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SPRING MEETING
CONTRIBUTORS

Prof. Joanna Haigh
Imperial College London

Prof John Sweeney
National University of
Ireland, Maynooth

The science of climate change
Climate Change: where we are post
the IPCC report and COP24
The last year has seen a significant advance both in the
science of climate change and in the public awareness of
the need to urgently address it. From an Irish perspective
the increased tendencies for climate extremes has
been catalytic in sensitising the public regarding what
is coming down the climatic track. Despite the latest
update from the Intergovernmental Panel on Climate
Change in its report on the impact of warming of 1.5°C
over pre-industrial levels, elements of the global policy
community have failed to acknowledge the seriousness of
the situation. The Conference of the Parties 24th meeting
in Katowice did agree a rule book for implementation of
the Paris Agreement, but failed to show the increased
ambition necessary to avoid dangerous climate change.
Ireland remains one of Europe’s laggards. This talk will
examine where we are at as domestic and international
policy failures continue.

Bio
Emeritus Professor John Sweeney has been a member
of the Geography Department at Maynooth University
since 1978. He received his B.Sc. from the University of
Glasgow in 1974 and also his PhD in the Meteorology
and Climatology of Air Pollution from there in 1980.
Over the intervening 40 years John has taught courses
in climatology, biogeography, geomorphology and
environmental resource management at Maynooth
and a number of universities in North America and
Africa. He has published over 100 scientific papers and
authored/edited/co-authored 4 texts on various aspects
of climatology and climate change in Ireland. He has
served as President of the Irish Meteorological Society,
the Geographical Society of Ireland and An Taisce, the
National Trust for Ireland. He has been Editor, Treasurer,
Secretary of several national associations as well as
being the Irish representative on a number of European
academic bodies. He has been involved in a number of
international research projects and has led a number
of national funded research projects examining various
aspects of climate change in Ireland. Professor Sweeney
contributed to the reports of the Intergovernmental Panel
on Climate Change, which was awarded the Nobel Peace
Prize in 2007. He is also a regular contributor to print and
broadcast media on matters related to climate change
science and policy.
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The world is warming at a rate faster that has ever been
observed in the past. Overwhelmingly scientists are of
the opinion that this is largely due to the effect of gases
released into the atmosphere by human activities. How
can we be sure that this is the case? Does it matter?
What can we say about the future? This session will
look at the scientific evidence for climate change in
the context of natural variations and it will discuss
how increasing concentrations of “greenhouse gases”,
especially carbon dioxide, create an imbalance in the
Earth’s energy budget with impacts on temperature,
sea level and weather patterns. We will see how basic
physics can be used to construct the computer models
which are employed to investigate climate processes
and what increasing carbon dioxide may mean for the
future. We will go on to consider what needs to be done
to reduce the emissions of greenhouse gases in order
for the world to avoid dangerous levels of warming,
and where we are heading following the United Nations
climate change agreements.

Bio
Since May 2014 Joanna Haigh has been co-Director
of the Grantham Institute – Climate Change and the
Environment at Imperial College London. For five years prior
to that she was the Head of the Department of Physics
at Imperial. Joanna is also Professor of Atmospheric
Physics and has published widely in the area of radiative
transfer in the atmosphere, climate modelling and radiative
forcing of climate change. Her work on how changes in
solar activity influence the climate has been particularly
influential and supported by significant grants from the
European Commission and UK Research Councils. She has
contributed to the scientific community through membership
of panels for, among many others, the National Academies
of Science, the European Space Agency, Canada Excellence
Research Chairs, the Karlsruhe Institute of Technology,
the Cyprus Institute, the Royal Society and the National
Physical Laboratory. She is a Fellow of the Royal Society,
the Institute of Physics (IoP) and the City & Guilds
Institute and an Honorary Fellow of Somerville College,
Oxford and of the Royal Meteorological Society (RMetS)
of which she is also a past-President. She has been a
Lead Author for the UN Intergovernmental Panel on
Climate Change, and shares a Nobel Peace Prize with
several hundred others for that work. She has been
awarded the IoP Chree Medal and Prize, and the RMetS
Adrian Gill Prize, for her work on the interface between
atmospheric science and solar physics, and was
appointed CBE for her services to physics in 2013.

Dr Cormac
O’Raifeartaigh

Dr Bajram Zeqiri
NPL

Waterford Institute of
Technology

Climate science in the media –
a war on information?

The measure of all things: redefinition of the
kilogram, the kelvin, the ampere and the mole

It is now clear to the vast majority of scientists and
climate scientists worldwide that the phenomenon of
anthropogenic climate change poses a threat to humanity
that is both alarming and urgent. Yet media coverage
of the issue continues to range from the causal to the
sporadic, from the misinformed to the disingenuous.
Far from being portrayed as the story of our times,
climate change remains a niche issue in the world’s
media, often tackled by only the most progressive
outlets.

Measurement lies at the heart of all science and
engineering with progress in these disciplines often linked
to advances in the science of measurement (metrology).
If we cannot measure something then we cannot begin
to understand it or improve it. Better measurement
therefore leads to better understanding and control.
Measurement itself is the quantitative comparison of an
unknown quantity with a standard. In the International
System of Units – the ‘SI’ System – there are seven
standard quantities which are called ‘base units’: the
second, metre, kilogram, ampere, kelvin, candela and
mole. The perfection to which these definitions can be
made real represents a fundamental limit to achievable
measurement uncertainty. In order to remove these limits,
from May 2019 there will be subtle but profound changes
in the definitions of four of these base units – the
kilogram, ampere, kelvin and mole. This talk will explain
the rationale for the forthcoming changes and why, even
though you are unlikely to personally or professionally
notice any changes, you should be happy about them.

This seminar will ask what lies at the heart of the
poor coverage of climate science in the media. We
will consider issues such as the failure to consult with
experts, the common confusion of climate with weather,
and the portrayal of uncertainty in climate science. We
will also consider the influence of conservative politics
and vested interests on the issue and the rise of climate
change denial in social media. Finally, we will ask if a shift
in media coverage is occurring as the effects of climate
change are experienced in first-world countries for the
first time.

Bio
Cormac O’Raifeartaigh is a graduate of University
College Dublin (BSc Hon.) and Trinity College Dublin (PhD).
He currently lectures in physics at Waterford Institute of
Technology and is a Visiting Associate Professor at the
School of Physics at University College Dublin.
A solid-state physicist by training, Cormac is best
known for several original contributions to the study of
the history of 20th century physics. A former Research
Fellow at the Science, Technology and Society Program at
Harvard University, he is currently a Research Associate
at the Dublin Institute for Advanced Studies, a Fellow
of the Royal Astronomical Society and a Fellow of the
Institute of Physics.
Cormac is known to the public as the author of the
science blog Antimatter and a monthly science column
in The Irish Times. He is the youngest son of the late
Lochlainn O’Raifeartaigh, an Irish theoretician who is
considered one of the architects of the Standard Model
of particle physics.

Bio
Dr Bajram Zeqiri is an internationally recognised leader in
the field of ultrasound metrology; specifically supporting
its medical and industrial applications. He has been an
NPL Fellow since 2008, and his contribution to NPL’s
Science and Engineering has been underpinned by a
passion for Innovation, as evidenced by a number of
Patents. His scientific achievements span a broad range
of ultrasound metrology applications: development
of characterisation methods for material properties,
ultrasound power and pressure measurement techniques
and the development of standardised test methods for
physiotherapy ultrasound devices. Bajram is currently
Science Area Leader for the Ultrasound and Underwater
Acoustics Group. His research interests relate to the
establishment of measurement methods for acoustic
cavitation, novel acoustic material development, methods
of measuring ultrasound power and intensity and their
exploitation for phase-insensitive ultrasound computed
tomography. He is the author of almost 70 peer-reviewed
publications.
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Dr Elizabeth Mathews

Professor
Paul Hardaker

Dublin City University

FInstP, FRMetS, CMet

Tropical storms, hurricanes, or just a very windy
day?: Making environmental science accessible
through Irish Sign Language
There are approximately 5,000 people in Ireland
who use Irish Sign Language (ISL) as their first
language (Central Statistics Office, 2017). For those
Deaf and Hard of Hearing (DHH) people to be fully
engaged and scientifically informed, there must first
be an agreed lexicon in Irish Sign Language for STEM
terms. At present, this does not exist in Ireland. The
absence of agreed signs for technical STEM vocabulary
inhibits the teaching of STEM subjects at all levels of
education and presents difficulties for those working in
Sign Language interpreting. Recently, it has presented
particular difficulties in interpreting emergency weather
alerts where the distinction between ‘storm’ and
‘hurricane’ is a critical one. In this talk, I will outline
a project underway in Dublin City University to address
these issues by creating an open access online
glossary of STEM terms in Irish Sign Language.
In 2018, a short glossary of mathematics terms
was created and in 2019 a glossary of terms for
environmental science will be developed.

Bio
Dr Elizabeth Mathews is a lecturer with the School of
Inclusive and Special Education at Dublin City University
St. Patrick’s Campus, where she specialises in the area
of deaf education. She was funded by the Fulbright
Association to complete her MA in Deaf Education at
Gallaudet University, Washington DC, the only liberal arts
college for the Deaf in the world. She undertook her PhD
with Maynooth University (2011). Previously, she was
the coordinator of the Deaf Education Centre in Cabra,
Dublin. She sits on the Board of Management of Holy
Family School for the Deaf in Cabra and is a member
of the Education Partnership Group.
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How do we achieve a consensus for action
on climate change?
Discussion panel with speakers

Bio
Paul is Chief Executive of the Institute of Physics, the
UK and Ireland’s Professional and Learned Society for
Physics. Paul’s early research work focused on modelling
and instrument studies in radio propagation, working
with organisations such as British Telecom, the European
Space Agency and the Rutherford-Appleton Labs.
He spent 14 years at the Met Office in a variety of
roles including heading up an international consultancy
on hydrometeorology, and the Remote Sensing and
Observations Branches. He then became Programme
Director for the Met Office’s Development Programmes
and latterly the Met Office’s Chief Advisor to Government,
providing support to the Government in areas such
as climate change policy and the civil contingency
programme.
Before the Institute of Physics, Paul was the Chief
Executive of the Royal Meteorological Society. Whilst in
that role he was a member of the Board of the Society for
the Environment, the Science Steering Group for the UK’s
Joint Weather and Climate Research Programme, and the
Advisory Board for e-Research South.
Paul is currently the head of delegation for the UK and
Ireland to the International Union on Pure and Applied
Physics (IUPAP). He has also led the UK delegation to
several UN and EU technical committees on meteorology.

ROSSE MEDAL
The Institute of Physics in Ireland awards the Rosse Medal each year to the winner
of the postgraduate student physics communication competition. The medal commemorates
the 3rd Earl of Rosse (Sir William Parsons KP, FRS) and his contributions to science.
Postgraduate students are invited to submit posters communicating any research area
in physics to be considered for inclusion at the meeting. The posters should be prepared
for presentation and communication to a general physics audience.
This year the first round will be decided by a combination of popular opinion and judges’ choice.
You will find 5 stickers in your delegate bag, please use these to vote for your top 5 posters. In the
second round, 5 finalists will make a 5 minute presentation to the meeting with the award, chosen
by the judges, given during dinner.
The winner of the Rosse Medal will also be invited to go through to the finals of the 3 Minute
Wonder Competition to be held in London in May 2020.

ROSSE MEDAL ENTRANTS
List of students
Poster
Number

First Name

Surname

Main Author
Organisation

Title

1

Marlon

Brenes

Trinity College Dublin

Perfect conductance in strongly interacting
quantum chaotic systems

2

Daithí

Byrne

Maynooth University

The quasi-optical design of Pristine

3

Eileen

Courtney

TEMUL, University
of Limerick

Metal and 2D material interaction investigated
via HAADF STEM

4

Mark Hugh

Cunningham

Queens University
Belfast

High-quality Positron Beams from Laser-driven
Particle Accelerators

5

Friedrich

Dunne

Trinity College Dublin

Morse-Witten models of 3D foams

6

Luke

Guinane

University of Limerick

Integrated Passive Magnetics for Efficient
Energy Management in Industry 4.0

7

Tashfeen
muhammad

Hammad
ud din

National University
of Ireland

Aerosol Charge and Deposition Measurements
for Enhancing Indoor Radiation Dose Models

8

Michael

Hennessy

University of Limerick

Optoelectronis Tailoring Of 2D Materials
By Ultra Low Energy Ion Implantation

9

Jason

Howard

University College Dublin

An Investigation of Double Photoionization in
Benzene

10

Jason

Howard

University College Dublin

Development of a tunable water window soft
x-ray light source for photoelectron spectroscopy
and tomography.

11

Brianna

Hull

National University
of Ireland, Galway

Determining Exoplanet Detection Completeness
Using Numerical Simulations
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List of students

6

Poster
Number

First Name

Surname

Main Author
Organisation

Title

12

Ali

Irannezhad

Trinity College Dublin

Experimental studies of soap film lifetimes

13

David

Landers

University of Limerick

Feature Detection In Low Contrast TEM Images

14

Agata

Lynch

University of Limerick

Why not Physics? … Gender and Transitioning
from Junior Cycle to Senior Cycle

15

Gearóid

Mangan

Univeristy of Limerick

Application of Low-Dose Electron Diffraction
Tomography to solve Nano-sized Crystals

16

Sarah

Markham

Bernal Institute,
University of Limerick

Higher Contrast Endoscopic Ultrasound Imaging
for Biopsy: First Principle Modelling

17

Conor

McGeough

Dublin City University

Synthesis and characterisation of graphene
nanoribbons on Au(111)

18

Kalani

Moore

University of Limerick

Fourier masked imaging to reveal 1D charged
junctions in lead titanate

19

Eoin

Moynihan

University of Limerick

Measuring Thickness of Materials via Electron
Energy Loss Spectroscopy in a Transmission
Electron Microscope

20

Rachel

Murphy

University of Limerick

Magnetically Enhanced Mixing in Biodiesel
Formation Reaction

21

Maria

Rybalchenko

University of Limerick

Stabilization of the Electric Grid by
Electrochemical Processes through the
Utilization of Excess Energy

22

Kevin

Shortiss

University College Cork

Relaxation Oscillation Excitation and Harmonic
Frequency Locking in an Optically Injected Laser

23

Jens

Winkelmann

Trinity College Dublin

Columnar structures: Packing soft spheres
into cylinders

24

Fatemeh

Zahraei

University of Qom

Synthesis and Caracterization of Graphene/
Nickel Oxide Nanorods Composite

25

Cleo

Harvey

Dublin City University

Non-Equilibrium Atmospheric Pressure Plasma
for Reprocessing of CO2 for Renewable Energy
Storage
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POSTER ABSTRACTS

1

Perfect conductance in strongly interacting quantum chaotic systems
Marlon Brenes

Trinity College Dublin

In this work we show the existence of perfect conductance in a quantum system, even in the presence of
strong inter-particle interactions and equally strong perturbations that affect only a portion of the system
(local perturbations) at high temperatures.
The study of conductance properties in complex quantum chaotic systems is central in applications related to
quantum technologies and has received a renovated interest, in part due to recent advances in, e.g., quantum
computation and simulation, cold atom experiments and superconducting nanowires. These technologies
ultimately rely on the ability to communicate information using a quantum system as a working medium and
conductance studies are, therefore, crucial.
Chaos theory is considered one of the most important scientific revolutions of the last century. Its quantummechanical counterpart, so-called quantum chaos, is still a subject of heavy research worldwide and makes
important predictions about complex quantum systems. A hallmark of quantum chaotic systems is the emergence
of diffusion transport equations that dictate the dynamics of the system and, ultimately, its conductance properties.
Remarkably then, some complex quantum systems can show the emergence of classical dynamical laws, such as
Fick’s law for electrical conductance or Fourier’s law for heat conductance. Other classes of complex systems can
show anomalous versions of these laws, depending on the nature of the perturbations involved.
Using a combination of open quantum systems theory and state-of-the-art tensor network techniques, we report
how a complex quantum chaotic system can deviate from the previously described behaviour and exhibit the
properties attributed to perfect conductors. Such behaviour has, to the best our knowledge, never been reported
in the past. Furthermore, by means of a careful analysis we show how linear response theory leads to the
same conclusion. Our results further elucidate the behaviour of complex quantum systems and are immediately
relevant to recent experiments in cold atoms, trapped ions and emerging quantum technologies.

2

The quasi-optical design of Pristine
Daithí Byrne

Maynooth University

The main topic of this poster is the quasi-optical design of Pristine. The Polarized Radiation Interferometer
for Spectral disTortions and INflation Exploration (PRISTINE) is a space mission aimed at addressing two key
questions of cosmology in probing what has powered inflation and how did the Universe evolve after the Big
Bang. PRISTINE will map the Cosmic Microwave Background (CMB) anisotropies in temperature and polarisation,
hence allowing the measurement of the large scale polarisation patterns caused by relic gravitational waves
produced during inflation. Secondly, it will have the ability to measure the CMB spectrum
with two orders of magnitude improvement over the limits obtained with the famous first NASA CMB mission
COBE/FIRAS instrument in 1992. The PRISTINE instrument is a polarizing Four Transform Spectrometer (pFTS)
based on two focal planes, each including one multimode horn-coupled dual polarization bolometer, cooled down
to 100 mK. The optical inputs for the two arms of the pFTS are two co-aligned telescopes in adjacent doublebarrel baffles. Each telescope with a 36 cm primary mirror projects on the sky a top hat beam with an equivalent
Gaussian beam-width of 0.75°.
I am working on the optical design and the analysis of this complicated optical train. Physical Optics will be used
in a commercial software package called GRASP10.5 which is a CAD program specifically designed for optical
analysis of general antennas and antenna farms. It makes use of object orientated programming technologies,
which allows for flexibility of system elements such as feeds and geometric surfaces, which are described as
objects of different class types.
GRASP10.5 predicts the electromagnetic radiation patterns of reflector telescopes by calculating the field from a
source point such as a horn, then propagates this through an optical system to a detection cut in the near field or
far field of the telescope. By using PO(Physical Optics) and PTD(Physical Theory of Diffraction), a full examination
of optical systems, such as PRISTINE, can be achieved.
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A complete optical model of the 5 elliptical mirrors (38.5mm X 38.5 mm) FTS (Fourier Transform Spectrograph)
and two mirror telescope(Primary 225mm X 225mm, Secondary 38.5mm X 38.5 mm) is currently been
undertaken to test the diffraction patterns, aberrations and in particular the distortion caused by the off-axis
secondary mirror.
Focusing on the main telescope for Pristine, several designs will be implemented and analysed to minimise
coma and astigmatism caused due to the off-axis configuration of the secondary and primary mirrors. These
aberrations can be eliminated by tilting the secondary mirror axis, and by changing the secondary and primary
to elliptical mirrors with different conical constants. A classic Gregorian will be the base design, which will be
compared to an aplanatic Gregorian and Dragone design for the purpose of this analysis.

3

Metal and 2D material interaction investigated via HAADF STEM
Eileen Courtney

TEMUL, University of Limerick

Since the discovery of graphene in 2004[1], there has been a surge of interest in two-dimensional (2D)
materials research mainly due to the vast potential nano-electronic applications.[2,3] Their unusual physical
phases result in their exotic electronic and opto-electronic properties.[4] More specifically 2D transition metal
dichalcogenides (TMDCs) have recently garnered interest when it comes to electronics research, due to their
varied electronic states and direct bandgap.[5,6] The ability to tune the bandgap allows for novel opto-electronic
device applications[7,8]. Simulation studies have shown that different TMDC species could be perfect materials
for a plethora of applications, from gas sensors[9], transistors[10], and energy cells[11].
The next challenge in these applications being realised is finding experimentally stable electrical contacting
solution. DFT calculations and theoretical studies from multiple sources have suggested various metals that
might form favourable contacts with TMDCs [12]. Researchers have used AFM and Raman spectroscopy to
characterize metals when grown or transferred to thin films[13].
However, there is sparse experimental evidence of the detailed interaction, i.e., on the atomic level. It is essential
to study this contact//2D interaction at the atomic scale as the 2Ds are only a few atoms thick themselves. The
unique dimensional issue of atomically thin 2D based devices makes it essential to characterise the contacts at
the atomic scale to understand the need to understand the fundamental physics hindering contact optimisation.
However, unless we find a stable electrical contacting solution, use of these 2Ds by the electronics industry
will be unattainable. DFT calculations and theoretical studies from multiple sources have suggested various
metals that might form favourable contacts with TMDCs [12]. Researchers have used AFM and Raman
spectroscopy to characterize metals when grown or transferred to thin films[13]. However, there is sparse
experimental evidence of the detailed interaction, i.e., on the atomic level.
We investigated distribution and characteristics of palladium on physically exfoliated 2D transition metal
dichalcogenides (MoS2, WS2, and WSe2), where the metal was introduced via e-beam deposition. Sputtering of
angstrom quantities of metals on the flakes allowed for interaction of the metal and TMDC to be investigated on
the Å scale in an aberration-corrected transmission electron microscope. We compared this experimental data
to simulated HAADF images, to confirm and better understand the metal-2D interaction and interfacing.

References
[1] Novoselov, K. S. et al. Science 306, 666–669 (2004).
[2] Kepaptsoglou, D. et al. ACS Nano 151008021108008 (2015).
[3] Dean, C. R. et al. Nat. Nanotechnol. 5, 722–6 (2010).
[4] Wang, Q. H. et. al. Nat. Nanotechnol. 7, 699–712 (2012).
[5] Mak, K. F. et. al. Phys Rev Lett. 105136805 (2010)
[6] Laturia, A. et. al. npj 2D Mater. Appl. 2, 6 (2018).
[7] Bangert, U. et al. Ultramicroscopy 176, 31–36 (2017).
[8] Lu, N. et al. (2013). doi:10.1039/c3nr06072a
[9] Yang, W. et. al. Inorg. Chem. Front. 3, 433–451 (2016).
[10] Radisavljevic, B. et. al. Nat. Nanotechnol. 6, 147–50 (2011).
[11] Pumera, M. et. al. J. Mater. Chem. A 2, 8981–8987 (2014).‑
[12] Kang, J. et. al. International Electron Devices Meeting 17.4.1-17.4.4 (IEEE, 2012).
[13] Cho, S. et al. Science 349, 625–8 (2015).
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High-quality Positron Beams from Laser-driven Particle Accelerators
Mark Hugh Cunningham

Queens University Belfast

An experiment was carried out using TARANIS laser to generate relativistic short duration positron beams. By
firing an intense (2 x1019 Wcm-2) laser with energy of 9.5 ±0.4 J, and a pulse duration of 750 ±100 fs at a
1mm thick Tantalum target, positrons are measured with characteristic of te+~ps, Ne+~ 3.2619 × 107 selected
over a divergence of qe+~ 0.013rad. Using the nuclear physics Monte Carlo code FLUKA to simulate the
same environment, a match with the experimental data was found. By taking the full angle of divergence qe+~
0.4rad, we can estimate a value of Ne+~ 3.09 × 1010 (E>0.65 MeV). These positron beams have the potential
application to be used for Positron Annihilation Lifetime Spectroscopy (PALS) to probe materials impurities at an
atomic level which has recently been identified as one of the main applications for EuPRAXIA, an EU funded 5GeV
electron beam accelerator.

5

Morse-Witten models of 3D foams
Friedrich Dunne

Trinity College Dublin

Foams occur both naturally and in many applications, for example sea foam, cappuccino foam, and fire fighting
foam. Foams liquid fractions less than 5% (dry foams), where bubbles take on polyhedral shapes, have been
well understood since the late 20th century. However, foams with high liquid fraction (wet foams) pose new
challenges. Currently wet foams are modelled either using the soft sphere model or the Surface Evolver.
The soft sphere model allows bubbles to overlap in order to model the deformation of contacting bubbles.
This approximation does not conserve bubble volume, while in physical systems, bubbles are practically
incompressible.
The Surface Evolver numerically minimises the surface energy of bubble configurations. However, it is very
slow for large disordered systems.
An analytic theory was developed by Morse and Witten in 1993, describing bubble interactions which has only
now been made more accessible [1, 2, 3]. Based on this, we have simulated disordered foams in two dimensions,
and now address ordered three dimensional foam structures. In particular, we are investigating the difference in
energy between the face centred cubic (FCC) structure and the hexagonally close packed (HCP) structure.

References
[1] DC Morse and TA Witten. “Droplet Elasticity in Weakly Compressed Emulsions”. In: EPL (Europhysics Letters) 22.7 (1993), pp. 549–555.
[2] R. Höhler and D. Weaire. “Can liquid foams and emulsions be modeled as packings of soft elastic particles?” In: Advances in Colloid and
Interface Science (2018).
[3] D. Weaire, R. Höhler, and S. Hutzler. “Bubble-bubble interactions in a 2d foam, close to the wet limit”. In: Advances in Colloid and
Interface Science 247 (2017), pp. 491–495. ISSN: 0001-8686.
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This work was supported by Science Foundation Ireland (SFI) under grant number 13/IA/1926.
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Integrated Passive Magnetics for Efficient Energy Management
in Industry 4.0
Luke Guinane

University of Limerick

Industry 4.0 is driven by emerging technologies and concepts such as Big Data, Smart Factories, Cyber-PhysicalSystems and the Internet-of-Things. These concepts combined are used for real-time data acquisition, storage
and analysis, communication and adaptation to deliver smart and energy efficient products and services.
However, the technologies behind these concepts are power hungry and need extensive power management and
conversion. Billions of portable electronics will be implemented in Industry 4.0. These products will require high
efficiency, low loss, integrated power converters to increase their functionality whilst prolonging the lifetime of
their batteries.
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Traditional power converters consist of an integrated circuit which is wire bonded to discrete sized passive
components such as inductors, transformers, capacitors and resistors. These passive components are the
largest and most expensive products in the power converter. Industry 4.0 products are highly functional and
require several power converters to efficiently deliver power to different loads. As a result, power converters
will consume a large percentage of space on a circuit board in the product. Additionally, many of these
applications require electrical isolation in different forms such as protecting operators, processors and other
circuit components from high voltages, while also reducing electronic noise and communication. A fully integrated
signal and power isolation product benefits systems by reducing the board space consumed, ease of integration
and simplified designs. Isolation can be provided in several different ways. A transformer is one of the most
explored methods of power transfer.
Inductors and transformers are passive magnetic components. In a power converter they are used to store
and transfer energy through magnetic fields respectively. Their ability to store and transfer energy depends on
their inductance. Inductance is proportional to physical size and materials properties. The required value of
inductance for a converter is reduced by increasing the frequency of operation. The development of wideband
gap semiconductors are increasing the frequency of operation of converters, thus reducing the size of passive
components. Introduction of soft magnetic materials further reduces the size of the device. Their required
properties are large saturation magnetisation, magnetic anisotropy, permeability, frequency response, electrical
resistivity and low coercivity. The properties of these materials are dependent on their composition, structure
and processing methods.
There are several challenges associated with the development of integrated passive magnetics. This includes
the fabrication and design complexity as well as power loss being dependent on the frequency of operation.
The resulting integrated passive magnetics are much less efficient than their discrete sized counterparts.
To reduce losses, a fundamental understanding of the material physics and electromagnetic design is
required in conjunction with the constraints present in existing manufacturing capabilities. The optimization
of electromagnetic design, material engineering and processing techniques are the basis to deliver efficient
integrated passive magnetics for Industry 4.0.
This poster aims to educate a general physics audience on the need for fully integrated power converters and
how miniaturised passive magnetic components enables this technology. Emphasis is placed on soft magnetic
materials and component designs which links to power loss.

7

Aerosol Charge and Deposition Measurements for Enhancing Indoor
Radiation Dose Models
Tashfeen muhammad Hammad ud din

National University of Ireland, Galway

Introduction
Nuclear accidents play an important role in exposure of humans to radioactive aerosols and exposure to
radiation has shown adverse impacts on human health It is important to understand the behaviour of radioactive
aerosols indoors to better predict human exposure and plan safety measures accordingly. However, in radioactive
aerosol transport modelling for the indoor environment, the self-charging effect of radioactive aerosols, which
distinguishes them from other aerosols displaying a Boltzmann’s equilibrium charge distribution, has largely
been neglected. It is commonly known that electrostatic interactions play an important role in the deposition
of aerosols. The measurement of deposition and charge characteristics of the laboratory-generated aerosol is
described in the next section.
Methodology
Three separate monodisperse Polystyrene Latex Particles (PSL) particle distributions, with respective mean
aerodynamic diameters of 0.5 μm, 1.0 μm and 2.0 μm were used for this study; particles were suspended in
water and were injected into a test chamber using a nebuliser with an air pressure of 8 l min-1. For these tests,
an airtight aluminium test chamber (1.4 m x 1.4 m x 1.0 m) was used; the chamber contained an electric fan to
promote thorough aerosol mixing.
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An Aerodynamic Particle Sizer (APS) and an Electrical Low-Pressure Impactor (ELPI) were placed inside the
chamber. The APS measured the decay rate of the particles injected and ELPI was used to measure the
mean aerosol charge on the aerosol, using an “on/off” procedure for corona operation. 30-minute tests were
conducted with the ELPI to find the mean charge, alongside a 1-hour measurement of aerosol concentration
decay rate to find the deposition velocity.
Deposition velocities for 0.5 μm, 1.0 μm and 2.0 μm were 9.22E-05 (± 2.16E-06), 8.87E-05 (± 2.30E-06) and
1.48E-04 (± 1.23E-05) respectively, where as the mean charges were 11.77 (± 3.79), 43.87 (± 6.08) and
106.26 (± 8.66) respectively.
It can be seen that the mean aerosol charge increased with increasing particle size; this pattern, and also
the magnitude of the charges observed, was consistent with other studies. Calculated deposition velocities are
comparable to other studies, and the anomalous pattern of deposition velocity variation is attributed to the fact
that the data are not yet adjusted for vertical/horizontal surface deposition.
The reported work is part of a larger project where a more extensive deposition velocity database will be created
by varying the roughness of the chamber surfaces and the magnitude and polarity of the particle charge. These
values will then be utilised to parameterise the IAPPEM model for scenarios relevant to the ingression of
radioactive aerosols and their behaviour indoors.

8

Optoelectronis Tailoring Of 2D Materials By Ultra Low Energy
Ion Implantation
Michael Hennessy

University of Limerick

Monolayer thick transition metal dichalcogenides (TMDs) with the chemical formula MX2 (M=Mo, W; X=S,
Se), constitute a new class of direct bandgap semiconductors. Their remarkable physical properties resulting
from their two dimensional (2D) geometry and lattice symmetry make them an exciting platform for developing
photonic devices with new functionalities [1]. In order to make such devices a reality, methods of material
modification for these materials, such as ultra-low energy (10-25 eV) ion implantation, must be developed [2,3].
In this poster, we show results of ultra-low energy (10-25 eV) ion implantation of phosphorus into monolayer
MoSe2. Atomic resolution HAADF STEM, together with core-loss EELS analysis, is used to identify individual
dopant atoms and examine the atomic structure of the defects and dopants in the monolayers. Raman
spectroscopy is also employed to analyse the suitability of MoSe2 for electronic tailoring via ion implantation.
The latter allows for highly pure and selective substitutional incorporation of dopants [4], and is used here
to create p-type doping of monolayer MoSe2.
Monolayer TMDs can be easily incorporated into electrically driven devices, which in turn can be coupled to
optical microcavities or photonic circuits [5]. This work constitutes a proof-of-principle study to incorporate
implanted TMDs into non-classical single photon emitting diodes [6]. Physical and electrostatic masking is
used to selectively implant dopants and create quantum dots.
The authors gratefully acknowledge funding from Volkswagenstiftung.
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An Investigation of Double Photoionization in Benzene
Jason Howard

University College Dublin

An aromatic hydrocarbon is a molecule with a planar arrangement of hydrocarbons where the π molecular orbitals
overlap and the electrons are completely delocalised. Benzene being a prime example. Larger aromatic molecules
e.g. anthracene, pyrene, can be thought of as multiple fused benzene rings. Aromatic hydrocarbons have shown
some interesting properties. They been known to exhibit superconductivity at high temperatures [1] and have
excellent thermal properties. Hydrocarbons play a central role in biological process, astronomical process and
combustion and thus are interesting candidates for investigation.
This cross-beam experiment was completed on the GasPhase Beamline at Elettra. The liquid Benzene was
freeze-pump-thawed to remove gases. The sample was heated. The sample gas pressure was on the order
of 10-6 mbar. A VASGM (Variable Angle Spherical Grating Monochromator) allowed energy tuning from 2 to
1000eV with an extremely fine resolution (E/ΔE >= 10000). The linearly polarised beam delivered a small spot
to the interaction region (200 μm x 200 μm) with a very small angular divergence of <3mrad [2]. Two banks of
hemispherical electron energy analysers, separated by 30 degrees, which were independently rotatable (1 bank
fixed) were used to detect electron coincidences from the DPI interaction.
At a resonance photon energy, it has been proposed [3] that, Benzene allows the formation of a two-electron
pseudo-particle, which has been likened to a ‘Cooper pair’. This is only possible where the C-C distance matches
the de Broglie wavelength. When the electron pair leaves the molecule, it breaks up and the electrons are emitted
back to back. Previous results [4] have shown small enhancements in the single electron photoelectron spectra
at angles of 70 and 138 degrees [4]. However, other researchers have measurements that do not point to the
formation of a pseudo-particle [5] and the mechanism responsible for the enhancement is an open question.
The present results, which are differential in angle and energy for each of the two electrons, consequently
provide new information on the mechanism [5].
These results can help lead to better understand the mechanisms in organic superconductors for the
development of organic electronics. It has also been noted before [6] that low energy secondary electrons are
the main cause radiation damage in biomolecules. There is a close structural proximity of Benzene and Uracil.
Due to the production of multiple low energy electrons in the DPI process, independent of the ionising energy,
this may be important process in DNA damage in biomolecules.
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Development of a tunable water window soft x-ray light source for
photoelectron spectroscopy and tomography
Jason Howard

University College Dublin

Currently all operational soft x-ray microscopes are based at synchrotron facilities with typical availability of
around 60% [1]. Beamlines have become crowded which limits available experiment time and access. Using the
patented technology developed at University College Dublin physics, this project will develop a soft x-ray with
sufficient spectral brightness to produce a soft x-ray tomograph in under 1 hour. The development will also focus
on source repeatability and real-time source diagnostics to enable reliable soft x-ray tomography.
High repetition rate and high peak power lasers have been used to drive laser produced plasmas (LPP’s) in the
semiconductor industry. CO2 lasers have been able to achieve 4-6% conversion efficiency (CE) at 13.5nm with
Sn targets [2]. A similar LPP technique is used here to produce a broadband wavelength source in the water
window region with a solid metal target. A large laser illumination numerical aperture (NA) allow very small
plasmas (<10um) to be created. Plasma facing self-cleaning optics allow close position to the source facilitating
smaller, more affordable optics.
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To obtain a tuneable monoenergetic source a monochromation mechanism is needed. We will use a condenser
zone plate to achieve a spectral resolution of ~1000. The pinhole and condenser optic will be moveable to
wavelength select the photons. The system will have ~0.13nm/mm movement of the pinhole. The wavelength
and intensity will depend on the plasma emission, dependent on plasma temperature, and the target material.
The target of the source can be easily changed to provide more intense peaks at shifted wavelengths.
Soft x-ray light sources cause damage to biological materials. This is due to the efficient absorption of C, N, O
(high cross-section for absorbance of 1s shells) in biological samples. The efficient absorption at these edges
also provides natural contrast for imaging in soft x-ray microscopes. We will demonstrate that soft x-ray imaging
is possible for hydrated whole cells up to a thickness of 15um with a resolution greater than 40nm3.
We will also use the source to perform Photo Double Ionisation (PDI) coincidence measurements to study
electron correlation as a function of impact energy on Benzene (C6H6). Benzene is an aromatic hydrocarbon,
which have been known to exhibit superconductivity at high temperatures [3]. Hydrocarbons play a central role in
biological process, astronomical process and combustion and thus are interesting candidates for investigation.
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Determining Exoplanet Detection Completeness Using
Numerical Simulations
Brianna Hull

National University of Ireland, Galway

At the moment more than 3900 exoplanets have been detected and confirmed. However, most of these
detections were done indirectly e.g. detecting dips in light-curves due to exoplanet transits. Detecting exoplanets
in images could give more information about the planets but is extremely challenging due to the extreme
brightness ratio between the star and planet and their apparent proximity to each other. We have developed a
software tool to simulate images from coronographic exoplanet imaging instruments – these use a mask to try
to block the light from the parent star. Aberrations in the imaging system inevitably cause residual speckles or
false bright spots in the images, which can be easily confused with exoplanets. We will use this simulation to
investigate the completeness of exoplanet detection algorithms. We will generate many random model planetary
systems with different numbers of planets, brightness ratios and separations. The simulation will generate
coronographic images of these systems and we will determine how many of the planets we can detect, as well
as how many false detections will be made. The detection algorithm corresponds to cross-correlating the images
with a model Point Spread Function (PSF) created from a known simulated exoplanet, and searching for peaks
in the cross-correlation. A threshold will be applied, and the number of true and false detections studied as a
function of the threshold value. The simulation is written in the Yorick programming language, and the analysis
carried out in the open-source Python programming language.
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Experimental studies of soap film lifetimes
Ali Irannezhad

Trinity College Dublin

Recently it has been demonstrated that collections of soap films, contained in cylinders, may be used as model
systems for the study of failure or aging. The experiments showed that the failure rate of such films displays
the characteristic bath-tub curve found not only for many technical devices, but also in the statistics of human
mortality; an initially high failure rate (“”infant mortality””) decreases to a minimum, only to rise again with time
(called wear-out phase for technical devices).
Here we present a number of test studies aimed to determine the parameters which control the life-time of thin
surfactant films. This is required to further explore the use of such films as an easily experimentally accessible
model system for aging.
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Feature Detection In Low Contrast TEM Images
David Landers

University of Limerick

We present an algorithm which detects and measures low contrast/low signal to noise ratio (SNR) objects within
images, with a particular emphasis on detecting features which would be typical of those found in soft matter
and biological Transmission Electron Microscope (TEM) images, especially in the presence of negative staining,
which produces an uneven background structure. In this class of image, common feature detection methods are
often unsuccessful in separating the desired features from the background noise mainly due to the low contrast.
The algorithm presented attempts to overcome the issues of feature detection in low contrast images using a
combination of Scharr edge detection [1] and thresholding to select the features of interest in a simulated image.
A particular challenge is to determine automatically if the detected feature is a whole object, or a subset of the
feature of interest. We use statistics from selected features such as the angle of orientation to determine if
a complete object is detected, and we combine this with a comparison between the features of neighbouring
segments to increase the detection rate. This algorithm can detect objects in an image where a small but finite
local intensity difference exists between the region of interest and the background. It also selects objects even
if the difference in average intensity between the features and the background is insignificant. The proposed
algorithm removes the need for manual selection and measurement of low contrast particles in this class of
images, which is a time-consuming and challenging task. After object selection, desirable measurements of
specific sub-features such as the length of a segment and width of the object can be obtained.
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Why not Physics? … Gender and Transitioning from Junior Cycle
to Senior Cycle
Agata Lynch

University of Limerick

Physics is central to our society” is the motto of the Institute of Physics in Ireland (Institute of Physics in Ireland,
nd). Despite the centrality STEM subjects in the economy (CEBR 2017) and incentives tailored to increase STEM
graduate numbers, the uptake of physics in the Leaving Certificate is the lowest across all the science subjects,
e.g. for the 2017 Leaving Certificate 14.7% of students sat physics while 18.0% and 62.7% sat chemistry and
biology, respectively. Physics remains distinctly male-dominated, i.e. while respectively 54.8% and 59.3% of
chemistry and biology senior cycle students were girls in 2017, only 27.6% of physics students were female
(CSO nd.).
Such a trend is typical in countries referred to as “western industrialised” (Baram-Tsabari and Yarden, 2008;
Matthews, 2007). International research has analysed multiple factors contributing to pupils’ choices of subjects.
There are studies examining the role of pupil-related (i.e. individual) and home factors, the school context (which
includes elements such as the syllabus, the pedagogy, the school organisation and subject provision) and those
investigating the costs of “doing physics”: emotional as well as strictly mercantile (does it pay-off to study
physics?).
However, such gender disparities are not typical throughout the world. For example, in Iran (where 56% and
57% of high-school physics and BSc graduates in 2000 were female: Irajizad et al., 2015) and Albania (where the
average number of girls in first-year undergraduate physics from 2011-2014 was about 50%: Deda et al., 2015)
girls outnumber boys, at secondary and tertiary (i.e. BSc) level education. So why in Ireland is the uptake of
physics so low and why do so few girls choose physics for the senior cycle?
This poster will outline my proposed PhD research structure/question and my related initial findings from the
review of literature. My project uses the sociological perspective to clarify the relative influence and potential
interconnections between macro-, meso- and micro- level variables which influence students’ choices for Leaving
Certificate Science subjects. It has a particular focus on understanding the gender disparity in the uptake
of physics in the Irish context. The role of cultural norms, school-level factors and individual decision-making
processes in the context of specific families will be addressed.
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Application of Low-Dose Electron Diffraction Tomography to solve
Nano-sized Crystals
Gearóid Mangan

University of Limerick

Many advances in modern crystal engineering strongly rely on our ability to solve molecular solid-state structures.
These crystal structures compose many products we use in our daily lives – from the semiconductors in our
phones and computers; to the alloys in our plane wings [1]; to the chemicals that compose our pharmaceutical
drugs; and to the removal of CO2 from our atmosphere [2]. A crystal can have several different polymorphs,
which means that the crystal can exist in more than one form with different cell parameters and space-groups.
Polymorphism can arise from a difference in crystal packing of the molecules having a different conformation.
These polymorphs can have different physical properties, and so understanding the structure and function of
crystals is critical to developing products with improved designs. [3] [4]
The observation and structure-solution of materials can be achieved using x-ray diffraction from crystals. Single
molecule diffraction produces a weak signal; therefore crystals are used to magnify the signal. For x-rays, this
requires the synthesis of large crystals, which is not always achievable. [5] A contemporary solution to this is
to use low-dose electron diffraction tomography (EDT) to collect data from sub-micron sized crystals. For this
technique, the crystal rotates at a constant speed while being illuminated with a low flux electron beam in the
transmission electron microscope (TEM), and the detector continuously records the diffraction patterns produced
by this crystal-beam interaction. Specialised suites of crystallography software can process the diffraction
patterns to solve the structure of the crystal. [6] [7]
Here we will present the data collection and structure-solution of electron beam-sensitive materials, grown in
magnetic fields, at the University of Bristol, UK. The application of magnetic fields during crystal growth results
in the crystallisation of new polymorphs, with new properties [8]. We collected the data using the low-dose EDT
technique on a Thermo Scientific Titan Themis TEM and a Gatan OneView direct detector, at the University of
Limerick, Ireland.
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Higher Contrast Endoscopic Ultrasound Imaging for Biopsy:
First Principle Modelling
Sarah Markham

Bernal Institute, University of Limerick

Background and Aims
The ultrasonic visibility of a biopsy needle tip is of critical importance for the success and safety of endoscopic
ultrasound (EUS) guided fine needle aspiration (FNA) procedures in gastrointestinal (GI) tract and other anatomical
sites. The aim of this study was to design a surface topology, in silico, which enhances the ultrasound visibility
of a needle by controlling and optimising the direction of the reflections.
Methods
Design of textured needle is developed in silico, using a numerical solution to the time-independent ultrasound
(US) wave equation. Topographical enhancements to needle surface redirect scattered waves back to the
transducer to enhance needle visibility, or “echogenicity”.
Results
Control of backscattering direction via topographical enhancements achieved. Echogenicity enhancement
demonstrated across insonification angles of 30°to 90° on full length scale of biopsy needles used in practice.
By applying a textured surface across the full length of the needle surface, the signal being returned to the
transducer can be tripled from that of a constant dimple echogenic surface, and seven times that of an
untextured flat surface.
Conclusions
My first principle model provides a quantitative insight to echogenicity and its enhancement. The model is
robust and rugged allowing in silico design of needles for USG-FNA and biopsy with enhanced echogenicity
and consequent improvement in visibility, including but not limited to needle tip area.
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Synthesis and characterisation of graphene nanoribbons on Au(111)
Conor McGeough

Dublin City University

Graphene nanoribbons(GNRs) are an interesting class of graphene based materials due to the the tunable
bandgap of the nanonribbon. Using bottom-up techniques, GNRs 7 carbon atoms wide with armchair edges
(7-AGNR) are grown on Au(111) through polymerisation and dehydrogenation processes following co-deposition of
DBBA with 3,4,9,10-perylene-3,4,9,10-tetracarboxylic-dianhydride (PTCDA). The bi-molecular system shows mixed
phase domains are present which are shown to affect the length, density and orientation of the GNRs. Imaging
and characterisation were carried out using scanning tunnelling microscopy and x-ray photoelectric spectroscopy.
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Fourier masked imaging to reveal 1D charged junctions in lead titanate
Kalani Moore

University of Limerick

Co-Authors: Moore1, U. Bangert1, M. Conroy1, E. O’Connell1 and J.M. Gregg2
1 Department of Physics, University of Limerick, Limerick, Ireland
2 Centre for Nanostructured Media, Institute of Physics, Queen’s University Belfast, Northern Ireland, UK

Multiferroic materials and especially the domain walls (DWs) within them have attracted strong interest
in recent years as they offer 2D moveable and controllable features with tunable properties. Charged and
conducting DWs in particular are rich areas in exploring fundamental physics of many materials[1], [2]. One
widely explored and utilised class of these are ferroelectric perovskites. Lead titanate, PbTiO3 is of this family
but is traditionally challenging to produce in its pure form owing to the large c/a ratio producing significant
stress in any crystal grown[3].
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Here single the multi domain state of crystal lead titanate (PTO) is characterised using high resolution
transmission electron microscopy (HR-TEM). Lamallae were ion sliced from different areas of the crystal and
the different domain orientations were rapidly mapping using a technique of fourier masking to determine the
polarisation axes.
Following this, interesting regions were identified and investigated on the atomic scale using scanning
transmission electron microscopy (STEM), electron energy loss spectroscopy (EELS) and geometric phase
analysis (GPA). The results lead to valuable conclusions and insights crucial for further characterising small
atomic shift near DWs with HR-TEM.
The domain mapping revealed that 1D junctions exhibiting higher contrast in STEM were indeed charged while
EELS results showed that standard a1-a2 type DWS showed no elemental change suggesting vacancies or
interstitials. The energetics behind the formation of the charged junctions are discussed, the influence of
flexoelectricity is introduced with effects on the wider domain structure demonstrated[4].
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Measuring Thickness of Materials via Electron Energy Loss Spectroscopy
in a Transmission Electron Microscope
Eoin Moynihan

University of Limerick

For many materials transmission electron microscopy(TEM) is a useful technique for observing the microstructure
at up to an Angstrom scale resolution. However one major downside of TEM imaging is the lack of resolution
in the out of plane direction. As a result it is difficult to get a quantitative value for the thickness of a material
without resorting to complicated techniques such as reconstructing 3D models from tomography series. Electron
Energy Loss Spectroscopy (EELS) allows for a simpler method of determining the thickness of nanomaterials
in a TEM.
The overall technique is simple and relies on the Beer-Lambert Law to acquire a relative thickness measured
by the mean free path length of an electron transmitting through that particular material. [1] For absolute
measurements of thickness then there are different models that calculate the mean free path length based
off of, atomic (Z) number [2], density [3], or a free electron approximation [1].
This poster discusses the accuracy of EELS thickness measurements using different models for calculating
mean free path length. The overall goal of the work is to apply accurate EELS thickness measurements to a
liquid cell in-situ TEM holder. These in-situ holders allow liquids to be measured inside a TEM by encapsulating
the materials in thin SixNy membranes. However, these thin membranes bulge due to the difference in pressure
between the encapsulated liquid and the vacuum in the TEM. As a result, EELS thickness measurements can be
used to characterise the bulging in this membranes. [4] Understanding the ways that these membranes bulge
inside the TEM during experiments is vital in planning experiments and understanding the contrast mechanisms
in TEM images.
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Magnetically Enhanced Mixing in Biodiesel Formation Reaction
Rachel Murphy

University of Limerick

New experimental biodiesel reactors are in development for obtaining yields over 96.5% (EN 14214) as part of
a search for an overall process with zero carbon dioxide emission from crops to combustion. Here, a reactor
operating by the use of semi-discontinuous magnetic fields drives magnetic elements. The average translational
velocity of a single magnetic element was measured as a function of RMS magnetic field strength and number
of mixing elements for up to 4 elements. It was found that average velocity increased as the number of mixing
elements increased. Energy dissipation occurs in this reactor due to magnetic element collisions or frictional
forces, both dependent on pin velocity. However, for large numbers of magnetic elements, it was found that
energy dissipation per pin decreases with increasing number of elements. These results suggest the existence
of a critical number of pins which corresponds to maximum velocity per pin. Biodiesel yield may be used as a
probe to find this critical number and evaluate its importance to biodiesel conversion in the experimental reactor.
Therefore, yield is correlated with energy dissipation with respect to the number of mixing elements.
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Stabilization of the Electric Grid by Electrochemical Processes through
the Utilization of Excess Energy
Maria Rybalchenko

University of Limerick

This poster will present an outline of my project and some of initial findings from reviewing the literature in this
field. Providing and obtaining green renewable energy is an aim many countries in the world have, especially
Ireland. With ambitious 2020 goals set in mind, Ireland hopes to upgrade and progress their work in wind energy
and its connection to the electric grid. There is considerable research required into significant grid-scale storage,
load levelling and stabilisation of the grid because of the increased demand for electricity at peak times and
the increased instantaneous penetration of the grid by nonsynchronous sources. This project aims to show the
potential of electrochemical processes for the stabilisation of the electricity grid through the utilization of excess
energy. The project will incorporate both experimental and numerical models so as to determine how the grid,
wind energy and specific electrochemical process would interact.
This technology will stabilize the intermittent output of renewable generators and provide a substitute for the
inertia provided to the grid by traditional generators. The inertia is the stored kinetic energy of the turbines and
it provides an energy buffer in times of high system demand or low generation. This inertia gives the electricity
grid an inherent stability, allowing the transmission system operator (TSO) ample time to respond to unexpected
changes in generation. However, renewable generators do not provide such inertia and so use of synchronous
condensers and electrochemical batteries would be used to stabilize the grid. The research will involve identifying
and experimentally demonstrating the most effective electrochemical processes for optimum grid stabilisation
and utilization of excess energy. The research will also model and experimentally demonstrate (hopefully)
the operation of a hybrid system between the wind turbine mechanical model and electrochemical cell model
(Vanadium Flow Battery).
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Relaxation Oscillation Excitation and Harmonic Frequency Locking
in an Optically Injected Laser
Kevin Shortiss

University College Cork

The importance of optical frequency combs has come to the forefront in the last two decades. Due to their high
precision, optical frequency combs have been applied in spectroscopy, optical frequency metrology, optical ranging,
microwave frequency generators, telecommunications, among many other applications. In contrast, optical injection
locking has been an active area of research since the introduction of the maser, and while extensive literature
exists detailing the behaviour observable in single frequency injection, few studies have been completed on the
dynamics which occur when an optical frequency comb is injected into a single mode slave laser.
We present experimental and theoretical results demonstrating new locking phenomena, which can only occur
when injecting with an optical comb. Using our developed rate equation model, we explore the parameter regions
to achieve optimal harmonic locking. Our results show that by proper implementation of the external optical comb,
the injected slave laser can be synchronised to generate a new frequency comb with variable comb spacing.
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Columnar structures: Packing soft spheres into cylinders
Jens Winkelmann

Trinity College Dublin

Columnar packings are ordered structures that occur when identical spheres are packed inside cylinders.
They appear in both nature and man-made objects on many length scales. Such structures are observed in
foams (bubble diameter ~ mm to cm), but they can also be created by self-assembling colloids in cylindrical
pores (colloid diameter ~ microns), or by packing fullerenes into nanotubes.
We present simulations of such structures based on enthalpy minimisation of soft (overlapping) spheres,
packed inside cylinders. The derived phase diagram features a variety of structures that we also produced
experimentally using soap bubbles confined in glass tubes.
Comparisons are also made to a promising new assembly method by Lee et al. [T. Lee, K. Gizynski, and B.
Grzybowski, Adv. Mater. 29, 1704274 (2017)]. It involves rapid rotations of spheres surrounded by a liquid
of higher density inside a tube.
Depending on the number of spheres and the rotational speed, different columnar structures assemble
around the axis of rotation.
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Synthesis and Caracterization of Graphene/Nickel Oxide Nanorods
Composite
Fatemeh Zahraei

Trinity College Dublin

In this study, high-quality few-layer Graphene/NiO nanorods Composite (GNC) were synthesized via solvothermul
method Solution phase exfoliation of graphite was done in N-Methyle-pyrrolidone (NMP). We confirmed the
presence of few-layer graphene by Raman spectroscopy. The presence of graphene was confirmed by UV-Vis
spectrum and NiO structure was found by X-ray diffraction (XRD) pattern. Field Emission Scanning Electron
Microscopy (FESEM) images showed that the NiO nanorods with average diameter 35 nm are deposited on
graphene.
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Non-Equilibrium Atmospheric Pressure Plasma for Reprocessing of CO2
for Renewable Energy Storage
Cleo Harvey

Dublin City University

Supervisor: Dr. Bert Ellingboe
Carbon Dioxide conversion into value-added chemicals and fuels has attracted intense interest due to growing
concerns for global climate change. The highest energy step process in this closed-carbon-cycle of waste to
new feedstock is the CO2 Ú CO step. It has been shown that the most energy efficient way to dissociate a
CO2 molecule is by vibrational excitation (and not direct electronic transitions). Therefore, cold non-thermal
plasmas are the most promising candidates because of their non-equilibrium nature. Here, we present a very-highfrequency driven atmospheric-pressure CCP, with top and bottom electrodes operated in a push-pull configuration.
Absorbed power into the system is determined by measuring the phase shift between current (~10s Amps) and
voltages (~10s Volts) waveforms at the electrode. Optical emission spectroscopy results confirm a highly nonequilibrium plasma, with vibrational temperatures (from N2) in the range ~ 5000K, even at very low powers,
while gas temperature, determined from rotational emission bands, remains low ≈ 400K. The amount of CO, as
a product of CO2 dissociation, is measured by optical actinometry with N2 as the actinometer. Our preliminary
findings show that the production of CO increases initially with applied power, before saturation at higher powers,
and a lower CO2 flow rate, i.e. residence time, is optimal.
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