltonian for fixed values of the conserved quantities
which arise from the symmetries. A standard way to prove
existence of minimizers is to rule out loss of compactness of
minimizing sequences by establishing the subadditivity of
the minimum Hamiltonian with respect to constraint vari-
ables. For variational problems with only one constraint
or when two constraints are not independently chosen, this
has been done using several techniques, but for problems
with multiple independent constraints, even for the most
universal choice of coupling terms, proving subadditivity
has been difficult in the past. Here we establish the subad-
ditivity condition under multiple mass constraints and thus
obtaining existence and stability of disjoint sets of coupled
normalized solitary waves.

Santosh Bhattarai
TROCAIRE COLLEGE
360 Choate Ave, Buffalo, NY 14220
bhattarais@trocaire.edu

CP2

New Types of Multi-Soliton Solutions of the Higher
Order KdV Equations

Some effects in the soliton dynamics governed by the higher
order KdV-type equations are discussed based on the ex-
act explicit solutions derived by applying a direct method
for constructing solitary wave solutions of evolution equa-

tions (G.I. Burde, J. Phys. A 43, 085208 (2010); G.I.
Burde, Phys. Rev. E 84, 026615 (2011)). The results
are extended to multi-soliton solutions using modifications
of Hirota’s method. The ’generalized Kaup–Kupershmidt’
(GKK) solitons, which unify the structures of the KdV-
like soliton and the Kaup–Kupershmidt soliton, and the
steady-state localized structures, which behave like static
solitons upon collisions with regular moving solitons, are
considered.

Georgy I. Burde
Ben-Gurion University
J. Blaustein Institute for Desert Research
georg@bgumail.bgu.ac.il

CP2

On the Degenerate Soliton Solutions of the Focus-
ing Nonlinear Schrodinger Equation

We characterize N-soliton solutions of the focusing nonlin-
ear Schrodinger (NLS) equation with degenerate velocities,
i.e., solutions in which two or more soliton velocities are
the same. First we analyze soliton solutions with fully de-
generate velocities (a so-called multi-soliton group). We
then consider the dynamics of soliton groups interaction
in a general N-soliton solution; we compute the long-time
asymptotics and quantify the interaction-induced position
and phase shifts, as well as the interaction-dependent shape
changes of each soliton group.

Sitai Li
State University of New York at Buffalo
sitaili@buffalo.edu

Gino Biondini
State University of New York at Buffalo
Department of Mathematics
biondini@buffalo.edu

Cornelia Schiebold
Mid Sweden University
cornelia.schiebold@miun.se

CP2

Topological Structures of the Exact Solution for N
Internal Waves in Three Dimensions

Topological properties of the exact solution of the Navier-
Stokes system of PDEs for N internal waves are discussed.
The periodic Dirichlet problems are formulated for con-
servative internal waves vanishing at infinity in upper and
lower domains and solved through the kinematic and dy-
namic Euler-Fourier structures using the method of decom-
position in invariant structures implemented by the exper-
imental and theoretical programming in Maple. Existence
conditions for slanted, rectangular, and stepped wave lat-
tices are obtained.

Victor A. Miroshnikov
College of Mount Saint Vincent
victor.miroshnikov@mountsaintvincent.edu

CP2

Existence of Bound States for a (N + 1)-Coupled
Long-Wave-Short-Wave System

We prove the existence of an infinite family of smooth posi-
tive bound states for (N+1)-coupled long-wave–short-wave
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interaction equations using a variational technique based
on the concentration compactness principle. The interac-
tion system involves N nonlinear Schrödinger-type short
waves and a Korteweg de Vries-type long wave and is of
interest in physics and fluid dynamics.

Sharad D. Silwal
Jefferson College of Health Sciences
sdsilwal@jchs.edu

CP2

On Peakon and Solitary Wave Solutions to a New
Type of Modified Fornberg-Whitham Equation

In this letter, we study a new type of the Modified
Fornberg-Whitham equation founded by the authors in
2015. We derive the explicit peakon and solitary wave so-
lutions to the following new nonlinear dispersive equation
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x+9uuxuxx+
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2
ν2u2ux−ν2ux = 0,

(1)
where ν is a constant, and explore the possible applications
to water waves.

Eric J. Tovar
The University of Texas-Pan American
ejtovar1@gmail.com

Haicheng Gu, Zhijun Qiao
The University of Texas - Rio Grande Valley
haicheng.gu01@utrgv.edu, zhijun.qiao@utrgv.edu

CP3

A Numerical Algorithm for Two Dimensional Hy-
perbolic Type Partial Differential Equations

In this article, a numerical algorithm based on finite differ-
ence and differential quadrature method is developed for
numerical simulation of two dimensional hyperbolic par-
tial differential equations with initial and boundary condi-
tions. In the development of the scheme, the first step is
semi-discretization in time with finite difference and then
obtained system is fully discretized by differential quadra-
ture method. Finally, we obtain a Lyapunov system of
linear equations which is solved by Matlab solver for the
system.

Ram Jiwari
Indian Institute of Technology Roorkee
ram1maths@gmail.com

CP3

Shock Wave Solutions for a Burger’s Type Equa-
tion in Fluids and Plasmas

In this work, shock wave solutions for nonlinear Burgers’
type equation, which arises in fluid and plasmas, is stud-
ied through Lie Group approach. Using suitable similarity
transformations, the given Burgers’ type equation is re-
duced to ordinary differential equations (ODEs). During
the procedure of reduction, sometime we got some highly
nonlinear ODEs which are not easily solvable. Therefore,
numerical methods are applied to the ODEs for construct-
ing numerical solutions in form of shock waves.

Vikas Kumar
Department of Mathematics, D.A.V. College Pundri

vikasmath81@gmail.com

CP3

Breather Solutions for a Model Type FPU Using
Birkhoff Normal Forms

We present results on spatially localized oscillations in
some inhomogeneous nonlinear lattices of Fermi-Pasta-
Ulam (FPU) type derived from phenomenological nonlin-
ear elastic network models used in the study of protein vi-
brations. The main feature of the FPU lattices we study is
that the number of interacting neighbors varies from site to
site, and we see numerically that this spatial inhomogenity
leads to spatially localized normal modes in the linearized
problem. This property is seen in 1-D models, as well as
a 3-D models obtained from protein data. The spectral
analysis of these examples suggests some non-resonance
assumptions that can be used to show the existence of in-
variant subspaces of spatially localized solutions in Birkhoff
normal forms.

Francisco J Martinez-Farias
Universidad Nacional Autonoma de Mexico
Instituto de Investigaciones en Matemáticas Aplicadas y
Sys
sairaff@ciencias.unam.mx

Panayotis Panayotaros
Depto. Matematicas y Mecanica
IIMAS-UNAM
panos@mym.iimas.unam.mx

CP3

Haar Wavelets Solutions for Equal Width Burgers
Type Equations

In this work, Haar wavelet method is used to obtain the
numerical solution for equal width Burgers type equations
which arises in fluid and plasmas. The method is straight-
forward and concise, and its applications are promising. It
is shown that Haar wavelet method, with the help of sym-
bolic computation, provides a very effective and powerful
mathematical tool for solving EW-Burgers equation

Sapna Pandit
Indian Institute of Technology Roorkee
sappu15maths@gmail.com

CP3

Transition and Turbulence in a Wall-Bounded
Channel Flow at High Mach Number

The turbulence in the viscous, compressible flow in a 3D
wall-bounded channel, simulated using the direct simula-
tion Monte Carlo (DSMC) method, has been used as a test
bed for examining different aspects of transition and turbu-
lence at high Mach Ma = Um/(γkBTw/m), and Reynolds
numbers Re = (ρmUmH)/w. Here, H is the channel half-
width, Um is the mean velocity, ρm is the mean density,
Tw is the wall temperature, m is the molecular mass, μw is
the molecular viscosity, and kB is the Boltzmann constant.
The laminar-turbulent transition is accompanied by a dis-
continuous change in the friction factor even at high Mach
number. The transition Reynolds number increases faster
than linearly with Mach number, and the Knudsen num-
ber at transition passes through a maximum as the Mach
number is increased. This maximum value is small, less
than 0.009, indicating that transition is a continuum phe-
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nomenon even at high Mach numbers. In a compressible
turbulent channel flow we examine the result that the ratio
of the mean free path and Kolmogorov scale increases pro-
portional as (Ma/Re1/4), and it increases asymptotically
with Mach number in the high Mach number limit. The
simulation show that this ratio does decrease as (Re−1/4),
but it does not increase linearly with Mach number. This
is due to the decrease in the local Mach number within the
channel, due to the increase in the temperature by viscous
heating.

Sahadev Pradhan, Viswanathan Kumaran
Department of Chemical Engineering
Indian Institute of Science, Bangalore- 560012, India.
sahadevpradhan2015@gmail.com, sahadevprad-
han2015@gmail.com

CP4

Compressible Viscous Flows Over a Non-Convex
Corner

In this talk I will talk about compressible viscous flows
over a non-convex corner. The flows are separated by a
streamline emanating from the non-convex corner: One is
the streamline coming from the inflow boundary and the
other one is a rotational flow under the streamline. This is
analyzed based on the corner singularity theory, piecewise
regularity of solutions for mixed type partial differential
equations.

Jae Ryong Kweon

POSTECH(Pohang University of Science and Technology)
Korea
kweon@postech.ac.kr

CP4

Nonlinear Wavetrains in Viscous Conduits

Viscous fluid conduits provide an ideal system for the study
of dissipationless, dispersive hydrodynamics. A dense, vis-
cous fluid serves as the background medium through which
a lighter, less viscous fluid buoyantly rises. If the interior
fluid is continuously injected, a deformable pipe forms. The
long wave interfacial dynamics are well-described by a dis-
persive nonlinear partial differential equation. In this talk,
experiments, numerics, and asymptotics of the viscous fluid
conduit system will be presented. Structures at multiple
length scales are discussed, including solitons, dispersive
shock waves, and periodic waves. Modulations of peri-
odic waves will be explored in the weakly nonlinear regime
with the Nonlinear Schrodinger (NLS) equation. Modu-
lational instability (stability) is identified for sufficiently
short (long) periodic waves due to a change in dispersion
curvature. These asymptotic results are confirmed by nu-
merical simulations of perturbed nonlinear periodic wave
solutions. Also, numerically observed are envelope bright
and dark solitons well approximated by NLS.

Michelle Maiden
University of Colorado at Boulder
Michelle.Maiden@Colorado.EDU

CP4

Internal Gravity-Capillary Solitary Waves in Finite
Depth

Internal waves are waves which propagate along the inter-
face of two fluids of different density. In this talk I will

present some new results regarding existence of internal
solitary waves under the influence of gravity and surface
tension. The main idea is to use a spatial dynamics ap-
proach and formulate the steady Euler equations as an
evolution equation. This equation is then studied by using
the center manifold theorem. These techniques have pre-
viously been applied succesfully to the surface wave case.

Dag Nilsson
Lund University
dag.nilsson@math.lu.se

CP4

Weakly Nonlinear Waves in Real Fluids

We study the propagation of weakly nonlinear waves in
real fluids, where the fundamental derivative changes sign.
A method of multiple scales is used to study the behav-
ior of the flow governed by the Navier-Stokes equations,
supplemented by a van der Waals EOS. Effects of van der
Waals parameters upon the wave evolutions are investi-
gated. To validate our analytical results, we provide a nu-
merical treatment of the problem using WENO scheme.

Triveni P. Shukla
Indian Institute of Technology Bombay, India
triveni@math.iitb.ac.in

Vishnu D. Sharma
Indian Institute of Tecnology Bombay
vsharma@math.iitb.ac.in

CP4

A Whitham-Boussinesq Long-Wave Model for
Variable Topography.

We study the problem of wave propagation in a long-wave
asymptotic regime over variable bottom of an ideal irrota-
tional fluid. We use the framework of the Hamiltonian for-
mulation of the problem in which the non-local Dirichlet-
Neumann operator appears explicitly in the Hamiltonian.
We propose a non-local Hamiltonian model for bidirec-
tional wave propagation in shallow water that involves
pseudo-differential operators that simplify the Dirichlet-
Neumann operator for variable depth. These models gen-
eralize the Boussinesq system as they include the exact dis-
persion relation in the case of constant depth. We present
results for the normal modes and eigenfrequencies of the
linearized problem. We see that variable topography in-
troduces effects such as steepening of normal modes with
increasing variation of depth, as well as amplitude modu-
lation of the normal modes in certain wavelength ranges.
Numerical integration shows that the constant depth non-
local Boussinesq model with quadratic nonlinearity can
capture in good qualitative agreement the evolution ob-
tained with higher order approximations of the Dirichlet-
Neumann operator. In the case of variable depth we ob-
serve that wave-crests seem to have variable speed, they
seem to travel faster out of the shallowest area. We also
observe certain oscillations in width of the crest and also
some interesting textures and details in the evolution of
wave-crests during the passage over obstacles.

Rosa M. Vargas-Magana
Departamento de Matematicas y Mecanica IIMAS,
Universidad Nacional Autonoma de Mexico
rmvargas@ciencias.unam.mx
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Panayotis Panayotaros
Depto. Matematicas y Mecanica
IIMAS-UNAM
panos@mym.iimas.unam.mx

CP4

On the Small Dispersion Limit of Certain Two-
Dimensional PDEs

We present various analytical and numerical results about
the Whitham modulation theory for the Kadomtsev-
Petviashvili equation and the 2-dimensional Benjamin-Ono
equation.

Qiao Wang
State University of New York at Buffalo
qiaowang@buffalo.edu

Gino Biondini
State University of New York at Buffalo
Department of Mathematics
biondini@buffalo.edu

Mark Ablowitz
University of Colorado
markjab@colorado.edu

CP4

Expansion of a Wedge of Non-Ideal Gas into Vac-
uum

We study the problem of expansion of a wedge of non-ideal
gas into vacuum in a two-dimensional bounded domain.
The non-ideal gas is characterized by a van der Waals type
equation of state. The problem is modeled by standard Eu-
ler equations of compressible flow, which are simplified by
a transformation to similarity variables and then to hodo-
graph transformation to arrive at a second order quasilin-
ear partial differential equation in phase space; this, using
Riemann variants, can be expressed as a non-homogeneous
linearly degenerate system provided that the flow is su-
personic. For the solution of the governing system, we
study the interaction of two-dimensional planar rarefaction
waves, which is a two-dimensional Riemann problem with
piecewise constant data in the self-similar plane. The real
gas effects, which significantly influence the flow regions
and boundaries and which do not show-up in the ideal gas
model, are elucidated; this aspect of the problem has not
been considered until now.

M. Zafar, V. D. Sharma
Department of Mathematics
Indian Institute of Technology Bombay
zafar@math.iitb.ac.in, vsharma@math.iitb.ac.in

CP5

Anomalous Diffusion of the Complex Ginzburg-
Landau Equation

The complex Ginzburg-Landau equation exhibits coher-
ent or incoherent spatiotemporal dynamics, which consist
of local waves named dissipative solitons. We investigate
fluctuations of the dissipative solitons and then show that
anomalous diffusion of the dissipative solitons emerges in
the dynamics. To catch the nature of the diffusive be-
haviors, we construct a stochastic differential equation for
describing intermittency with long memory, and give ana-

lytical description of statistical properties of it.

Yusuke Uchiyama
Doog Inc.
yusuke.uchiyama@doog-inc.com

CP5

Small Data Scattering of Fractional Hartree Equa-
tions

In this talk we will consider scattering problem of the frac-
tional Schrödinger equations with Hartree type potential
μ|x|−γ . The non-existence of scattering for 0 < γ ≤ 1
and small data scattering for 2 < γ < d will be presented
briefly. In order to get a good time decay it is useful to use
vector field J = x+ iα|∇|α−2∇, which enables us to show
a smalls data cattering when 6−2α

4−α
< γ < 2. The main dif-

ficulty is caused by the non-locality and low dipserson of
|∇|α. These will be settled down by commutator estimates
via Balakrishnan’s formula.

Cho Yonggeun
Department of Mathematics
Chonbuk National University
changocho@jbnu.ac.kr

MS1

Semiclassical Initial/Boundary Value Problems

The unified transform method is a variant of the inverse-
scattering transform for mixed initial-boundary value prob-
lems for integrable PDE possessing Lax pairs. It is based
on the use of both equations of the Lax pair to deduce
spectral transforms of the initial and boundary data, and
it leads to a Riemann-Hilbert problem whose solution en-
codes that of the initial-boundary value problem. The
main difficulty with the method is that computation of
the spectral transforms requires knowledge of more bound-
ary conditions than are needed to make the problem well-
posed. Rather than resort to the global relation satisfied
by the spectral transforms of consistent boundary data,
we propose an explicit approximation to the nonlinear
Dirichlet-to-Neumann mapping for the defocusing nonlin-
ear Schrödinger equation that is valid in the semiclassical
limit and explicitly eliminate the unknown boundary val-
ues. We use this approximation to generate an approxi-
mate solution and study it near the initial time and near
the boundary in the semiclassical limit. We prove the ex-
istence of a vacuum domain, an unbounded region of the
(x, t)-plane in which the solution is small given homoge-
neous initial data. We analyze the solution in the vacuum
domain using the ∂ steepest descent method. This is joint
work with Zhenyun Qin (Fudan University).

Peter D. Miller
University of Michigan, Ann Arbor
millerpd@umich.edu

MS1

Dispersive Quantization of Linear and Nonlinear
Waves

The evolution, through spatially periodic linear dispersion,
of rough initial data leads to surprising quantized struc-
tures at rational times, and fractal, non-differentiable pro-
files at irrational times. The Talbot effect, named after an
optical experiment by one of the founders of photography,
was first observed in optics and quantum mechanics, and
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leads to intriguing connections with exponential sums aris-
ing in number theory. Ramifications of these phenomena
and recent progress on the analysis, numerics, and exten-
sions to nonlinear wave models will be discussed.

Peter J. Olver
Mathematics Department
University of Minnesota
olver@umn.edu

MS1

Dispersive Quantization Using the Unified Trans-
form Method

Boundary value problems have been shown to possess an
interesting property known as dispersive quantization or
the “Talbot effect.” The evolution of piecewise constant ini-
tial data leads to quantized structures at rational times and
fractal profiles at irrational times. The Unified Transform
Method (UTM) is applied to gain a deeper understanding
of this phenomenon.

Natalie E. Sheils
University of Minnesota
nesheils@umn.edu

MS1

Corner Singularities, Gibbs Phenomenon and the
Unified Transform Method

Consider solving a linear, constant-coefficient evolution
PDE in one spatial dimension where the initial data van-
ishes on the negative half line (x < 0). One can interpret
this solution, restricted to x > 0, t > 0, as the solution
of an initial-boundary value problem where the boundary
data is not compatible with the initial data. This solution
exhibits a corner singularity. Furthermore, in a dispersive
and non-dissipative setting such a solution typically ex-
hibits Gibbs-like high-oscillation and non-vanishing over-
shoot as t tends to zero. In this talk, I will discuss the
behavior of corner singularities and their relation to the
classical Gibbs phenomenon. I will also discuss the com-
putation of these singular solutions.

Thomas Trogdon
Courant Institute of Mathematical Sciences
NYU
trogdon@cims.nyu.edu

Gino Biondini
State University of New York at Buffalo
Department of Mathematics
biondini@buffalo.edu

MS2

Frequency Downshifting in a Viscous Fluid

Frequency downshift, i.e. a shift in the spectral peak to a
lower frequency, in a train of nearly monochromatic grav-
ity waves was first reported by Lake et al. (1977). Even
though it is generally agreed upon that frequency down-
shifting (FD) is related to the Benjamin-Feir instability
and many physical phenomena (including wave breaking
and wind) have been proposed as mechanisms for FD, its
precise cause remains an open question. Dias et al. (2008)
added a viscous correction to the Euler equations and de-
rived the dissipative NLS equation (DNLS). In this talk,
we introduce a higher-order generalization of the DNLS

equation, which we call the viscous Dysthe equation. We
outline the derivation of this new equation and present
many of its properties. We establish that it predicts FD in
both the spectral mean and spectral peak senses. Finally,
we demonstrate that predictions obtained from the viscous
Dysthe equation accurately model data from experiments
in which frequency downshift occurred.

John Carter
Seattle University
Mathematics Department
carterj1@seattleu.edu

MS2

A Priori Symmetry and Decay Properties of a Non-
local Shallow Water Wave Equation

We prove the following interesting connection: that travel-
ing solitary waves of a nonlocal wave equation are necessar-
ily symmetric, monotone on a half-line, and of exponential
decay rate; and that symmetric solutions of the initial-
value problem for the same equation are necessarily travel-
ing. Whereas the second proof is based on a quite general
structural property (which we extend here to a nonlocal
setting), the proof of the first three facts relies on a de-

tailed analysis of the Fourier transform of m(ξ) =
√

tanh ξ
ξ

,

which we prove is completely monotone. More precisely,
we study the Whitham equation

ut + uux +

∫
K(x− y)ux dx = 0,

where the integral kernel K has the symbol m(ξ), arising
naturally in the study of water waves. The talk is based

on recent results joint with Gabriele Brüll and Long Pei;
Anna Geyer; and Erik Wahlén.

Mats Ehrnstrom
Department of Mathematical Sciences
Norwegian University of Science and Technology
mats.ehrnstrom@math.ntnu.no

MS2

Experiments on Downshifting of Freely-
Propagating Surface-Gravity Waves

We present laboratory experiments on the frequency down-
shift of freely propagating surface gravity waves. We use
a narrow-banded spectrum as initial data and measure its
subsequent evolution. We vary carrier wave frequency and
amplitude, perturbation wave frequency and amplitude, a
measure of the narrow-bandedness of the spectrum, and the
condition (cleanliness) of the air-water interface. There are
at least two definitions of downshifting in freely propagat-
ing waves: (i) the downshift of the spectral peak and (ii)
the downshift of the average spectral frequency. We ex-
amine how these two definitions describe the observations,
and compare observations and predictions of the downshift
of the average spectral frequency from models available in
the literature.

Diane Henderson
Department of Mathematics
Penn State University
dmh@math.psu.edu

MS2

Stability and Long Time Modulational Dynamics
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of Periodic Waves in Dissipative Systems

The capability of spatially periodic waves to cary mod-
ulation signals makes their dynamics under perturbation
rich in multi-scale phenomena and essentially infinite di-
mensional. Here, I will discuss recent progress in the un-
derstanding of the stability and local dynamics of periodic
waves capable of carrying multiple modulation signals in
dissipative models, and in particular how (locally) the long
time dynamics are approximately governed by an averaged
system of equations obtained through a nonlinear WKB
process.

Mathew Johnson
University of Kansas
matjohn@math.ku.edu

Pascal Noble
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pascal.noble@math.univ-toulouse.fr

Miguel Rodrigues
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Indiana University
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MS3

An Analytical and Numerical Investigation of
Rogue Wave Prototypes

The spatially periodic breather (SPB) solutions and ratio-
nal solutions of the nonlinear Schrodinger equation have
emerged as prototypes for rogue waves. Our analytical
and numerical investigations of the stability of these two
classes of solutions indicate only the “maximal’ SPBs are
robust with respect to general perturbations of the initial
data. This stability study potentially provides a useful tool
for identifying physically realizable wave forms in experi-
mental and observational studies of rogue waves.

Constance Schober
Dept. of Mathematics
University of Central Florida
cschober@mail.ucf.edu

MS3

Long Range Propagation of Thin Features Using
Nonlinear Solitary Waves

A method for computing short wave equation pulses or
thin vortex filaments, propagating over arbitrarily long dis-
tances is presented. It is based on the author’s 2012 J.C.P.
article.The method uses the same term added to the rele-
vant pde for both waves and vortices. The modified pde is
then discretized on a uniform Eulerian computational grid.
The pde’s form nonlinear solitary waves, and, when dis-
cretized, can numeriically propagate them over arbitrarily
long distances, in spite of discretization error, even though
they are captured mostly, over only 2-3 grid cells. With
the Eulerian grid, other, smoothly varying, important dy-
namical features can automatically be treated, for realistic
applications.

John Steinhoff
University of Tennessee Space Inst.

Goethert Pkwy
jsteinho@utsi.edu

Subha Chitta
Wave CPC
958 Davis Spring rd,Tullahoma TN 37388
jsteinho@utsi.edu

MS3

Extreme and Nonlinear Propagation of Optical Fil-
aments in Air

Light filamentation is an extreme nonlinear optical phe-
nomenon that can be obtained under certain conditions
during propagation of powerful laser pulses in nonlinear
media. In this talk, I discuss the spatio-temporal events
that occur during formation of filamentation in atmo-
sphere.

Alexey Sukhinin, Alejandro Aceves
Southern Methodist University
asukhinin@smu.edu, aaceves@smu.edu

Jean-Claude Diels
University of New Mexico
jcdiels@unm.edu

MS3

Spatiotemporal Wave Propagation in Multimode
Optical Fiber

Extreme waves are often the result of instabilities in non-
linear wave propagation. Furthermore, studies of extreme
waves in optics are still almost entirely limited to 1D prop-
agation. Theoretical and experimental studies of spatio-
temporal instabilities in multimode propagation will be
presented.

Frank Wise, Logan Wright
Cornell University
fwise@ccmr.cornell.edu, lgw32@cornell.edu

MS4

Burgers Equation with Random Forcing

I will talk about the ergodic theory of randomly forced
Burgers equation (a basic nonlinear evolution PDE related
to fluid dynamics and growth models) in the noncompact
setting. One has to study one-sided infinite minimizers of
random action (in the inviscid case), and polymer measures
on one-sided infinite trajectories (in the positive viscosity
case). Joint work with Eric Cator, Kostya Khanin, Liying
Li.

Yuri Bakhtin
GaTech
bakhtin@cims.nyu.edu

MS4

Title Not Available

Abstract not available.
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MS4

Scaling of Negative Velocity Gradients in the
Stochastic Burgers Equation

After a short review of the instanton formalism and its re-
lation to large deviation theory, I will present recently de-
veloped methods to compute instantons (minimizers of the
Freidlin-Wentzell functional) in complex systems. For the
stochastically driven Burgers equation, I will show that the
numerically obtained instantons can be used to correctly
characterize the probability distribution of large negative
gradients, even in regimes where the asymptotic theory
does not apply yet. This is a joint work with Tobias Grafke
(NYU), Rainer Grauer (University of Bochum), and Eric
Vanden-Eijnden (NYU).

Tobias Schaefer
Department of Mathematics
The College of Staten Island, City University of New York
tobias@math.csi.cuny.edu

MS5

Scattering of Nonlinear Schroedinger Equation
Without Nonzero Boundary Condition

In this talk, we discuss the long-time behavior of the Non-
linear Schroedinger equation with external potential and
non-vanishing boundary condition. Our main motivation
is how the scattering detects the external potential.

Xuwen Chen
University of Rochester
chenxuwen@math.brown.edu

MS5

On the Dynamics of Bose Gases and Bose-Einstein
Condensates

In this talk, we discuss some results addressing the dynam-
ics of a Bose-Einstein condensate and the quantum fluctu-
ations around it for an approximative model. This is based
on joint work with V. Bach, S. Breteaux, J. Froehlich, and
I.M. Sigal.

Thomas Chen
University of Texas at Austin
tc@math.utexas.edu

MS5

The Rigorous Derivation of the 2D Cubic Focusing
NLS from Quantum Many-Body Evolution

We consider a 2D time-dependent quantum system of N
bosons with harmonic external potential and attractive in-
terparticle interaction in the Gross-Pitaevskii scaling. We
derive a new stability of matter type estimate showing that
the k-th power of the energy controls the H1 Sobolev norm
of the solution over k-particles, by a method different from
previous works treating repulsive interactions. By passing
to the BBGKY hierarchy, we obtain the focusing nonlinear
Schroedinger equation is the mean-field limit.

Justin Holmer
Department of Mathematics
Brown University

holmer@math.brown.edu

MS5

Normal Fluctuations in Quantum Many-Body Sys-
tems

I will discuss progress on understanding the fluctuations
in quantum many-body systems, showing that they have
a normal distribution around the mean-field Hartree so-
lution. I will also discuss connections with quantum de
Finetti results and steps towards understanding the rare-
event large deviations in quantum many-body dynamics.
This is joint work with Gerard Ben Arous and Benjamin
Schlein.

Kay Kirkpatrick
University of Illinois at Urbana-Champaign
kkirkpat@illinois.edu

MS6

Long-Time Stability of Standing Waves in Hamil-
tonian PT -Symmetric Chains of Coupled Pendula

We consider the Hamiltonian version of a PT -symmetric
lattice that describes dynamics of coupled pendula per-
turbed by a periodic resonant movement of their bases.
Newton’s equations of motion are reduced asymptotically
to the PT -symmetric discrete nonlinear Schrödinger equa-
tion. In the limit of weak coupling between the pendula,
existence of periodic synchronized oscillations supported
near one pair of coupled pendula follows by standard bifur-
cation analysis. If the gain-damping parameter that corre-
sponds to the periodic resonance force is sufficiently small,
spectral stability of such synchronized oscillations can be
proved within the same limit. As the main contribution, we
prove the nonlinear long-time stability of the synchronized
oscillations by using the Lyapunov method. The periodic
movement of coupled pendula is a saddle point of a con-
strained Hamiltonian function, which exists between the
continuous bands of positive and negative energy. Never-
theless, we construct the approximate Lyapunov function
and use it for the proof of nonlinear long-time stability of
the synchronized oscillations of the coupled pendula.

Alexandr Chernyavsky
McMaster University
chernya@math.mcmaster.ca

Dmitry Pelinovsky
McMaster University
Department of Mathematics
dmpeli@math.mcmaster.ca

MS6

Multi-Dimensional Stability of Waves Travelling
Through Rectangular Lattices in Rational Direc-
tion

We consider scalar, bistable lattice differential equations
on rectangular lattices in two space dimensions. We show
that under certain natural conditions that wave like solu-
tions exist when obstacles (characterized by “holes’) are
present in the lattice. The results here generalize to spa-
tially discrete problems, the results on propagation through
obstacles for partial differential equations due to Beresty-
cki, Hamel and Matano. The analysis hinges upon devel-
opment of sub and supersolutions for this class of higher
space dimension lattice differential equations and on a gen-
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eralization of a classical result of Aronson and Weinberger
on the spreading of localized disturbances.
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MS6

On-Site and Off-Site Solitary Waves of Discrete
Nonlinear Schrödinger Type Equations

We construct families of symmetric solitary standing waves
to the discrete nonlinear Schrödinger equation (DNLS)
with cubic nonlinearity using bifurcation methods about
the continuum limit. Such waves play a role in the prop-
agation of localized states of DNLS. Their energy differ-
ences, which we prove to be exponentially small in a natural
parameter, are related to the Peierls-Nabarro energy bar-
rier in discrete systems, first investigated by M. Peyrard
and M.D. Kruskal (1984). We discuss both the nearest-
neighbor case and more general long-range (nonlocal) cou-
pling, along with their stability. This is joint work with
Michael I. Weinstein.

Michael Jenkinson
Rensselaer Polytechnic Institute
Department of Mathematical Sciences
mikejjenkinson@gmail.com

Michael I. Weinstein
Columbia University
Dept of Applied Physics & Applied Math
miw2103@columbia.edu

MS6

Traveling Waves for the Mass-in-Mass Model of
Granular Chains

We consider the problem for existence of traveling waves
in the mass-in-mass system. We identify a condition on
the parameters, so called anti-resonance condition, which
allow us to find a variational solution. In some sub-regimes
of the anti-resonance condition, we find waves that are
bell-shaped (and hence behave in compacton-like manner),
while in other sub-regimes, the solutions may develop some
oscillatory behavior. This transition (from bell-shaped to
oscillatory) is also observed in numerical simulations.

Atanas Stefanov
University of Kansas
stefanov@ku.edu

Panayotis Kevrekidis
University of Massachusetts
kevrekid@math.umass.edu

MS7

Global Solutions to Self-Similar Transonic Two-

Dimensional Riemann Problems

We discuss the recent progresses in transonic problems in
multidimensional conservation laws. For two dimensional
Riemann problems in compressible gas dynamics, many
configurations give rise to self-similar patterns, and the
problems change their types near the locus of sonic circles,
that is, the problems become transonic. We present the
recent results on a simpler model with a certain Riemann
data, which gives rise to a transonic shock.

Eun Heui Kim
California State University at Long Beach
EunHeui.Kim@csulb.edu

MS7

Nonlocality and Arrested Fronts in Biological
Colony Formation

Biological pattern formation has been extensively studied
using reaction-diffusion models. These models are inher-
ently local, however many biological systems are known
to exhibit nonlocality. In this talk we will discuss nonlo-
cal pattern forming mechanisms in the context of bacterial
colony formation. This will lead to a nonlocal framework
to understand arrested fronts in biological systems.

Scott McCalla
Montana State University
scott.mccalla@montana.edu

James von Brecht
California State University, Long Beach
james.vonbrecht@csulb.edu

MS7

Exploring Data Assimilation and Forecasting Issues
for an Urban Crime Model

In this talk, we explore some of the various issues that
may occur in attempting to fit a dynamical systems (ei-
ther agent- or continuum-based) model of urban crime to
data on just the attack times and locations. We show how
one may carry out a regression analysis for the model de-
scribed by [M.B. Short, et al., Math. Mod. Meth. Appl.
Sci. 2008] by using simulated attack data from the agent-
based model. It is discussed how one can incorporate the
attack data into the partial differential equations for the
expected attractiveness to burgle and the criminal density
to predict crime rates between attacks. Using this pre-
dicted crime rate, we derive a likelihood function that one
can maximise in order to fit parameters and/or initial con-
ditions for the model. Finally, we outline future research in
this area where we believe that the combination of dynam-
ical systems modelling, analysis, and data assimilation can
prove effective in developing policing strategies for urban
crime.

Martin Short
Georgia Tech
mbshort@math.gatech.edu
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University of Surrey
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MS7

Structure and Mechanics of Microbial Biofilms

Biofilms are multicellular microbial colonies that are
widespread in nature, medicine, and industry. Within
biofilms, microbes embedded in a gel-like extracellular ma-
trix exhibit collective behaviors, such as colony spreading
and channel formation, which are mediated by local me-
chanical interactions between bacteria. Here, we will de-
scribe the use of fluorescence microscopy and micromechan-
ical measurements to determine local interactions between
microbes and their impact on collective phenomena.

James N. Wilking
Chemical and Biological Engineering
Montana State University
james.wilking@coe.montana.edu

MS8

The Unified Transform Method for Systems of
Equations

The Unified Transform Method (UTM) has been success-
fully applied to a great number of very different problems.
Most of these problems have been scalar problems. When
dealing with systems of equations, the dispersion relation of
the problem is of the same order as the system, which leads
to branched frequency functions appearing in the global re-
lation. Most systems that have been approached using the
UTM avoid have dispersion relation solutions that are not
branched, and as such their solution is not typical. A few
systems with branched solutions have been considered, but
on an ad hoc basis. I will outline how the UTM can sys-
tematically deal with systems of equations without much
added effort, compared to the scalar case.

Bernard Deconinck
University of Washington
bernard@amath.washington.edu

MS8

A new Transform Approach to Biharmonic Bound-
ary Value Problems in Polygonal and Circular Do-
mains

Motivated by modelling challenges arising in microfluidics
and low-Reynolds-number swimming, we present a new
transform approach for solving biharmonic boundary value
problems in two-dimensional polygonal and circular do-
mains. The method is an extension of earlier work by
Crowdy & Fokas [Proc. Roy. Soc. A, 460, (2004)] and pro-
vides a unified general approach to finding quasi-analytical
solutions to a wide range of problems in low-Reynolds-
number hydrodynamics and plane elasticity. [This is joint
work with Darren Crowdy].

Elena Louca
Imperial College London
el1710@imperial.ac.uk

MS8

Nonlocal Problems for Linear Evolution Equations

Linear evolution equations, such as the heat and linearized
KdV equations, are commonly studied on finite spatial do-
mains with boundary conditions at the edges. Alterna-

tively, consider “multipoint conditions’, where one specifies
a combination of the solution and its derivatives evaluated
at internal spatial points, or the “nonlocal’ specification
of the integral of the solution against some weight. We
describe a general framework for studying such problems,
and provide solution representations.

David Smith
Department of Mathematics
University of Michegan
daasmith@umich.edu
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b.pelloni@reading.ac.uk

MS8

A Boundary Value Problem Pertaining to Viscous
Water Waves

The study of wind driven surface gravity waves is one of
the oldest and challenging topics in fluid flow. In this talk I
will introduce a simple model for this problem with the goal
of deriving a linear dispersion relation for viscous water-
waves i.e. the damping rate of a wave with horizontal
wave number k. Classical approaches involve either the
study of the vorticity equation or employing a Helmholtz
decomposition. In the present talk, I will discuss some
reasons to avoid either route and suggest the equations are
properly analysed using the Uniform Transform Method
(UTM). The application of UTM to this problem requires
the extension of this method to fourth order, degenerate
mixed partial derivative equations. The bulk of the talk
will present details of this extension.

Vishal Vasan
Department of Mathematics
The Pennsylvania State University
vishal.vasan@icts.res.in

MS9

2-D Gravity-Capillary Solitary Waves Generated
by a Moving Pressure Forcing

Dynamics of 2-D gravity-capillary solitary waves generated
by a moving pressure forcing on the surface of deep water is
investigated theoretically and experimentally. A relevant
theoretical model equation is numerically solved for the
identification of different wave patterns according to forc-
ing speeds near the minimum phase speed (23 cm/s). In
addition, without forcing, the transverse instability of free
2-D gravity-capillary solitary waves is analytically studied
based on the linear stability analysis. Finally, these the-
oretical results are compared with relevant experimental
results.

Yeunwoo Cho
KAIST, Korea
ywoocho@kaist.ac.kr

MS9

Stability of Traveling Waves with Constant Vortic-
ity

Euler’s equations describe the dynamics of gravity waves
on the surface of an ideal fluid with arbitrary depth. In this
talk, we discuss the stability of periodic traveling wave so-
lutions for the full set of Euler’s equations with constant
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vorticity via a generalization of a non-local formulation of
the water wave problem due to Ablowitz, et al., and Ashton
& Fokas. We determine the spectral stability for the peri-
odic traveling wave solution by extending Fourier-Floquet
analysis to apply to the non-local problem. We will dis-
cuss some interesting and new relationships between the
stability of the traveling wave with respect to long-wave
perturbations and the structure of the bifurcation curve
for small amplitude solutions.

Katie Oliveras
Seattle University
Mathematics Department
oliveras@seattleu.edu

MS9

Analyzing the Stability Spectrum for Elliptic Solu-
tions to the Focusing NLS Equation

The one-dimensional focusing cubic nonlinear Schrödinger
(NLS) equation is one of the most important integrable
equations, arising in a multitude of applications. The sta-
bility of the stationary periodic solutions of NLS is well
studied, leading to, for instance, the iconic figure-eight
spectrum for its cnoidal wave solutions. We present an
explicit expression for the linear stability spectrum of both
the trivial- and nontrivial-phase solutions. We use this ex-
pression to generate many explicit results about the spec-
trum.

Benjamin L. Segal, Bernard Deconinck
University of Washington
bsegal@uw.edu, deconinc@uw.edu

MS9

Stability of Capillary-Gravity Solitary Waves in
Deep Water

The stability of two-dimensional capillary-gravity solitary
waves are revisited. We integrate hodograph transforma-
tion and time-dependent conformal map, so that the stabil-
ity characteristics of multi-packet solitary waves, including
both symmetric and asymmetric, can be throughly inves-
tigated. Stable solitary waves can be excited by moving
one or two fully localized pressure with the speed close to
the phase speed minimum to mimic the jet of air imping-
ing on the surface of a steady stream. Surprisingly, the
overhanging depression waves are found to be stable.

Zhan Wang
University College London
zwang@imech.ac.cn

MS10

The Effect of Strong Wind on Akhmediev
Breathers

The Nonlinear Schrödinger Equation (NLSE) can be de-
rived from the Euler equations using the method of multi-
ple scales. To model the effect of wind on the water waves,
a forcing term can be added the Euler equations, based
on the Miles growth rate ΓM . We investigate the case
ΓM = O(wave steepness), which yields additional terms
in the NLSE that affect e.g. downshifting and the growth
rate of the modulation instability.

Debbie Eeltink
University of Geneva
debbie.eeltink@unige.ch
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MS10

Photonic Structures Based on Light Filamentation
in Air and in Liquids

At first, we discuss the possibilities of guiding, manipulat-
ing, and processing radio-and microwave-frequency radia-
tion using photonic structures built of filaments. In par-
ticular, we introduce so-called virtual hyperbolic metama-
terials formed by an array of plasma channels in air as a
result of self-focusing of an intense laser pulse, and show
that such structure can be used to manipulate microwave
beams in a free space. Generation of virtual hyperbolic
metamaterials requires a regular and spatially invariant
distribution of plasma channels. Therefore, we discuss the
generation of such large regular arrays of filaments and
consider the interactions between multiple filaments, mul-
tiple filament formation, and phase-controlled structured
filaments. Lastly, we present our recent studies of the phe-
nomenon of spatial modulational instability leading to laser
beam filamentation in an engineered soft-matter nonlin-
ear medium. The emergence of metamaterials also has a
strong potential to enable novel nonlinear light-matter in-
teractions and even new nonlinear materials. In particular,
nonlinear focusing and defocusing effects are of paramount
importance for manipulation of the minimum focusing spot
size of structured light beams necessary for nanoscale trap-
ping, manipulation, and fundamental spectroscopic stud-
ies. Colloidal suspensions considered in our study offer as
a promising platform for engineering polarizibilities and re-
alization of large and tunable nonlinearities.

Natalia M. Litchinitser, Wiktor Walasik, Salih Silahli
The State University of New York at Buffalo
natashal@buffalo.edu, wiktorwa@buffalo.edu, sali-
hzek@buffalo.edu

MS10

Instabilities of Wave Turbulence That Initiate the
Formation of Coherent Structures

I discuss an instability of wave turbulence that dynamically
enhances small correlations of an ensemble of trajectories.
This instability gives rise to the formation of localized co-
herent structures. I discuss this phenomenon for turbu-
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lence in one and in two spatial dimensions.

Benno Rumpf
Southern Methodist University
brumpf@mail.smu.edu

MS10

Vector Schroedinger Equation: Quasi-Particle
Concept of Evolution and Interaction of Solitary
Waves

For the system of nonlinear Schroedinger equations (SC-
NLSE) coupled both through linear and nonlinear terms,
we investigate numerically the head-on and taking-over col-
lision dynamics of polarized solitons. In the case of general
elliptic polarization, analytical solutions for the shapes of
steadily propagating solitons are not available, and we de-
velop an auxiliary numerical algorithm for finding the ini-
tial shape. In the majority of cases the solitons survive the
interaction, preserving approximately their phase speeds
and the main effect is the change of individual polarization
but the total net polarization of the system is conserved.
The results of this work elucidate the role of the linear and
nonlinear couplings, the initial phase, and the initial polar-
ization on the interaction dynamics of soliton systems in
SCNLSE.

Michail Todorov
Faculty of Applied Mathematics and Informatics
Technical University of Sofia, Bulgaria
mtod@tu-sofia.bg

MS11

Errors Growing from Noise in the Zeros of a Light-
wave Communication System

In optical systems, amplified spontaneous emission noise
leads to errors if noise-induced fluctuations are large. We
discuss the problem of errors growing from noise when a
pulse is absent, i.e., when a zero has been sent in a return-
to-zero system. We show that the most probable large de-
viations arise due to an interplay between nonlinear propa-
gation of the noise and the detector used at the end of the
transmission line to recover the transmitted signal.

Jinglai Li
Shanghai Jiaotong University
jinglaili@sjtu.edu.cn

William Kath
Department of Applied Mathematics, Northwestern
University
Department of Neurobiology, Northwestern University
kath@northwestern.edu

MS11

A probabilistic Decomposition-Synthesis Method
for the Quantification of Rare Events in Nonlinear
Water Waves

We consider the problem of probabilistic quantification of
dynamical systems that have heavy-tailed characteristics.
These heavy-tailed features are associated with rare tran-
sient responses due to the occurrence of internal instabil-
ities. We develop a probabilistic decomposition-synthesis
method that takes into account the nature of internal insta-
bilities to inexpensively determine the non-Gaussian prob-
ability density function for any arbitrary quantity of inter-

est. We demonstrate our approach in nonlinear envelope
equation characterizing the propagation of unidirectional
water waves.

Themistoklis Sapsis
Massachusetts Institute of Techonology
sapsis@mit.edu

Mustafa Mohamad
MIT
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MS11

Biased Monte Carlo Simulations to Compute Phase
Slip Probabilities in a Mode-Locked Laser Model

We consider the probability that a mode-locked laser with
active feedback will experience a phase slip when subjected
to small-amplitude random perturbations such as amplified
spontaneous emission noise generated by the gain medium.
To quantify the likelihood of this rare event, we reduce the
infinite-dimensional model to a finite-dimensional system
of stochastic ordinary differential equations (SODE) and
study optimal paths computed using the geometric mini-
mum action method, including using these paths in biased
Monte Carlo simulations.

Yiming Yu
Department of Mathematical Sciences
New Jersey Institute of Technology
yy286@njit.edu

MS12

On the Pair Excitation Function

We will review the history of the rigorous theory of
the pair excitation function approximating the evolution
of a coherent state, and describe most recent results
for a Hamiltonian with two body interaction potential
N3β−1v(Nβ(x−y)), with β < 2/3. This is joint work with
M. Grillakis.

Matei Machedon
University of Maryland, College Park
mxm@math.umd.edu

MS12

Aspects of Pair Excitations in Bose-Einstein Con-
densation

This talk focuses on recent advances and challenges in the
mathematical modeling of effects that go beyond the usual
mean-field limit of quantum dynamics in dilute Boson gases
at very low temperatures. Of particular interest is the ef-
fect of pair excitation, by which Bosons are scattered off
the lowest macroscopic state in pairs. Aspects of this mech-
anism will be described for trapped dilute gases at zero and
finite but small temperatures.

Dionisios Margetis
University of Maryland, College Park
dio@math.umd.edu

MS12

Regularity Properties of the Cubic Nonlinear
Schroedinger Equation on the Half Line

In this talk I will describe how one can derive local



54 NW16 Abstracts

and global regularity properties for the cubic nonlinear
Schroedinger equation on the half line with rough initial
data. These properties include local and global wellposed-
ness results, local and global smoothing results and the
behavior of higher order Sobolev norms of the solutions.
Our methods are quite general and apply to a variety of
initial/boundary value dispersive equations and systems of
equations. The work is joint with B. Erdogan.

Nikolaos Tzirakis
University of Illinois at Urbana-Champaign
tzirakis@math.uiuc.edu

MS12

Waves in Honeycomb Structures

We first review the properties of waves in honeycomb struc-
tures such as graphene and its photonic analogues. We
then focus on recent results on edge states. These are
modes which propagate parallel to a line-defect or edge,
and are localized transverse to it. Certain edge states are
topologically protected ; they are stable against localized
(even large) perturbations. This strong stability is closely
related to a robust zero-energy eigenmode of an effective
Dirac operator. A key condition for the existence of pro-
tected edge states is the ”spectral no-fold condition for the
prescribed edge, a property of the bulk honeycomb struc-
ture. This is joint work with C. L. Fefferman and James
P. Lee-Thorp.

Michael I. Weinstein
Columbia University
Dept of Applied Physics & Applied Math
miw2103@columbia.edu

MS13

Dirac Points and Conical Diffraction in Hexago-
nally Packed Granular Crystal Lattices

Linear and nonlinear mechanisms for conical wave propaga-
tion in a statically compressed granular lattice of spherical
particles arranged in a hexagonal packing configuration is
analyzed. Analysis both via a heuristic argument for the
linear propagation of a wave packet and via asymptotic
analysis leading to the derivation of a Dirac system sug-
gests the occurrence of conical diffraction. This analysis is
valid for strong precompression, i.e., near the linear regime.
For weak precompression, conical wave propagation is still
possible, but the resulting expanding circular wave front is
of a nonoscillatory nature, resulting from the complex in-
terplay among the discreteness, nonlinearity, and geometry
of the packing.

Christopher Chong
Bowdoin College
cchong@bowdoin.edu

MS13

On Long Time Dynamics of Small Solutions of Dis-
crete Nonlinear Schrodinger Equations

In this talk, we study the long time dynamics of discrete
nonlinear Schrödinger equations with potential. We con-
sider the case that the corresponding Schrödinger operator
has two eigenvalues. In this case, under a non-resonant
condition, we can show that there exists a family of quasi-
periodic solutions. Further, we show that all small solu-
tions locally converges to one of these quasi-periodic solu-

tions.

Masaya Maeda
Chiba University
maeda@math.s.chiba-u.ac.jp

MS13

Generalized dNLS Models as Normal Forms for KG
Lattices and Applications

Generalized dNLSmodels emerge as resonant normal forms
for Klein-Gordon lattices in the small energy regime and
anticontinuum limit. In the case of an arbitrary large but
finite 1D lattice, the use of discrete symmetries allow to
get a sharp dependence of the estimates on the size of the
lattice. Results available on the generalized dNLS lattices,
like long time stability of breathers, approximation of the
Cauchy problem and non existence of vortex-like multi-
breathers can be transfered to the original Klein-Gordon
lattice.

Tiziano Penati
University of Milan
tiziano.penati@unimi.it

MS13

Pulse and Defect Dynamics in Cellular Automaton
Models for Excitable Media

Probably the first cellular automaton model for excitable
media goes back to Wiener and Rosenblueth in the 40’s.
In the late 70’s Greenberg and Hastings suggested a some-
what extended simple cellular automaton hierarchy for an
excitable medium and explored its dynamics and relations
to the Fitz-Hugh-Nagumo model. Durret and Steiff stud-
ied statistical properties of the simplest 3-state automaton
in discrete 1D and 2D setting in the early 90’s, in particu-
lar they determined the entropy in 1D. In this talk we pick
up these results and interpret them in view of nonlinear
waves and defects, and discuss some directions and open
problems. This is joint work with Dennis Ulbrich (Uni
Bremen).

Jens Rademacher, Dennis Ulbrich
University of Bremen
jdmr@uni-bremen.de, dennisu@math.uni-bremen.de

MS14

Modulational Stability of Periodic Waves of the
Kawahara Equation

Kawahara equation is a generalization of Kortweg-de Vries
equation which models capillary-gravity waves in shallow
water. In this talk, we explore the the stability of periodic
waves, and especially when the perturbation has a char-
acteristic length much longer than the wavelength of the
periodic wave. To this end, we study the corresponding
Whitham modulation equations.

Frederic Chardard
Universite Jean Monnet/Institut Camille Jordan
France
frederic.chardard@univ-st-etienne.fr

MS14

Stability of Traveling Waves and the Maslov Index

The Maslov index has been used extensively in the stability
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analysis of nonlinear waves. While theoretical results exist
relating it to the Morse index of linear operators, calcu-
lating the index has remained a significant challenge. We
will address this problem using a generalized FitzHugh-
Nagumo model as an example. The presence of two time
scales in these equations allows us to use geometric con-
straints of phase space to compute the index. Furthermore,
this model is the quintessential activator-inhibitor system,
which means that the relevant evolution equation is non-
Hamiltonian.

Paul Cornwell
Department of mathematics
University of North Carolina at Chapel Hill
pcorn@live.unc.edu

Christopher Jones
University of North Carolina
ckrtj@email.unc.edu

MS14

Maslov Index and the Spectrum of Differential Op-
erators

We study the spectrum of the Schrödinger operators with
n× n matrix valued potentials on a finite interval subject
to θ−periodic boundary conditions. For two such oper-
ators, corresponding to different values of θ, we compute
the difference of their eigenvalue counting functions via the
Maslov index of a path of Lagrangian planes. In addition
we derive a formula for the derivatives of the eigenvalues
with respect to θ in terms of the Maslov crossing form. Fi-
nally, we give a new shorter proof of a recent result relating
the Morse and Maslov indices of the Schrödinger operator
for a fixed θ.

Yuri Latushkin
Department of Mathematics
University of Missouri-Columbia
latushkiny@missouri.edu

Selim Sukhtaiev
Department of mathematics
University of Missouri
sukhtaiev@missouri.edu

MS14

Hadamard-Type Formulas Via the Maslov Form

Given a star-shaped bounded Lipschitz domain Ω ⊂ Rd,
we consider the Schrödinger operator LG = −Δ+ V on Ω
and its restrictions LΩt

G on the subdomains Ωt, t ∈ [0, 1],
obtained by shrinking Ω towards its center. We impose
either the Dirichlet or quite general Robin-type boundary
conditions determined by a subspace G of the boundary
space H1/2(∂Ω) × H−1/2(∂Ω), and assume that the po-
tential is smooth and takes values in the set of symmetric
(N ×N) matrices. Two main results are proved: First, for
any t0 ∈ (0, 1] we give an asymptotic formula for the eigen-

values λ(t) of the operator LΩt
G as t → t0 up to quadratic

terms, that is, we explicitly compute the first and second
t-derivatives of the eigenvalues. This includes the case
of the eigenvalues with arbitrary multiplicities. Second,
we compute the first derivative of the eigenvalues via the
(Maslov) crossing form utilized in symplectic topology to
define the Arnold-Maslov-Keller index of a path in the set
of Lagrangian subspaces of the boundary space. The path
is obtained by taking the Dirichlet and Neumann traces of

the weak solutions of the eigenvalue problems for LΩt
G .

Alim Sukhtayev, Yuri Latushkin, Alim Sukhtayev
Department of Mathematics
University of Missouri-Columbia
alimsukh@iu.edu, latushkiny@missouri.edu, alim-
sukh@iu.edu

MS15

Initial-Boundary Value Problems for a Class of
Non-Local Evolution PDEs

We implement the unified transform method to study
initial-boundary value problems for a class of non-local
evolution PDEs. After formulating the general theory, we
discuss several examples, comparing the results with those
arising for standard evolution PDEs.

Stephen Anco
Department of Mathematics
Brock University
sanco@brocku.ca

Gino Biondini
State University of New York at Buffalo
Department of Mathematics
biondini@buffalo.edu

MS15

The Initial-Boundary Value Problem for Dispersive
Equations

In this talk we consider the initial-boundary value problem
(ibvp) for linear and nonlinear dispersive equations on the
half-line with data in Sobolev spaces. The basic models are
the Korteweg-de Vries and the nonlinear Schrödinger equa-
tions together with their linear parts. First, we shall recall
the solution formulas for linear forced ibvp obtained by us-
ing the unified transform method. Then, we shall present
the basic space and time estimates for the linear prob-
lem when the initial and boundary data belong in Sobolev
spaces. Finally, using these estimates and solution spaces
and norms that are motivated by the nonlinearity we shall
prove well-posedness of the corresponding nonlinear ibvp
for data belonging in Sobolev spaces with appropriate ex-
ponents. The talk is based on work in collaboration with
Athanassios S. Fokas and Dionyssios Mantzavinos.

Alex Himonas
University of Notre Dame, USA
alex.a.himonas.1@nd.edu

MS15

Computation of Water Waves Through a Non-
Local Formulation

We discuss a non-local formulation for the classical equa-
tions of rotational water waves, which is based on the so-
called unified transform or the Fokas method. This method
provides a novel approach for the analysis of linear and in-
tegrable nonlinear boundary value problems In this talk
we use asymptotic techniques to compute the free bound-
ary of two-dimensional, periodic, rotational traveling water
waves, over a flat bottom. We present results that associate
the wave height and the shape of the free boundary, with
the different values of the vorticity.

Konstantinos Kalimeris



56 NW16 Abstracts

Radon Institute for Computational and Applied
Mathematics
konstantinos.kalimeris@ricam.oeaw.ac.at

MS16

Stability and Topology for Dynamics on Networks

We consider several models of dynamics on networks, in-
cluded the Kuramoto model for the synchronization of cou-
pled oscillators. We are particularly interested in the inter-
action between the stability properties of the steady state
solutions and the topological properties of the underlying
interaction graph. We prove a duality result that reduces
the stability computation to one on the cycle space of the
graph.

Jared Bronski
University of Illinois Urbana-Champaign
Department of Mathematics
jared@math.uiuc.edu

MS16

Benjamin-Feir instability of Stokes Waves

I will discuss spectral properties of the linearized operator
associated with the water wave problem in two dimensions
in finite depths in the vicinity of the origin of the spectral
plane. In particular I will make an alternative proof, to
that of Bridges and Mielke, of the celebrated Benjamin-
Feir instability of Stokes waves to long wavelength pertur-
bations. The proof is based upon a reformulation of the
problem into nonlinear nonlocal equations via conformal
mapping and makes use of perturbation arguments, and it
may be useful to studies of the spectrum away from the
origin.

Vera Mikyoung Hur
University of Illinois at Urbana-Champaign
verahur@math.uiuc.edu

MS16

Three Dimensional Traveling Waves in Vortex
Sheets

Techniques for computing extremely steep traveling waves
at the interface between two fluids are presented. These
waves are periodic solutions of the vortex sheet formulation
of the potential flow equations. Utilizing the small-scale
decomposition for the fluid velocity (Ambrose, Siegel &
Tlupova, 2013), an extension of the travelling wave ansatz
(Akers, Ambrose & Wright, 2013) and an isothermal pa-
rameterization of the interface, three-dimensional traveling
waves are computed via numerical continuation methods in
parameter space.

Jonah A. Reeger, Benjamin Akers
Air Force Institute of Technology
jonah.reeger@afit.edu, benjamin.akers@afit.edu

MS16

Subharmonic Stability and Quasi-Periodic Pertur-
bations of Traveling and Standing Water Waves

We combine Floquet theory in time and Bloch theory in
space to study the stability of traveling and standing wa-
ter waves subject to harmonic and subharmonic perturba-
tions. For the latter, we have developed new boundary
integral and conformal mapping methods for the spatially

quasi-periodic Dirichlet-Neumann operator. We conclude
with a discussion of general quasi-periodic solutions of the
free-surface Euler equations and present preliminary calcu-
lations of some simple cases.

Jon Wilkening
UC Berkeley Mathematics
wilken@math.berkeley.edu

MS17

Smooth Tails of Self-Similar Pulses

Pulses propagating in a Kerr medium with gain follow self-
similar dynamics with a parbolic intensity profile. How-
ever, the sharp corners implied by the limiting shape are
smoothened at finite propagation distance. We show that
the tails have a universal shape described by the Painleve
II equation, and that they are self-similar with expnonents
different from the main pulse.

Omri Gat
Hebrew University of Jerusalem, Department of Physics
Jeruslam, ISRAEL
omrigat@cc.huji.ac.il

Jens Eggers
University of Bristol
jens.eggers@bristol.ac.uk

MS17

Near to Mid-Infrared Supercontinuum and Fre-
quency Comb Generation

Abstract not available.

Feng Li
Dept. of Electronic and Information Engineering
Hong Kong Polytechnic University
enlf@polyu.edu.hk

P. K. Alex Wai
The Hong Kong Polytechnic University
Dept. of Electronic and Information Engineering
alex.wai@polyu.edu.hk

Jinhui Yuan, Zhe Kang, Xianting Zhang
Dept. of Electronic and Information Engineering
The Hong Kong Polytechnic University
yuanjinhui81@163.com, kangtony9999@163.com,
xt.zhang@connect.polyu.hk

MS17

Existence, Stability AndDynamics of Discrete Soli-
tary Waves in a Binary Waveguide Array

We examine the anti-continuum limit in a binary waveg-
uide arrays. By developing a general theory which system-
atically tracks down the key eigenvalues of the linearized
system, we will provide a systematic discussion of states
involving one, two and three excited waveguides. When
we find the states to be unstable, we explore their dynam-
ical evolution through direct numerical simulations. The
latter typically illustrate, for the parameter values consid-
ered herein, the persistence of localized dynamics and the
emergence for the duration of our simulations of robust
quasi-periodic states for two excited sites. As the number
of excited nodes increase, the unstable dynamics feature
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less regular oscillations of the solution’s amplitude.

Yannan Shen
University of Texas at Dallas
yannans@smu.edu

Panayotis Kevrekidis
University of Massachusetts
kevrekid@math.umass.edu

Gowri Srinivasan
T-5, Theoretical Division, Los Alamos National
Laboratory
gowri@lanl.gov

Alejandro Aceves
Southern Methodist University
aaceves@smu.edu

MS17

Noise Properties of Frequency Combs Based on
Normal-Dispersion Fiber Lasers

Frequency combs based on modelocked fiber lasers are
studied theoretically and experimentally. The roles played
by cavity dispersion, pulse evolution, and pulse energy in
determining the properties of the comb will be presented.

Frank Wise
Cornell University
fwise@ccmr.cornell.edu

MS18

Numerical Simulations of Biological Invasions

Biological invasions occur when there is a road on which an
epidemic propagates faster than in the outlying fields adja-
cent to the roads. These types of invasions can be modeled
using reaction-diffusion equations with varying parameters
on the roads and in the outlying areas with coupling be-
tween the two. We will present a numerical method to
study this problem. Comparisons with previous analytical
work with a straight road will be presented. Also, numer-
ical simulations considering more complex reactions and
road shapes will be discussed.

Shilpa Khatri
School of Natural Sciences
University of California, Merced
skhatri3@ucmerced.edu

MS18

Cytoplasmic Flows as Signatures for the Mechanics
of Mitotic Positioning

An essential first step in eukaryotic development is mi-
gration and proper positioning of the pronuclear complex
(PNC) within the cell. We present the first full simulations
of PNC migration that capture the interactions of O(1000)
centrosomal microtubules (MTs) with the cytoplasm, the
cell periphery, and PNC, and demonstrate two key con-
sequences of hydrodynamic interactions (HIs) on PNC mi-
gration. We show that previous estimates of the PNC drag
that ignore or partially include HIs, lead to misestimation
of the active forces by an order of magnitude. We then
study the dynamics of PNC migration under various bio-
physical models, including the cortical pushing or pulling
of MTs, and pulling on MTs by cytoplasmic force genera-

tors. While achieving proper positioning does not choose
a model, we find that each proposed mechanism produces
unique differentiating flow signatures. This study is made
possible through a highly efficient, custom framework for
simulating cytoskeletal assemblies.

Ehssan Nazockdast
Courant Institute of Mathematical Sciences
New York University
ehssan@cims.nyu.edu

MS18

Stable and Low Resolution Simulations in Interfa-
cial Dynamics

Simulating problems with fluid-structure interactions poses
several numerical challenges such as non-local interactions,
stiffness, and strong non-linearities. These challenges make
simulations with long time horizons particularly challeng-
ing, especially at low resolutions. In order to maintain
stability for long time horizons, several algorithms such as
anti-aliasing, reparameterization, and time adaptivity are
necessary. We will closely examine the effects that these
algorithms have on the physics of the interfacial flow.

Bryan D. Quaife
Scientific Computing
Florida State University
bquaife@fsu.edu

MS18

A Fast Platform for Simulating Fluid-Structure In-
teractions in Cytoskeletal Assemblies

We present a novel platform for the large-scale sim-
ulation of fibrous structures immersed in a Stokesian
fluid, customized for studying the dynamics of subcellu-
lar fibrous assemblies. We incorporate fibers polymer-
ization/depolymerization, their interactions with molecu-
lar motors, their flexibility, and hydrodynamic coupling.
We model three active mechanisms proposed for position-
ing of mitotic spindle during the early cell divisions in
Caenorhabditis elegans, and their consequent unique flows.
We demonstrate that nonlocal hydrodynamics is an essen-
tial feature of positioning.

Abtin Rahimian, Ehssan Nazockdast
Courant Institute of Mathematical Sciences
New York University
arahimian@acm.org, ehssan@cims.nyu.edu

Denis Zorin
Computer Science Department
Courant Institute, New York University
dzorin@cs.nyu.edu

Michael Shelley
Courant Institute of Mathematical Sciences
New York University
shelley@courant.nyu.edu

MS19

A Dynamic Phase-Field Model for Structural
Transformations and Twinning: Regularized In-
terfaces with Transparent Prescription of Complex
Kinetics and Nucleation

Phase-field models enable easy computations of mi-
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crostructure because they regularize sharp interfaces. In
addition, the nucleation of new interfaces and the kinet-
ics of existing interfaces occurs ”automatically” using only
the energy and a gradient descent dynamics. This auto-
matic nucleation and kinetics is often cited as an advan-
tage of these models, and is not present in sharp interface
approaches where nucleation and kinetics must be explic-
itly prescribed. However, this is not necessarily an ad-
vantage. Rather, it does not allow us to use nucleation
and kinetic insights that may be gained from experiment
and/or molecular simulations. Hence, this feature is actu-
ally a disadvantage because it breaks the multiscale mod-
eling hierarchy of feeding information through the scales.
Motivated by this, we have developed a phase-field model
(i.e., with regularized interfaces) that allows for easy and
transparent prescription of kinetics and nucleation. We
present the formulation of the model, and characterization
through various examples.

Kaushik Dayal
Carnegie Mellon University
kaushik@cmu.edu

MS19

Adiabatic and Isothermal Phase Boundaries in
Mass-Spring Chains

Mass-spring chains with only extensional degrees of free-
dom have provided insights into the behavior of crystalline
solids, including those capable of phase transitions. Here
we add rotational degrees of freedom to the masses in a
chain and study the dynamics of phase boundaries across
which both the twist and stretch can jump. We solve im-
pact and Riemann problems in the chain by numerical in-
tegration of the equations of motion and show that the
solutions are analogous to those in a phase transforming
rod whose stored energy function depends on both twist
and stretch. From the dynamics of phase boundaries in
the chain we extract a kinetic relation whose form is famil-
iar from earlier studies involving chains with only exten-
sional degrees of freedom. However, for some combinations
of parameters characterizing the energy landscape of our
springs we find propagating phase boundaries for which
the rate of dissipation, as calculated using isothermal ex-
pressions for the driving force, is negative. Keeping this in
mind we define a local temperature of our chain and show
that it jumps across phase boundaries, but not across sonic
waves. Hence, impact problems in our mass-spring chains
are analogous to those on continuum thermoelastic bars
with Mie-Gruneisen type constitutive laws.

Prashant K. Purohit
Mechanical Engineering and Applied Mechanics
University of Pennsylvania
purohit@seas.upenn.edu

MS19

Nonlinear Waves in Traffic Flow

Initially homogeneous vehicular traffic flow can become in-
homogeneous even in the absence of obstacles. In this
“phantom traffic jam’ phenomenon, small perturbations
grow into traveling waves. We demonstrate that these
waves, called “jamitons’, can be described as nonlinear
detonation waves in second-order macroscopic traffic mod-
els. We investigate the behavior of jamitons, in particular
their interaction and long-term evolution. Moreover, we
discuss to which extent these waves could be dissipated, or
prevented from arising, via traffic control (ramp metering,

adaptive speed limits) or via autonomous vehicles that will
enter our roadways in the near future.

Benjamin Seibold
Temple University
seibold@temple.edu

MS19

Solitary Waves and Phase Boundaries in Peridy-
namics

Abstract not available.

Stewart Silling
Sandia National Laboratories
sasilli@sandia.gov

MS20

Traveling Waves in Diatomic Fermi-Pasta-Ulam-
Tsingou Lattices

We discuss traveling waves for diatomic Fermi-Pasta-Ulam-
Tsingou (FPUT) lattices consisting of two distinct masses
and only one kind of spring. After diagonalizing certain
operators in the traveling wave equations, the resulting sys-
tem becomes highly amenable to the technique of bifurca-
tion from a simple eigenvalue due to Crandall, Rabinowitz,
and Zeidler. For the purpose of subsequent analysis, how-
ever, we require rather precise estimates on the solutions,
and these estimates must be uniform over wave speeds close
to the speed of sound. Therefore, we exploit the ”diago-
nal” nature of the problem and obtain both the solutions
and the uniform estimates via a fixed-point analysis, still
inspired by the proofs of classical bifurcation. This is joint
work with J. Douglas Wright.

Timothy Faver
Drexel University
tef36@drexel.edu

Doug Wright
Drexel University
Mathematics
jdoug@math.drexel.edu

MS20

Edge States in Continuous and Discrete Systems

Edge states are time-harmonic solutions to energy-
conserving wave equations, which are propagating parallel
to a line defect or “edge” and are localized transverse to it.
In this talk, we discuss the connection between edge states
in continuous and (discrete) tight-binding edge models in
the Schrödinger setting. We begin by outlining a bifurca-
tion theory of topologically protected and non-protected
edge states in continuous 2D honeycomb structures, before
discussing analogous edge state results in the tight-binding
limit.

Charles Fefferman
Princeton University, USA
cf@Math.Princeton.EDU

James P. Lee-Thorp
Columbia University
jpl2154@columbia.edu

Michael I. Weinstein
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Columbia University
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MS20

Discrete Breathers in Honeycomb Fermi-Pasta-
Ulam Lattices

We analyse a two dimensional Fermi-Pasta-Ulam lattice
with honeycomb structure. We use asymptotic techniques
to obtain an approximation for a breather mode in the
form of a envelope enclosing a linear wave. This yields
conditions on the form of the nonlinearity in the lattice
and the wavenumbers of the linear mode. We comment on
the relationship between this, the square and the triangular
2D lattices.

Jonathan Wattis
School of Mathematical Sciences
University of Nottingham
Jonathan.Wattis@nottingham.ac.uk

MS20

Nonlinear Wave Transmission Thresholds in Disor-
dered Periodic Structures

We study wave transmission through a finite damped non-
linear periodic structure, subjected to continuous harmonic
excitation at one end. Nonlinearity leads to supratransmis-
sion, whereby enhanced wave transmission occurs within
the stopband of periodic structures when forced at ampli-
tudes exceeding a threshold. We study supratransmission
in the presence of deviations from periodicity (small vari-
ations in stiffness parameters throughout the structure).
The force threshold remains unchanged in the ensemble-
average sense, but the transmitted wave energy is reduced.

Behrooz Yousefzadeh, A. Srikantha Phani
University of British Columbia
behrooz.j.y@gmail.com, srikanth@mech.ubc.ca

MS21

Phase Dynamics, Modulation and Water Waves

The derivation of modulation equations via modulation
will be discussed. The principal example is the KP equa-
tion near a periodic travelling wave. Applications to water
waves will be discussed.

Tom J. Bridges
University of Surrey
t.bridges@surrey.ac.uk

MS21

Kinematics of Fluid Particles on the Sea Surface:
Symplecticity and Vorticity

I will show that the John-Sclavounos equations describing
the motion of a fluid particle on the sea surface can be
derived from first principles. In particular, the equations
follow from the Lagrangian and Hamiltonian formalisms
applied to the motion of a frictionless particle constrained
on an unsteady surface. The main result is that vorticity
generated on a stress-free surface vanishes at a wave crest
when the horizontal particle velocity equals the crest prop-
agation speed, which is the kinematic criterion for wave

breaking. If this holds for the largest crest, then the sym-
plectic two-form associated with the Hamiltonian dynamics
reduces instantaneously to that associated with the motion
of a particle in free flight, as if the surface did not exist.
Implications of these theoretical results for wave breaking
are discussed.

Francesco Fedele
Georgia Institute of Technology
fedele@gatech.edu

MS21

Traveling Wave Solutions of Fully-Discrete Multi-
Symplectic Equations

Infinite dimensional functional equations describe the trav-
eling wave solutions of multisymplectic discretizations of
PDEs. Sometimes the discrete traveling waves can be cal-
culated exactly, or to high accuracy using Fourier series.
Otherwise, backward error analysis allows a study of the
discrete traveling waves through an ODE that describes
the behavior. The analysis can be applied to various mul-
tisymplectic discretizations for many PDEs, providing a
deeper understanding of the advantages and disadvantages
of using multisymplectic integrators.

Fleur McDonald
Institute of Fundamental Sciences
Massey University
x 999999999 x@hotmail.com
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Reinout Quispel
Department of Mathematics and Statistics
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MS21

Modulation and the Zig-Zag Instability for Gradi-
ent Reaction-Diffusion Equations

Using a second order Matrix PDE framework, it is shown
that the phase diffusion equation emerges via modulation
with universal coefficients (that is, they are related to the
steady conservation law). When this degenerates, a nonlin-
ear phase equation arises describing zig-zag dynamics. An
example of how this system arises is given in the context
of the Swift-Hohenberg equation.

Daniel Ratliff
University of Surrey
D.Ratliff@uea.ac.uk

MS22

Instability of Steep Ocean Waves and Whitecap-
ping

Wave breaking in deep oceans is a challenge that still de-
fies complete scientific understanding. Sailors know that at
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wind speeds of approximately 5m/sec, the random looking
windblown surface begins to develop patches of white foam
(whitecaps) near sharply angled wave crests. We idealize
such a sea locally by a family of close to maximum ampli-
tude Stokes waves and show, using highly accurate simula-
tion algorithms based on a conformal map representation,
that perturbed Stokes waves develop the universal feature
of an overturning plunging jet. We analyze both the cases
when surface tension is absent and present. In the latter
case, we show the plunging jet is regularized by capillary
waves which rapidly become nonlinear Crapper waves in
whose trough pockets whitecaps may be spawned.

Sergey Dyachenko
University of Illinois Urbana-Champaign
sdyachen@illinois.edu

Alan Newell
University of Arizona
Department of Mathematics
anewell@math.arizona.edu

MS22

Necklace Solitary Waves on Bounded Domains

The critical power for collapse appears to place an upper
bound on the amount of power that can be propagated
by intense laser beams. In various applications, however,
it is desirable exceed this limit and deliver more power.
In this talk I will present new solitary waves of the two-
dimensional nonlinear Schrodinger equation on bounded
domains, which have a “necklace’ structure. I will consider
their structure, stability, and how to compute them. In
particular, I will show that these solitary waves can stably
propagate more than the critical power for collapse.

Gadi Fibich
Tel Aviv University
School of Mathematical Sciences
fibich@tau.ac.il

MS22

The Causes of Metastability and their Effect on
Transition Times

Deterministic equations such as a wave equation with non-
linear forcing can display metastability when considering
stochastic initial conditions. Metastability refers the sys-
tem spending extended periods of time relative to its natu-
ral time scale in localized regions of phase space, transiting
infrequently between them. Typically thought to be caused
by overcoming an energy barrier, I will show how narrow
passages in phase space can also cause metastability, and
derive the effect on the mean transition time.

Katherine Newhall
Dept. of Mathematics
University of North Carolina at Chapel Hill
knewhall@unc.edu

MS22

Nonlinear Waves in Periodic Quantum Graphs

The nonlinear Schrödinger (NLS) equation is considered
on a periodic metric graph subject to the Kirchhoff bound-
ary conditions. Bifurcations of standing localized waves for
frequencies lying below the bottom of the linear spectrum
of the associated stationary Schrödinger equation are con-

sidered by using analysis of two-dimensional discrete maps
near hyperbolic fixed points. We prove existence of two dis-
tinct families of small-amplitude standing localized waves,
which are symmetric about the two symmetry points of
the periodic graphs. We also prove properties of the two
families, in particular, positivity and exponential decay.
The asymptotic reduction of the two-dimensional discrete
map to the stationary NLS equation on an infinite line is
discussed in the context of the homogenization of the NLS
equation on the periodic metric graph. This is a joint work
with Guido Schneider (University of Stuttgart).

Dmitry Pelinovsky
McMaster University
Department of Mathematics
dmpeli@math.mcmaster.ca

MS23

Resonant Coupling Between Internal Waves and
Surface Waves in the Ocean

Large-amplitude internal waves and their accompanying
surface ripples have been observed in many field obser-
vations. However, the mechanism for this coupling phe-
nomena has not been completely understood. We develop
a weakly nonlinear model in a two-layer density-stratified
fluid. Surface waves, characterized by both modulation and
resonance, show their asymmetric behavior in spatiotempo-
ral manifestation when an internal soliton passes beneath.
Our results may explain the narrow bands of roughness and
mill pond effects in experimental observations.

Shixiao W. Jiang
Institute of Natural Sciences
Shanghai Jiao-Tong University
willing@sjtu.edu.cn

MS23

Reduced One-Dimensional Turbulence Model and
Applications to Filtering

Knowledge of the state of turbulent signals is of particular
interest in numerous contexts including science and engi-
neering. An effective mathematical solution estimates the
system state and uncertainty associated with it through
combining the evolving probability distribution of the un-
derlying system along with available observations: the
problem of filtering. In the practical applications of fil-
tering, one frequently encounters the necessity of large di-
mensional uncertainty quantification due to the fundamen-
tal difficulty in describing the complexity phenomena with
a small number of degrees of freedom. Traditional algo-
rithms for filtering unfortunately do not perform well under
this circumstance. One approach to disable the obstacles
in high dimension is to find effective dimension reduction
procedure for the probability distribution of the underly-
ing state space model. One of the methodologies to do this
is via approximating the original equation for each Fourier
mode by an independent and exactly solvable stochastic
differential equation. In this paper we introduce a new
rigorous methodology for this simplification of underlying
system through decoupling within the context of the ex-
tended Majda-McLaughlin-Tabak turbulence model.

Wonjung Lee
Department of Mathematics
City University of Hong Kong
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MS23

Effective Dispersion in the Nonlinear Schroedinger
Equation

When one considers only the linear part of the Nonlinear
Schrödinger Equation (NLS) (iqt = qxx), one finds disper-
sion relation ω = k2. We don’t expect solutions to the fully
nonlinear equation to have any kind of effective dispersion
relation like this. However, I have seen that solutions to
the NLS actually appear to be weakly coupled and are of-
ten nearly sinusoidal in time with a dominant frequency,
often behaving similarly to modulated plane waves.

Katelyn J. Leisman
Rensselaer Polytechnic Institute
plaisk@rpi.edu

MS23

Waveaction Spectra for Fully Nonlinear Majda-
McLaughlin-Tabak Model

We investigate a version of the Majda-McLaughlin-Tabak
model of dispersive wave turbulence where the linear term
in the time derivative is removed. We consider driven-
damped and undriven, undamped cases of the model. Our
theoretical predictions for the waveaction spectrum, which
are made using statistical mechanical methods as well as
arguments reminiscent of Kolmogorov’s theory of turbu-
lence, are found to agree with time dynamics simulations.

Michael Schwarz
Rensselaer Polytechnic Institute
mschwarz137@gmail.com

MS24

Kerr, Raman and Brillouin Optical Frequency
Combs: An Overview

Whispering gallery mode resonators allow to study the
light-matter interactions induced by the confinement of
photons in nonlinear media. In particular, Brillouin, Ra-
man and Kerr nonlinearities excite the resonator at the
lattice, molecular and electronic scale. This versatility
gives to whispering gallery-mode resonators the potential
to be central photonic components in microwave photon-
ics, quantum optics and optoelectronics. We investigate
the fundamental properties of Kerr, Raman and Brillouin
frequency combs and discuss some applications.

Guoping Lin, Souleymane Diallo
FEMTO-ST Institute
guoping.lin@femto-st.fr, souleymane.diallo@femto-st.fr

Yanne Chembo
Optics department, FEMTO-ST Institute, Besancon,
France
yanne.chembo@femto-st.fr

MS24

Universal Dynamics and Controlled Switching of
Dissipative Kerr Solitons in Optical Microres-
onators

Formation of dissipative Kerr solitons in optical microres-
onators has recently been demonstrated, which enables a

fully coherent microresonator frequency comb. However,
the soliton physics remains largely unexplored. Here, we
report, for the first time, the discovery of a novel mech-
anism that allows to deterministically induce transitions
between soliton states. Moreover, we develop a monitor-
ing scheme for in-situ characterization of soliton dynamics.
These provide a toolbox for controlled switching to single-
soliton states imperative for many applications.

Maxim Karpov, Hairun Guo, Erwan Lucas, Arne Kordts,
Martin H. P. Pfeiffer, Victor Brasch
Ecole Polytechnique Federale de Lausanne
karpov.maxim@epfl.ch, hairun.guo@epfl.ch,
erwan.lucas@epfl.ch, arne.kordts@epfl.ch,
martin.pfeiffer@epfl.ch, victor.brasch@epfl.ch
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2. Russain Quantum Center, Skolkovo, Russia
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Tobias J. Kippenberg
Ecole Polytechnique Federale de Lausanne
tobias.kippenberg@epfl.ch

MS24

Modeling of Frequency Comb Generation in Dis-
persive Quadratic Cavities

We theoretically investigate frequency comb formation in
cavity enhanced second harmonic generation. We show
that, in both the singly and doubly resonant configura-
tions, a single mean field equation allows describing the full
temporal and spectral dynamics of the resonator. We find
excellent agreement with recent experimental results and
show that the emergence of frequency combs (and corre-
sponding temporal patterns) is underpinned by a new kind
of modulation instability, induced by the strong walk-off.

Francois Leo
Physics Dept.
University of Auckland, New Zealand
f.leo@auckland.ac.nz

Tobias Hansson
Chalmers University of Technology,
Sweden
tobhan@chalmers.se

Iolanda Ricciardi, Maurizio De Rosa
CNR-INO, Istituto Nazionale di Ottica,
Via Campi Flegrei 34, 80078 Pozzuoli (NA), Italy
iolanda.ricciardi@ino.it, maurizio.derosa@ino.it
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University of Brescia
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Miro Erkintalo
The Dodd-Walls Centre for Photonic and Quantum
Technologies,
Department of Physics, The University of Auckland
m.erkintalo@auckland.ac.nz

MS24

Soliton Generation in High-Q Silica Microcavties

Abstract not available.

Kerry Vahala
Applied Physics and Material Science
California Institute of Technology
vahala@caltech.edu

MS25

Structure Formation in Biofilms and Implications

Biofilms are collections of microbes anchored together into
sessile communities by self secreted polymers. Though they
are in a sense chemical factories, the realities of biofilms as
physical materials are important to their function. This
talk will present a review of some of what is known about
biofilm physics, particularly in the context of biofilm mod-
eling. The focus will be on the importance of diffusive
transport limitation and implications for mechanics.

Isaac Klapper
Temple University
klapper@temple.edu

MS25

How Focused Flexibility Maximizes the Thrust
Production of Flapping Wings

Birds, insects, and fish all exploit the fact that flexible
wings or fins generally perform better. It is not clear,
though, how to best distribute flexibility: Should a wing be
uniformly flexible, or should certain sections be more rigid
than others? I will discuss this question by using a 2D
small-amplitude model combined with an efficient Cheby-
shev PDE solver. Numerical optimization shows that con-
centrating flexibility near the leading edge of the wing max-
imizes thrust production.

M. Nick Moore
Florida State University
mnmoore2@fsu.edu

MS25

Effect of Fluid Resistance on Sperm Motility

Micro-organisms can swim in a variety of environments,
interacting with chemicals and other proteins in the fluid.
Some of these extra proteins or cells may act as friction,
possibly preventing or enhancing forward progression of
swimmers. The homogenized fluid flow is assumed to be
governed by the incompressible Brinkman equation, where
a friction term with a resistance parameter represents a
sparse array of obstacles. Representing the swimmers with
a centerline approximation, we employ regularized funda-
mental solutions to investigate swimming speeds, trajec-
tories, and interactions of swimmers. Asymmetric wave-
forms due to an increase in flagellar calcium is known to
be important for sperm to reach and fertilize the egg. The
trajectories of hyperactivated swimmers are found to have
a decreased path curvature. Although attraction of two

swimmers is more efficient in the Stokes regime, we find
that attraction does not occur for larger resistance.

Sarah D. Olson
Worcester Polytechnic Institute
sdolson@wpi.edu

MS25

A Dynamical System for Interacting Flapping
Swimmers

We present the results of a theoretical investigation into the
dynamics of interacting flapping swimmers. Our study is
motivated by recent experiments using a one-dimensional
array of wings in a water tank. We develop a discrete dy-
namical system that models the swimmers as airfoils shed-
ding point vortices, and study the existence and stability
of steady solutions. Our model may be used to understand
how schooling behavior is influenced by hydrodynamics in
more general contexts.

Anand Oza
Math. Dept., MIT.
oza@cims.nyu.edu

Leif Ristroph
Courant Institute
New York University
ristroph@cims.nyu.edu

Michael J. Shelley
New York University
Courant Inst of Math Sciences
shelley@cims.nyu.edu

MS26

Neumann Homogenization via Integro-Differential
Operators

Abstract not available.

Nestor Guillen
Department of Mathematics UCLA
nestor@math.ucla.edu

MS26

Twisted Waves, Orbital Angular Momentum and
the Determination of Atomic Structure

We find exact solutions of Maxwell’s equations that are
the precise analog of plane waves, but in the case that the
translation group is replaced by the Abelian helical group.
These waves display constructive/destructive interference
with helical atomic structures, in the same way that plane
waves interact with crystals. We show how the resulting
far-field pattern can be used for structure determination.
We test the method by doing theoretical structure deter-
mination on the Pf1 virus from the Protein Data Bank.
The underlying mathematical idea is that the structure is
the orbit of a group which is a subgroup of the invari-
ance group of the differential equations. Joint work with
Dominik Juestel and Gero Friesecke. (DJ, GF, RJ, Bragg-
Von Laue diffraction generalized to twisted X-rays, Acta
Crystallographica A72; GF, RJ, DJ, Twisted X-rays: in-
coming waveforms yielding discrete diffraction patterns for
helical structures, SIAM J. Appl Math, accepted).

Richard James
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MS26

Multiscale Analysis of Nonlocal Evolution Equa-
tions

Abstract not available.

Tadele Mengesha
University of Tennessee
mengesha@utk.edu

MS26

Calculus of Variations Methods in Nonlocal Theo-
ries

Abstract not available.

Petronela Radu
University of Nebraska-Lincoln
Department of Mathematics
pradu@math.unl.edu

MS27

Rattling in Spatially Discrete Diffusion Equations
with Hysteresis

We discuss a reaction-diffusion equation with hysteretic
nonlinearity on a one-dimensional lattice. It arises as a
result of the spatial discretization of the corresponding con-
tinuous model with so-called nontransverse initial data and
exhibits a propagating microstructure, which we call rat-
tling. We analyze this microstructure and determine its
propagation speed.

Pavel Gurevich
Free University Berlin
gurevich@math.fu-berlin.de

Sergey Tikhomirov
Max Planck Institute for Mathematics in the Science
Chebyshev Laboratory, Saint-Petersburg State University
sergey.tikhomirov@mis.mpg.de

MS27

Understanding Pollution with Wiener-Hopf Lattice
Factorizations

We study optimal control problems with time delays posed
on lattices, which can be used to weigh the costs and ben-
efits of utilizing polluting agents to enhance crop yields.
The conditions defining optimal strategies turn out to be
Hilbert-space valued functional differential equations of
mixed type (MFDEs). We develop tools such as exponen-
tial dichotomies and Wiener-Hopf factorizations for such
systems to determine whether optimal strategies can re-
tain their optimality under small variations in their initial
conditions. Complications are caused by the fact that the
modelling state space is only half of the natural mathemat-
ical state space.

Hermen Jan Hupkes
University of Leiden
Mathematical Institute
hhupkes@math.leidenuniv.nl

Emmanuelle Augeraud-Véron
Université de La Rochelle
emmanuelle.augeraud@univ-lr.fr

MS27

Pacemakers in a 2-D Array of Oscillators with Ra-
dially Symmetric Non-Local Coupling

We study a toy model describing a 2-d array of oscillators
with nonlocal, radially symmetric, diffusive coupling. The
model is close in spirit to an eikonal equation which mod-
els oscillatory chemical reactions. We use this information
together with the Fredholm properties of the linearization
to show that a small patch of oscillators, modeled here as a
localized perturbation, can lead to either target patterns or
contact defects depending on the sign of the perturbation.

Gabriela Jaramillo
The University of Arizona
gjaramillo@math.arizona.edu

MS27

Bistable Traveling Waves Under Discretization:
BDF and Moving Mesh Methods

I this talk we consider the impact of discretization on trav-
eling wave solutions of reaction-diffusion equations with
bistable nonlinearities. Although much is known about
traveling waves to such PDEs most analysis related to dis-
cretization is for uniform spatial meshes that maintain a
translation invariance. In this talk we consider the impact
of temporal discretization using backward differentiation
formula (BDF) methods and on moving mesh spatial dis-
cretizations that seek to equidistribute the error due to
spatial discretization.

Erik Van Vleck
Department of Mathematics
University of Kansas
erikvv@ku.edu

Hermen Jan Hupkes
University of Leiden
Mathematical Institute
hhupkes@math.leidenuniv.nl

Weizhang Huang
Department of Mathematics
University of Kansas, Lawrence, KS
huang@math.ku.edu

MS28

Dark-Bright Solitons and Their Two-Dimensional
Counterparts in Coupled Nonlinear Schrodinger
Systems

In this talk, we will present a two-component NLS system
in one and two spatial dimensions with equal, repulsive cu-
bic interactions and different dispersion coefficients in the
two components. We will consider states that support a
dark solitary wave (or, equivalently, a vortex in 2D) in the
one-component, and explore the possibility of the forma-
tion of bright solitonic bound states in the other compo-
nent. Initially, based on the linear limit for the bright com-
ponent, we identify bifurcation points of such states and ex-
plore their continuation in the nonlinear regime afterward.
Then, we will identify regimes of potential stability (in the
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realm of linear stability analysis) for the single-peak ground
state (the dark-bright soliton in 1D and vortex-bright soli-
ton in 2D) as well as excited states with one or more zero
crossings in the bright component. Finally, for unstable
such states, we will demonstrate results on direct numeri-
cal simulations and discuss the dynamics of the instability.
This is joint work with Panayotis G. Kevrekidis, Boris A.
Malomed and Dimitri J. Frantzeskakis.

Estathios Charalampidis
University of Massachusetts
charalamp@math.umass.edu

MS28

The Small Dispersion Limit for the Defocusing NLS
Equation with Cosine Initial Condition

We employ the WKB method to the scattering problem
for the defocusing nonlinear Schrodinger (NLS) equation
to study the small dispersion limit with cosine initial con-
ditions, and we apply the results to characterize analyt-
ically some recent experiments in nonlinear optics. This
work generalizes our recent results on the KdV equation
and the Zabusky-Kruskal experiment.

Guo Deng
State University of New York at Buffalo
guodeng@buffalo.edu

Gino Biondini
State University of New York at Buffalo
Department of Mathematics
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University of Ferrara
stefano.trillo@unife.it

MS28

Willmore Flow Regime in the Defocusing PNLS

Optical Parametric Oscillators are modeled in a large
pump-detuning regime by the parametrically forced NLS
(PNLS) equation. In the limit of slow evolution the PNLS
reduces to the phase sensitive amplification (PSA) model, a
fourth order parabolic equation. The PSA is typically stud-
ied in a regime analogous to the focusing PNLS, however
the PNLS reduction to PSA also applied in the defocusing
regime, leading to a defocusing PSA which is equivalent
to the L2 gradient flow of the functionalized Cahn-Hilliard
(fCH) equation. Thus defocusing PNLS, which describes
the evolution of π-phase fronts in OPOs also models the
evolution of amphiphilic phase separation in charged poly-
mer/solvent mixtures. We derive the relationship between
the two systems, and port the results for the fCH to the
OPO setting, deriving the Willmore flow in the sharp in-
terface limit.

Keith Promislow
Michigan State University
kpromisl@math.msu.edu

MS28

Non-Holonomic Constraints and Discretizations in
Klein-Gordon Equations

We explore a new type of discretizations of Klein-Gordon
lattice dynamical models. The discretization is based on

non-homonomic constraints and is shown to retrieve the
“proper’ continuum limit of the model. Such discretiza-
tions are useful in preserving a discrete analogue of the
momentum. For generic initial data, the momentum and
energy conservation laws cannot be achieved concurrently.
Our approach is suited for cases where an accurate descrip-
tion of mobility for nonlinear traveling waves is important.

Zoi Rapti
University of Illinois at Urbana-Champaign
zrapti@math.uiuc.edu

Panayotis Kevrekidis
University of Massachusetts
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MS29

Energy Based Discontinuous Galerkin Methods for
Nonlinear Waves

We present a strategy for the spatial discontinuous
Galerkin discretization of nonlinear wave equations in sec-
ond order form. The method features a direct, mesh-
independent approach to defining interelement fluxes.
Both energy-conserving and upwind discretizations can be
devised. The proposed discretization for equations in sec-
ond order form arises naturally from a general formulation
based directly on the Lagrangian, which is central to the
formulation of wave equations in most physical settings.
In this talk we also consider the generalization of the dis-
cretization to integrable systems of PDE in first order form.

Daniel Appelo
University of New Mexico
appelo@unm.edu

Thomas M. Hagstrom
Southern Methodist University
Department of Mathematics
thagstrom@smu.edu

MS29

Circular Instability of Surface Waves: Numerical
and Wavetank Experiments

We compare numerical simulation of instability of weakly
nonlinear standing waves on the surface of deep fluid in the
framework of the primordial dynamical equations and in a
laboratory wave tank experiment. The instability offers a
new approach for generation of nearly isotropic spectrum
using parametric excitation. Direct measurements of spa-
cial Fourier spectrum confirm existence of the instability
in a real life conditions for gravity-capillary waves.

Alexander O. Korotkevich
Dept. of Mathematics & Statistics, University of New
Mexico
L.D. Landau Institute for Theoretical Physics RAS
alexkor@math.unm.edu
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The University of Hull, UK
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MS29

Effective Dispersion and Resonant Interactions in
Wave-Like Dynamical Systems

Effective dispersion in extended systems may be generated
by the increasing nonlinearity, with resonant wave-wave in-
teractions appearing or disappearing, and resonant mani-
folds deforming. This occurs even in systems with no linear
dispersion. In such a subcase of the MMT model, due to its
symmetry, we calculated energy and wavenumber spectra
both directly and from the wave-turbulence theory asso-
ciated with the effective dispersion relation. For the NLS
equation, we computed this relation to be a quadratic.

Gregor Kovacic
Rensselaer Polytechnic Inst
Dept of Mathematical Sciences
kovacg@rpi.edu
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MS29

Spectral Methods for Determining the Stability
and Noise Performance of Modelocked Laser Pulses

The most important issue when designing a short-pulse
laser system is usually to determine the adjustable pa-
rameter range in which that laser operates stably and
to optimize the pulse parameters. Current design tools
are inadequate for this task. We have been developing
computational tools, based on spectral methods, that are
both quantitatively accurate and can rapidly determine the
laser’s stability and noise performance. Here, we give a sta-
tus report and discuss applications.

Curtis R. Menyuk
UMBC
Baltimore, MD
menyuk@umbc.edu

Shaokang Wang
UMBC
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MS30

Semiclassical Analysis of the Three-Wave Resonant
Interaction Equations

The three-wave equations are a completely integrable mul-
ticomponent system exhibiting pumping, energy transfer,
and other phenomena not seen in single-component sys-
tems. We consider the small-dispersion limit. WKB anal-
ysis is used to obtain a sequence of reflectionless initial

conditions with a small dispersion limit. The inverse-
scattering problem is solved explicitly for representative
cases to illustrate a variety of phenomena in the time evo-
lution, including the emergence of oscillatory regions from
the collision of non-oscillatory packets.

Robert J. Buckingham
Dept. of Mathematical Sciences
The University of Cincinnati
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MS30

Propagation of Regularity for Solutions of the Gen-
eralized Korteweg-De Vries Equation

We will discuss special regularity properties of solutions to
the IVP associated to the k-generalized KdV equations. In
particular, for datum u0 ∈ H3/4+(R) whose restriction be-
longs to Hk((b,∞)) for some k ∈ Z

+ and b ∈ R we prove
that the restriction of the corresponding solution u(·, t) be-
longs to Hk((β,∞)) for any β ∈ R and any t ∈ (0, T ).
Thus, this type of regularity propagates with infinite speed
to its left as time evolves.

Felipe Linares
Institute of Pure and Applied Mathematics
BRAZIL
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MS30

On the Inverse Scattering Problem of the
Benjamin-Ono Equation

The Benjamin-Ono equation describes internal gravity
waves in a two-layer fluid. It was discovered to be com-
pletely integrable by Nakamura, Bock and Kruskal. An in-
verse scattering transform scheme was described by Fokas
and Ablowitz. Part of the scattering data depend on rela-
tions between different Jost solutions to a singular integral
perturbation of the derivative operator. In this talk we
prove the existence and uniqueness of these Jost solutions,
together with some key identities useful for the inverse scat-
tering transform scheme.

Yilun Wu
Brown University
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MS31

Observation of Breather Solitons in Microres-
onators

We present the first observations of breather solitons in
microresonators. We find that both silicon nitride and
silicon microresonators exhibit narrow low-frequency RF
modulation sidebands for a range of cavity detunings as
we tune the pump frequency into the mode-locked regime.
We identify these sidebands as a key signature of persis-
tent breather solitons within the resonators. Our results
provide a new perspective on the evolution towards stable
soliton formation in microresonator frequency combs.

Jae K. Jang
Columbia University
jj2837@columbia.edu
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MS31

Numerical Simulations of Kerr Frequency Combs
Meet the Reality

Understanding of behavior of Kerr frequency combs gen-
erated in nonlinear optical ring resonators pumped with
continuous wave light primarily relies on numerical simu-
lations. We present several successful examples of usage
of numerical modeling based on ordinary differential equa-
tions as well as Lugiato-Lefever equation to both predict
and explain various regimes of the frequency combs ob-
served in crystalline optical microresonators. We also dis-
cuss cases when numerical simulations and experimental
studies have significantly different outcomes.

Andrey Matsko
OE-Waves, Inc.
Pasadena, CA
andrey.matsko@oewaves.com

Lute Maleki
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lute@oewaves.com

MS31

Development of Ultra-High Resolution Supercon-
tinuum Optical Sources Aided by High Perfor-
mance Computing

In a recently started project we aim at developing a new
generation of supercontinuum light sources with unprece-
dented low noise and shaped power spectra that are op-
timal for use in the next generation ultra-high resolution
Optical Coherence Tomography (UHROCT) systems. Our
goal is to use UHROCT for cost effective diagnose of glau-
coma, the second leading cause of blindness worldwide, and
to develop equipment easy to use for a local clinic contrary
to current practice. The project is conducted in collabora-
tion with NKT Photonics, designing supercontinuum and
OCT systems, and Bispebjerg Hospital, Denmark. The
main task is to design poly crystal fibers with tapering and
other design features for reducing the noise in a supercon-
tinnum light source and shape its spectrum. Here we focus
on mathematical modeling and high performance comput-
ing for achieving the above goal. The modeling is based
on a generalized nonlinear Schroedinger equation includ-
ing higher order dispersion, delayed Raman response and
tapering. The numerical model is based on state-of-the-art
Spectral Methods and implemented using modern paral-
lel programming paradigms such as MPI and OpenCL to
run efficiently on modern and emerging parallel computing
many-core hardware as graphical processing units. High
performance computing has turned necessary in the study
of super continuum generation mainly due to the complex-
ity of the nonlinear wave (soliton) patterns requiring ex-
tremely high computational resolution.

Mads Peter Soerensen
Department of Mathematics
Technical University of Denmark
mpso@dtu.dk
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MS31

Propagation of Light in Non-Adiabatically Driven
Optical Microresonator

An optical pulse propagating in a bottle microresonator (a
dielectric cylinder with a nanoscale-high bump of the ef-
fective radius) can exactly imitate a quantum wave packet
described by the one-dimensional Schrdinger equation with
a potential (quantum well) proportional to the variation of
the effective radius of the bottle. We investigate oscilla-
tions of an optical pulse in a quantum well perturbed by
non-adiabatic time-dependent pulsed and periodic poten-
tials.

Misha Sumetsky
Eng. and Appl. Sci.,
Aston University, Birmingham, UK
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MS32

Point-Wise Stability of Reaction Diffusion Fronts

Using point-wise semigroup techniques, we establish sharp
rates of decay in space and time of a perturbed reaction
diffusion front to its time-asymptotic limit. This recovers
results of Sattinger, Henry and others of time-exponential
convergence in weighted Lp and Sobolev norms, while cap-
turing the new feature of spatial diffusion at Gaussian rate.
Novel features of the argument are a point-wise Green func-
tion decomposition reconciling spectral decomposition and
short-time Nash-Aronson estimates and an instantaneous
tracking scheme similar to that used in the study of stabil-
ity of viscous shock waves.

Yingwei Li
Department of Mathematics
Indiana University
yl37@umail.iu.edu

MS32

The Gray-Scott Model: Bistable Regime

Using singularly perturbed nature of the Gray-Scott model,
we apply multi-scale analysis in a systematic way to show
the existence and stability of a traveling front and a trav-
eling pulse. While the traveling front is stable, the pulse is
unstable.

Vahagn Manukian
Miami University Hamilton
manukive@miamioh.edu

MS32

Validated Numerics and the Evans Function

The goal of validated numerics is to provide rigorous math-
ematical statements based on numerical floating point re-
sults. After introducing some basic ideas from the field of
validated numerics we will discuss a validated numerical
approach for the evaluation of the Evans function. We for-
mulate a suitable zero finding problem whose roots provide
control over the Jost solutions. Using numerical approxi-
mate solutions as input we produce rigorous spectral infor-
mation. The approach is illustrated using model examples.

Christian P. Reinhardt
Department of Mathematics, VU University Amsterdam
c.p.reinhardt@vu.nl

MS33

Diffusive Molecular Dynamics and its Relationship
to Stochastic Models of Diffusive Transport

Diffusive molecular dynamics (DMD) is a model that at-
tempts to describe materials on an atomistic spatial scale,
but a diffusive time scale. A Variational Gaussian approxi-
mation is used for the mechanical state of the system. The
chemical state of the system is described by occupancy
fractions of the atomic sites. The deterministic dynamics
are designed so that an approximate free energy is mono-
tonically decreasing and the total mass of each species is
conserved.
DMD holds great promise for simulating phenomena such
as solute segregation to a defect, but its dynamics have not

yet been related to a more fundamental model. We con-
sider a jump-diffusion process as an accelerated dynamics
for molecular dynamics (MD), with species exchange for
nearest neighbor sites coupled to overdamped Langevin dy-
namics for the atomic positions. In numerical simulations
of phase segregation in one spatial dimension, we have ob-
served qualitative agreement of coarsening dynamics for
the jump-diffusion process and DMD.

Brittan Farmer
School of Mathematics
University of Minnesota
bafarmer@umn.edu

Gideon Simpson
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simpson@math.drexel.edu
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MS33

Chemical Mechanical Waves in Cells That Lead to
Motility

Abstract not available.

Sorin Mitran
University of North Carolina Chapel Hill
mitran@unc.edu

MS33

Higher Order Nonlocal Operators

This talk will discuss a fourth-order nonlocal operator as a
natural generalization of the biharmonic operator used in
thin-plate theory. The operator is nonlocal and connects
with peridynamic theory. We will discuss the relation of
this operator with the local biharmonic operator. Lastly,
we will outline a proof which demonstrates that when the
nonlocal interaction horizon goes to zero, solutions of the
nonlocal problem converge strongly in L2 to functions in
W 1,2. For sufficiently regular domains we are able to iden-
tify the limits as weak solutions of the corresponding local
elliptic boundary value problems.

Jeremy Trageser
George Washington University
jtrageser@email.gwu.edu

MS33

A Model of Dielectric Breakdown in Solids Using
Non-Local Fracture

A numerical model of dielectric breakdown in solids is
presented that couples electro-quasistatics, adiabatic ther-
mal heating, and peridynamics, a nonlocal fracture model.
Coupling of the various fields occurs through the Lorentz
force, Joule heating, and thermal expansion. In addition,
a nonlinear conductivity model is used that links high elec-
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tric fields with conductivity. A standard, point-based dis-
cretization is used for the peridynamic equations and a
finite difference method is used for the electro-quasistatic
problem.

Ray Wildman
US Army Research Laboratory
raymond.a.wildman.civ@mail.mil

George Gazonas
Army Research Laboratory
Aberdeen Proving Ground, MD
george.aristotle.gazonas@us.army.mil

MS34

Pulses with Oscillatory Tails and a Homoclinic Ba-
nana in the FitzHugh-Nagumo System

It is well known that the FitzHugh-Nagumo system ex-
hibits stable, spatially monotone traveling pulses, as well as
traveling pulses with oscillatory tails. We discuss analytical
results regarding the existence and stability of such pulses
using geometric blow-up techniques and singular perturba-
tion theory, and we outline a mechanism that explains the
transition from single to double pulses that was observed
in earlier numerical studies.

Paul Carter
Department of Mathematics
Brown University
pacarter@math.brown.edu

Björn De Rijk
Leiden University
brijk@math.leidenuniv.nl

Bjorn Sandstede
Division of Applied Mathematics
Brown University
bjorn sandstede@brown.edu

MS34

Towards Stability of Periodic Pulse Solutions in
Singularly Perturbed Reaction-Diffusion Equations

To establish nonlinear diffusive stability, we approximate
the spectrum of the linearization about the periodic pulse
pattern. In the singular limit the spectral stability problem
splits into simpler and explicit subproblems in accordance
with the scale separation. This leads to sufficient bounds
on the spectrum of the perturbed problem except for one
spectral curve that shrinks to the origin in the singular
limit. Using Lin’s method we determine the fine structure
of this spectral curve.

Björn De Rijk
Leiden University
brijk@math.leidenuniv.nl

Jens Rademacher
University of Bremen
jdmr@uni-bremen.de

Arjen Doelman
Mathematisch Instituut

doelman@math.leidenuniv.nl

MS34

Absolute Instability in a Chemotaxis Model

In the 1970’s Keller and Segel introduced a class of mod-
els for bacterial chemotactic motion through a consumable
substrate. In general these models exhibit travelling wave
solutions. In this talk I will talk about the spectral sta-
bility of these types of travelling waves. In particular, I
will discuss how the absolute spectrum plays a role in the
stability analysis. This is joint work with P v Heijster and
P Davis at QUT.

Robert Marangell
The University of Sydney
robert.marangell@sydney.edu.au

MS34

The Entry-Exit Function and Geometric Singular
Perturbation Theory

For small ε > 0, the system ẋ = ε, ż = h(x, z)z, with
h(x, 0) < 0 for x < 0 and h(x, 0) > 0 for x > 0, ad-
mits solutions that approach the x-axis while x < 0 and
are repelled from it when x > 0. The relation between
the limiting attraction and repulsion points is given by the
well-known entry-exit function. For h(x, z)z replaced by
h(x, z)z2, we explain this phenomenon using geometric sin-
gular perturbation theory. The linear case can be reduced
to the quadratic case, which is related to periodic traveling
waves in a diffusive predator-prey model.

Stephen Schecter
North Carolina State University
Department of Mathematics
schecter@ncsu.edu

Peter De Maesschalck
Hasselt University
peter.demaesschalck@uhasselt.be

MS35

Nondegeneracy of Antiperiodic Standing Waves for
Fractional Nonlinear Schrödinger Equations

In the stability and blowup analyses for traveling and
standing waves in nonlinear Hamiltonian dispersive equa-
tions, the nondegeneracy of the linearization about such
waves is of paramount importance. That is, one must verify
that the kernel of the second variation of the Hamiltonian is
generated by the continuous symmetries of the PDE. The
proof of this property can be far from trivial, especially
when the dispersion admits a nonlocal description where
shooting arguments, Sturm-Liouville theories, and other
ODE methods may not be applicable. In this talk, we dis-
cuss the nondegeneracy of the linearization associated with
antiperiodic constrained energy minimizers in a class of de-
focusing NLS equations having fractional dispersion. Key
to our analysis is the development of ground state and os-
cillation theories for linear periodic Schrödinger operators
with antiperiodic boundary conditions. The antiperiodic
nature of the problem greatly complicates the analysis, as
linear Schrödinger operators with periodic potentials need
not have simple antiperiodic ground states even in the clas-
sical (local) case. As an application, we obtain the nonlin-
ear (orbital) stability of antiperiodic standing waves with
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respect to antiperiodic perturbations.

Kyle Claassen, Mathew Johnson
University of Kansas
kclaassen@ku.edu, matjohn@ku.edu

MS35

Stability of Multi-D Viscous Detonations in Reac-
tive Navier Stokes

Abstract not available.

Jeffrey Humpherys
Brigham Young University
jeffh@math.byu.edu

MS35

Multidimensional Stability of Large-Amplitude
Navier-Stokes Shocks

Extending results of Humpherys-Lyng-Zumbrun in the
one-dimensional case, we use a combination of asymp-
totic ODE estimates and numerical Evans-function com-
putations to examine the multidimensional stability of pla-
nar Navier–Stokes shocks across the full range of shock
amplitudes, including the infinite-amplitude limit, for
monatomic or diatomic ideal gas equations of state and vis-
cosity and heat conduction coefficients in the physical ra-
tios predicted by statistical mechanics, with Mach number
M > 1.035. Our results indicate unconditional stability
within the parameter range considered, in agreement with
the results of Erpenbeck and Majda in the corresponding
inviscid case. Notably, this study includes the first suc-
cessful numerical Evans computation for multi-dimensional
stability of a viscous shock wave.

Gregory Lyng
Department of Mathematics
University of Wyoming
glyng@uwyo.edu

Jeffrey Humpherys
Brigham Young University
jeffh@math.byu.edu

Kevin Zumbrun
Indiana University
USA
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MS35

O(2) Hopf Bifurcation of Viscous Shock Waves in
a Channel

Abstract

We study O(2) transverse Hopf bifurcation, or “cellular
instability’, of viscous shock waves in an infinite chan-
nel, with periodic boundary conditions, for a class of
hyperbolic-parabolic systems including the equations of
thermoviscoelasticity. Due to the refection symmetry prop-
erty of our model, the underlying bifurcation is not of pla-
nar Hopf type, but, rather, a four-dimensional O(2) Hopf
bifurcation: roughly speaking, a “doubled’ Hopf bifurca-
tion coupled by nonlinear terms. Since the linearized op-
erator about the wave has no spectral gap, the standard
center manifold theorems do not apply; indeed, existence of
a center manifold is unclear. To prove the result, we use the

Lyapunov–Schmidt reduction method applied to the time-
T evolution map of the underlying perturbation equations,
resulting in a 4-dimensional stationary bifurcation problem
with O(2) symmetry plus an additional “approximate S1

symmetry’ induced by the underlying rotational linearized
flow.

Alin Pogan
Miami University
Department of Mathematics
pogana@miamioh.edu

Kevin Zumbrun
Indiana University
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MS36

Proof of the Coupled Mode Asymptotics for
Wavepackets in the Periodic NLS

Wavepackets composed of two modulated carrier Bloch
waves with opposite group velocities in the one dimen-
sional Periodic Nonlinear Schroedinger Equation (PNLS)
can be approximated by first order coupled mode equations
(CMEs) for the two slowly varying envelopes. Under a pe-
riodic perturbation of an arbitrary periodic structure the
CMEs typically allow families of localized solitary waves
parametrized by velocity. This leads to approximate soli-
tary waves in the PNLS. We discuss a rigorous justification
of the approximation and provide several numerical tests.

Tomas Dohnal
TU Dortmund
Department of Mathematics
tomas.dohnal@math.tu-dortmund.de

Lisa Helfmeier
TU Dortmund, Germany
lisa.helfmeier@math.tu-dortmund.de

MS36

Numerical Computation of Nonsmooth Solutions
of Wave Equations

Many nonlinear wave equations of physical origin are nat-
urally written in second order form. The theory of weak
solutions and their numerical approximation for these sys-
tems is not so well developed as the analogous theory for
first order systems of conservation laws. Here we examine
various discretizations of a scalar problem in 1 + 1 dimen-
sions which has been proposed as a model of nematic liquid
crystals and which develops unbounded derivatives in finite
time.

Thomas M. Hagstrom
Southern Methodist University
Department of Mathematics
thagstrom@smu.edu

MS36

Transverse Instability of Electron Plasma Waves
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Study via Direct 2+2D Vlasov Simulations

Transverse instability could be viewed as initial stage of
electron plasma waves (EPWs) filamentation. We per-
formed direct 2+2D Vlasov-Poisson simulations of colli-
sionless plasma to systematicly study the growth rates
of oblique modes of finite-amplitude EPW depending on
it’s amplitude, wavenumber, angle of the oblique mode
wavevector relative to the EPW’s wavevector and the con-
figuration of the trapped electrons in the EPW. Simulation
results are compared to the theoretical predictions of sim-
plified models.

Denis Silantyev
Department of Mathematics and Statistics
University of New Mexico
dsilant@unm.edu

Harvey Rose
New Mexico Consortium Inc.
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Department of Mathematics and Statistics
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MS36

Mapping Properties of Normal Forms Transforma-
tions for Water Waves

We consider the equations of water waves in the framework
of Hamiltonian systems, for which the Hamiltonian energy
has a convergent Taylor expansion in canonical variables
near the equilibrium solution. We give an analysis of the
mapping properties of the third and fourth order canoni-
cal transformations to Birkhoff normal form in the case of
spatially periodic data in dimension n = 2. This is a joint
work with Walter Craig.

Catherine Sulem
University of Toronto
sulem@math.toronto.edu

MS37

Isospectral Flows for the Shock Clustering Problem

Years ago, Menon and Srinivasan studied scalar hyperbolic
conservation laws with certain Markov initial conditions,
and discovered a Lax equation for the evolution of the
generator of u(x, t) as a Feller process in x. Subsequently,
Menon also gave the equation for the lower triangular gen-
erator when the process has zero drift and assumes only
finitely many states. In this talk, we will discuss this equa-
tion and its extension to full N ×N matrices.

Luen-Chau Li
Department of Mathematics
Pennsylvania State University, USA
luenli@math.psu.edu

MS37

Long-Time Asymptotic Behavior of Solutions to
the DNLS for Soliton-Free Initial Data

We compute large-time asymptotics for the solution to the
DNLS equation. We exploit the celebrated Deift-Zhou
method of nonlinear steepest descent, drawing upon the

more recent work of Do. Our results apply to a class of
soliton-free initial data contained in some weighted Sobolev
space.

Jiaqi Liu, Peter A. Perry
University of Kentucky
jiaqi.liu@uky.edu, peter.perry@uky.edu

Catherine Sulem
University of Toronto
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MS37

Adaptive Methods for Derivative Nonlinear
Schrodinger Equations

Numerical simulations of L2 supercritical derivative non-
linear Schrödinger equations suggest the existence of finite
time singularities. Thus far, the numerical studies have re-
lied upon either integration of the original equation or the
dynamic rescaling method. The first appraoch is limited
because of the singularity, while the latter appraoch is lim-
ited by the hyperbolic character of the nonlinearity. Using
locally adaptive meshing methods, we are able to overcome
prior difficulties, integrating closer to the singularity time.

Gideon Simpson
Department of Mathematics
Drexel University
simpson@math.drexel.edu

MS37

Small Dispersion for the Benjamin-Ono Equation
with Rational Initial Data

In this talk we rigorously analyze the scattering data of the
Benjamin-Ono equation with a rational initial condition in
the small-dispersion limit. We are able to derive formulas
for the location and density of the eigenvalues, magnitude
and phase of the reflection coefficient, and density of the
phase constants. This procedure validates previous well-
known formal results and provides new details concerning
the leading order behavior of the scattering data.

Alfredo Wetzel
University of Wisconsin, Madison
alfredo.wetzel@wisc.edu

Peter D. Miller
University of Michigan, Ann Arbor
millerpd@umich.edu

MS38

Stability of Short-Pulse Solutions of the Complex
Cubic-Quintic Ginzburg-Landau Equation

We use the boundary-tracking algorithm to determine the
precise parameter range in which stable pulse solutions of
the complex cubic-quintic Ginzburg-Landau equation ex-
ist, and we discuss applications to short-pulse lasers. We
explore the two-dimensional parameter space (cubic non-
linear gain)× (chromatic dispersion), and we compare our
approach and results to earlier work by Akhmediev et al.
that solved the evolution equations to determine the sta-
bility.

Valentin R. Besse, Shaokang Wang
UMBC
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MS38

The Lugiato-Lefever Equation and Cnoidal Waves
in Microresonators

High-Q, externally pumped, microresonators with a Kerr
nonlinearity can produce trains of mode-locked solitons
that have important applications to metrology. Strictly
speaking, however, solitons are solitary structures on an
infinite line, while the train of pulses in a microresonator is
necessarily periodic. Moreover, qualitatively different peri-
odic structures, that have been referred to as Turing rolls,
can appear in a microresonator. Thus, it is important to
examine the impact that periodicity has on pulsed solutions
in a microresonator. The generation of frequency combs
in nonlinear microresonators is governed by the Lugiato-
Lefever equation (LLE). We show that the family of peri-
odic solutions of the LLE, that includes solitons and Turing
rolls, can all be represented analytically as Jacobi elliptic
functions when loss is neglected. These cnoidal-wave solu-
tions come in two generic forms, corresponding to two dif-
ferent types of Jacobi elliptic functions [dn(x|k2), cn(x|k2)],
where k is the modulus of these functions. When loss is in-
cluded, we find that these two basic solution types still ex-
ist. Like solitons, which correspond to dn(x|1) or cn(x|1),
the cnoidal-wave solutions can no longer be represented an-
alytically when loss is included, but they continue to exist.
We also discuss the accessibility of these cnoidal waves in
the realistic lossy case and their potential uses.
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MS38

Modeling Modelocked Fiber Lasers With Slow Sat-
urable Absorbers

Robust and relatively low cost modelocked fiber lasers have
been developed that use polarization-maintaining fibers
and semiconductor saturable absorber mirrors (SESAMs).
A SESAM opens up a gain window behind the optical
pulse that leads to wake modes. We computationally study
these modes. We show that these modes are the source of
experimentally-observed sidebands and determine the limit
that they impose on the laser’s stability.
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MS38

Spectra of Short Pulse Solutions of the Cubic-
Quintic Complex Ginzburg Landau Equation Near
Zero Dispersion

We compute spectra and slowly-decaying eigenfunctions
of linearizations of the cubic-quintic complex Ginzburg-
Landau equation about numerically-determined stationary
solutions. In the presence of large dissipative effects, the
spectral structure is qualitatively different from that pre-
dicted by the small dissipation theory of Kapitula and
Sandstede. In particular, in the normal dispersion regime
there is a bifurcation in which a pair of real eigenvalues
merges with the intersection point of the two branches of
the continuous spectrum.
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MS39

Freezing Waves in Equivariant Hamiltonian PDEs

We consider the application of the freezing method to
Hamiltonian PDEs that exhibit nonlinear wave solutions.
By adding a phase condition, the original problem is trans-
formed into a partial differential algebraic equation, for
which relative equilibria become steady states. We prove
their Lyapunov stability under the assumptions of the
Grillakis-Shatah-Strauss theory. We also analyze the sta-
bility under numerical approximations, and apply the the-
ory to the cubic nonlinear Schrödinger equation.

Simon Dieckmann
Department of Mathematics
Bielefeld University
simon.dieckmann@uni-bielefeld.de

MS39

Validated Computation of Local Stable/Unstable
Manifolds and Applications

I will discuss some methods for validated computation of
local stable/unstable manifolds for equilibria/periodic or-
bits of differential equations. By combining these methods
with techniques for validated solution of two point bound-
ary value problems it is possible to obtain computer as-
sisted proofs for connecting orbits. Such proofs can be
used in the study of nonlinear waves. This is a sequel to
the talk of J.B. van den Berg.

Jason Mireles-James
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MS39

Solving Connecting Orbit Problems Using Vali-
dated Computational Methods

The past few decades have seen enormous advances in the
development of computer assisted theorems and proofs in
dynamical systems. In this talk we will review recent de-
velopments in the computer-assisted, mathematically rig-
orous study of heteroclinic and homoclinic orbit problems
for ODEs. We will look at the general setup of the machin-
ery, several examples from pattern formation, and limita-
tions of the current methods.

Jan Bouwe Van Den Berg
VU University Amsterdam
janbouwe.vanden.berg@vu.nl

MS40

Cohesive Evolution with Nonconvex Potentials and
Fracture

We formulate a nonlocal cohesive model of peridynamic
type for calculating the deformation inside a cracking body.
The force interaction is derived from a nonconvex strain en-
ergy density function, resulting in a nonmonotonic material
model. The model has the capacity to simulate nucleation
and growth of multiple, mutually interacting dynamic frac-
tures. In the limit of zero region of integration, the model
recovers a sharp interface evolution characterized by the
classic Griffith free energy of brittle fracture with elastic
deformation satisfying the linear elastic wave equation off
the crack set.

Robert P. Lipton
Department of Mathematics
Louisiana State University
lipton@math.lsu.edu

MS40

A Massively Parallel Scalable Implicit SPH Solver

The most commonly used Smoothed Particle Hydrody-
namics (SPH) implementation for solving the compressible
Navier-Stokes (NS) equations is the Weakly Compressible
SPH (WCSPH) method. This conventional approach suf-
fers from convergence issues resulting from the spatial dis-
cretization – running WCSPH at larger scales to refine the
discretization does not improve the quality of the solution.
Further, small timesteps may be required, as dictated by
the CFL condition, requiting substantial computational ex-
pense. To address these issues, we utilize local correction
tensors in the context of an implicit SPH method, pro-
viding second order convergence while allowing for much
larger timesteps. We provide a scalable massively parallel
implementation of the resulting Implicit Smoothed Particle
Hydrodynamics (ISPH) method in the LAMMPS molecu-
lar dynamics code, utilizing Krylov solvers and algebraic
multigrid preconditioners from the Trilinos library, and
demonstrate the method on several problems of interest.
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MS40

On the Consistency Between Nearest-Neighbor
Peridynamic Discretizations and Discretized Clas-
sical Elasticity Models

Peridynamics is a nonlocal reformulation of classical con-
tinuum mechanics. At the continuum level, it has been
demonstrated that classical (local) continuum mechanics
is a special case of peridynamics. Such a connection be-
tween these nonlocal and local theories has not been ex-
tensively explored at the discrete level. We investigate
the consistency between nearest-neighbor discretizations
of linear elastic peridynamic models and finite difference
discretizations of the Navier-Cauchy equation of classi-
cal elasticity. We demonstrate that using the standard
meshfree approach in peridynamics, nearest-neighbor dis-
cretizations do not reduce, in general, to discretizations
of corresponding classical models. We study nodal-based
quadratures for the discretization of peridynamic mod-
els, and we derive quadrature weights that result in the
desired consistency. The quadrature weights that lead
to such consistency are, however, model-/discretization-
dependent. We motivate the choice of those quadrature
weights through a quadratic approximation of displace-
ment fields. The stability of nearest-neighbor peridynamic
schemes is also demonstrated through a Fourier mode anal-
ysis. Finally, an approach based on a normalization of
peridynamic constitutive constants at the discrete level is
explored. This approach results in the desired consistency
for one-dimensional models, but does not work in higher
dimensions.
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MS40

Tunable Band-Gaps in Finitely Deformed Dielec-
tric Elastomer Laminates

Dielectric elastomers (DEs) promise a rich band-gap struc-
ture. The motivation for using heterogeneous DEs stems
from their ability to sustain large strains at the one hand
and deform due to electric stimulation at the other. We ex-
amine modes of small electroelastic waves propagating on
top of finitely deformed configurations. The analysis re-
veals how band gaps can be shifted and their width can be
modified by properly adjusting the bias electrostatic load
and pre-stretch.

Gal deBotten
Ben-Gurion University
Beer-Sheva, Israel
debotton@bgu.ac.il

MS41

A Lyapunov Functional for the Hasimoto Filament

We investigate the nonlinear stability of the one-soliton
solution of the Vortex Filament Equation (VFE) without
making recourse to its well-known correspondence with the
Nonlinear Schrödinger equation. After formulating the
VFE as a Hamiltonian system that is invariant under a
group of symmetries on a suitable space of curves, we pro-
pose a Lyapunov functional for the Hasimoto filament and
discuss its orbital stability.

Annalisa M. Calini, Stephane Lafortune
College of Charleston
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calinia@cofc.edu, lafortunes@cofc.edu

MS41

Title Not Available

Abstract not available.
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MS41

Title Not Available

Abstract not available.
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MS41

An Effective Integration Method for Two-Phase
Solutions of the Focusing NLS Equation

An effective integration method, based on the classical so-
lution to the Jacobi inversion problem, is presented for

quasi-periodic two-phase solutions of the focusing nonlin-
ear Schrödinger equation. The two-phase solutions with
real quasi-periods are known to form a two-dimensional
torus, modulo a circle of complex phase factors, that can
be expressed as a ratio of theta functions. In this paper,
the loci of the Dirichlet eigenvalues of the two-phase solu-
tions are explicitly parametrized in terms of the modulus
and the wavenumber of the solution. Simple formulas are
obtained, in terms of the imaginary parts of the branch
points, for the maximum modulus and the minimum mod-
ulus of the two-phase solution.

Otis Wright
Cedarville University
wrighto@cedarville.edu

MS42

Interaction of Localized Structures for a General-
ized Klausmeier Model

We study a generalization of the Klausmaier model which
is used to describe the evolution of vegetation patterns.
Our main goal is to examine the influence of the spatial
variation of terrains. Along the construction of pulse solu-
tions (representing vegetation patches) via an extension of
geometric singular perturbation theory to non-autonomous
systems, we examine the dynamics of N-pulses and wave
trains to get further insight into the process of desertifica-
tion. This is joint work with Arjen Doelman and Robbin
Bastiaansen.
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MS42

Instabilities of Periodic Waves in Dispersive Sys-
tems

For a general class of reversible or Hamiltonian systems,
we prove that periodic waves exist and are modulationally
unstable. The key hypothesis is on the spectrum of the
linearization at a trivial solution, for which we assume that
it contains two pairs of non-resonant complex conjugated
purely imaginary eigenvalues. We apply this result to a
class of gravity-capillary periodic traveling water waves.

Mariana Haragus
Laboratoire de Mathématiques de Besançon
Université de Franche-Comté
mharagus@univ-fcomte.fr

MS42

Maslov Index and Applications: A Review

We will review recent results obtained by G. Cox, C. Jones,
R. Marangell, A. Sukhtayev, S. Sukhtaiev and the speaker
on connections between the Morse index (the number of
unstable eigenvalues) and the Maslov index (the signed
number of crossings of a path in the space of Lagrangian
planes with the train of a given plane) for differential op-
erators that appear when one linearizes nonlinear PDEs
about traveling wave solutions

Yuri Latushkin
Department of Mathematics
University of Missouri-Columbia
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MS42

Stability of Waves for the Short Pulse Equation

We construct various periodic traveling wave solutions of
the Ostrovsky/Hunter- Saxton/short pulse equation and
its KdV regularized version. For the regularized short pulse
model with small Coriolis parameter, we describe a fam-
ily of periodic travelling waves which are a perturbation
of appropriate KdV solitary waves. We show that these
waves are spectrally stable. For the short pulse model, we
construct a family of travelling peakons with corner crests.
We show that the peakons are spectrally stable as well.

Milena Stanislavova
University of Kansas, Lawrence
Department of Mathematics
stanis@math.ku.edu

MS43

Modeling and Simulation of Two-Color Light Fila-
ment Dynamics

Light filamentation remains and important area in nonlin-
ear optics with much ongoing theoretical and experimental
research efforts. Modeling requires understanding of light
matter interactions with a particular objective of deter-
mining conditions that produce robust long lived optical
filaments. Under suitable conditions, resonance can lead
to multicolored filaments. On this, we will present results
that consider the co-existence of 2 color filaments in two
scenarios: co-propagation of UV/IR filaments in the atmo-
sphere and the combined filaments of a fundamental fre-
quency and its second harmonic propagating in quadratic
crystals.

Alejandro Aceves, Alexey Sukhinin, Edward Downes
Southern Methodist University
aaceves@smu.edu, asukhinin@mail.smu.edu,
edownes@smu.edu

MS43

Coherent Structures in Exciton-Polariton Conden-
sates

Abstract not available.

Natasha Berloff
Center for Photonics and Quantum Materials, Skoltech
n.berloff@skoltech.ru

MS43

Formation of Limiting Stokes Wave from Non-
Limiting Stokes Wave: Merging of Square Root
Branch Points from the Infinite Set of Sheets of
Riemann Surface to Form 2/3 Singularity of Lim-
iting Wave

Stokes wave is the fully nonlinear periodic gravity wave pa-
rameterized by its height. Wave of greatest height has the
limiting form with 120 degrees angle on the crest. Assume
z(ζ) provides a conformal map of a free fluid surface of
Stokes wave into the real line with fluid domain mapped
into the lower complex half-plane of ζ. Then Stokes wave is
fully characterized by the complex singularities in the up-
per complex half-plane. The only singularity in the phys-
ical sheet of Riemann surface of non-limiting wave is the

square-root branch point located at ζ = iζc. Correspond-
ing branch cut defines the second sheet of the Riemann
surface if we cross the branch cut. We found the infinite
number of square root singularities in infinite number of
non-physical sheets of Riemann surface. These singulari-
ties located both symmetrically ζ = ±iζc and on diago-
nals (with respect to vertical axis) corresponding to dif-
ferent non-physical sheets of Riemann surface. Increase of
the height of the Stokes wave means that all these singu-
larities simultaneously approach the real line from differ-
ent sheets of Riemann surface and merge together form-
ing 2/3 power law singularity of the limiting wave. It
was conjectured (P.M. Lushnikov, ArXiv:1507.02784) that
non-limiting Stokes wave z(ζ) at the leading order consists
of the infinite product of nested square root singularities
which form the infinite number of sheets of Riemann sur-
face.

Pavel M. Lushnikov
Department of Mathematics and Statistics
University of New Mexico
plushnik@math.unm.edu

MS43

Solitary Patterns of Progressive Water Waves

The dynamics of solitary wave packets and modulated
trains is described within the frameworks of weakly nonlin-
ear models for surface water waves, direct numerical simu-
lations of the Euler equations and laboratory tests. Limits
if steep waves and short modulations are most focused. The
long-living coherent wave patterns change the appearance
and statistics of the sea surface essentially. This knowl-
edge may be used to develop methods for dangerous wave
forecasting systems.

Alexey Slunyaev
Institute of Applied Physics, Nizhny Novgorod, Russia
Nizhny Novgorod State Technical University, Russia
slunyaev@hydro.appl.sci-nnov.ru

MS44

Local Structure of Singular Profiles for a Derivative
Nonlinear Schrodinger Equation

The Derivative Nonlinear Schrödinger equation is an L2-
critical dispersive model for Alfvén waves. Recent numeri-
cal studies on an L2-supercritical extension of this equation
provide evidence of finite time singularities. Near the sin-
gular point, the solution is described by a universal profile
that solves a nonlinear elliptic eigenvalue problem, In the
present work, we describe the deformation of the profile
and its parameters near criticality, combining asymptotic
analysis and numerical simulations.

Yuri Cher
University of Toronto
yuri.cher@utoronto.ca

Gideon Simpson
Department of Mathematics
Drexel University
simpson@math.drexel.edu

Catherine Sulem
University of Toronto
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MS44

Asymptotic Stability for Scalar Field Kinks

In this talk we consider a classical equation known as the
phi-four model in one space dimension. The kink is an ex-
plicit stationary solution of this model. From a result of
Henry, Perez and Wreszinski it is known that the kink is
orbitally stable with respect to small perturbations of the
initial data in the energy space. In this talk we discuss
asymptotic stability of the kink for odd perturbations in
the energy space. The proof is based on Virial-type esti-
mates partly inspired from previous works of Martel and
Merle on asymptotic stability of solitons for the general-
ized Korteweg-de Vries equations. However, this approach
has to be adapted to additional difficulties, pointed out by
Soffer and Weinstein in the case of general Klein-Gordon
equations with potential: the interactions of the so-called
internal oscillation mode with the radiation, and the differ-
ent rates of decay of these two components of the solution
in large time.

Michal Kowalczyk
Departamento de Ingeniera Matemática
Universidad de Chile
kowalczy@dim.uchile.cl

Yvan Martel
Ecole Polytechnique
yvan.martel@polytechnique.edu

Claudio Munoz
University Paris Sud-Orsay
cmunoz@dim.uchile.cl

MS44

Averaging for Nonlinear Schrodinger Equations
with Anisotropic Confinement

We consider nonlinear Schrdinger type equations in sev-
eral spatial dimensions which are subject to external elec-
tromagnetic fields, furnishing a strong anisotropic confine-
ment. By means of an averaging procedure, we will derive,
and analyze, effective models governing the unconfined dy-
namics. This is joint work with Florian Mehats and Rupert
Frank.

Christof Sparber
University of Illinois at Chicago
sparber@uic.edu

MS45

A Dynamical Approach to Elliptic Equations on
Bounded Domains

We describe a procedure for reducing an elliptic PDE on
a bounded domain to an (infinite-dimensional) dynam-
ical system on the boundary. Suppose Ω ⊂ Rd is a
bounded domain and u solves a linear elliptic equation
−Δu + V (x)u = 0 on Ω. When the domain is deformed
through a one-parameter family {Ωt}, the Cauchy data of
u on ∂Ωt satisfies a Hamiltonian evolution equation. If
Ω is deformed smoothly to a point, this equation admits
an exponential dichotomy, with the unstable subspace at
time t corresponding to the Cauchy data of weak H1 solu-
tions to the PDE on Ωt. This generalizes existing work in
spatial dynamics, for the case of an infinite cylindrical do-

main. (Joint work with Margaret Beck, Chris Jones, Yuri
Latushkin and Alim Sukhtayev.)

Graham Cox
Pennsylvania State University
Department of Mathematics
ghc5046@psu.edu

MS45

Hopf Bifurcation from Fronts in the Cahn-Hilliard
Equation

We study Hopf bifurcation from traveling-front solutions
in the Cahn-Hilliard equation. Models of this form have
been used to study numerous physical phenomena, includ-
ing pattern formation in chemical deposition and precipi-
tation processes. Technically we contribute a simple and
direct functional analytic method to study bifurcation in
the presence of essential spectrum. Our approach uses ex-
ponential weights to recover Fredholm properties, spectral
flow ideas to compute Fredholm indices, and mass conser-
vation to account for negative index.

Ryan Goh
University of Minnesota
gohxx037@math.umn.edu

MS45

Domain Formation and Interface Evolution in Am-
phiphilic Systems

Molecules possessing a special amphiphilic structure have
a tendency to organize and evolve into complex assemblies
forming biomembranes. The biomembranes consisting of
multiple amphiphiles can also phase separate into lipid
rafts, that are believed to be responsible for membrane
trafficking and intracellular signaling. We discuss a family
of higher order energy functionals modeling these processes
and present interface stability and evolution results for the
corresponding gradient flows.

Gurgen Hayrapetyan
Ohio University
Department of Mathematics
hayrapet@ohio.edu

MS45

Linear and Orbital Stability of Solutions to the
VFE and the VFE Hierarchy

By the term vortex filament, we mean a mass of whirling
fluid or air (e.g. a whirlpool or whirlwind) concentrated
along a slender tube. The most spectacular and well-known
example of a vortex filament is a tornado. A waterspout
and dust devil are other examples. In more technical ap-
plications, vortex filaments are seen and used in contexts
such as superfluids and superconductivity. One system of
equations used to describe the dynamics of vortex filaments
is the Vortex Filament Equation (VFE). The VFE is a sys-
tem giving the time evolution of the curve around which
the vorticity is concentrated. In this talk, we develop a
framework for studying the linear and orbital stability of
VFE solutions, based on the correspondence between the
VFE and the NLS provided by the Hasimoto map. This
framework is applied to VFE solutions that take the form
of soliton solutions or closed vortices. If time permits, we
will also tackle the case of solutions to other members of
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the VFE hierarchy of integrable equations.

Stephane Lafortune
College of Charleston
Department of Mathematics
lafortunes@cofc.edu

Thomas Ivey
College of Charleston
iveyt@cofc.edu

Annalisa M. Calini
College of Charleston
Department of Mathematics
calinia@cofc.edu

MS46

Detecting Causality in Nonlinear Dynamical Sys-
tems

Granger causality (GC) analysis has been widely applied
in neuroscience research to infer causal interactions. The
original GC analysis is based on linear regression. Here we
show that, for general nonlinear dynamical systems, GC
analysis could yield all possible incorrect causal directions.
We then introduce time-delayed mutual information anal-
ysis to detect causality in nonlinear systems. Finally, we
apply this method to study the relation of interneurons to
LFP oscillations in the hippocampus.

Songting Li
Courant Institute of Mathematical Sciences
New York University
songting@cims.nyu.edu

Yanyang Xiao
Sjtu
xyy82148@sjtu.edu.cn

Douglas Zhou
Shanghai Jiao Tong University
zdz@sjtu.edu.cn

David Cai
New York University
Courant institute
cai@cims.nyu.edu

MS46

Granger Causality Reconstruction of the Network
Topology of Hodgkin-Huxley Neuronal Networks

Neuronal networks are generally nonlinear dynamics. Can
the Granger causality (GC), which is a linear statistical
method used to reveal causal dependents between vari-
ables, be used to reconstruct neuronal network connectiv-
ity? Our numerical simulation results show that GC can
be successfully employed to reconstruct Hodgkin-Huxley
neuronal networks. By exploiting the spiking structure as
well as other distinct features of neuronal dynamics, we
will explain the mechanism underlying the success of this
reconstruction.

Yanyang Xiao
Sjtu

xyy82148@sjtu.edu.cn

MS46

A Mechanism Underlying the Validity of the
Second-Order Maximum Entropy Principle in Neu-
ronal Network Dynamics

It has been reported that by using observed firing rates
and pairwise correlations, the second-order maximum en-
tropy model can fit well the distribution of neuronal firing
patterns in many neuronal networks. We address the issue
of why the second-order maximum entropy model can suc-
cessfully describe the distribution of neuronal firing pat-
terns. We perform a perturbation analysis to explore a
possible network state in which the second-order maximum
entropy model can be a good effective description.

Zhiqin Xu
Department of Mathematics and Institute of Natural
Sciences
Shanghai Jiao Tong University
xuzhiqin@sjtu.edu.cn

MS46

Nonuniform Sampling Granger Causality Analysis
and its Application to Neuronal Network Recon-
struction

Since Granger causality analysis based on evenly sampled
time series can be unreliable if the sampling rate is not suffi-
ciently high, we introduce a nonuniform sampling GC anal-
ysis framework, which yields a reliable causal analysis even
at a low mean sampling rate. We also discuss dynamics-
specific spectrum processing that can further improve the
accuracy of nonuniform sampling GC analysis. In addition,
we demonstrate the efficiency of the nonuniform sampling
GC in reconstructing neuronal network topology.

Yaoyu Zhang
Department of Mathematics and Institute of Natural
Sciences
Shanghai Jiao Tong University
yaoyu@cims.nyu.edu

MS47

Birkhoff Normal Form for Nonlinear Wave Equa-
tions

Wave equations can be considered as Hamiltonian PDEs,
that is, partial differential equations that can be considered
in the form of a Hamiltonian system. Many theorems on
global existence of small amplitude solutions of nonlinear
wave equations in R

n depend upon a competition between
the time decay of solutions and the degree of the nonlin-
earity. Decay estimates are more effective when inessential
nonlinear terms are able to be removed through a well-
chosen transformation. In this talk, we construct Birkhoff
normal forms transformations for the class of wave equa-
tions which are Hamiltonian PDEs and null forms, giving a
new proof via canonical transformations of the global exis-
tence theorems for null form wave equations of S. Klainer-
man and J. Shatah in space dimensions n ≥ 3. The critical
case n = 2 is also under consideration. These results are
work-in-progress with A. French and C.-R. Yang.

Walter Craig
Department of Mathematics and Statistics
McMaster University
craig@math.mcmaster.ca
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Chi-Ru Yang
McMaster University
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MS47

The Kodama Normal Form of the Fermi Pasta
Ulam Chain

It is well-known that the KdV equation arises as a modu-
lation equation for waves of low amplitude in the famous
FPU (Fermi Pasta Ulam) chain of interacting particles. I
will present a way to derive it rigorously using a normal
form method developed by Kodama. In particular, condi-
tions will be derived for the asymptotic integrability of the
FPU chain to high order. This is joint work with Antonio
Ponno.

Bob Rink
VU University Amsterdam
b.w.rink@vu.nl

MS47

Normal Forms and Modulation Equations

Modulation equations play an important role in the un-
derstanding of solutions of complicated systems of nonlin-
ear PDEs. Equations like the KdV or NLS are similar
to normal forms for ordinary differential equations in that
they encapsulate the essential behavior of whole classes
of phenomena. This talk will be an introduction to this
mini-symposium, focussing on recent advances in the un-
derstanding the role of resonances and their effects on nor-
mal forms in an infinite dimensional setting.

C. E. Wayne
Boston University
cew@math.bu.edu

MS47

KdV Dynamics and Traveling Waves in Polyatomic
FPU

Using homogenization theory, we can derive and justify
a Korteweg-de Vries limit for a polyatomic Fermi-Pasta-
Ulam lattice problem under the assumption that the ma-
terial parameters vary periodically. While the KdV ap-
proximation predicts the existence of solutions which look
like solitary waves for long times, it does not guarantee
that such solutions remain coherent forever. We discuss
recent results on the global in time existence of ”general-
ized solitary waves” in diatomic FPU lattices.

J. Douglas Wright
Department of Mathematics
Drexel University
jdoug@math.drexel.edu

Timothy Faver
Drexel University
tef36@drexel.edu

Shari Moskow
Drexel University
Department of Mathematics

moskow@math.drexel.edu

MS48

Jamming Anomaly in √
-Symmetric Optics and

Bose-Einstein Condensates

We consider a PT -symmetric structure consisting of an el-
ement with loss coupled to an element with gain. As the
gain-loss coefficient is increased, the energy flux from the
pumped element to its dissipative counterpart should nor-
mally grow. Using the Gross-Pitaevskii equation with a
variety of PT -symmetric potentials, we study an anoma-
lous situation where the flux through the gain-loss interface
decreases despite the growth of the gain-loss coefficient.

Igor Barashenkov
University of Cape Town
Igor.Barashenkov@gmail.com

Dmitry Zezyulin
Centro de F́ısica Teórica e Computacional
Universidade de Lisboa
dzezyulin@fc.ul.pt

Vladimir V. Konotop
Department of Physics
University of Lisbon
vvkonotop@fc.ul.pt

MS48

Integrable PT Symmetric Models and their Appli-
cations

Abstract not available.

Ziyad Muslimani
Florida State University
Department of Mathematics
musliman@math.fsu.edu

MS48

Breathers and Shelf-Type Solutions in a Nonlocal
Discrete NLS Equation

We study properties of some breather type solutions of a
nonlocal discrete NLS equation modeling propagation in
waveguide arrays built from a nematic liquid crystal sub-
stratum. The nonlocality leads to some new effects, such a
internal modes in orbitally stable breathers, and nonmono-
tonic profiles in interfaces. We present some new theoret-
ical results explaining some of these numerically observed
features. We also discuss symmetry, monotonicity, and
spectral properties of energy minimizers, and some spec-
tal properties of shelf-type solutions.

Panayotis Panayotaros
Depto. Matematicas y Mecanica
IIMAS-UNAM
panos@mym.iimas.unam.mx

MS48

Unraveling the State-Space of the Nonlinear Non-
local Schrödinger Equation: Quasiperiodic Oscilla-
tions and Homoclinic Orbits

We study complex solitary wave dynamics in the non-
local NLS equation. Constructing low-dimensional visu-
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alizations of its state-space by projection on dynamically
important states helps elucidate such dynamics. In par-
ticular, the shape transformations of a radial soliton to
a quadrupole are identified with homoclinic connections of
the radial soliton. In the neighborhood of these homoclinic
orbits we observe quasiperiodic soliton oscillations. Appli-
cations to other high-dimensional dynamical systems are
foreseen.

Evangelos Siminos
Max Plank Dresden
evangelos.siminos@gmail.com

Fabian Maucher
Department of Physics
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fabian.maucher@durham.ac.uk
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Univ. Bordeaux
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MS49

Existence and Stability of Spatially Localized Pla-
nar Patterns

Motivated by numerical stability results on spatially local-
ized patterns in spatially extended systems, we show how
the stability of patterns that are formed of nonlocalized
fronts can be understood from the spectra of the underly-
ing fronts. We use extended Evans functions to understand
the spectral properties of these patterns on the original un-
bounded domain and on large but bounded domains, and
we compare our results to previous findings on resonance
poles and edge bifurcations.

Elizabeth J. Makrides
Brown University
Division of Applied Mathematics
elizabeth makrides@brown.edu

Bjorn Sandstede
Division of Applied Mathematics
Brown University
bjorn sandstede@brown.edu

MS49

Towards Metastability in the Burgers Equation
with Periodic Boundary Conditions

Roughly speaking, metastable solutions are capture tran-
sient behavior which persists for long times. Recent work
on Burgers equation on the real line and on Navier-Stokes
equation with periodic boundary conditions have provided
some insight into various mechanisms for metastability. In
this talk we discuss a candidate metastable solution for
the viscous Burgers equation with periodic boundary con-
ditions. We construct the “frozen-time’ spectrum for this
solution using ideas from singular perturbation and Mel-
nikov theory. Finally, we indicate future directions in which
this spectrum can be used to understand metastability for
the full PDE.

Kelly Mcquighan, C. E. Wayne
Boston University

kmcquigh@bu.edu, cew@math.bu.edu

MS49

Approximation of Similarity Solutions in
Hyperbolic-Parabolic PDEs

In this talk we will review the method of freezing for rel-
ative equilibria and similarity solutions in evolution equa-
tions. The method leads to a system of partial differential
algebraic equations (PDAE) whose steady states are the
relative equilibria, we are interested in. Under suitable
conditions, these steady states are asymptotically stable.
We present an easy to implement method for this PDAE-
system, that is based on an implicit-explicit approach for
the time-discretization, and suitable methods for the hy-
perbolic and parabolic part separately. As an example we
consider the approximation of similarity solutions for Burg-
ers’ equation and show that the method is also able to
capture meta-stable behavior without difficulties.

Jens Rottmann-Matthes
Department of Mathematics
Karlsruhe Institute of Technology
jens.rottmann-matthes@kit.edu

MS49

Modeling Stripe Formation on Zebrafish

Zebrafish (Danio rerio) is a small fish with distinctive black
and yellow stripes that form due to the interaction of dif-
ferent pigment cells. Working closely with the biological
data, we present an agent-based model for these stripes
that accounts for the migration, differentiation, and death
of three types of pigment cells. The development of both
wild-type and mutated patterns will be discussed, as well as
the non-local continuum limit associated with the model.

Alexandria Volkening, Bjorn Sandstede
Division of Applied Mathematics
Brown University
alexandria volkening@brown.edu,
bjorn sandstede@brown.edu

MS50

Improved Compressive Sensing Signal Reconstruc-
tion via Localized Random Sampling

Compressive sensing (CS) demonstrates that by using
uniformly-random sampling, rather than uniformly-spaced
sampling, higher quality image reconstructions are often
achievable. Considering that the structure of sampling pro-
tocols has such a profound impact on the quality of signal
reconstructions, we formulate a new sampling scheme mo-
tivated by physiological receptive field structure, localized
random sampling, which yields significantly improved CS
reconstructions. We demonstrate further that these im-
provements hold in recovering inputs into networks with
nonlinear dynamics.

Victor Barranca
Swarthmore College
vbarran1@swarthmore.edu

Gregor Kovacic
Rensselaer Polytechnic Inst
Dept of Mathematical Sciences
kovacg@rpi.edu
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MS50

Random Schrodinger Equation: From Radiative
Transport to Homogenization

Wave propagation in random media is complicated due to
the existence of multiple scales, and it is important to de-
rive macroscopic models in practice. On one hand, the
kinetic models such as radiative transport equations are
widely used to describe wave energy scatterings on large
scales. On the other hand, the wave field may admit a
deterministic macroscopic limit and we observe no scat-
terings – homogenization occurs. In this talk, I will try
to explain the transition from one regime to the other by
analyzing the Schrodinger equation with a random poten-
tial. I will also discuss how the correlation properties of
the randomness affect the transition.

Yu Gu, Lenya Ryzhik
Stanford University
yg@math.stanford.edu, ryzhik@math.stanford.edu

MS50

Dynamics of Wavepackets in Spatially Inhomoge-
neous Crystals by Multi-Scale Analysis

We study the dynamics of wavepackets in crystals whose
structure is spatially inhomogeneous. We make the as-
sumption that inhomogeneities occur over a length scale
which is long compared to the lattice period so that we may
treat the two scales as approximately independent. We
work mainly in the setting of Schrodinger’s equation, where
the crystal structure is modeled by a ‘two-scale’ potential
which varies periodically on the ‘fast’ scale and smoothly
on the ‘slow’ scale, but our methods can be applied also to
Maxwell’s equations where the crystal structure is modeled
by a ‘two-scale’ matrix of constitutive relations. Phenom-
ena which result from spatial variation of the crystal struc-
ture are: the anomalous velocity of wavepackets due to
Berry curvature of the Bloch spectral band (responsible for
the spin Hall effect of light), and Landau-Zener-type inter-
band transitions, in the presence of spectral band crossings.
This is joint work with Michael Weinstein and Jianfeng Lu.

Alexander Watson
Columbia University
aw2645@columbia.edu

MS50

A New Discontinuous Galerkin Interface Condition
for Wave Problems

In this talk, we present some new results for using Discon-
tinuous Galerkin methods in wave propagation problems
involving fluid-structure (FSI) interaction.

David Wells, Fengyan Li, Jeffrey W. Banks
Rensselaer Polytechnic Institute

wellsd2@rpi.edu, lif@rpi.edu, banksj3@rpi.edu

MS51

A Boundary Value Algorithm for Computing the
Evans Function

The Evans function is a powerful tool in the study of sta-
bility of traveling waves. Within the last decade, numeri-
cal computation of the Evans function has seen significant
advances and application. Further development of compu-
tational methods is merited to more efficiently study larger
systems. We describe a boundary value algorithm for com-
puting the Evans function, provide error bounds of end
state convergence, and demonstrate its efficiency.

Blake Barker
Brown University
blake barker@brown.edu

Rose Nguyen
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rosetnguyen@gmail.com
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MS51

Stability of Wavefronts in a Diffusive Model for
Porous Media Combustion

We study the stability of fronts in a reduction of a model
of combustion in hydraulically resistant porous media. We
first consider the model with the Lewis number chosen in a
specific way and with initial conditions of a specific form.
We then show that the stability results for that system ex-
tend to the fronts in the full system with the same Lewis
number. The fronts are either absolutely unstable or con-
vectively unstable.

Anna Ghazaryan
Department of Mathematics
Miami University
ghazarar@muohio.edu
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Miami University
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MS51

The Maslov and Morse Indices for Schrödinger Op-
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erators on R

Assuming a symmetric potential that approaches constant
endstates with a sufficient asymptotic rate, we relate the
Maslov and Morse indices for Schrödinger operators on R.
In particular, we show that with our choice of convention,
the Morse index is precisely the negative of the Maslov
index.

Peter Howard
Department of Mathematics
Texas A&M University
phoward@math.tamu.edu

Alim Sukhtayev, Yuri Latushkin
Department of Mathematics
University of Missouri-Columbia
alimsukh@iu.edu, latushkiny@missouri.edu

MS51

The Effect of Impurities on Striped Phases

We study the effect of algebraically localized impurities
on striped phases in one space-dimension. We therefore
develop a functional-analytic framework which allows us
to cast the perturbation problem as a regular Fredholm
problem despite the presence of essential spectrum, caused
by the soft translational mode. Our results establish the
selection of jumps in wavenumber and phase, depending on
the location of the impurity and the average wavenumber
in the system. We also show that for select locations, the
jump in the wavenumber vanishes.

Qiliang Wu
Michigan State University
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MS52

Structured Neural Network and Orientation Selec-
tivity in Mouse V1

Despite of a lack of orientation map in mouse V1, many
experiments have shown that there are strong connections
that correlate with the similarity between neuron’s recep-
tive fields within excitatory populations. Here we use large-
scale conductance-based LIF neuronal network simulation
to capture essential findings of both single-neuron and pop-
ulational properties concerning orientation selectivity and
their contrast dependency. Finally we will discuss how
these phenomena may arise with its underlying structured
neuronal circuits.

Wei Dai
Unknown
guess@sjtu.edu.cn

MS52

Algebraic-Topological Methods for Understanding

Function in Neural Populations

In the study of biological neural systems, an increasingly
common alternative to studying the behavior of individual
neural units (neurons, brain regions, etc.) is to study popu-
lation coding: how the entire observed population responds
to particular stimuli or behaves in some ”resting” state.
Temporal binning or computing correlations between activ-
ity of individual units reduces such observations to combi-
natorial objects, which can then naturally be interpreted as
filtered simplicial complexes. Here, we describe how such
complexes can be used to recover signatures of structure
(or lack thereof) in the information encoded by such popu-
lations, or to extract ”functional assemblies” that arise in
various system states, in a fashion which is robust to the
types noise and nonlinear responses which are common in
biological systems.

Chad Giusti
University of Pennsylvania
cgiusti@seas.upenn.edu

MS52

Balanced State in Inhomogeneous Neuronal Net-
works

The balance between excitation and inhibition is crucial
for neuronal computation. The Balanced state has been
observed in many experiments. Theoretical studies have
mainly focused on the analysis of homogeneous networks.
However, neuronal networks in the brain are usually inho-
mogeneous. Here we show that the balanced state can exist
even in inhomogeneous neuronal networks and embedded
in the original network there is a homogeneous sub-network
that underlies origin of the balanced state.

Qinglong Gu
SJTU
gu.qinglong@outlook.com

MS52

Neocortical Pyramidal Cells Can Send Signals to
Post-Synaptic Cells Without Firing

There is evidence that neocortical pyramidal cell axons
may be coupled by gap junctions into an axonal plexus ca-
pable of generating very fast oscillations (VFOs, >80 Hz).
However, it is unclear how coupled pyramidal cells control
which spikes may invade their own axon and propagate to
axon terminals. We determined that somatic voltage can
gate spikes from gap junctions on the main axon but not
collaterals, predicting VFOs during cell depolarization and
after axonal sprouting.

Erin Munro
Beloit College
munroe@beloit.edu

MS53

On an NLS Approximation for a Quasilinear Water
Wave Model via a Modified Energy Method

We will consider a quasilinear water wave model. In order
to justify an NLS approximation for this model we must
reconcile a loss of regularity due to the quasilinearity of
the problem. To do so we will construct an appropriate
energy functional, modeled on those of Hunter, et al, and
use the space-time methods of Germain-Masmoudi-Shatah
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to justify the approximation for long-time.

Patrick Cummings
Department of Mathematics and Statistics
Boston University
patrickc@bu.edu

C. E. Wayne
Boston University
cew@math.bu.edu

MS53

Interaction of Modulated Water Waves

Starting from the Zakharov/Craig-Sulem formulation for
the water waves problem of finite depth with and without
surface tension in one or two horizontal dimensions, we are
interested in the macroscopic manifestation of the interac-
tion of different weakly amplitude-modulated plane waves
of the linearized problem when amplitude, macroscopic
space and macroscopic time have the same scaling coeffi-
cient. Apart from the formal derivation of the correspond-
ing modulation equations, we present results concerning
their justification in the case of gravity waves, which are
based on recent work of Alvarez-Samaniego and Lannes on
the long-time well-posedness of the water waves problem
of finite depth.

Ioannis Giannoulis
Department of Mathematics
University of Ioannina
giannoul@uoi.gr

MS53

Normal Form Flows for Quasi-Linear PDE

Abstract not available.

John Hunter
Department of Mathematics
UC Davis
hunter@math.ucdavis.edu

MS53

Space-Modulated Stability and Periodic Waves of
Dispersive Equations

Recently, partly motivated by applications to surface
waves, rapid progresses on the stability theory of periodic
waves have been obtained. In particular, for parabolic sys-
tems — including those encoding the shallow water de-
scription of viscous roll-waves — an essentially complete
theory is now available. We shall expound here some first
contributions to a dispersive theory, still to come.

Miguel Rodrigues
Université de Rennes 1
luis-miguel.rodrigues@univ-rennes1.fr

MS54

Universal Nature of the Nonlinear Stage of Modu-
lational Instability

First I will show how modulational instability (MI) man-
ifests itself within the inverse scattering transform for the
focusing nonlinear Schrodinger (NLS) equation. Then I
will characterize the nonlinear stage of MI by computing
the long-time asymptotics of solutions of the focusing NLS

with initial conditions that are a small perturbation of a
constant background. For long times, the xt-plane divides
into three regions: a left far field and a right far field, in
which the solution equals the boundary condition to lead-
ing order, and a central region in which the asymptotic
behavior is described by a slowly modulated elliptic solu-
tion.

Gino Biondini
State University of New York at Buffalo
Department of Mathematics
biondini@buffalo.edu

Dionyssis Mantzavinos
State University of New York at Buffalo
dionyssi@buffalo.edu

MS54

Constant-Intensity Waves in in Non-Hermitian
Photonic Structures

In the context of Parity-Time (PT) symmetric photon-
ics, we study the existence and properties of a novel class
of waves in a general type of inhomogeneous photonic
structures. Such systems are non-hermitian (contain gain,
loss) and support generalized plane waves that feature
a constant-intensity profile (CI-waves) throughout all of
space. We are going to present results on both propaga-
tion (coupled waveguides) and scattering geometries (op-
tical cavities). Extensions to two-dimensional complex ge-
ometries are going to be presented along with the diffrac-
tion properties of spatially truncated CI-waves. Further-
more, we will examine how CI-waves can lead to perfect
transmission through disordered media of complex refrac-
tive index. This is a joint work with A. Brandsttter, P.
Ambichl, Z. H. Musslimani, D. N. Christodoulides, and S.
Rotter

Konstantinos Makris
Department of Electrical Engineering
Princeton University
kgmakris78@gmail.com

MS54

Numerical Exploration of a Coupled Nonlinear
Schroedinger Equation

The adjoint continuation method developed by Ambrose
and Wilkening is a powerful new method for the computa-
tion of stationary, periodic and traveling wave solutions to
nonlinear dispersive partial differential equations. We use
this method here to explore novel solutions of the para-
metrically forced nonlinear Schroedinger equation coupled
to a heat equation, solutions whose dynamics can also be
understood through finite-dimensional reductions.

Richard O. Moore
New Jersey Institute of Technology
rmoore@njit.edu

MS54

Solvability of the Cauchy Problem for the Deriva-
tive NLS by Inverse Scattering Theory

Our talk concerns with inverse scattering theory and its
use to prove well-posedness of the Cauchy problem for the
derivative NLS. We first show that the inverse scattering
transform for the non-soliton case is a continuous bijective
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map between appropriate function spaces. We extend this
result for the N-soliton case by the Darboux transform,
which can be used as a bridge between a pure dispersive
solution and a N-soliton solution. The Cauchy problem for
the derivative NLS equation with a large initial data has
been an open problem. We solve this problem by integrable
systems’ tools. We conclude the talk by discussing the next
steps. This is a joint work with Dmitry Pelinovsky.

Yusuke Shimabukuro
McMaster University
shimaby@math.mcmaster.ca

MS55

Wavetrain Solutions of a Reaction-Diffusion-
Advection Model of Mussel-Algae Interaction

We consider a system of coupled partial differential equa-
tions modeling the interaction of mussels and algae in ad-
vective environments. A key parameter is the relative rate
of advection of the algae concentration and diffusion of
the mussel species. When advection dominates diffusion,
one observes large-amplitude solutions representing bands
of mussels propagating slowly in the upstream direction.
We prove the existence of a family of such periodic wave-
train solutions using techniques from Geometric Singular
Perturbation Theory.

Matt Holzer
Department of Mathematics
George Mason University
mholzer@gmu.edu

Nikola Popovic
University of Edinburgh
nikola.popovic@ed.ac.uk

MS55

From Vortex Lines and Rings to Solitonic Shells,
Hopfions and Beyond

In the present work, motivated by a series of recent experi-
ments on vortices in quasi-2d atomic Bose-Einstein conden-
sates and vortex rings and lines in 3d such condensates, we
will explore their dynamics. We will start from the sim-
pler example of the vortices and generalize to the vortex
lines and rings. We will see (through degenerate perturba-
tion theory) how such structures bifurcate from the linear
limit of the problem. On the other analytically tractable
(so-called Thomas-Fermi) limit, we will use a particle ap-
proach in order to characterize these coherent structures
as particles. Between the two limits we will numerically
interpolate, as well as attempt to characterize the spectral
stability of the states. This analysis will provide insights on
the potential observability of different structures in current
state-of-the-art atomic experiments.

Panayotis Kevrekidis
University of Massachusetts
kevrekid@math.umass.edu

MS55

Defects in the Swift-Hohenberg Equation

I will discuss static and dynamic properties of grain
boundaries in pattern-forming systems, using the Swift-
Hohenberg equation as a canonical model. In particular,
I will focus on the transition between grain boundaries,

pairs of concave-convex disclinations, and dislocations. I
will present a mix of numerical simulations and analytical
results. Some of this work is joint with N. Ercolani and N.
Kamburov (University of Arizona).

Joceline Lega
University of Arizona, USA
lega@math.arizona.edu

MS55

Growth and Patterns

We present results on pattern selection in growing domains.
Depending on the rate of growth, we describe the growth
process in terms of coherent structures. For slow growth,
we isolate strain-displacement relations as the crucial in-
gredient. For moderate speeds of growth, invasion fronts
and their interaction with boundaries determine selected
patterns. For large speeds, we also give expansions for cer-
tain carefully chosen boundary conditions that allow the
pattern-forming process not to detach from the boundary.

Arnd Scheel
University of Minnesota
School of Mathematics
scheel@math.umn.edu

Ryan Goh
University of Minnesota
gohxx037@math.umn.edu

PP1

Silnikov Chaos in SQUIDs

An rf superconducting quantum interference device
(SQUID) consists of a superconducting ring interrupted by
a Josephson junction (JJ). When driven by an alternating
magnetic field, the induced supercurrents around the ring
are determined by the JJ through the celebrated Josephson
relations. This system exhibits rich nonlinear behavior, in-
cluding chaotic effects. We study the dynamics of a pair of
parametrically-driven coupled SQUIDs arranged in series.
We take advantage of the weak damping that characterizes
these systems to perform a multiple-scales analysis and ob-
tain amplitude equations, describing the slow dynamics of
the system. This picture allows us to expose the existence
of homoclinic orbits in the dynamics of the integrable part
of the slow equations of motion. Using high-dimensional
Melnikov theory, we are able to obtain explicit parame-
ter values for which these orbits persist in the full system,
consisting of both Hamiltonian and non-Hamiltonian per-
turbations, to form so called Silnikov orbits, indicating a
loss of integrability and the existence of chaos.

Makrina Agaoglou, Vassilios M. Rothos
Aristotle University of Thessaloniki
makrina agao@hotmail.com, rothos@auth.gr

Hadi Susanto
University of Essex
United Kingdom
hsusanto@essex.ac.uk

PP1

A Numerical Continuation Approach for Water
Waves of Large Amplitude

We study the flow beneath steady rotational periodic water
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waves in 2-D with general vorticity in the absence of stag-
nation points. The presented algorithm is a numerical con-
tinuation method using a predictor corrector scheme and
utilizes analytic expansions to bifurcate from the branch of
laminar waves. Numerical examples for different cases of
vorticity illustrate the performance of the algorithm, wave
characteristics and limitations for flows that are close to
stagnation.

Dominic Amann
Radon Institute for Computational and Applied
Mathematics,
Austrian Academy of Sciences
dominic.amann@ricam.oeaw.ac.at

Konstantinos Kalimeris
Radon Institute for Computational and Applied
Mathematics
konstantinos.kalimeris@ricam.oeaw.ac.at

PP1

Inverse Source Problem for the Damped Wave
Equation: Application to the Hemodynamic Trav-
eling Waves in Human Visual Cortex

Estimation of distributed cerebral blood flow using a
damped wave equation is considered. This estimation can
give a deep insight into the underlying dynamics of brain
activation and the relationships between activated areas. It
is also a crucial step in detecting and diagnosing neurolog-
ical disorders. An efficient identification method based on
modulating functions is proposed. The method has several
advantages in term of accuracy, robustness against corrupt-
ing noise, and computational cost.

Sharefa Asiri, Taous-Meriem Laleg-Kirati
King Abdullah University of Science & Technology
sharefa.asiri@kaust.edu.sa, taous-
meriem.laleg@kaust.edu.sa

PP1

Modeling of Topographic Rogue Wave Formation

In this work, a framework which relates strong depth tran-
sitions and non-equilibrium dynamics to rogue wave for-
mation is developed from a theoretical and experimental
standpoint. Nonlinear models are used to analyze the un-
derlying relation between statistical properties of the wa-
ter surface and wave physics concerning topographic varia-
tions. In addition to numerical simulation, the verification
of the models is sought in a real wave tank using a digi-
tal video based measurement technique that captures local
surface dynamics.

Tyler Bolles
Florida State University
Math Department
ctb13@my.fsu.edu

PP1

Modeling of mRNA Localization in Xenopus
Oocytes

mRNA localization is essential for Xenopus oocyte develop-
ment and embryo patterning. This accumulation of RNA
at the cell periphery is not well understood, but is thought
to depend on diffusion, bidirectional movement and anchor-
ing mechanisms. Our goal is to test these proposed mech-

anisms using PDE models and dynamical systems anal-
ysis, informed by numerical parameter estimation. Our
results yield approximate traveling wave solutions and dif-
ferent parameter estimates in various regions of the cell
cytoplasm.

Veronica M. Ciocanel
Brown University
veronica ciocanel@brown.edu

Bjorn Sandstede
Division of Applied Mathematics
Brown University
bjorn sandstede@brown.edu

Kimberly Mowry
Brown University
kimberly mowry@brown.edu

PP1

Three Layered Flows and the Non-Boussinesq Case

In this work, we will study a variety of configurations
and limits of the equations for long waves in three-layered
stratified flows. We will present results on the transition
between hyperbolic (wave-like) and elliptic (unstable) be-
haviour, on the limiting rigid lid and Boussinesq cases, on
the conserved quantities, together with numerical investi-
gations of the dynamics.

Francisco De Melo Viŕıssimo
University of Bath, UK
F.de.Melo.Virissimo@bath.ac.uk

Paul A. Milewski
Dept. of Mathematical Sciences
University of Bath
p.a.milewski@bath.ac.uk

PP1

Stability of a Gap Soliton in the Present of a Weak
Nonlocality in Periodic Potentials

We studied the stability and internal modes of one-
dimensional gap soliton employing the modified NLS with
a sinusoidal potential together with the present of a weak
nonlocality. Using an analytical theory , it is proved that
two soliton families bifurcate out from every Bloch-band
edge under self-focusing or self-defocusing nonlinearity, and
one of these is always unstable. Also we study the oscilla-
tory instabilities and internal modes of the modified NLS.

Ioannis K. Mylonas
Aristotle University of Thessaloniki
imylon@meng.auth.gr

Vassilis M. Rothos
Aristotle University of Thessaloniki
rothos@auth.gr

Anastasios Rossides
University of Cyprus
ar00043@hotmail.com

PP1

Optimizing Non-Linear Traffic Flow via Moving
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Bottlenecks

We show that in certain situations it can be beneficial for
the overall traffic flow if a vehicle on the highway drives
slower than the rest, and thus serves as a moving bot-
tleneck. This possibility arises with autonomous vehicles
(AVs) that will enter our roads in a few years. Via vehicle-
to-vehicle communication, AVs will possess non-local in-
formation, and they can execute driving protocols very
accurately. One important practical application in which
the local slowdown of traffic may be desirable is when a
fixed bottleneck (e.g., an accident) has occurred further
downstream. We derive various optimization criteria un-
der which the described course of action makes sense, and
calculate the optimal AV speed.

Rabie Ramadan
Temple University
tuf58506@temple.edu

PP1

Operator Splitting Methods for Maxwell’s Equa-
tions in Ferromagnetic Materials

We present operator splitting methods for the 3D
Maxwell’s equations in a ferromagnetic material in which
the magnetization is modeled using the Landau Lifschitz
Gilbert (LLG) model from micromagnetism. We present
an analysis of our splitting methods for the Maxwell-LLG
system and results of numerical simulations that illustrate
the theoretical results.

Puttha Sakkaplangkul, Vrushali A. Bokil
Oregon State University
sakkaplp@onid.oregonstate.edu, bok-
ilv@math.oregonstate.edu

PP1

Sparse Methods for PDE

We construct computational solvers for nonlinear PDE us-
ing sparse models. The sparse models enforce certain struc-
tural properties desired in either the numerical approxima-
tions and/or for computational efficiency. In some cases,
we are able to show that the approximate models are exact.
Applications include nonlinear elliptic equations, conserva-
tion laws, and free boundaries.

Hayden Schaeffer
Carnegie Mellon University
schaeffer@cmu.edu

PP1

Higher Order Accurate Hybrid-Weno Scheme for
Modified Burgers’ Equation

We study the modified Burgers equation

ut + (um)x = εuxx, (2)

where m is any positive integer. It is well known that
high order finite difference schemes produce oscillations
for small value of ε. We propose a higher order accurate
hybrid-WENO scheme, which produces non-oscillatory so-
lution. The Numerical scheme involves fifth order WENO
scheme in the high gradient regions, and a higher order
finite difference scheme is used in rest of the part. Sev-
eral numerical experiments are performed to validate the

proposed scheme.

Triveni P. Shukla
Indian Institute of Technology Bombay, India
triveni@math.iitb.ac.in

Rakesh Kumar
IIT Bombay
rakeshk@math.iitb.ac.in

PP1

Dispersive Hydrodynamics Near Zero Dispersion

In general dispersive Eulerian systems, choices of parame-
ters can result in an inflection point in the dispersion re-
lation, referred to as a point of zero dispersion. We inves-
tigate the Kawahara equation, which is the Korteweg-de
Vries equation with a fifth order derivative term, as a uni-
versal asymptotic approximation. The Kawahara equation
exhibits one free parameter yielding either concave disper-
sion or a zero dispersion point. A particular problem of
interest to these types of equations is step initial data, or
the Riemann problem. Utilizing a careful numerical anal-
ysis and asymptotic calculations, we investigate the Rie-
mann problem for the Kawahara equation. Depending on
the curvature of dispersion, two distinct structures evolve
form the initial data. In the case of strictly negative dis-
persion, the discontinuity in the Riemann problem is re-
solved via a dispersive shock wave (DSW) with a leading
soliton edge that is connected to small amplitude linear
waves via a modulated, nonlinear wavetrain. In the case
of a non-convex dispersion, the discontinuity results in a
DSW for sufficiently small jump whereas, for sufficiently
large jumps, the discontinuity is resolved by a soliton–with
speed well described by the Rankine-Hugoniot condition–
that is adjacent to a resonant linear wavetrain propagating
at the same speed. Due to the applicability of the Kawa-
hara equation to general dispersive Eulerian media, this
resonant phenomenon appears to be quite ubiquitous.

Patrick Sprenger
CU Boulder
Patrick.Sprenger@Colorado.EDU

Mark A. Hoefer
Department of Applied Mathematics
University of Colorado at Boulder
hoefer@colorado.edu

PP1

The Four Wave Interaction System Makes Wrong
Predictions for Systems with Unstable Quadratic
Resonances

When several dominant wave-modes are present, their mu-
tual interaction is significant. This is specially so when
some of these modes resonate. Systems for the (resonant)
four wave interaction (FWI) can be derived via multiple
scaling analysis for the approximate description of the in-
teraction of N modulated wave packets in a number of
physical situations. They are also used as a model, for the
description of gravity driven surface water waves and in
the description of so called freak waves in deep sea. We
aim to show that the (resonant) FWI system makes wrong
predictions on the natural time scale of the approximation
if unstable quadratic resonances are present in the original
system.

Danish Ali Sunny
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