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Physics The Virtual Universe  
Carlos Frenk28 September

Stressed on the verge of a breakdown: 
Telemaco Tesei

Earth Sciences
5 October

Cluster algebras and triangulated surfaces
Anna Felikson

Mathematical
Sciences
12 October

What’s new in Malaria control?
Steven Lindsay

Biosciences
19 October

I make Crystals for a living
Josie Auckett

Chemistry
26 October

Pictures from space
Joseph Bullock, Miguel De Icaza-Lizaola

Physics
2 November

Jewellery from hyperbolic tessellations
Herbert Gangl

9 November

Mathematical
Sciences

Metasurface Structural Colour: How to make a 
smart colour?
Mehdi Keshavarz-Mehdayati

16 November
Engineering

The Power of Randomness
Tom Friedetzky

What can we learn from Climate Models?
Wendy Parker7 December

Philosophy

30 November

Mathematical
Sciences

Me, Myself and Fly
David Doupé18 January

Biosciences

Computer Science Seeing through the Passenger
Toby Breckon25 January

Quantum technology: using atoms to sense, 
see and simulate.
Lucy Downes, Chantif Alampounti

Physics
1 February

Schedule of talks
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How entangled bundles control our lives
Christopher Prior

Mathematical
Sciences
8 February

What are the origins of empathy?
Diane Austry, Jake Brooker

Psychology
15 February

Beneath the Waves
Matt Funnell

Earth Sciences
22 February

How can we save our Planet?
Hamed Bahmani

Engineering
29 February

Living Materials
Margherita Staykova, Tiago Moreira7 March

Physics

Help! Here come the Super Bugs
Steven Cobb14 March

Chemistry

What is String Theory
Arthur Lipstein

What have Crystals ever done for me?
Jonathan Steed28 March

Chemistry

21 March

Mathematical
Sciences

How to ‘see’ atoms
Budhika Mendis25 April

Physics

How do I know you?
Holger Wiese2 May

Molecular biology, genetics and genomics
Keith Lindsey9 May

Deep ocean drilling
Richard Hobbs16 May

Earth Sciences

Revealing Dark Matter with Cosmic Beasts
Mathilde Jauzac

Mining for Heat
Charlotte Adams30 May

Earth Sciences

23 May
Physics

Psychology

Biosciences
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28 September

The Virtual Universe

Stressed on the verge of a breakdown: 
Insights into the machinery of earthquakes

3

Prof. Carlos Frenk, Director of the 
Institute for Computational Cosmology

Dr. Telemaco Tesei
5 October

3

Earthquakes are among the most powerful (and dangerous!) manifestations 
in Earths’ dynamics. They occur when stressed rocks violently break and slide 
past each other at great depth, shaking the 
surface of the planet where we live.

Over the years we have been able to understand 
many fascinating phenomena at the origin of 
earthquakes, and other strictly related phenomena 
such as mountain building. 
With this talk, we will explore together the 
structure of the unresting Earths’ crust and we will 
have a look at the complex processes that lead to 
the generation of 
earthquakes. 

We will look at the squeezed & broken rocks that record fossil earthquakes and 
how scientists reproduce them with powerful machines in the laboratory, trying 
to unravel the physics governing these dangerous phenomena. After the talk, 
you will have the chance to visit Durham’s Rock Mechanics and 
Earthquakes Laboratory and make your own lab-quake!

The origin of galaxies can be traced back to exotic 
“quantum’’ phenomena that occurred in the first few 
instants after our Universe came into 
existence. 

Galaxies grew gradually as a result of the 
gravitational pull of dark matter, a mysterious 
substance that makes up most of the mass of our 
Universe. 

Using large supercomputers to solve the equations 
of physics we can 
recreate the evolution of our Universe, from the Big Bang to the present, and 
“see’’ galaxies emerge and grow over 13.7 billion years of evolution. 
The virtual universe that comes out of these simulations bears an 
uncanny resemblance to the real one.

Earth Sciences

Physics
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Cluster algebras and triangulated surfaces

What’s new in Malaria control?

4

Dr. Anna Felikson

Prof. Steven Lindsay

12 October

19 October

Although great strides have been made in the control of malaria in 
sub-Saharan Africa, over 400,000 die from this preventable disease each 
year. Prof Lindsay will discuss the present challenges to control, and the new 
innovations being developed to help eliminate this disease.

4

Consider a surface built from flat triangles, and 
suppose that we know the lengths of edges in 
the triangulation. Connect two vertices of the 
triangulation by a path on the surface. Can one 
compute the length of this path using the lengths 
of the edges of the triangulation?

In the simplest case the answer was given 
by Ptolemy (AD 100-170), the Greco-Roman 
mathematician, astronomer, 
geographer and astrologer. In the more 
advanced 

settings the lengths give a hands-on example of the 
recently invented structure called “cluster algebra”, which 
appeared in the works of Fomin and 
Zelevinsky around 2000 and since then turned out to be 
tightly connected with numerous research fields in 
mathematics and theoretical physics.

Mathematical Sciences

Biosciences
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26 October

I Make Crystals (for a living)
Crystals are all around us – but they don’t always 
appear as you might expect. From batteries to 
building materials, from medicines to magnets, 
crystals shape the behaviour of substances and 
technologies that we encounter every day. 

The science of crystallography allows researchers 
to “see” how the atoms and molecules are 
arranged in crystals, and to investigate how these 
arrangements influence the chemical or physical 
properties that make a material useful. This talk will 
show how scientists grow and study exciting new 
crystals in order to 
understand – and tune – their performance.

2 November

Pictures from space: using 
satellite images and artificial 
intelligence in humanitarian situations
Every day we are photographed from space by 
Earth-orbiting satellites. Indeed, these satellites 
don’t just take pictures of us, but of the entire world. 
Given the coverage and frequency which these 
images are taken, they are especially useful in 
situations where rapid assessments of 
hard-to-reach areas must be made. Organisations, 
such as the United Nations, make great use of 
these images for a variety of situational 
monitoring. For example, after an earthquake, a 
damage assessment can be made by comparing 
images from before and after the disaster and identifying which buildings have 
been affected. However, 
performing this analysis by hand over very large areas of land can be 
incredibly time-consuming.

This talk will focus on the use of modern computing techniques, such as 
artificial intelligence, to speed up the analysis of satellite imagery in 
humanitarian situations. In particular, I will demonstrate an automated method 
already being used by international organisations for mapping refugee camps, 
which can be highly dynamic and contain anywhere from a few hundred to tens 
of thousands of shelters.

5

Dr. Josie Auckett, 
Newton International Fellow

Joseph Bullock & Miguel de Icaza-Lizaola
Institute for Computational Cosmology 

Chemistry

Physics
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9 November

Jewellery from hyperbolic tessellations
Just like bathroom tiles filling the wall behind your 
shower curtain, imagine three-dimensional tilings 
filling the whole space where we only allow a finite 
variety of tile types. 

In the setting of hyperbolic, rather than our usual 
Euclidean, geometry, we can exhibit infinitely many 
number theoretically defined  three-dimensional 
tessellations! The building blocks of the latter, 
`ideal’ hyperbolic polytopes, often show beautiful 
symmetry.  

They inspired the creation of some enchanting 
mathematical jewellery, with geometries so complex 
that they can only be realised via 3D printing. 

Companies like Shapeways can manufacture them, in fact even using precious 
metals. You will be treated to a hands-on experience.

16 November

Metasurface Structural Colour: How to 
make a smart colour?

Humanity has been using pigment based paints 
(colourant materials) for centuries. Recycling of 
coloured discarded materials is however very 
difficult because of the problems in relation to the 
dissociation of diverse chemical compounds 
present in the colourant agents. 

In nature, there are countless numbers of species 
whose colour arose, not from the pigments, but 
rather from the micro/nanostructure pattern of their 
skins/scales, which diffract, reflect, and scatter the 

light. Structural colours are pigment free as their colour arises from light and 
nanostructures interaction. 

In this lecture, I will explain how to make a structural colour which is smart and 
can be changed by an external stimulus. So, the user (e.g. you) can change the 
colour of the object remotely. As an example, I will also discuss the basics of 
colour changing in a Chameleon, and explain how to copy that concept in real 
life to make a smart colour.

200nm 200nm

6

Dr. Herbert Gangl

Dr. Mehdi Keshavarz Hedayati

Mathematical Sciences

Engineering
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30 November

The Power of Randomness
We will have a peek into the use of randomness in 
the design of algorithms. Why would one want an 
algorithm to toss a coin or roll a die? After all,
algorithms are often likened to cooking recipes, 
and those rarely employ randomness (‘if the coin 
comes up heads then add a number x of pinches 
of salt, where x is randomly drawn from between 1 
and 10’...).

To be able to do so we will first look at what we 
actually mean when we say an “algorithm” solves 
a “problem”, what it means for an algorithm to be 
“efficient” (or for a problem to be “efficiently solvable”), and then finally how 
randomness can actually be helpful in “quickly” solving some problem - but also 
when and where it can’t.

7 December

What can we learn from 
climate models?  
Computer models of earth’s climate system play a number of important roles in 
the study of climate change. 

This talk will explain what climate models are and 
how their results inform key conclusions of the 
Intergovernmental Panel on Climate Change 
(IPCC), including conclusions about the 
contribution of human activities to recent global 
warming. 

We will also try to make sense of the suggestion, 
made by some commentators, that ultimately our 
knowledge of climate change doesn’t depend very 
much on these complex computer models. 

7

Dr. Tom Friedetzky

Dr. Wendy Parker,
Associate Director in the Centre for 

Humanities Engaging Science and Society

Mathematical Sciences

Philosophy
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As passengers, although we may take our safety in the sky for granted and 
perhaps grumble at the length of the queue at the security checkpoint,  today 
our safety is provided by a range of security apparatus. This includes an ever 
growing range of automatic threat detection algorithms. 

As we see the increasing impact of artificial intelligence algorithms encroach on 
our daily lives, many people are still unaware of 
the central role played by existing automated 
screening in ensuring the safety of each and 
every commercial passenger flight. 

This talk will explore our current reliance on 
algorithms within aviation security and look to 
current research work, at Durham and beyond, 
in addressing the future challenges in this area.

18 January

Me, Myself and Fly:
How a household pest helps us understand 
our own biology

The fruit fly has been used as a model for 
biology research for over a hundred years, winning 
6 Nobel Prizes for topics ranging from genetics 
and inheritance, to embryonic development and 
immunity. 

We will discuss why this simple invertebrate has 
proved so useful for understanding fundamental 
questions in biology, and how the fruit fly is used 
today in thousands of labs around the world -  
offering new insights into the biology of stem cells, 
diabetes, Alzheimer’s 

Disease and cancer.

25 January

Seeing through the Passenger: How 
algorithms can keep the flying public safe

8

Dr. David Doupé

Prof. Toby Breckon

Biosciences

Computer Sciences
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1 February

Quantum Technology: Using 
atoms to sense, see and 
simulate.
The phrase ‘quantum technology’ has become a bit 
of a buzzword in the media, but what’s it really all 
about? In this talk we will explore some 
examples of quantum technology; how they work, 
where they can be used and what the future might 
have in store. We will also take a look at some of 
the quantum technology research going on right 
here in Durham. Find out how we can use clouds of 
room-temperature atoms to image hidden objects, and how to 
build a quantum computer one atom at a time. There will also 
be opportunities to see research in action in the 
Quantum Light and Matter laboratories.

8 February

How entangled bundles control our lives
Entangled bundles are like bundles of string which interweave and interlace. 
One example family of such objects are proteins, where the “string “ is a 
polypeptide chain which forms coiled molecular structures. 

Proteins perform a vast array of functions within 
human beings, including controlling reproduction on 
various scales through DNA replication and 
controlling cell functionality. Each protein has a 
unique fold entanglement and understanding this 
entanglement is crucial to controlling their action: for 
example many diseases result from the misfolding of 
a particular protein. 

On a far larger scale, bundles of tangled magnetic 
fields in the sun’s 
atmosphere often explode into space. These ejections of entangled plasma can 
interfere with satellites and even short the national grid. I will introduce some of 
the mathematical tools used to understand entanglement and how they might 
be used to predict and control the behaviour of these systems.

9

Lucy Downes, Chantif Alampounti
Quantum Light and Matter group 

Dr. Christopher Prior

Physics

Mathematical Sciences

Saturday Morning Science Booklet 2019-20 MAR COMMS REQUESTED.indd   10 02/09/2019   15:58



15 February

What are the origins of empathy?
Empathy - the ability to put ourselves in someone 
else’s shoes - is a core feature of what it means to 
be human. It is central to the human experience, 
from our social and romantic lives to engaging with 
politics and marketing in our wider society. 
However, we know little about how our empathy 
develops early in life, or the extent to which we 
share such abilities with our closest living relatives, 
the great apes. 

Our research has taken us to the miombo woodland 
in Zambia and the
Congolese forest, stopping by UK nurseries and Zambian villages to 
investigate how chimpanzees, bonobos and human children experience and 
respond to the emotions of others. To do so, we observed conflict prevention 
and resolution, as well as underlying physiological mechanisms, measured 
using thermal-imaging technology. Our projects aim to extend our knowledge of 
what it means to be a social and emotional creature in a complex society.

22 February

10

Diane Austry, Jake Brooker
Centre for the Coevolution of Biology and Culture

Dr. Matthew Funnell

Beneath the waves: How physics is used to 
develop our understanding of the world at 
the bottom of the oceans and beyond

Despite water covering more than two thirds of 
Earth’s surface, more is known about the 
surface of Mars than the bottom of the oceans. 
The oceans hide some of the most interesting 
and complex geological processes on Earth, 
presenting a huge technological and scientific 
challenge for observing and understanding this 
remote world.

In this talk we will look at what we know about the 
shape, structure, and evolution of the earth’s crust 
beneath the sea, as well as the longer list of that 
which we do not know. Together we will explore 
the techniques being used onboard our ground-
breaking research vessels to uncover the secrets 
at the bottom of the oceans and beyond.

Psychology

Earth Sciences
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29 February

How can we save our Planet? 
The time is limited!
Undoubtedly climate change and CO2 emissions are 
the most serious threats to humans and wildlife. Rising 
fuel prices, and the concerns related to global warming 
and pollution from fossil fuels, are forcing the public and 
governments to move toward a low-carbon or 
decarbonised economy. Shifting from a fossil fuel 
dependent economy to a low-carbon or decarbonised 
economy is a common goal for the developed and 
developing countries, to avoid the catastrophic impact 
of climate change on our planet. In this respect, clean electrical energy and 
electrification of the domestic, industrial and transport systems has a major role 
to play in 
the decarbonisation of energy and attaining CO2 emission targets.

This lecture will provide an insight into the electrification of the world, and its role 
in the low carbon or decarbonised economy for future energy systems.

7 March

Living Materials
Imagine materials that sense, grow and adapt into 
their applications. Imagine using such materials to 
build houses, formulate personal care products, 
and make food and clothes. With the recent 
advances in synthetic biology and material 
research, it is now possible to combine living cells 
with non-living components, to exploit the 
sensory, secretory and motility apparatus of cells 
for advanced material functionality. 
 
In this session, we will present our own and others’ 
research on living materials. We will use interactive 
approaches developed by a team of physicists, 
social scientists and designers to invite you to 
imagine the possible applications and futures for 
this new technology. Our aim is to create a dialogue 
that will enrich and shape the research process in 
socially desirable outcomes.

11

Dr. Hamed Bahmani

Dr. Margherita Staykova, 
Prof. Tiago Moreira

Engineering

Physics
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14 March

Help! Here come the Super Bugs
Our ability to treat what we currently consider minor 
bacterial infections underpins all of modern medicine, 
and the future cost of failure to treat such infections 
is enormous, both in terms of societal and economic 
impacts. 

The European Centre for Disease Prevention estimates 
that more than 25,000 patients per year died from an 
infection caused by multidrug-resistant bacteria, and 
with the development of new antibiotics at an all-time low 
there is a growing concern that this number will increase 

significantly in the coming decades. 

So the question is: are we heading “back into the dark ages of medicine”, or 
is there still time for researchers to restock the antibiotic medicine 
cabinet? Come along and find out! 

21 March

What is String Theory?
One of the most fundamental questions in 
theoretical physics is how to reconcile 
Einstein’s theory of gravity with quantum 
mechanics, which becomes important at very 
short distances or high energies, and is 
needed in order to describe black holes and 
the early Universe. 

A very promising 
approach to answering this 
question, which physicists

and mathematicians have been developing over the years, 
is string theory, whose basic objects are 1-dimensional 
strings rather than point particles. Although string theory 
appears to be mathematically consistent, there are still many 
aspects of the theory that are not well understood. In this 
talk, I will give a gentle introduction to the subject, describing 
some of its successes and challenges.

12

Dr. Steven Cobb

Dr. Arthur Lipstein

Chemistry

Mathematical Sciences
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28 March

Jelly, Pharmaceuticals and Blue Ketchup: 
What have Crystals ever 
done for me?
The chemical elements come in a huge range 
of chemical forms called ‘allotropes’. Graphite, 
diamond and the exotic fullerenes are allotropes of 
carbon that differ radically in their chemical 
bonding arrangement. Some types of allotropy are 
more subtle however, and allotropes of sulfur differ 
only in the way they are packed in crystals. 
Organic molecules such as pharmaceuticals also 
can adopt many different packing arrangements 
(there are over 80 for the 
cholesterol treatment Lipitor). 

When molecules have more than one possible type of crystal packing we call 
it polymorphism and it’s big business in areas such as drugs, agrochemicals 
and explosives. In this lecture I will show how chemists are understanding 
allotropy and polymorphism and give at least 1.05 billion financial reasons for 
the importance of polymorphism in the pharmaceutical industry. 

The existence of atoms as basic building blocks of matter is 
as old as human thought itself (recall Democritus and the 
atomists of ancient Greece). Today we are able to 
manipulate matter at the single atom level, thereby 
uncovering new and exotic phenomena. Yet how can we ‘see’ 
individual atoms?

13

Prof. Jonathan Steed

Dr. Budhika Mendis25 April

Human vision relies on light, which is too coarse to observe 
atoms. To get around this problem we have to use 
something much smaller than an atom - an electron. This is 
done in an electron ‘microscope’, which curiously has its origins in ideas about 
the fundamental nature of matter itself (i.e. quantum mechanics), but is now 
being applied to reveal yet more secrets about the world around us. This talk will 
discuss electron microscopes and show how they are being used to solve some 
of our most pressing scientific challenges, such as combating climate change, 
disease prevention and cure etc. 

How to ‘see’ atoms

Chemistry

Physics

Saturday Morning Science Booklet 2019-20 MAR COMMS REQUESTED.indd   14 02/09/2019   15:58



2 May

How do I know you? The cognitive 
neuroscience of face recognition

How do we recognise familiar faces? We are highly 
efficient at this task, as we recognise our friends, 
relatives, and colleagues dozens of times every 
day and mostly without apparent effort. Many of our 
daily life interactions depend on the accurate and 
efficient recognition of another 
person, and the face is arguably the most 
important source of information for this. 
However, we know surprisingly little about how the 
brain achieves this incredible capability. In fact, we 
have no reliable way to establish whether someone 
recognises a face or not. If someone wishes to hide 

that they know another person, there is no reliable technique for checking. In 
this talk, I will present recent research that 
investigates how the brain recognises familiar faces and how we can 
objectively and accurately judge familiarity.

9 May

Molecular Biology, Genetics and 
Genomics - The Science(s) of 
the 21st Century

14

Dr. Holger Wiese

Prof. Keith Lindsey

It’s over 65 years since the structure of our genetic 
material, our DNA, was proposed in ground-breaking 
work by a group of molecular biologists, notably James 
Watson and Francis Crick in Cambrudge; and almost 20 
years since the first human and first complex plant 
genomes (their full complement of DNA) were 
sequenced. 

It is now possible to synthesise, in the lab, genomes that 
work - in other words, we can potentially construct new 
organisms. What does this mean for society? And what 

does the sequence of a genome tell us? How is that information useful? Is it 
a risk or is it useful? In this talk I will discuss how our understanding of DNA 
has evolved, and how that knowledge can be useful in tackling some major 
problems for humankind in the coming 100 years. 

Psychology

Biosciences
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16 May

Deep ocean drilling: 
50 years of 
international 
scientific 
collaboration
The project to investigate the 
geology of the ocean floor in water 
depths up to 5000 m has now been in operation for fifty years. From a 
rather dubious ‘scientific’ beginning, the project is now fundamental to our 
understanding of how the Earth responds to change. The undisturbed 
sediments in the deep ocean record the effects of tectonics, glaciations, 
extinctions, impacts, and, of particular importance to our future generations, the 
sensitivity of the Earth system to varying levels of carbon dioxide in the 
atmosphere and the consequences on our climate.The virtual universe that 
comes out of these simulations bears an uncanny resemblance to the real one.

23 May

15

Prof. Richard Hobbs

Revealing Dark Matter with Cosmic Beasts
The nature of dark matter is the most 
elusive question in modern physics. Only 
5% of the Universe by weight consists of 
`normal’ matter, the matter we, as human 
beings, can see. The remaining 95% would 
be composed of ’Dark Matter’ and ‘Dark 
Energy’. These are invisible, and most 
particle physics theories predict dark 
matter to interact so weakly with normal 
matter that it will remain fundamentally 
undetectable in terrestrial experiments. 

If these theories are correct, dark matter 
can only be studied where it gathers in 
sufficient quantities for its gravity to affect things around it that we can see. I will 
present to you how we track its behaviour in galaxy clusters (the most massive 
structures in the universe, also called ‘cosmic beasts’), how to 
understand what it is made of, via the effect of ‘gravitational lensing’, which 
distorts and magnifies the light emitted by objects behind the cluster.

Dr. Mathilde Jauzac

Earth Sciences

Physics
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30 May

Mining for Heat
Coal delivered wealth and 
industrial growth for the UK over 
several centuries. Today coal is 
considered a dirty fuel and less is 
being used to generate electricity. 
Flooded abandoned coal mines 
across the UK offer a massive 
opportunity to supply low carbon 
heat to former mining areas. 

Half of UK energy demand is for 
heat, and most of that is produced 
by burning gas. Finding low carbon 

alternatives to heat is essential, to mitigate against climate change and maintain 
secure energy supplies. Perhaps we can develop the legacy of our abandoned 
coal mines to meet the energy demands of the future.

16

Dr. Charlotte Adams

Organisers:

Frank Krauss (frank.krauss@durham.ac.uk)
Jeroen van Hunen (jeroen.van-hunen@durham.ac.uk)

Tobias Weinzierl (tobias.weinzierl@durham.ac.uk)

Earth Sciences
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Parking

Parking at the University Science Site is severely limited. All other 
guests/delegates wishing to park are recommended to use the Park and 
Ride scheme or a public car park within Durham City.

The nearest Park & Ride is Howlands, post code DH1 3TQ. Buses run every ten 
minutes from each site, Monday to Saturday between 7.00am and 7.00pm, but 
please note they do not stop directly outside the University 
Science site. The nearest bus stop is opposite the New Inn on Church Street, 
adjacent to the Chorister School playing fields. 

By road
Durham city is only 2 miles from the A1(M). Leave the motorway at Junction 62 
on the A690 (Durham/Sunderland) and follow signs to Durham city 
centre, then to the A177.

17

Getting There

By bus
Durham’s main bus station is located on North Road, a short walk from the 
city’s rail station. The University is well served by bus services that run every 15 
minutes past the Science Site on South Road.
The following services call at the New Inn / Church Street bus stops: 6, 40B, 
56, 57, 57A, 58, 58A, N21, PR2, S1, X12, X21, 21. The 853 and M20 stop on 
Stockton Road opposite the Palatine Centre. Check with the service providers 
or www.traveline.info for times.

By train
Regular rail services on the East Coast Mainline with connections across the 
region via Newcastle and Darlington. Check www.nationalrail.co.uk for 
timetables.
The taxi journey from the railway station to the Physics Department takes only 
5 minutes (depending on the time of day) and the fare is normally about £5. 
Alternatively, you can walk to the Department (25 minutes) or take one of the 
bus services outlined above.

By air
Durham is 30 minutes’ drive from Newcastle International Airport and from 
Teesside International (also known as Durham Tees Valley) Airport. Durham is 
linked to Newcastle International Airport by rail and metro.
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18

All talks begin at 10.30am

Map

Calman
Learning
Centre
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• All talks begin at 10.30am

• No pre-booking needed

• 60 minute talks (45 mins plus questions)

• Coffee break at 11:30am

• Other activities afterwards (e.g. Lab tours)

durham.ac.uk/physics
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