Modern Applications of Complex Variables: Modeling, Theory and
Computation (15w5052)
January 12–16, 2015
MEALS
*Breakfast (Bu↵et): 7:00–9:30 am, Sally Borden Building, Monday–Friday
*Lunch (Bu↵et): 11:30 am–1:30 pm, Sally Borden Building, Monday–Friday
*Dinner (Bu↵et): 5:30–7:30 pm, Sally Borden Building, Sunday–Thursday
Co↵ee Breaks: As per daily schedule, in the foyer of the TransCanada Pipeline Pavilion (TCPL)
*Please remember to scan your meal card at the host/hostess station in the dining room for
each meal.
MEETING ROOMS
All lectures will be held in the lecture theater in the TransCanada Pipelines Pavilion (TCPL). An LCD
projector, a laptop, a document camera, and blackboards are available for presentations.
SCHEDULE
You are welcome to schedule lectures as you see fit, as long as you adhere to the meal times (noted above),
co↵ee break start and end times (noted below) and take into account the ”welcome” on Monday morning,
the Ban↵ Centre tour at 1:00 pm, and the group photo at 2:00 pm every Monday afternoon.
Please email your finalized schedule and abstracts to BIRS Station Manager birsmgr@birs.ca by Thursday
morning before your arrival (at the latest) in order to allow for printing and posting to the website.
You are also encouraged to e-mail the schedule to your participants. BIRS provides the option of an
electronic mail list in order to facilitate communications with your participants. When you login to the
Organizer Interface at https://www.birs.ca/orgs, you will be prompted to create an electronic mail list for
your workshop. Click ”Yes” to create one and receive instructions, or ”No” to decline. If you would like
more information about our electronic mail lists, please e-mail help@birs.ca.

Sunday
16:00
17:30–19:30
20:00

Check-in begins (Front Desk - Professional Development Centre - open 24 hours)
Bu↵et Dinner, Sally Borden Building
Informal gathering in 2nd floor lounge, Corbett Hall (if desired)
Beverages and a small assortment of snacks are available on a cash honor system.
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Monday
7:00–8:45

Breakfast

8:45–9:00
9:00–9:10
9:10–9:45
9:45–10:20

Introduction and Welcome by BIRS Station Manager, TCPL
Introduction by organizers
Tom DeLillo
Donald Marshall

10:20–10:30

Co↵ee Break, TCPL

10:30–11:05
11:05–11:40

Tobin Driscoll
Michael Booty

11:40–13:00

Lunch

13:00–14:00

Guided Tour of The Ban↵ Centre; meet in the 2nd floor lounge, Corbett Hall

14:00

Group Photo; meet in foyer of TCPL (photograph will be taken outdoors so a jacket
might be required).

14:25–15:00
15:00–15:35

Tony Davis
Darren Crowdy

15:35–15:45

Break

15:45–16:20
16:20–16:55
16:55–17:30

Bernard Deconinck
Alexander Odesski
Alexander Minakov

17:30–19:30

Dinner
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Tuesday
7:00–9:00

Breakfast

9:00–9:35
9:35–10:10

Elias Wegert I
Sheehan Olver

10:10–10:20

Co↵ee Break, TCPL

10:20–10:55
10:55–11:30

Robert Buckingham
Vladimir Mityushev

11:30–13:30

Lunch

13:30–14:05
14:05–14:40
14:40–15:15

Saleh Tanveer
Bengt Fornberg
Peter Clarkson

15:15–15:30

Co↵ee Break, TCPL

15:30–16:05
16:05–16:40
16:40–17:15

Seung-Yeop Lee
Tom Trogdon
Christopher Green

17:30–19:30

Dinner

Wednesday
7:00–9:00

Breakfast

9:00–9:35
9:35–10:10

Chris Howls
John King

10:10–10:20

Co↵ee Break, TCPL

10:20–10:55
10:55–11:30

Jon Chapman
André Weideman

11:30–13:30

Lunch
Free Afternoon

17:30–19:30

Dinner
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Thursday
7:00–9:00

Breakfast

9:00–9:35
9:35–10:10

Jean-Marc Vanden-Broeck
Mike Siegel

10:10–10:20

Co↵ee Break, TCPL

10:20–10:55
10:55–11:30

Chris Rycroft
Takashi Sakajo

11:30–13:30

Lunch

13:30–14:05
14:05–14:40
14:40–15:15

Bartosz Protas
Robb McDonald
Scott McCue

15:15–15:30

Co↵ee Break, TCPL

15:30–16:05
16:05–16:40
16:40–17:15
17:15–17:50

Anna Zemlyanova
Yuri Antipov
Sonia Mogilevskaya
Andrew Norris

17:50–19:30

Dinner

19:30–20:05

Elias Wegert II

Friday
7:00–8:30

Breakfast

8:30–9:05
9:05–9:40
9:40–10:15

Kostya Kornev
Yuri Godin
Nick Trefethen

10:15–10:30

Co↵ee Break, TCPL

10:30–11:30

Discussion

11:30–13:30
Checkout by
12 noon.

Lunch

** 5-day workshop participants are welcome to use BIRS facilities (BIRS Co↵ee Lounge, TCPL and Reading
Room) until 3 pm on Friday, although participants are still required to checkout of the guest rooms by 12
noon. **
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Modern Applications of Complex Variables: Modeling, Theory and
Computation (15w5052)
January 12–16, 2015
ABSTRACTS
(in alphabetic order by speaker surname)
Speaker: Yuri Antipov (Louisiana State University)
Title: Singular integral equation in a segment with two fixed singularities and applications
Abstract: A singular integral equation in a segment whose kernel is a sum of the Cauchy kernel and a
function with fixed singularities at both ending points is analyzed. The class of solutions is the set of
Hölder functions bounded at the end. The equation reduces to a vector Hilbert problem for a half-disc
and then to a vector Riemann-Hilbert problem on a real axis with a piece-wise constant matrix coefficient.
A condition of solvability and a closed-form solution are derived. Based on this solution an approximate
scheme for a complete singular integral equation with two fixed singularities is proposed. The method is
illustrated by solving the three-dimensional Dirichlet problem for the Helmholtz equation in the exterior
of an infinite cone whose cross-section is a circular sector. A generalization of this scheme for the solution
of model problems of plate theory for rectangular domains is discussed.
Speaker: Michael Booty (New Jersey Institute of Technology)
Title: Conformal mapping techniques applied to interfacial flow with soluble surfactant
Abstract: It will be described how aspects of conformal mapping have been particularly useful in developing
and validating a hybrid asymptotic-numerical method for solving problems of two-phase flow with soluble
surfactant in the practically important limit of large bulk Peclet number. Joint work with Michael Siegel.
Speaker: Robert Buckingham (University of Cincinnati)
Title: Large-degree asymptotics of rational Painlevé functions
Abstract: Rational solutions of Painlevé equations have been extensively studied numerically due to the
remarkably regular geometric patterns formed by their zeros and poles. Furthermore, these functions arise
in the study of the point-vortex equations, exceptional orthogonal polynomials, Coulomb gases, and a
wide variety of nonlinear wave equations. Using Riemann-Hilbert analysis, we obtain rigorous asymptotic
expressions for the large-degree behavior of rational Painlevé-II functions in the entire complex plane. Along
the way we confirm for the first time the Kametaka-Noda-Fukui-Hirano conjecture from 1986 concerning
the pattern of zeros and poles. We also answer certain analogous questions for rational solutions of Painlevé
IV. Part of this work is joint with Peter Miller.
Speaker: Jon Chapman (University of Oxford)
Title: Exponential asymptotics and water waves
Abtract: We consider free-surface potential flow in the limit of small Froude number. In that limit the
surface waves are exponentially small, and arise via Stokes phenomenon. The theory is reviewed for twodimensional flows, for which complex variable techniques are available. The extra complications which
arise for three dimensional flows are then presented briefly.
Speaker: Peter Clarkson (University of Kent)
Title: Vortices and polynomials
Abstract: The Painlevé equations are six nonlinear ordinary di↵erential equations that have been the
subject of much interest in the past forty years, and have arisen in a variety of physical applications.
Further the Painlevé equations may be thought of as nonlinear special functions. Rational solutions of
the Painlevé equations are expressible in terms of the logarithmic derivative of certain special polynomials
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which are expressed as Wronskians. The soliton equations, such as the Korteweg-de Vries, nonlinear
Schrödinger and Boussinesq equations, are solvable by the inverse scattering method and have symmetry
reductions which reduce them to the Painlevé equations.
Classical polynomials such as the Hermite and Laguerre polynomials have roots which describe vortex
equilibria. Stationary vortex configurations with vortices of the same strength and positive or negative
configurations are located at the roots of the Adler-Moser polynomials, which are associated with rational
solutions of the Korteweg-de Vries equation.
In this talk I shall discuss special polynomials associated with rational solutions for the Painlevé equations and soliton equations. I shall illustrate how these special polynomials arise in vortex dynamics.
For quadrupole background flow, vortex configurations are given by the zeros of polynomials expressed
as Wronskians of Hermite polynomials. Further new solutions are found in this case using the special
polynomials arising the in the description of rational solutions of the fourth Painlevé equation.
Speaker: Darren Crowdy (Imperial College London)
Title: Some new transform methods and applications
Abstract: This talk will survey some novel transform methods for finding the solution of boundary value
problems for harmonic and biharmonic fields in complicated geometries, and involving boundary conditions
of mixed type. We will motivate the presentation with problems arising in applications (e.g., microfluidics).
Speaker: Anthony Davis (UCSD)
Title: Stokes flow in an L-shaped Channel; the Fokas Method
Abstract: This canonical 2-D pressure-driven Stokes flow is bounded by parallel walls at y = 0, x > 0,
y = h, x > h, x = 0, y > 0 and x = h, y > h. Symmetry about x = y ensures that the stream function
and pressure p are such that (x, y) = (y, x) and p(x, y) = p(y, x). Thus we can set p = 0 at y = x,
impose zero flow along y = x and consider only the incoming flow from x ! 1.
Standard matching methods use the strip eigenfunctions and are handicapped by the well-known convergence difficulties with biorthogonal functions. Fokas’ method generalizes Fourier and Laplace transform
techniques to cater for straight boundary segments that are not parallel to either of the x or y axes.
A valuable feature is that only boundary values enter the analysis, consistent with its ability to at least
formally deduce the missing Dirichlet and Neumann conditions. Manipulation in the complex transform
plane is a key feature that sometimes yields solutions readily. In this analysis, a function known to be
regular in a half-plane is found in integral form with poles associated with the strip eigenfunctions. Their
elimination is related to the above mentioned biorthoganal expansions and yields similar convergence difficulties. Better is to follow Fornberg & Flyer (PRSA 467, 2011) by constructing an overdetermined system
of equations, based on analyticity at an arbitrary set of points in the half-plane.
Speaker: Bernard Deconinck (University of Washington)
Title: The time-dependent Schrödinger equation with piecewise constant potential
Abstract: In quantum mechanics, the linear Schrödinger equation with piecewise constant potential receives
a lot of attention, as it is one of the few solvable models which shares a lot of qualitative features with many
physically important potentials. Textbook examples include the particle in a box, tunneling, etc. In all of
these examples, attention is restricted to the time-independent Schrödinger equation. To our knowledge the
solution of the time-dependent problem is open. Combining the Unified Transform Method due to Fokas
with recent insights about interface problems, we present fully explicit solutions of the time-dependent
problem. This is joint work with Natalie Sheils.
Speaker: Thomas DeLillo (Wichita State University)
Title: Alan Elcrat’s contributions to computational complex analysis
Abstract: Alan Elcrat spent nearly all of his career, from 1967 until his death in 2013, in the Wichita State
University Math Department. His research touched on many areas of applied and computational mathematics from fluid dynamics, analysis, and partial di↵erential equation to electro-magnetics and inverse
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problems. After a brief overview of his career, I will discuss his work on computational complex analysis.
I will focus mainly on the work we did together and jointly with John Pfaltzgra↵ on numerical conformal
mapping – both Fourier series methods and Schwarz-Christo↵el mapping of multiply connected domains.
(John Pfaltzgra↵ also passed away recently after a long career at UNC Chapel Hill.)
Speaker: Tobin Driscoll (University of Delaware)
Title: An open source software project for numerical conformal mapping
Abstract: The Schwarz-Christo↵el Toolbox for Matlab is now 20 years old and remains relevant to research.
A desire to extend the package to other types of conformal maps has led to the creation of the Conformal
Mapping Toolbox, an open-source, github-hosted project for the next generation of numerical conformal
mapping software. The package is not ready for general use but already includes new modules for doubly
connected Schwarz-Christo↵el maps and a module for Szego maps to regions with smooth boundaries. The
goal is to build a community dedicated to making the package a state of the art solution for conformal
maps of all kinds in Matlab, and in other environments as the community desires. (Joint work with Everett
Kropf, Imperial College London.)
Speaker: Bengt Fornberg (University of Colorado)
Title: Numerical solutions of the Painlevé equations
Abstract: The solutions to the six Painlevé equations PI to PVI have both applications and analytic
properties that make them stand out from most other classes of special functions. Although they have
been the subject of extensive theoretical investigations for about a century, they still have a reputation of
being numerically challenging. In particular, their extensive pole fields in the complex plane have often
been perceived as ‘numerical mine fields’. We note here that, on the contrary, these pole fields provide
excellent opportunities for fast and accurate numerical solutions across the complex plane. This will be
illustrated for the PI , PII , and PIV equations.
Speaker: Yuri Godin (UNC Charlotte)
Title: E↵ective properties of periodic tubular structures
Abstract: Carbon nanotubes (CNTs) are one of the most anticipated and promising materials in the future
of nanotechnology. Their unique properties make them prospective candidates for a host of applications,
ranging from sensors and nanobearings and nanoprobes to energy storage and conservations devices. A very
small amount of CNTs can significantly enhance mechanical, thermal, and electric properties of polymer
matrix composites.
The current theoretical analyses of the e↵ective properties of these materials, however, greatly underestimate the actual measured data, which are much skewed compared to the expectations of the theoretical
predictions. In this talk, I will present a new approach based on the construction of a quasiperiodic
harmonic potential in the form of Weierstrass’ zeta-functions and its derivatives. More importantly, I
will derive a formula for the e↵ective tensor that excellently agrees with both numerical calculations and
experimental data.
Speaker: Christopher Green (UCSD)
Title: Green’s function for the Laplace-Beltrami operator on a toroidal surface
Abstract: Green’s function for the Laplace-Beltrami operator on the surface of a three-dimensional ring
torus is constructed. An integral ingredient of our approach is the stereographic projection of the torus
surface onto a planar concentric annulus. The representation for Green’s function that we find is explicit.
It is written in terms of a single complex variable using two special functions: the Schottky-Klein prime
function associated with an annulus, and the dilogarithm function. Applications of this work and possible
extensions will be discussed.
(This is joint work with Jonathan Marshall).
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Speaker: Chris Howls (University of Southampton)
Title: Windowed catastrophes
Abstract: Applied mathematicians, engineers and physicists widely use Airy and other special functions
to model physical wave phenomena. Unfortunately the physical energy associated with the normalisation
of these special functions is infinite.
In this talk I will extend some of our recent work in optics relating to the “windowing” of Airy functions
to more general special functions in the hierarchy of catastrophe theory. In so doing we find we find a
novel way to mimic the hierarchy of special functions associated with di↵ractive wave patterns. We give
examples of how endpoint, di↵ractive e↵ects may mimic the contributions of saddle point, ray contributions
to generate ”fake” wave patterns.
Speaker: John R. King (University of Nottingham)
Title: Complex-plane singularity behaviour for some parabolic equations
Abstract: Some model nonlinear parabolic problems will be described, focussing on the implications of the
nature of the complex singularities for real-line behaviour such as blow up.
Speaker: Kostya Kornev (Clemson University)
Title: Capillary surfaces and complex analysis: new opportunities to study menisci singularities
Abstract: An analysis of the meniscus shape on the complex-shaped substrates requires the development of
a mathematical technique to solve the nonlinear equation of capillarity with nonlinear boundary conditions.
In many cases, the contact line forms singularities on the complex-shaped substrates. Therefore, analytical
theories enabling classification of the behavior of the contact lines at the fiber surfaces are especially critical.
This classification is necessary for the successful development of the numeric algorithms for the meniscus
shape characterization. In this talk, the problem of the capillary rise of a meniscus on the complex-shaped
substrates is considered. It is shown that using the method of matched asymptotic expansions, one can
formulate this problems as a nonlinear problem of determination of a minimal surface. This surface has
to satisfy a special boundary condition at infinity. The proposed formulation allows one to interpret the
meniscus problem as a problem of flow of a fictitious non-Newtonian fluid through a porous medium
and employ Chaplygin’s hodograph transformation. It was discovered that the contact line may form
singularities even if the fiber has a smooth profile: this statement was illustrated with an oval fiber profile
having infinite curvature at two endpoints. An analysis of the singular behavior of menisci on the V-shaped
edges will be presented and discussed.
Speaker: Seung-Yeop Lee (University of South Florida)
Title: Two dimensional Coulomb gas via orthogonal polynomials: higher order corrections
Abstract: Two dimensional Coulomb gas (i.e. interacting via logarithmic repulsion) can be studied by
orthogonal polynomials. The large degree asymptotics of the orthogonal polynomials can provide the
description of Coulomb gas in the thermodynamic limit. However, the asymptotics for the relevant polynomials are not verified in general case, and the higher order corrections have not been known so far.
(Riemann-Hilbert method had a partial success, which will be discussed also.) We discuss the asymptotics
of the orthogonal polynomials as well as the first order correction. Such result gives detailed (universal)
behavior of the Coulomb gas system. (Joint work with Roman Riser.)
Speaker: Donald Marshall (University of Washington)
Title: Conformal welding and planar graphs
Abstract: We will discuss the recent application of conformal welding to the construction of Grothendieck’s
dessins d’enfants, and associated Belyi rational functions. Every planar graph can be perturbed by a
homeomorphism of the plane so that it becomes the preimage of the interval [0, 1] for a rational function
with only three critical values. We use the zipper conformal mapping technique to approximate the
associated rational function. The solutions are close enough that Newton’s method improves the accuracy
to thousands of digits. This gives a fast “hands-free” method sufficient to construct a catalog of all planar
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graphs (up to planar homeomorphism) with a small number of edges. An introduction to these graphs and
their application to Galois Theory, Algebraic Geometry, and Quantum Fields can be found in “Graphs on
Surfaces and Their Applications”, by S. Lando and A. Zvonkin. Our talk will focus on the computational
aspects of this new application of conformal maps. This is joint work with S. Rohde.
Speaker: Scott McCue (Queensland University of Technology)
Title: Hele-Shaw flows with kinetic undercooling
Abstract: We consider the e↵ect of a kinetic undercooling condition on the interface of an evolving bubble in
a Hele-Shaw cell, noting that the model has applications to streamer discharges. Analytical and numerical
results suggest that while kinetic undercooling acts to prevent blow-up of the unregularised problem, the
bubble boundary remains unstable and may develop corners in finite time. In the Sa↵man-Taylor channel
geometry, the bubble boundary may form corners or evolve to a long finger travelling at constant speed.
Previous studies using exponential asymptotics have demonstrated the selection of a discrete family of
travelling fingers in the limit of vanishingly small kinetic undercooling, in a similar manner to the widely
studied analogue with surface tension. By consider the problem with kinetic undercooling and surface
tension, we provide numerical evidence that supports the asymptotic results.
Speaker: Robb McDonald (University College London)
Title: Some results related to selection in Hele-Shaw flows
Abstract: Unsteady propagating bubbles in an unbounded Hele-Shaw cell are considered in the case of
zero surface tension. The instability of elliptical bubbles and their evolution toward a stable circular
boundary, with speed twice that of the fluid speed at infinity, is studied numerically and by stability
analysis. Numerical simulations of bubbles demonstrate the important role played by singularities of the
Schwarz function of the bubble boundary in determining the evolution of the bubble.
Another problem considers zero surface tension finger selection in a channel in which the height of the
cell gap is time-dependent. It is shown, again using Schwarz function analysis, that the selected finger
coincides with the classical result, namely half the width of the channel.
Speaker: Alexander Minakov (Czech Technical University)
Title: Riemann-Hilbert problem to the Camassa-Holm equation: Long-time dynamics of a step-like initial
data
Abstract: We consider the Camassa-Holm equation ut utxx + 2ux + 3uux = 2ux uxx + uuxxx on the line
in the class of functions with strictly positive momentum variable u uxx + 1 > 0. The initial data is a
step-like function, i.e. u(x, 0) ! 0 as x ! +1 and u(x, 0) ! c as x ! 1, where c 2 (0, 1) is a positive
real number.
The goal is to reformulate the Cauchy problem as a vector Riemann-Hilbert problem in view of its
further application to study the asymptotic behavior of the solution of the initial-value problem as t ! 1.
Using the steepest descent method and the so-called g-function mechanism, we deform the originally
oscillatory vector Riemann-Hilbert problem to explicitly solvable model forms and show that the xt
half-plane is divided into 5 sectors with qualitatively di↵erent asymptotic behavior of the solution of
the initial-value problem: a soliton region, a region of a modulated elliptic wave, two regions of slowly
convergent to the constant c self-similar waves, and a region of fast convergent to the constant c wave.
Speaker: Vladimir Mityushev (Pedagogical University, Krakow)
Title: R-linear problem and its applications to regular and random structures
Abstract: Let Dk (k = 1, 2, . . . , n) be mutually disjoint simply connected domains bounded by smooth
curves @Dk and D be the complement of all closures of Dk to the flat torus T 2 . Given Hölder continuous
functions a(t), b(t) and c(t) on @D. To find a function '(z) analytic in D+ = D1 [ . . . [ Dn , D = D
and continuous in the closures of the considered domains on the torus T 2 with the following conjugation
condition
'+ (t) = a(t)' (t) + b(t)' (t) + c(t), t 2 @D.
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Application of the generalized method of Schwarz yields a constructive algorithm to solve this problem.
In the case a(t) ⌘ b(t), the R-problem becomes the Riemann-Hilbert problem for the domain D. The
problem for circular multiply connected domains can be reduced to functional equations in a class of
analytic functions which has been solved in terms of the Poincaré series. Obtained exact formulae [2] and
their fast computer implementations [3] are applied to explicitly write the e↵ective conductivity tensor for
regular double periodic arrays of cylinders.
Let the disks Dk (k = 1, 2, . . . , N ) are uniformly distributed on the flat torus T 2 without overlapping.
Then, the obtained analytical formulae can be considered in the framework of the probabilistic distributions
and averaged over the locations of Dk . As a result, we arrive at the analytical formulae for the e↵ective
properties of random composites and the rigorous RVE theory [1]. Such analytic formulae yield descriptions
of such a new physical e↵ect as memory of stirring and others [5]. The results give a precise answer the
following question: is Maxwells approach valid only for dilute composites when the interactions among
inclusions do not matter [4].
[1] Mityushev V. (2006) Representative cell in mechanics of composites and generalized EisensteinRayleigh sums, Complex Variables, 51, 1033-1045.
[2] Mityushev V., Pesetskaya E., Rogosin S. (2008) Analytical Methods for Heat Conduction in Composites
and Porous Media, in Cellular and Porous Materials Ochsner A., Murch G, de Lemos M. (eds.) WileyVCH, Weinheim.
[3] Mityushev V, Rylko N (2013) Maxwell’s approach to e↵ective conductivity and its limitations, Q J
Mechanics Appl Math 66, 241-251.
[4] Mityushev V, Rylko N (2013) A fast algorithm for computing the flux around non-overlapping disks
on the plane, Mathematical and Computer Modelling, 57, 1350-1359.
[5] Mityushev V., Nawalaniec W. (2015) Basic sums and their random dynamic changes in description of
microstructure of 2D composites, Computational Materials Science, 97, 64-74.
Speaker: Sonia Mogilevskaya (University of Minnesota)
Title: The use of complex integral representations for analytical evaluation of three-dimensional BEM integrals
Abstract: The Boundary Element Method (BEM) is a numerical technique for solving the so-called boundary integral equations. The technique leads to the discretized equations that involve the integrals over the
boundary elements used to approximate the boundaries of the simulation domains. Analytical evaluation
of the integrals is an attractive option since it leads to higher accuracy of the computation and to the
reduction of its cost. The talk presents a new complex variables-based approach for analytical evaluation
of three-dimensional integrals involved in BEM formulations for potential, elasticity, and acoustics problems. The boundary elements are considered to be planar, bounded by straight segments or, circular arcs.
The idea is to use BEM integral representations written in a local coordinate system of an element, separate in-plane components of the fields involved, arrange them in certain complex combinations, and apply
integral representations for complex functions. These integral representations, such as Cauchy-Pompeiu
formula (a particular case of Bochner-Martinelli formula) are the corollaries of complex forms of Gauss’s
theorem and Green’s identity. They reduce the integrals over the area of the domain to those over its
boundary. The use of complex representation and complex analysis leads to the reduction of all the basic
integrals to the generic integral and its derivatives with respect to specific parameters. The latter integral
could be evaluated analytically for various density functions. The analytical expressions obtained using the
approach for three-dimensional problems could be used for the area integrals associated with body force
terms involved in the corresponding two-dimensional BEM formulations with non-zero body forces. They
could also be useful in developing multipole expansions employed in fast multipole methods.
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Speaker: Andrew Norris (Rutgers University)
Title: Acoustic transparency and causality
Abstract: Consider the Helmholtz equation for acoustic pressure p in an infinite region in Rd (d = 1, 2 or
3) outside of a bounded scatterer r2 p + k 2 p = 0, x 62 ⌦. The total field is p = pin + ps , an incident plane
wave pin = eikx in the x direction, plus the scattered pressure ps , with
ps (x) = S(✓, !)

⇣

k ⌘ d 2 1 ik|x|
e
, |x| ! 1, d = 1, 2, or 3.
i2⇡|x|

(1)

S(✓, !) is the far-field scattering amplitude, ✓ defines the scattering
with ✓ = 0 the x direction.
R direction
2
The scattering cross section (also known as the extinction) = |ps | d s, where the integration surface
surrounds ⌦. Conservation of energy leads to the ”optical theorem” relating to the forward scattering
=

2 Re S(!) where S(!) ⌘ S(0, !).

(2)

If (2) appears strange, consider d = 1 for which eq. (1) is exact for all x 62 ⌦, and eq. (2) is just ”conservation
of energy” |R|2 + |T |2 = 1 where T = 1 + S(0, !) and R = S(⇡, !) are the transmission and reflection
coefficients, respectively. The integrated extinction1 is a measure of the total scattering
Z 1
(!)
Iext ⌘
d !.
(3)
2
!
0
The region ⌦ is invisible or perfectly ”cloaked” if Iext = 0, but this is physically impossible. There is a
very nice and simple formula for Iext = 0 but it only works if the scattering in the forward direction does
not precede signals from the otherwise uniform medium. The scattering is then said to be ”causal”, which
implies certain properties of S(!), e.g. it is analytic in the upper half of the complex ! plane, and a very
interesting identity [2] that is not as well known as the optical theorem (2):
Iext = ⇡ Im

S(!)
!

.

(4)

!=0

It is relatively easy in acoustics (but impossible in electromagnetics) to find scatterers for which the
right hand side of (4) vanishes. An object with this property is called a neutral acoustic inclusion2 . One
consequence of the causal-only identity (4) is that neutral acoustic inclusions must be non-causal scatterers,
otherwise they would be completely invisible. This raises several questions, among them: is there a version
of (4) for non-causal scattering? (answer: yes).
With this question as the starting point, the talk will explore the implications of non-causal scattering
in general, and for neutral acoustic inclusions in particular. Along the way we will have to generalize well
known identities for causal scattering that are associated with functions analytic in the upper half plane,
e.g. the Kramers-Kronig relation. We will deal with generalizations of Herglotz functions3 [3] (also known
as Nevanlinna or Pick functions and closely related to positive real functions). The talk will balance the
acoustic/physical implications with the complex variable analysis. The author never took a formal course
in complex variables, so he will be eager for any and all assistance in dealing with what for him is uncharted
territory.
[1] E. M. Purcell. On the absorption and emission of light by interstellar grains. Astrophys. J., 158:433–440,
1969.
[2] C. Sohl, M. Gustafsson, and G. Kristensson. The integrated extinction for broadband scattering of
acoustic waves. J. Acoust. Soc. Am., 122(6):3206–3210, 2007.
1

The concept of integrated extinction was introduced in [1].
A neutral acoustic inclusion by definition has zero monopole and dipole scattering amplitudes.
3
By definition, h(z) is a Herglotz function if Im h(z) 0 for Im z > 0.
2
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[3] M. Gustafsson, D. Sjoberg, A. Bernland, G. Kristensson, and C. Sohl. Sum rules and physical bounds
in electromagnetic theory. In Electromagnetic Theory (EMTS), 2010 URSI International Symposium
on, pages 37–40. IEEE, August 2010.
Speaker: Alexander Odesski (Brock University)
Title: A simple construction of integrable Whitham type hierarchies
Abstract: A simple construction of Whitham type hierarchies in all genera is suggested. Potentials of these
hierarchies are written as integrals of hypergeometric type.
Speaker: Sheehan Olver (University of Sydney)
Title: Numerics for classical applications of Riemann-Hilbert problems
Abstract: We overview several classical problems that can be reduced to Riemann-Hilbert problems, falling
into three categories: integral representations, di↵erential equations and inverse spectral problems. The
integral representation of error functions and elliptic integrals can be rewritten in terms of scalar RiemannHilbert problems. The Stokes’ phenomenon for Airy’s equation and monodromy problems for Fuchsian
di↵erential equations lead to matrix Riemann-Hilbert problems. The inverse spectral problem for Jacobi
and Schrödinger operators can be solved via matrix Riemann-Hilbert problems depending on a parameter,
the latter of which encodes the solution to the Korteweg-de Vries equation. In all three cases, applying
numerics to the Riemann-Hilbert problem allows for efficient approximation, that is uniformly accurate in
the complex plane.
Speaker: Bartosz Protas (McMaster University)
Title: An unfinished project: Studying vortex stability with Alan Elcrat
Abstract: In this presentation I will describe the work Alan and I did during 2010–2013 using methods of
complex analysis to study certain classical problems in vortex dynamics. Our main focus was on a general
approach to analyze the stability of inviscid flows with finite-area vortices (the so-called ”vortex patches”).
Given that equilibrium solutions of such problems are described by partial di↵erential equations of the freeboundary type, studying their stability in the continuous setting requires special tools. While methods of
complex analysis have been used traditionally in this field, in the solution of the stability problem new
techniques were needed to shape-di↵erentiate singular contour integrals. The main outcome was a general
stability equation (analogous to the Orr-Sommerfeld equation arising in the study of parallel flows) from
which the classical results of Kelvin (1880) and Love (1893) can be deduced as special cases. Ongoing
research on this approach, including applications to some open problems in classical hydrodynamics, will
also be presented.
Speaker: Chris Rycroft (Harvard University)
Title: Interfacial dynamics of dissolving objects in fluid flow
Abstract: An advection–di↵usion-limited dissolution model of an object being eroded by a two-dimensional
potential flow will be presented. By taking advantage of conformal invariance of the model, a numerical
method will be introduced that tracks the evolution of the object boundary in terms of a time-dependent
Laurent series. Simulations of several dissolving objects will be shown, all of which show collapse to
a single point in finite time. The simulations reveal a surprising connection between the position of the
collapse point and the initial Laurent coefficients, which was subsequently derived analytically using residue
calculus.
Speaker: Takashi Sakajo (University of Kyoto)
Title: Entrapment of force enhancing vortex equilibria in the vicinity of a Kasper Wing
Abstract: In the early 70s, W. Kasper proposed the concept of Kasper Wing, where a vortex tube is formed
above the wing increasing the lift and decreasing the drag. He further speculated that this e↵ect could
be enhanced by positioning additional ‘flaps’ or auxiliary aerofoils close to the main aerofoil to control
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the feeding and shedding of vortices in the vicinity of the wing. This configuration, where two additional
auxiliary aerofoils are placed o↵ the rear of the main aerofoil is what we refer to as a Kasper Wing. In
this presentation, using numerical methods based on the theory of potential flows [1], we compute point
vortex equilibria entrapped near Kasper Wing configurations of three radial rectilinear slits and observe
whether these equilibria can enhance the lift on the wing. We then investigate their linear stability and
nonlinear robustness in the presence of shedding vortices from the trailing edges. The numerical results
are compared with those of a vortex equilibrium near a single flat plate previously computed by Sa↵mann
and Sheffield [2]. In addition, we introduce the theory of word representation of streamline topologies for
potential flows in order to characterize the instantaneous vortex entrapment in 2D unsteady incompressible
flows with vortex structures [3,4]. This presentation is based on joint works with Dr. Rhodri Nelson (Kyoto
University) and Prof. Tomoo Yokoyama (Kyoto University of Education).
[1] R. Nelson and T. Sakajo, Trapped vortices in multiply connected domains to appear in Fluid
Dynamics Research.
[2] P. G. Sa↵man and J. S. Sheffield, Flow over a wing with an attached free vortex, Stud. Appl. Math.,
vol. 57 (1977), pp. 107-117.
[3] T. Sakajo, Y. Sawamura and T. Yokoyama, Unique encoding for streamline topologies of incompressible and inviscid flows in multiply connected domains, Fluid Dynamics Research, vol. 46 (2014)
031411.
[4] T. Yokoyama and T. Sakajo, Word representation of streamline topologies for structurally stable vortex flows in multiply connected domains, Proc. Roy. Soc. A, vol. 469 (2013), doi:10.1098/rspa.2012.0558.
Speaker: Mike Siegel (New Jersey Institute of Technology)
Title: Ill-posedness of a truncated series model for water waves via complex analysis
Abstract: The question of the well-posedness of the initial value problem for water waves has a celebrated
history. It is known that the problem is well-posed, but the theory is subtle and the design of approximate
models or convergent numerical schemes is likewise delicate. We demonstrate that a truncated system
of equations for water waves that forms the basis of a widely-used numerical method is ill-posed. Our
demonstration is based in an essential way on complex analysis. The water wave problem is formulated
in terms of the free surface elevation and velocity potential. In the truncated model, the problem is
reformulated in terms of surface variables alone by using Taylor’s expansion of a Dirichlet to Neumann
operator to obtain the normal velocity of the interface. To show ill-posedness, we analytically extend
the equations to complex values of the independent variable and analyze the initial value problem in the
complex plane. This is joint work with David Ambrose (Drexel).
Speaker: Saleh Tanveer (Ohio State University)
Title: Approximate analytical Tritronqée solution to PI and rigorous estimates
Abstract: Painleve equations arise in many branches of pure and applied mathematics so much so that
some of the solutions are dubbed ”nonlinear special functions”. Yet, though there is much computation of
such solutions, as far as we are aware, there are no methods to rigorously determine error bounds globally.
We use a recently developed method that was used to prove the Dubrovin conjecture to determine
approximate analytical expression for tritronquée solution for PI : y 00 + 6y 2 x = 0 in a domain D with
rigorous bounds. We use this to prove that the singularity closest to the origin is at x0 = 2.3841687675
to within six digit accuracy, confirming previous computational results.
Speaker: Nick Trefethen (University of Oxford)
Title: Mathematics of the Faraday cage
Abstract: Everybody has heard of the Faraday cage e↵ect, in which a wire mesh does a good job of blocking
electric fields. Surely the mathematics of such a famous and useful phenomenon has been long ago worked
out and written up in the textbooks?
It seems to be not so. One reason may be that that the e↵ect is not as simple as one might expect: it
depends on the wires having finite radius. Nor is it as strong as one might imagine: the shielding improves
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only linearly as the wire spacing decreases.
This talk will present results by Jon Chapman, Dave Hewett and myself including (a) numerical simulations, (b) a theorem proved by conformal mapping, (c) a continuous model derived by multiple scales
analysis, (d) a discrete model derived by energy minimization, (e) a connection with the periodic trapezoidal rule for analytic integrands, and (f) a physical explanation.
Speaker: Tom Trogdon (New York University)
Title: Gibbs phenomenon for dispersive PDEs on the line
Abstract: The classical Gibbs phenomenon is an artifact of non-uniform convergence. More precisely, it
arises from the approximation of a discontinuous function with an analytic partial sum of the Fourier
series. It is known from the work of DiFranco and McLaughlin (2005) that a similar phenomenon occurs
when a box initial condition is taken for the free Schrödinger equation in the short-time limit. Our work is
focused extending the linear theory of their work in two ways. First, we establish sufficient conditions for
the classical smoothness of the solutions of linear dispersive equations for positive times. Second, we derive
an oscillatory and computable short-time asymptotic expansion of the solution. The Wilbraham–Gibbs
constant is identified as a limiting overshoot value. Boundary-value problems can also be treated. This is
joint work with Gino Biondini.
Speaker: Jean-Marc Vanden-Broeck (University College London)
Title: Nonlinear two-dimensional gravity-capillary free-surface flows
Abstract: Numerical methods based on complex variables and series representations are presented to solve
two-dimensional potential free-surface flows. Free streamline flows and gravity-capillary free surface flows
are described. Special attention is devoted to flows where the free surfaces intersect rigid surfaces. Selection
problems are discussed.
Speaker: Elias Wegert (Technische Universität Bergakademie Freiberg)
Title: I Nonlinear Riemann-Hilbert Problems
Abstract: In recent years one can observe dramatic heightening of interest in linear Riemann-Hilbert
problems and their novel applications. In contrast to this, nonlinear Riemann-Hilbert problems are much
less popular, though they already date back to Bernhard Riemann thesis and their theory is well developed
by now. So their potential seems to be widely unexplored.
The talk presents a survey of results about these problems and some of their applications, with emphasis
on geometric aspects. In particular we address the existence and uniqueness of solutions for di↵erent classes
of nonlinear boundary value problems and transmission problems and characterize solutions by extremal
properties. If time permits, we also sketch recent results about (generalizations of) a nonlinear boundary
value problem posed and studied by Arne Beurling. Moreover, we briefly report on the development of
numerical methods.
Parts of the talk are based on joint work with Christer Glader, Daniela Kraus, Frank Martin, Oliver
Roth, Gunter Semmler, Ken Stephenson and Lothar von Wolfersdorf.
Speaker: Elias Wegert (Technische Universität Bergakademie Freiberg)
Title: II Exploring complex functions using phase plots
Abstract: Graphical visualization of functions is one of the most powerful tools in (applied) mathematics.
While pictorial representations of real functions are widely used for centuries, representations of complex
(analytic) functions are not so common. As a counterpart of the traditional “analytic landscapes”, the
talk promotes special color-representations, so-called “phase plots”, depicting a function f directly on its
domain by color-coding the argument (or phase) of f . The picture shows a phase plot of a finite Blaschke
product.
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Phase plots are like fingerprints: though part of the information (the modulus) is neglected, meromorphic functions can be
uniquely reconstructed from their phase plots up to a positive
constant factor. Moreover, several modifications allow one to
incorporate additional information.
In the talk we explain how basic properties of a function can
be read o↵ from its phase plot, show images of special functions,
and present applications in teaching and research.

In particular, we illustrate several known results (convergence of power series, Jentzsch’ theorem, argument principle, universality of the Riemann zeta function) and demonstrate how phase plots and related
“phase diagrams” may help to pose (and sometimes answer) new questions. One such observation is a
“stochastic periodicity” in the phase plot of the Riemann zeta function.
The Matlab-based Complex Function Explorer can stimulate students and researchers to deepen their
understanding of complex functions by performing own experiments (download CFE at
http://www.mathworks.com/matlabcentral/fileexchange/45464-complex-function-explorer).
Speaker: André Weideman (Stellenbosch University)
Title: Contour integral methods for elliptic PDEs
Abstract: Contour integral methods for the time integration of parabolic PDEs have been tried and tested
by many authors. Elliptic PDEs on cylindrical domains can be treated in a similar manner, but the
literature for this case is much more sparse, and almost exclusively limited to the pen of I.P. Gavrilyuk
and co-workers. The papers from this group provide powerful convergence proofs in a general setting
but do not emphasize practical numerical considerations. We focus on the latter aspect here, and discuss
implementation issues such as the choice of conformal mapping that defines the contour, and the optimal
step size of the trapezoidal rule that is ultimately applied on the contour. One of our test problems is the
“particle-in-a-box” problem, the 3D version of the last of the famous Ten Digit Problem Set proposed by
L.N. Trefethen in 2002. (Joint work with N. Hale.)
Speaker: Anna Zemlyanova (Kansas State University)
Title: Singular integro-di↵erential equations for a new model of fracture with a curvature-dependent surface
tension
Abstract: A new model of fracture mechanics which takes into account interfacial e↵ects due to a curvaturedependent surface tension acting on the boundary of the fracture is discussed. The model is based on a
physically valid assumption that the behavior of molecules near a surface of a material is significantly
di↵erent from those in the bulk and depends on the local curvature of the material surface. The theory will
be presented on the examples of interface and non-interface curvilinear fracture. It will be shown that the
incorporation of surface e↵ects on the crack boundary eliminates the power and oscillating singularities at
the crack tips which are predicted by linear elastic fracture mechanics. The contact problems for a rigid
stamp indentation into an elastic half-plane with a surface tension on the boundary will be discussed as well.
The mechanical problems will be reduced to the systems of singular integro-di↵erential equations using
methods of complex analysis. The regularization and numerical solution of these systems will be addressed
and numerical examples will be presented. Potential directions for future research and connections with
experimental results will be discussed.
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