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Second International ACCA-JP/UK Workshop

Program

January 18 (Monday) (All presentations will take place in the Seminar House.)

9:30―10:00 Registration

10:00―10:15 Opening

10:15―10:45 Makoto Iima: Separation vortices dynamics of the single vortex model

10:45―11:15 Michael Dallaston: Interfacial Hele-Shaw flows that develop corner singularities

11:15―11:45 Kiori Obuse: Behaviour of a treadmilling microorganism near a semi-infinite wall

11:45―14:00 Lunch

14:00―14:30 David Uminsky: A multi-moment approach to modeling the onset of vortex merger

14:30―15:00 Yasuhide Fukumoto: Motion of a counter-rotating vortex pair in a viscous fluid

15:00―15:30 Robert Krasny: A treecode-accelerated boundary integral Poisson-Boltzmann
solver for electrostatics of solvated proteins

15:30―15:50 Tea / Coffee Break

15:50―16:20 Ikkei Hotta: Computational approach to Loewner theory

16:20―16:50 Marcus Webb: Toeplitz symbols and spectra of Jacobi operators

18:30― Banquet

January 19 (Tuesday) (All presentations will take place in the Seminar House.)

9:30―10:00 Toshiyuki Sugawa: Computational approach to univalence and geometric prop-
erties of analytic functions

10:00―10:30 Lesley Ward: The harmonic-measure distribution function of a planar domain: A
survey

10:30―10:50 Tea / Coffee Break

10:50―11:20 Ken’ichiro Tanaka: Potential theoretic approach to design of highly accurate for-
mulas for function approximation in weighted Hardy spaces

11:20―11:50 Marie Snipes: Harmonic measure in doubly connected domains

11:50―14:00 Lunch

14:00―14:30 Hidenori Ogata: Numerical integration based on the hyperfunction theory

14:30―15:00 Sheehan Olver: Solving singular integral equations with applications in fluid flow
and acoustics

15:00―15:30 Takuya Ooura: Double exponential quadratures for various kinds of integral

15:30―15:50 Tea / Coffee Break

15:50―16:20 Javier Serrano: Splash singularities for the incompressible free boundary Euler
and Navier-Stokes

16:20―16:50 Tomoki Uda: Numerical computation for vortex patch equilibria

16:50―17:00 Closing
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Abstracts (in alphabetical order)

Michael Dallaston (Imperial College London)
”Interfacial Hele-Shaw flows that develop corner singularities”

Yasuhide Fukumoto, Ummu Habibah (Kyushu University)
”Motion of a counter-rotating vortex pair in a viscous fluid”

We establish a general formula for the traveling speed of a counter-rotating vortex pair, being valid
for thick cores, moving in an incompressible fluid with and without viscosity. Two-dimensional motion
of vortices with finite cores, interacting with each other, has been extensively studied both analytically
and numerically. Mathematical methods and numerical schemes have been highly developed for dealing
particularly with vortices of uniform vorticity, called vortex patches [1, 2]. In contrast, this is not the case
with vortices with distributed vorticity. The method of matched asymptotic expansions was initiated by
Ting and Tung [3] for this purpose.

We complete Ting-Tung’s program for a vortex pair, with a general vorticity distribution at the leading
order, and derive a surprisingly simple formula for the correction, due to the effect of finite core size,
to the traveling speed [4]. The solution of the Navier-Stokes equations is constructed in the form of a
power series in a small parameter, the ratio of the core radius to the distance between the core centers. A
correction due to the effect of finite thickness of the vortices to the traveling speed makes its appearance
at the 5th order. The 5th-order correction is shown to be expressible solely in terms of the 2nd-order
quadrupole field.

[1] J. Yang J and T. Kubota: SIAM J. Appl. Math. Vol. 54 (1994) 14-25.
[2] P. Luzzatto-Fegiz: Fluid Dyn. Res. Vol. 46 (2014) 031408.
[3] L. Ting and C. Tung: Phys. Fluids Vol. 8 (1965) 1039-1051.
[4] U. Habibah and Y. Fukumoto: submitted to Fluid Dyn. Res.

Ikkei Hotta (Yamaguchi University)
”Computational approach to Loewner theory”

Loewner theory, which originates in the work by Loewner [1], has recently made remarkable ad-
vances in various directions, including SLE, the stochastic version of the Loewner differential equation
[2], and the new intrinsic treatment by Bracci, Contreras and Dı́az-Madrigal [3]. This talk will be in
two parts. In the first part, the essence of Loewner theory, from the one-parameter representation of
univalent holomorphic maps on the unit disk to Loewner’s partial differential equation, will be outlined.
In the second part, some computational problems concerning the Loewner theory, in connection with
numerical conformal maps, will be proposed.

[1] K. Löwner, Untersuchungen über schlichte konforme Abbildungen des Einheitskreises. I, Mathe-
matische Annalen 89 (1923), no. 1, 103–121.

[2] O. Schramm, Scaling limits of loop-erased random walks and uniform spanning trees, Israel J.
Math. 118 (2000), 221–288.

[3] F. Bracci, M. D. Contreras, and S. Dı́az-Madrigal, Evolution families and the Loewner equation.
I. The unit disc, J. Reine Angew. Math. 672 (2012), 1–37.
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Makoto Iima (Hiroshima University)
”Separation vortices dynamics of the single vortex model”

Separation vortices from a body greatly contribute to lift and moment generation, but their dynam-
ics before the pinch-off is difficult to analyze. We study this problem analytically using single vortex
approximation, by which single separation vortex structure is approximated by just one point vortex
alone. Unsteady flow around a plate or a V-shaped object in a uniform flow is analyzed. Trapping of the
separation vortex and a singularity of this model will be discussed.

Robert Krasny (University of Michigan)
”A treecode-accelerated boundary integral Poisson-Boltzmann solver for electrostatics of sol-
vated proteins”

Electrostatic effects play an important role in determining protein structure and function. Here we
present a treecode-accelerated boundary integral (TABI) solver for the electrostatic potential of a sol-
vated protein described by the linearized Poisson-Boltzmann equation. In this model the solvent is a
continuum dielectric with dissolved ions and the protein is a set of charged particles. The method em-
ploys a well-conditioned boundary integral formulation for the electrostatic potential and its normal
derivative on the molecular surface. The surface is triangulated by MSMS and the integral equations
are discretized by centroid collocation. The linear system is solved by GMRES and the matrix-vector
product is carried out by a tree code which reduces the computational cost from O(N2) to O(N logN),
where N is the number of faces in the triangulation of the surface. We compare TABI results to those
obtained using the finite-difference APBS code. The TABI solver exhibits good serial and parallel per-
formance, with relatively simple implementation, efficient memory usage, and geometric adaptability
[1].

[1] W.H. Geng, R. Krasny (2013) A treecode-accelerated boundary integral Poisson-Boltzmann
solver for solvated biomolecules, Journal of Computational Physics 247, 62-78.

Kiori Obuse (Okayama University)
”Behaviour of a treadmilling microorganism near a semi-infinite wall”

The locomotion of microorganisms is an active research area of fluid dynamics and biology. As their
motion occurs on very small length scales and speeds, their dynamics is governed by low-Reynolds-
number hydrodynamics, where inertial forces are negligible in comparison to the viscous effects of the
fluid (Stokes flow). Many studies deal with such dynamics in unbounded or very large domains [1].
However, in reality, most organisms are in the vicinity of other bodies or boundaries, and it is necessary
to study hydrodynamic interactions between microorganisms and boundaries in order to obtain a com-
prehensive understanding of low-Reynolds-number locomotion.

Many experiments and numerical simulations have been done and confirmed interesting locomotion
dynamics of a microorganism near boundaries, for example a microorganism’s getting attracted to a
boundary [2, 3]. However, not many physical explanations have been given to such phenomena. In such
a situation, Crowdy and Or [4] have proposed a singularity model for swimming microorganisms placed
near an infinite no-slip boundary. Their model is based on a circular treadmilling organism which has
no means of self-propulsion, that is, the organism does not move unless it interacts with a boundary (for
example, the organism may be creating a feeding current). They proposed appropriate Stokes singulari-
ties that represent the flow field created by this treadmilling organism. Then by studying the interaction
between these singularities and the no-slip wall, they formulated explicit evolution equations for the
motion of the organism, and fully characterized its motion near the wall.

In this talk, we examine the dynamics of a treadmilling organism near a semi-infinite no-slip wall,
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modeled as a flat plate of zero thickness [5]. Though this is a special case of a treadmilling organism near
an infinite no-slip boundary with a gap of a fixed size, studied by Crowdy and Samson [6], it deserves
separate investigation because of the simpler equations involved and because the semi-infinite wall can
be regarded as a probe or pipette inserted in the system, a common situation in microbiology. We also
analyze the trajectories in a very different manner to Crowdy and Samson [6]，as we attempt to quantify
the probability of escape from the wall’s vicinity, assuming the treadmillers are randomly oriented.

[1] Shapere A and Wilczek F, J. Fluid Mech. 198, 557-585, (1989)
[2] Berke AP, Turner L, Berg HC, and Lauga E, Phys. Rev. E, 101, 038102, (2008)
[3] Hernandez-Ortiz JP and Dtolz CG，Graham MD, Phys. Rev. Lett., 95, 204501, (2005)
[4] Crowdy DG and Or Y, Phys. Rev. E, 81, 036313, (2010)
[5] Obuse K and Thiffeault J-L, Natural Locomotion in Fluids and on Surfaces: Swimming, Flying,

and Sliding, Springer, 197-206, (2012)
[6] Crowdy DG and Samson O, J. Fluid Mech., 667, 309-335, (2011)

Hidenori Ogata (University of Electro-Communications)
”Numerical integration based on the hyperfunction theory”

In this speech, we examine a numerical integration method which was originally proposed by Prof. H.
Hirayama [2]. In the proposed method, we evaluate a desired one-dimensional integral by transforming it
into a complex loop integral, which is approximated by the trapezoidal rule. A theoretical error estimate
shows that this method gives a geometrical convergence, and numerical examples show that this method
is very efficient especially for integrals with strong end-point singularities. Besides, we mention that
this method is closely related to the hyperfunction theory, which is a theory of generalized functions
proposed by Prof. M. Sato [1, 3].

[1] U. Graf, Introduction to Hyperfunctions and Their Integral Transforms — An Applied and Com-
putational Approach, Birkhäuser, Basel, 2010.

[2] H. Hirayama, Numerical integration method by the loop integral transformation, Abstracts of the
44-th Numerical Analysis Symposium, pp.21–24, 2015 (in Japanese).

[3] M. Sato, Theory of Hyperfunctions, I., J. Fac. Sci., Univ. Tokyo, Sect. 1, 8 (1959) 139–193.

Sheehan Olver (University of Sydney)
”Solving singular integral equations with applications in fluid flow and acoustics”

We introduce a new approach for solving general singular integral equations with Cauchy or log-
arithmic kernels by choosing polynomial bases so that the operators become banded. The resulting
infinite-dimensional system is solved using the adaptive QR algorithm in O(n) operations. Applications
considered include acoustic scattering, gravity Helmholtz equation, ideal fluid flow and Riemann-Hilbert
problems. Combining the approach with hierarchical solvers allows the fast solution of singular integral
equations on fractal domains.

Joint work with Mikael Slevinsky (Oxford).

Takuya Ooura (Kyoto University)
”Double exponential quadratures for various kinds of integral”
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In 1974, Takahasi and Mori proposed the double exponential (DE) quadrature formula. The DE
formula allows for high performance computations. However, it is known that the optimal quadrature
in the Hardy space is the single exponential (SE) quadrature formula. This contradiction is caused by
the fact that a bad function is contained in the Hardy space. Sugihara showed that the DE formula also
yields optimality in realistic classes. At present, the DE formula is applied to many types of integrals. I
will talk about this quadrature formula.

[1] C. Schwartz, Numerical integration of analytic functions, J. Comput. Phys. 4 (1969), 19–29.
[2] H. Takahasi, M. Mori, Error estimation in the numerical integration of analytic functions, Report

of the Computer Centre, Univ. of Tokyo 3 (1970), 41–108.
[3] H. Takahasi, M. Mori, Double exponential formulas for numerical integration, Publ. RIMS, Kyoto

Univ. 9 (1974), 721–741.
[4] S. Haber, The tanh rule for numerical integration, SIAM J. Numer. Anal. 14 (1977), 668–685.
[5] K. Sikorski, F. Stenger, Optimal quadratures in Hp spaces, ACM Trans. Math. Software 10

(1984), 140–151.
[6] J.-E. Andersson, Optimal quadrature of Hp functions, Math. Z. 172 (1980), 55–62.
[7] J.-E. Andersson, B.D. Bojanov, A note on the optimal quadrature in Hp, Numer. Math. 44 (1984),

301–308.
[8] M. Sugihara, Optimality of the double exponential formula — functional analysis approach —,

Numer. Math. 75 (1997), 379–395.
[9] T. Ooura and M. Mori, A robust double exponential formula for Fourier type integrals, J. Comput.

Appl. Math. 112 (1999), 229–241.
[10] M. Mori, Discovery of the double exponential transformation and its developments, Publ. RIMS,

Kyoto Univ. 41 (2005), 897–935.
[11] T. Ooura, A double exponential formula for the Fourier transforms, Publ. RIMS, Kyoto Univ. 41

(2005), 971–978.

Javier Serrano (Princeton University)
”Splash singularities for the incompressible free boundary Euler and Navier-Stokes”

In this talk we will address the formation of finite time splash singularities for the incompressible
free boundary Euler and Navier-Stokes equations. The singularities appear in the form of the interface
self-intersecting, either along an arc (in the Euler case) or in one point (both). This is a joint work with
A. Castro, D. Cordoba, C. Fefferman and F. Gancedo.

Marie Snipes (Kenyon College)
”Harmonic measure in doubly connected domains”

The boundary of a planar domain can be equipped with the so-called harmonic measure, which is
closely connected with the behavior of harmonic functions inside the domain. Harmonic measure is
invariant under conformal maps, so for simply connected domains, one can use the Riemann map to
calculate the harmonic measure of subsets of the boundary. For non-simply connected domains, the
problem becomes more complex. In this talk, we will describe (and compare) four different approaches
to calculating harmonic measure for doubly-connected domains, focusing on the example of the doubly-
slit plane. This is joint work with J. Aarão, B. Walden, and L.A. Ward.

Toshiyuki Sugawa (Tohoku University)
”Computational approach to univalence and geometric properties of analytic functions”
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Let A denote the class of analytic functions f(z) on the unit disk |z| < 1 normalized by f(0) =
0, f ′(0) = 1. It is an important problem to decide whether a given function f ∈ A is univalent or not.
Moreover, it is also interesting to check its geometric property such as convexity or starlikeness (with
respect to the origin) if it is univalent. These are, however, not necessarily easy to solve when the form
of the function is complicated.

By using a suitable software like Mathematica or Maple, we may draw the image of the unit disk
under the mapping f numerically. Such a tool is very much helpful to get some insight about the
mapping behaviour of the function. However, the resulting picture is sometimes misleading because of
its inaccuracy near a boundary point or discontinuity due to the choice of principal branch of multiple-
valued functions such as the logarithmic function or the hypergeometric function. Even if the picture is
accurate enough, it cannot be part of a rigorous proof of univalence or other geometric properties of the
function.

In the present talk, we will present some approach to the rigorous proof of those things with the
aid of computer algebra. For instance, we classified all the univalent functions in A with half-integral
coefficients in [1] by using computer algebra.

We will give some more examples exhibiting how rigorous or numerical computations by computers
can be used to prove theorems rigorously.

[1] N. Hiranuma and T. Sugawa, Univalent functions with half-integral coefficients, Comput. Methods
Func. Theory 13 (2013), 133–151.

Ken’ichiro Tanaka (Musashino University)
”Potential theoretic approach to design of highly accurate formulas for function approximation
in weighted Hardy spaces ”

We propose a method for designing highly accurate interpolation formulas on the real axis for the
purpose of function approximation in weighted Hardy spaces. In particular, we consider the Hardy space
defined by

H∞(Dd, w) :=

{
f : Dd → C

∣∣∣∣∣ f is analytic in Dd and ∥f∥ := sup
z∈Dd

∣∣∣∣ f(z)w(z)

∣∣∣∣ < ∞

}
,

where d > 0, Dd := {z ∈ C | |Imz| < d}, and w is a weight function satisfying w(z) ̸= 0 for any
z ∈ Dd. The space H∞(Dd, w) is a collection of functions that are analytic in a strip region around the
real axis, being characterized by a weight function w that determines the decay rate of its elements in
the neighbourhood of infinity.

Such a space is considered as a set of functions that are transformed by variable transformations
that realize a certain decay rate at infinity. Popular examples of such transformations are given by
the single exponential (SE) and double exponential (DE) transformations for the SE-Sinc and DE-Sinc
formulas, which are very accurate owing to the accuracy of sinc interpolation in the weighted Hardy
spaces with single and double exponential weights w, respectively. However, it is not guaranteed that
the sinc formulas are optimal in weighted Hardy spaces, although Sugihara [1] has demonstrated that
they are near optimal. An explicit form for an optimal approximation formula has only been given in
weighted Hardy spaces with SE weights of a certain type. In general cases, explicit forms for optimal
formulas have not been provided so far.

We adopt a potential theoretic approach to obtain almost optimal formulas in weighted Hardy spaces
in the case of general weight functions w. For this purpose, we formulate the problem of designing an
optimal formula in H∞(Dd, w) as an optimization problem written in terms of a Green potential with an
external field. Let Emin

N (H∞(Dd, w)) be the minimum error norm in H∞(Dd, w), where the minimum
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is taken over all the (2N + 1)-point approximation formulas. Then, using the fact

Emin
N (H∞(Dd, w)) = inf

aℓ∈R

{
sup
x∈R

∣∣∣∣∣w(x)
N∏

ℓ=−N

tanh
( π

4d
(x− aℓ)

)∣∣∣∣∣
}

shown by Sugihara [1], we reduce the problem of finding an optimal formula to the minimizing prob-
lem of the energy of a Green potential with an external field. By solving the optimization problem
numerically, we obtain an almost optimal formula in each space. Furthermore, some numerical results
demonstrate the validity of this method. In particular, for the case of a DE weight, the formula designed
by our method outperforms the DE-Sinc formula.

This is a joint work with Dr. Tomoaki Okayama and Prof. Masaaki Sugihara. We have released the
preprint [2] in which the full details of this work are presented.

[1] M. Sugihara, Near optimality of the sinc approximation. Math. Comp., 72 (2003), pp. 767–786.
[2] K. Tanaka, T. Okayama, and M. Sugihara, Potential theoretic approach to design of highly accurate

formulas for function approximation in weighted Hardy spaces, preprint, arXiv:1511.04530.

Tomoki Uda (Kyoto University)
”Numerical computation for vortex patch equilibria”

A numerical method for vortex patch equilibria in the 2D Euler flow is proposed. It is based on a
mathematically abstract Newton-Raphson scheme in the sense that it does not depend on the way of
discretization. Via a contour dynamics formulation [2], we regard a (relative) patch equilibrium as a
zero of a certain function of an unknown patch boundary, which yields to the explicit Gâteaux derivative
with respect to the shape. In the proposed method with Fourier series discretization, we confirm that a
Pierrehumbert family [1] of co-travelling vortex patch pairs is computed with high accuracy.

[1] R. T. Pierrehumbert. A family of steady, translating vortex pairs with distributed vorticity. Journal
of Fluid Mechanics, 99(1):129–144, July 1980.

[2] N. J. Zabusky, M. H. Hughes, and K. V. Roberts. Contour dynamics for the Euler equations in two
dimensions. Journal of Computational Physics, 30(1):96–106, January 1979.

David Uminsky (University of San Francisco)
”A multi-moment approach to modeling the onset of vortex merger”

We use a low order model to understand how two co-rotating vortices transition from a quasi-steady
distance from each other to convective merger. Experiments and computations have shown that this
rapid phenomena occurs after diffusion causes the vortex core size to exceed some critical fraction of
the separation distance. This model was derived from the recently developed Multi-Moment Vortex
Method (MMVM) and provides several physical insights as well as pins down what causes the very
initial onset of convective merger.

Lesley Ward (University of South Australia)
”The harmonic-measure distribution function of a planar domain: A survey ”

Let Ω be a region in the complex plane, and fix a basepoint z0 in Ω. The harmonic-measure distri-
bution function h(r) = hΩ,z0(r), called the h-function for short, is defined for each r > 0 to be the
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probability that a Brownian particle released from z0 first hits the boundary of Ω within distance r of z0.
In the language of harmonic measure,

h(r) = ω(z0, ∂Ω ∩B(z0, r),Ω).

I will survey what is known about this function and report on recent work, touching on the following
questions: How much information does the h-function capture about the shape of the boundary of the
domain? How and when can one calculate h(r)? Does h(r) uniquely determine the domain, or at
least its connectivity? Which functions f can arise as h-functions? Given such an f , can one explicitly
construct a domain Ω such that hΩ = f? Similar questions for a closely related function were first posed
by Ken Stephenson in [4]. Betsakos and Solynin studied related questions in [3].

This research program has links with complex analysis, probability, PDE (the Dirichlet problem and
the Loewner DE), combinatorics (the Catalan numbers), number theory (theta functions), and numerical
simulation. This is joint work with Jorge Aarão, Ariel Barton, Steve Matsumoto, Marie Snipes and
Byron Walden [1, 2, 5, 6, 7, 8].

[1] J. Aarão, M.A. Snipes, B.L. Walden and L.A. Ward, Four ways to calculate a harmonic measure
in a doubly connected domain, in preparation.

[2] A. Barton and L.A. Ward, A new class of harmonic measure distribution functions, J. Geom.
Anal. 24 (2014), no. 4, 2035–2071. MR 3261731

[3] D. Betsakos and A.Yu. Solynin, On the distribution of harmonic measure on simply connected
planar domains, J. Aust. Math. Soc. 75 (2003), no. 2, 145–151. MR 2000425 (2004k:30050)

[4] D.A. Brannan and W.K. Hayman, Research problems in complex analysis, Bull. Lond. Math.
Soc. 21 (1989), no. 1, 1–35. MR 967787 (89m:30001)

[5] M.A. Snipes and L.A. Ward, Realizing step functions as harmonic measure distributions of planar
domains, Ann. Acad. Sci. Fenn., Ser. A 1 Math. 30 (2005), no. 2, 353–360. MR 2173369
(2006e:30024)

[6] M.A. Snipes and L.A. Ward, Convergence properties of harmonic measure distributions for planar
domains, Complex Var. Elliptic Equ. 53 (2008), no. 10, 897–913. MR 2453886 (2009j:30057)

[7] B.L. Walden and L.A. Ward, Distributions of harmonic measure for planar domains, in XVIth
Rolf Nevanlinna Colloquium (Joensuu, 1995), 289–299, de Gruyter, Berlin, 1996. MR 1427094
(98f:30026)

[8] B.L. Walden and L.A. Ward, Asymptotic behaviour of distributions of harmonic measure for pla-
nar domains, Complex Var. Theory Appl. 46 (2001), no. 2, 157–177. MR 1867264 (2002j:30034)

Marcus Webb (University of Cambridge)
”Toeplitz symbols and spectra of Jacobi operators”

A Jacobi operator is a self-adjoint operator J : ℓ2 → ℓ2, which with respect to the standard orthonor-
mal basis {e0, e1, . . .} has matrix representation

J =


α0 β0

β0 α1 β1

β1 α2
. . .

. . . . . .

 , (1)

where αk and βk are real numbers with βk > 0. We restrict our attention to almost Toeplitz Jacobi op-
erators, which means there exists a number n such that αk = 0, βk−1 =

1
2 for all k > n. Such operators
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can be seen as discrete Schrödinger operators with compactly supported potentials.
In this talk I describe recent work in collaboration with Sheehan Olver (University of Sydney) that

shows how the spectral theory of J can be described in a computationally feasible form using a mero-
morphic function in the unit disc D [3]. This is in contrast to the continued fraction approach in [2].

As in [1] we use the principal resolvent function, G(λ) = e⊤0 (J−λI)−1e0, which is analytic from the
upper-half-plane to itself, and the orthogonal polynomials defined by the recurrence P−1 = 0, P0 = 1,
sPk(s) = βk−1Pk−1 + αkPk + βkPk+1. The measure of orthogonality for these polynomials is a prob-
ability measure on R denoted µ.

The most basic Jacobi operator has αk = 0 and βk = 1
2 for all k. Its orthonormal polynomials are

the Chebyshev polynomials of the second kind U0, U1, U2, . . ., and the measure of orthogonality is the
semicircle 2

π

√
1− s2 on [−1, 1].

Let C be the lower triangular matrix for the change of basis from U0, U1, U2, . . . to P0, P1, P2, . . .,
called the connection coefficients. Then C is almost Toeplitz, in fact cij = ti−j for all i > 2n for a
computable sequence t0, t1, . . . , t2n, 0, . . .. The Toeplitz symbol is the polynomial c(z) =

∑2n
k=0 tkz

k,
which we view as an analytic function in D.

For z ∈ D we prove that the principal resolvent G satisfies

G(λ(z)) = −cµ(z)

c(z)
, λ(z) =

1

2
(z + z−1). (2)

Here λ : D → C\[−1, 1] is the Joukowski map. The numerator cµ(z) is also a Toeplitz symbol, obtained
in the same way as c(z) except using the transformed polynomials,

Pµ
k (λ) =

∫
Pk(s)− Pk(λ)

s− λ
dµ(s). (3)

This formula (2) allows us to directly compute the spectrum of J and the measure µ.

[1] Deift P., Orthogonal polynomials and random matrices: a Riemann-Hilbert approach, American
Mathematical Soc., 2000.

[2] Dubbs A., Edelman A., Infinite random matrix theory, tridiagonal bordered Toeplitz matrices, and
the moment problem, Linear Algebra and its Applications, 2015.

[3] Olver S., Webb M., Computing spectral measures of Jacobi operators with almost Toeplitz struc-
ture, in preparation.
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Venues

Presentations:
Kyoto University Science Seminar House
Located in the north campus of Kyoto University
(number 10 in the map below).

Banquet:
Ganko Restaurant
484-6, Higashi Namasu-cho, Nijo-kudaru, Kiyamachi-dori, Nakagyo-ku, Kyoto

Tel : 075-223-3456

From campus, go by bus n.17 and get off at Kyoto Shiyakusho
(city hall), or by Keihan line from Demachiyanagi to Sanjo.
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Access to Ganko restaurant

(large view)

(zoom-up)
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