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 Moving On, Moving Up
Graduation is a very exciting time of year for students and staff. The 
students finally get to see the  fruits of all their hard work and staff  can 
take pride in the development of  these young people into confident and 
skilled individuals, ready and prepared to change the world!  Our 2009 
graduates (picture below) are going into a variety of  careers including 
accountancy, management, teaching and research. In the Division, we are 
delighted to be retaining three of our top graduates who are now   studying 
for PhDs. Their chosen topics show  how  mathematics is at the forefront of 
our understanding of science and how  it can be applied to improve our 
quality of life: two are using mathematics to better understand the 
processes leading to cancer and the third is studying the dynamics of a 
major plant pathogen which causes over a billion dollars of  damage each 
year world wide. 

 Of course, as one generation of  students leave, another joins us in the 
University. Dr Fordyce Davidson, Convener of the Programme Board for 
Mathematics says he is  delighted to see the high numbers of  students 
taking mathematics last year increase yet again this year.  'It is very 
encouraging to see that mathematics remains an attractive option for 
school leavers - this is the highest intake of students we have had for 
many years,  even topping the record number we had last year' said Dr 
Davidson.  

 The credit crunch has brought mathematics to the attention of  anybody 
who has taken even a passing interest in the financial woes of the last 12
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 .... Moving On, Moving Up

months.  Suddenly the evening news is filled with items concerning ‘derivatives, trends, puts, 
gets’, and ‘predictions’.  All these are based on mathematics. The failures of the past months 
have had nothing to do with the quality of the mathematics - unfortunately this has to be put 
down to “user error”!  What this high profile has done however, is show  that maths is vital to our 
understanding and operation of the modern world.

Research in Applied Mathematics

European Funding for Cancer Research

Prof. Mark Chaplain has recently been awarded a €1.68 Million Advanced Investigator Grant 
“From Mutations to Metastases: Multiscale Mathematical Modelling of Cancer Growth and 
Spread” from the European Research Council (ERC), to carry out research into cancer 
modelling. 

Cancer is one of the major causes of  death in the world 
(particularly the developed world), with around 11 
million people diagnosed and around 7 million people 
dying each year. The World Health Organisation 
predicts that current trends show  around 9 million will 
die in 2015, with the number rising to 11.5 million in 
2030. Here in the Division of Mathematics, one of the 
main areas of research is into modelling cancer growth, 
spread and treatment. 

The grant provides for 3 post-doctoral research 
assistants, 3 PhD students and one replacement 
lecturer for Prof. Chaplain. Over the next 5 years, the 
research work will involve the application of  cutting-
edge applied and computational mathematical 
techniques to modelling cancer growth and spread. It is 
an excit ing inter-disciplinary project involving 
mathematicians, physicists, biologists and clinicians.  Already two of the three post-docs are in 
place – Dr. Dumitru Trucu from Leeds and Dr. Alan Terry from Surrey - with the third, Dr. Gibin 
Powathil, arriving (from University of  Waterloo, Canada) in late October. The three PhD 
students have also started (Daniela Schlűter, Marc Sturrock, Niall Deakin) and the new  lecturer 
will arrive in early 2010, completing the new “team” of seven researchers. 

The description of most biological processes in the human body, involves many different but 
inter-connected phenomena, which occur at different spatial and temporal scales. From the 
modelling viewpoint there are three natural scales of interest:  sub-cellular, cellular and tissue. 
The work in this project has a common theme of quantitative, predictive mathematical 
modelling, analysis and computational simulation of key aspects of cancer growth and 
treatment. 
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The research is focussed around three areas each 
dealing with a specific scale (spatial/temporal/both) 
and an important biological system which has an key 
role in cancer growth and development – (i) intra-
cellular signal transduction pathways; (ii) the 
biomechanics of individual cell adhesion and 
movement; (iii) cancer cell migration and invasion of 
tissue. These research areas are linked to one another 
in various ways and at various different biological 
scales (from intra-cellular to tissue level) and the 
overall common theme of the project may be termed 
“multi-scale mathematical modelling” or, from a 
biological perspective, “quantitative systems biology” 
or “quantitative integrative biology”. 

The long-term goal is to build a “virtual cancer”, made 
up of  different but connected mathematical models at 
the different biological scales (from genes to tissue to 
organ). The development of  quantitative, predictive 
models (based on sound biological evidence and 
underpinned and parameterised by biological data) will 

no doubt have a positive impact on patients suffering from diseases such as cancer through 
improved clinical treatment. The modelling approach is unique in its development of an 
individual-based model focussed at the cell level treating the biomechanical properties of  each 
cell. The involvement of  a multi-disciplinary team involving mathematicians, biologists, 
physicists and clinicians all located within the same institution also contributes to the 
uniqueness and novelty of the research.

Contact Details:  Professor Mark Chaplain, Division of Mathematics, University of Dundee
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Computational simulations results of  a 
mathematical model of  vascular tumour growth 
with blood vessels growing towards and into a 
solid tumour. 

Computational simulations of  a (red) cancer cell migrating towards and penetrating a blood vessel (green) 
by forcing its way between endothelial cells. 
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Research in Applied Mathematics

STFC Funding for Research on Magnetic Fields

The Magnetohydrodynamics Research Group in the Division of Mathematics has received an 
award by the Science and Technology Facilities Council of £ 300,000 for a research project on 
the complexity of magnetic fields in astrophysical plasmas. 

In this project Dr Gunnar Hornig and a new  Postdoc, Dr Anthony Yeates, aim to answer 
fundamental questions related to the dynamics of astrophysical plasmas. A process called 
magnetic reconnection, which is capable of changing the structure of magnetic fields, is known 
to trigger huge eruptions in the solar corona and the coronae of other stars. Whether this 
process occurs in the form of 
isolated singular events or in the 
form of  avalanches is an unsolved 
problem which we  plan to answer 
by investigating the topological 
structure of magnetic fields. 

One of  the main goals is to identify 
the characteristic signature of 
magnet ic reconnect ion. This 
"fingerprint" of  reconnection is 
given by a specific change in the 
structure of the field and can be 
quantified in terms of magnetic flux. 
In order to detect this fingerprint of 
reconnection in the observed 
magnetic fields on the Sun we 
have to analyse these also with 
respect to their structure and the 
magnetic fluxes involved. These 
magnetic fields have much in 
common with braids, like the pigtail 
braid shown below.  In investigating 
these structures we can make use 
of knot theory, a branch of 
mathematics which deals with properties of knots and braids. However, while  knot theory 
considers a finite number of strands, a magnetic field consists of infinite  number of field lines.  
For this we must define certain measures, so-called topological fluxes, and the proposal aims 

to define these measures and provide 
algorithms for finding them in arbitrary 
magnetic fields. Eventually these will 
allow  us to answer the main question 
as to whether magnetic reconnection 
occurs as an individual event or an 
avalanche. 

Contact: Dr G Hornig, Division of 
Mathematics, University of Dundee
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A picture of  the surface of  the Sun shows a complex pattern of  magnetic 
Þeld lines outlined by the hot radiating plasma. These  so called coronal 
loops form an entangled and braided magnetic carpet near the solar surface. 
The picture was  taken by TRACE (Transition Region and Coronal 
Explorer) . 
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 Careers in Mathematics 

 In March, Ph.D. students Vivi Andasari and 
Daniela Schlüter together with postdoctoral 
fellow Dr Antonia Wilmot-Smith took part in a 
“Women in STEM” day at Dundee's 
Sensation Centre.  The event was aimed at 
encouraging more women to study  “STEM” 
subjects (Science, Technology, Engineering 
and Mathematics) both at school and 
university level.

The trio from the Division put together an exhibit 
with a series of mathematical games (see inset 
box), news about research going on in Dundee 
and information on careers in mathematics.  Did 
you know that in a study, reported by  the Wall 
Street Journal, of the best occupations in the 
US,  ʻMathematicianʼ landed the top spot? 
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How many connections?

This  was a question posed to the pupils at Science Sensation Centre: In this 
game we are given a number of points and want to make sure that every pair of 

points is directly connected by one 
line. As illustrated on the left, we need 
1 line to connect 2 points, 3 lines for 3 
points, 6 lines for 4 points and 10 lines 
for 5 points.

How many lines are needed for 6 
points?

What about the general case where 
you have n points?

This  is  the most simple example of the type of problems  considered in a 
mathematical subject known as ‘graph theory’, which is  a new 3rd-year course in 
our BSc Mathematics  programme.
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Feature

The Art of Mathematics - The Mathematics of Art

Mathematics and art are often seen by the public as widely different but a closer look shows 
that the two often go hand in hand. Not only is mathematics used in many computer animations 
and computer aided design, but artists often use concepts like symmetry and scalings in their 
work. A famous example is the work of  the Dutch graphic artist M.C. Escher (1898–1972). 
Although Escher had no formal mathematical training he had an intuitive understanding of 
mathematical concepts such as symmetries, limits and conformal mappings and he made 
extensive use of these concepts in his work.  

In both of the graphics by Escher shown on the 
right the space, a disk, is filled with a pattern which 
repeats itself  - a tiling. Unlike the tiles we use on 
kitchen walls or bathroom floors the size of  these 
tiles changes with position.

In the first figure there are two types of  tiles, angels 
and demons, which become smaller and smaller 
the nearer we get to the edge of  the disk. As we 
approach the boundary the tiles become infinitely 
small. 

In the second figure the tiling is less obvious as the 
theme, a snake, is used in a  sophisticated way to 
visually interlink several tiles. In this example the 
size of  the tiles tends to zero as we approach the 
centre of the pattern. 

The framework for such tiling are given by 
conformal mappings, a concept which is taught in 
our third year module in complex analysis. A 

conformal mapping such as shown here deforms a 
given domain such that the angle between any two 
lines in the domain is preserved. 

In the module `Project and transferable skills‘, taught 
in the fourth year, students can choose a project from a variety of topics. This year we will offer  
for the first time a project  “Conformal mappings in the Art of Escher”.                                
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 News
Roger Fletcher SIAM Fellow
 
During this years annual meeting in Denver Colorado the Society for 
Industrial and Applied Mathematics (SIAM) named for the first time  
191 Fellows for key contributions to applied mathematics and 
computational science. Among these was Prof. Roger Fletcher of  the 
Division of Mathematics in Dundee, who was distinguished  for his 
contributions to numerical continuous optimization. This is another 
honour  which comes after Roger was awarded  a gold medal  by 
His Royal Highness The Duke of Edinburgh last year and the 
Lagrange Prize in 2006. Roger was also recently notified that his 
paper Solving mathematical programs with complementarity 
constraints as nonlinear programs published in the Journal 
Optimization Methods & Software is one of the most cited papers 
published in the Journal over the past eight years.

Cormack Bequest Meeting

The Robert Cormack Bequest Meeting, supported by the Cormack 
Bequest Fund and the Scottish Universities Physics Alliance 
(SUPA), was held on Monday 27 April, hosted for the first time by 
the Space Technology Centre and the Magnetohydrodynamics 
group of the Division of Mathematics of the University of Dundee. 
The aim of this annual meeting is to bring together astronomers, 
space scientists and those interested in astronomy, mainly post-
graduate level students and post-doc researchers, to share their 
work and discuss the latest happenings in Scottish astronomy. 
This year’s meeting opened with a welcome from co-host Dr 
Steve Parkes, of the University of Dundee’s Space Technology 
Centre. The opening lecture, entitled Sizing-up extra solar planets, 
was given by Professor Andrew  Collier Cameron from the 
University of  St. Andrews. His fascinating presentation provided 
an overview  of the latest research in the area of exoplanetary 
science, including some of  the more unusual planet discoveries. 
The welcome and opening lecture were followed by a series of 
contributed talks, by Researchers from across Scotland. The event was completed by 
Professor   Cameron presenting this years prize winners. The Cormack Undergraduate Prize 
went to Mr William Simpson (Applied Mathematics, University of St Andrews), the Cormack 
Postgraduate Prize  went to Ms Jenny Richardson (Royal Observatory, University of Edinburgh)  
and the prize for the best poster was awarded to Ms Jennifer Noble (University of  Strathclyde). 
The meeting was followed by a tour and drinks reception at the Mills Observatory, Dundee, the 
only UK Observatory to have been built with the sole aim of encouraging public understanding 
of science. This year’s meeting attracted a total of  65 participants, from five Scottish 
Universities as well as members of the Dundee Astronomical Society and the Mills Observatory 
Advisory Group.
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Robert Cormack Bequest Meeting 2009 

Exploring the Universe 

Monday 27 April 2009 
Dalhousie Building 

University of Dundee 
 

For more details and to register please visit: 
http://spacetech.computing.dundee.ac.uk/cormack‐2009 
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