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12 February 2021

Abstract

Many systems from the physical and the life sciences exhibit phenomena that evolve on
multiple timescales; examples include reactions that occur at different rates in chemical kinetics,
concentrations of ions that give rise to action potentials in neuronal firing, and sudden changes
in temperature or pressure followed by long periods of almost steady states in climate models,
to mention but a few. Such phenomena are often associated with trajectories that consist of
alternating small- and large-amplitude oscillations in the phase space, known as mixed-mode
oscillations (MMOs). Systems that evolve on more than one timescale are frequently referred
to as slow-fast systems.

In this talk, we will discuss the decomposition of the dynamics of slow-fast systems to com-
ponents evolving on different timescales based on Fenichel’s Theorems, an approach known as
geometric singular perturbation theory (GSPT). We will identify as singular the sets of the
phase space where this theory does not apply, and we will briefly discuss the geometric desin-
gularisation technique known as “blow-up”. Finally, we will present an extended prototypical
example that captures a geometric mechanism which encodes transitions between MMOs with
different qualitative properties in three-dimensional, three-timescale systems written in the stan-
dard form of GSPT, and we will see how the various firing patterns that have been observed
in the Hodgkin-Huxley equations from Mathematical Neuroscience can be explained by this
mechanism.

Geometrically-induced mixed-mode oscillations through
piecewise-affine maps

Yiorgos Patsios, University of Hasselt
26 February 2021

Abstract

Mixed mode oscillations (MMOs) are complex oscillatory patterns in which large-amplitude
oscillations of relaxation type (LAOs) alternate with small-amplitude oscillations (SAOs). MMOs
are found in singularly perturbed systems of ordinary differential equations of slow-fast type,
and are typically related to the presence of so-called folded singularities and the corresponding
canard trajectories, in such systems. Here, we introduce a canonical family of three-dimensional
slow-fast systems that exhibit MMOs which are induced by relaxation-type dynamics, and which
are thus not based on a canard mechanism. In particular, we establish a correspondence between
that canonical family and a class of associated one-dimensional piecewise affine maps (PAMs)
which exhibit MMOs with the same structure. Finally, we illustrate our findings with relevant
numerical examples.
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Efficient numerical methods for flows in Ecotrons

Jeremy Chouchoulis, University of Hasselt
12 March 2021

Abstract

Climate change is strongly affecting the water availability for ecosystems, resulting in an
adapting interaction between the soil, the atmosphere and the canopy. At UHasselt, these
changes are being investigated in the Field Research Centre by means of large Ecotrons. To in-
vestigate the water and wind flux between these compartments, we aim to develop mathematical
models which are solved by numerical techniques.

The high complexity of an ecosystem in a mathematical setting forces us to simplify where
possible. Describing the details of the wind flow around the plants in the canopy layer on
a micro-scale is too expensive. To incorporate the canopy?s influence on the macro-scale, an
averaged behaviour is taken into account by means of a homogenization ansatz. Such an ansatz
identifies a small parameter, in our case a segment length of a plant, formally expands the
solution variable around this parameter, and then provides an approximated ?upscaled? model
in which the plants? influences are entering implicitly.

Within the context of understanding multiple interacting flows, the multicomponent equa-
tions of states for a mixture fluid are described. As a specific case, we consider air as a binary
system, consisting of dry air and water vapour. In doing so, the problem maintains valuable
information related to condensation zones in the vicinity of the canopy layer. Each newly con-
sidered component quickly increases the complexity of the mathematical model. To manage
storage effectively, an accurate finite element method is utilized. Such a method discretizes the
considered domain into a polygonal mesh and finds a local solution on all cells. More specifically,
a hybridized discontinuous Galerkin scheme is used, which solves the global degrees of freedom
on the skeleton of the computational mesh instead of the interior of each polygonal cell, and
hence leads to solving a potentially much smaller linear system.

This is joint work with Hoang An Tran.

Mathematical models describing gene expression

Tatiana Filatova, University of Edinburgh
26 March 2021

Abstract

Mathematical modelling has been applied to biological systems for decades, and with respect
to gene expression, a number of studies has provided us with predictive models. The detailed
analysis of transcriptional networks holds a key for understanding central biological processes,
and interest in this field has exploded due to new experimental techniques. Different approaches:
experimental, mathematical, computational etc, have been used in studies of mRNA transcrip-
tion and protein translation steps. Stochastic and deterministic models have been used in order
to describe the time evolution of the numbers of mRNAs and proteins present in the system of
interest.

In this talk I will give a brief introduction into biological process of mRNA transcription,
major types of models of transcriptional networks, and the Chemical Master Equation (CME),
which mathematically describes stochastic models. An overview of how to solve CME will be
provided. Additionally, the question, ”how Singular Perturbation Theory (SPT) helps to solve
CME?”, will be answered.

In this talk I will present some results of my former project on gene expression, which is
based on a model of mRNA transcription initiation, elongation and degradation. Furthermore,
I will describe how this model was extended, based on observations of biological processes of
gene expression in Drosophila embryos.
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Various Oscillation Behaviors of a Temperature-dependent
Modified Hodgkin-Huxley Neural Model

Kanaan Mousaei, Iran University of Science and Technology
9 April, 2021

Abstract

Studying oscillatory behaviors of neurons is highly important, both in pacemaker and in non-
pacemaker neurons. Onset of oscillations in non-pacemaker neurons may lead to many disorders
in neurology, such as seizures in epilepsy, Parkinson diseases, and schizophrenia. Pacemaker
neurons are essential components of several mammalian’s neural networks, which allows these
networks to maintain different types of activities. Stability of oscillatory behavior in pacemaker
neurons is necessary for normal functionality of various organisms. The changes in oscillatory
activity of these neurons can also lead to pathological states associated with several neurological
diseases. How the oscillations stop in pacemaker neurons is the main goal of this study.

Temperature is known to be one of the affecting factors on neural oscillations and their be-
haviors. On the other hand, Hodgkin-Huxley model is a pioneering electrophysiology compatible
neural model, although the temperature dependency of it needs to be modified. Thus, in this
research we propose a temperature sensitive model based on HH model by adding temperature
dependency to ionic conductances and membrane capacitance along with gating variable of the
model.

Finally, the characteristics of oscillations by means of frequency, amplitude, and inter spike
intervals were analyzed for various temperatures.

Blowup analysis of ODEs with fold singularity

Panagiotis Kaklamanos, University of Edinburgh,
23 April 2021

Abstract

In previous sessions, we discussed the decomposition of the dynamics of slow-fast systems to
components evolving on different timescales based on Fenichel’s Theorems, an approach known
as geometric singular perturbation theory (GSPT). We identified as singular the sets of the phase
space where this theory does not apply, and we briefly discussed the geometric desingularisation
technique known as “blow-up”.

In this talk, we will make the idea of the blow-up technique for ODEs more precise, and
we will present the details associated with using directional charts instead of polar/spherical
coordinates for the case of the classical planar fold point. We will also show some examples of
how this technique has been used in applications.

Blowup analysis of PDEs with fold singularity

Thomas Zacharis, University of Edinburgh,
7 May 2021

Abstract

We extend the classical planar fold point blowup analysis to PDEs. We perform a blowup
analysis on the truncated Galerkin discretization and then pass to the limit to obtain infinite
dimensional invariant manifolds. The new difficulties that arise in this setting compared to the
planar case are highlighted.
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Regularisation of Isolated Codimension-2 Discontinuity Sets

Noah Cheesman, University of Bristol,
21 May 2021

Abstract

Work on piecewise-smooth (PWS) dynamical systems, with codimension-1 discontinuity sets,
relies on the Filippov framework. But this approach does not generalise to systems with higher
codimension discontinuities, such as spatial Coulomb friction. In this presentation, we study
systems with isolated codimension-2 discontinuity sets. We regularise the non-smooth system
and view it as the limit of a smooth one, using blowup to study the dynamics. We present
a framework for studying these problems, giving the local dynamics and generalising Filippov
sliding, crossing and sliding vector fields. This work, with a mathematically rigorous foundation,
expands upon the formal work of Antali & Stepan.

Wobbling to a halt: the dynamics of spinning disks

Ben Collins, University of Bristol,
4 June 2021

Abstract

I will give a talk in two parts. The first part will concern the dynamics of the rocking can
phenomenon. Take an empty can. Upon rocking, the can generically tilts downwards to the flat
and level state, misses, and then tilts back up again. However, the final state is not opposite
that of the initial state. The can has rotated through some angle. We study this problem using
a multiple time scales approach to make explicit the fast dynamics close to the flat and level
state.

The second part of the talk will concern the related problem of the halting of Euler’s disk.
Euler’s disk consists of a disk spinning on a horizontal plane. As energy is lost, the angle of
inclination decreases and the disk rattles to an abrupt halt. At the same time, the angular speed
increases towards a singularity. What causes this sudden halt? To understand this problem we
derive the equations of motion for candidate mechanisms and examine the behaviour of the disk
at small angles of inclination. We then compare these results with experiments.

A Geometric Singular Perturbation approach to epidemic
compartmental models

Mattia Sensi, Technical University of Delft,
18 June 2021

Abstract

We study fast-slow versions of the SIR, SIRS and SIRWS epidemiological models, and of the
SIRS epidemiological model on homogeneous graphs, obtained through the application of the
moment closure method. The multiple time scale behavior is introduced to account for large
differences between some of the rates of the epidemiological pathways. Our main purpose is
to show that the fast-slow models, even though in nonstandard form, can be studied by means
of Geometric Singular Perturbation Theory (GSPT). In particular, without using Lyapunov’s
method, we are able to not only analyze the stability of the endemic equilibria of the SIR and
SIRS models, but also to show that in the remaining models limit cycles arise. We show that
the proposed approach is particularly useful in more complicated (higher dimensional) models
such as the SIRWS model and the SIRS on homogeneous graphs, for which we provide a detailed
description of their dynamics by combining analytic and numerical techniques. In particular,
for the latter we show that the model can give rise to periodic solutions, differently from the
corresponding model based on homogeneous mixing.
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Geometric singular perturbation theory (quantum applications)

Hannah Riley, University of Edinburgh,
17 August 2021

Abstract

Geometric singular perturbation theory is a geometric approach to the more familiar singular
perturbation theory originally proposed by Neil Fenichel (1979), it applies to systems where
hyperbolicity is observed and allows us to define a critical manifold which perturbs smoothly for
a sufficiently small perturbation parameter. We utilise this technique to determine the dynamics
within an open quantum system, specifically, a 3D finite spherical quantum well defined by a
piecewise constant potential. Where hyperbolicity breaks down in the system, standard invariant
manifold techniques are no longer successful and we use a blow-up technique and regularisation
of a region of discontinuity in order to gain a full understanding of the behaviour of orbits within
the system.


