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The annual dinner of the De Morgan Association was held on Wednesday 6 June 2012 in the Jeremy
Bentham Room at UCL, preceded by sherry in the Haldane Room.

This year the Guest of Honour was Professor Jeremy Gray,
Professor of the History of Mathematics, Open University and
Teaching Fellow at UCL. Professor Gray 6 s addr e
highlighted the role played by UCL, or the University of
London as it was when it was founded in 1826, in opening up
university education to gifted students, whatever their
background. It is hard to believe that the creation of the
University of London, with its universal religious tolerance,

was opposed by the universities of Oxford and Cambridge as

well as the Church of England and even Parliament.

This edition of the Newsletter is issue number 20 and it marks
10 years since | took over as Editor from Patricia Rothman,
who had edited the Newsletter since its introduction 10 years
earlier when David Larman was Head of Department. |
therefore thought that it was now an opportune time for me to
pass the torch to a new generation, and | am delighted that
my successor as Editor will be Professor Ted Johnson.

Professor Jeremy Gray speaking atthe  The past 10 years have been eventful years for the
De Morgan Association Dinner Department of Mathematics, in common with all university
departments in the country, and it has been interesting to
observe how the changing face of the Department has been

reflected in the articles contributed to the Newsletter.

y Mi chael O6 Nei I |
Emeritus Professor of Mathematics



MAKING SPACE

|l 6d li ke to thank you - 5 an
honour to be asked, and a pleasure to be
among mathematicians.

As | dm sur e vy oiuor rathet, thek
University of London 7 was founded on 11
February 1826, and because of the radical
nature of the aims of the founders trouble
attended its early years. The ideal of religious
tolerance, extended to Roman Catholics,
Jews, and members of other faiths was
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The foundation stone was laid in 30 April

1827. It was laid by the Duke of Sussex, and

this is oddly interesting, because he was the sixth son of George lll, and laid the stone in full Masonic
regalia as Grand Master of the United Grand Lodge of England. He had become Grand Master in 1811
and remained so until his death in 1843. What he had united was the original Grand Lodge of England,
which had been founded in 1717, and a split-off in 1751 called the Grand Lodge of Ancients. The original
Grand Lodge then called itself the Grand Lodge of Moderns i so the ancients were modern and the
moderns more ancient. Sussex brought them back together in 1813, in the spirit of accepting all religious
denominations within Freemasonry i the same ideals that later animated the founders of UCL.

But this story says something more. What were Masons doing with the founding of a University anyway?
Masons, as their name reminds us, were originally an ancient guild, whose members possessed the
knowledge of a skill i building and architecture i that kept them in work. Only by joining them could
anyone learn to put up large buildings, and only after the great fire of London in 1666 did they relax the
rules about whether masons could travel from one region of the country to another. So there was a
paradox in play, as secret instruction was being replaced by public education and the creation of an
architectural profession. The school of architecture was established at UCL in 1841.

This is the first space of the evening: the space created by architects: public spaces, private spaces,
institutional spaces, civic spaces. The space where education takes place. In the vision of the creators of
UCL, this was to be a much more open space than that contemplated in Oxford and Cambridge, open to
men of all religions, although not, initially, to women. It is the space of society, your place in it, and that of
others.

The second space | have in mind is associated with the great mathematician, physicist, and philosopher

Henri Poincaré, who died a hundred yearsago t hi s year and whom | dve sp
about. One of his earliest successes was to find a substantial mathematical use for a discovery that had

been gradually accepted by no more than a generation of mathematicians before him. This was the
realisation that there might be a geometry of phys
non-Euclidean, geometry had been discovered by Bolyai and Lobachevskii around 1830, but had met

with rejection and neglect that took a generation to shift i in this country William Clifford, the
Mathematics Professor at UCL, was its first enthusiastic proponent in the 1870s.

Well, in the 1880s Poincaré found a way of defining lots of new functions of a complex variable on the
space you see depicted in the disc (see above). There you see lots of triangles with angles of “ /2, “ /3,
and “ /7, and if you quickly add them up you see that the triangles have an angle sum of 41" /42, which is
less than “. This tells us that in this disc we have non-Euclidean geometry i and all the triangles are
congruent. They donét | ook it, but thatdés a conseq!



Guests at the De Morgan Association Dinner

Today, with our expanding universes and ten-dimensional spaces, and space-time foam at the Planck
scale, it may seem rather tame to contemplate just one new geometry. But in the 1880s when the news
that space might not be Euclidean i or rather, that mathematicians were beginning to accept that space
might not be Euclidean i leaked out, it caused quite a fuss. No-one seriously contemplated the idea that
we should adopt non-Euclidean geometry i Euclidean geometry is obviously a very good account of the
geometry of space 1 but the educated public perhaps realised that their school mathematics teachers
had been unduly dogmatic. Perhaps all those theorems about isosceles triangles, right-angled triangles,
and the |ike wereménhamad ttehesy owerleomdtc actually tr ue

It looks like an empirical question, albeit a delicate one: is space Euclidean or non-Euclidean? Who
better than Poincaré to answer it? But his answer was surely a surprise: he said that we can never tell.
Imagine an experiment with light rays and triangles, and suppose it says that the angle sums of the
triangles are less than “ . Well, you can say either that light rays are straight and space is non-Euclidean,
or that space is Euclidean and light rays are curved. There is no logical way of deciding between the two,
and we simply adopt the most convenient one, which for us will be Euclidean geometry, but could be, for
other creatures in the universe, non-Euclidean geometry.

And why is Euclidean geometry more convenient? Because, through our evolution as a species,
everyone of us as an infant, before we are capable of formal instruction, creates the space around us.
From the sensations of sight and touch, from our ability to move around, above all for our ability to make
compensating motions so that some moving objects seem at rest we each create a geometry. From the
motion of solid objects, which form a group that we have evolved to find congenial and useful, we create
a geometry i and it is, as | said, Euclidean. So this is the second created space: the idea that space is



whatever it is, and we create a geometry about it that suits ourselves. Using our innate idea of the group,
we create our sense of space.

Poincaré was not saying that we can say anything we like about space. He thought it was a mental
construct and like all such constructs it had to be useful. To be useful it had to allow all the accepted
experimental results to be built into a mathematically consistent theory. But we had also to be clear that
there might well be several such theories, and our choice between them was not constrained by logic to
a single one.

In his working life, the subject that occupied him greatly and displayed these issues in an extreme form
was electro-magnetic theory: there were two inconsistent theories, those of Lorentz and Hertz, and both
seemed to have many excellent features and one fundamental flaw.

Now, as you know, these issues are back, and they do concern if not space then space-time i all those

100 dimensional spaces and all that space-time foam. This is one aspect, the creative side of
mathematics: we are free to hypothesise all sorts of structures out there and to see if they work. If they

do, if they explain, organise, lead to new ideas that also check out, thengoodi and t hat 6s al
hope for. Mathematicians are not passively describing the world, they are actively describing it.

Non-mathematicians labour under the misapprehension that all mathematicians do is draw out logical
consequences of statements already made. But even in what we might call pure mathematics, it is false

that mathematicians do not create. The disc was one Riemann would have recognised in the 1850s,
although he never drew it. It was vVvisible to Schwa
way and missed its significance. It was imagined by Poincaré, although he never drew one as detailed

as this, and what it does is make intelligible and usable the discoveries of Bolyai and Lobachevskii,

which had been ignored throughout the lives of the true discoverers of non-Euclidean geometry. The disc

above is therefore a portal into another world, and it has to be seen as such and used as such.

The final space | want to bring you is yours already. It is personal space. Rather more obviously than the
geometry of the universe, it is a space you create, but like architectural space it is also one that is
created around you by others. Benjamin Jowett, the great 19th century classical scholar, said of his
Oxford contemporary Henry Smith, one of the few really distinguished British mathematicians of the 19th
century, that

AThe mat hemat iu offéby hisipsrsuita éramehis €ellow-men than the student of any other
branch of knowledge. He has interests which are locked up in his own breast, pleasures and also pains
which he cannot communicate to otherso.

| need hardly remind an audience of mathematicians that we all belong to a marginal group in society:

we are acceptable figures of fun. We have all spent years studying the only academic subject it is
socially acceptable to say you are bad at. Apparently, it is not just elitist to do mathematics, it is also
widely believed to be a character failing. Now | realise that some of you have decided to deal with this
public perception of vyour per sarlefer, of gparse,go fibapce.donb r a c
that matter, | youmnvill geceive regular tequests toltantribute to this or that initiative of the
College in future years. But whatever you do, | hope that those of us on this side of the fence have
succeeded in one thing: to make you a friend of mathematics. Whether you startle us with your
discoveries, or do nothing more than write to your MP in support of your local school, you have chosen

to create a life for yourself with mathematics in it. Your personal space has its own sense of space, a
space for remarkable reflections upon the world around us and the worlds our minds can create. And in
it, and | 6m sure | speak dmaticsDedattmemhgt UCLplhdpensathematcs i n
will be a friend to you.

y  Jeremy Gray
Professor of the History of Mathematics, Open University; Teaching Fellow at UCL
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FIRST YEAR IN THE JOB

It has been a dynamic year in the Department with many significant happenings some of which are
reported on elsewhere in this Newsletter. It is my privilege to highlight some of these in this article.
Without doubt the most exciting has been the appointment of many excellent new staff. These include
five permanent members of academic staff, two teaching fellows and five members of the administration
team. These are all detailed elsewhere in the newsletter. Additionally, we look forward to welcoming in
early 2013 Professor Michael Singer to a Chair in Pure Mathematics, Professor Erik Burman to a Chair
in Computational Mathematics and Dr Felix Schulze as Reader in Pure Mathematics. The new
appointments reflect, for example, new initiatives in financial mathematics and the building of an
outstanding group in geometry. Further appointments are planned and we look forward to continued
strengthening of research and teaching in the Department.

It has been an excellent year in obtaining major research grants from funding bodies such as EPSRC,
Medical Research Council and the Leverhulme Trust, indicating that the Department is a significant
contributor to mathematics research in the UK. A particular highlight was Dr Andrei Yafaev's award of
European Research Council Starting Grant for his project "Some Problems in Geometry of Shimura
Varieties". This is a significant achievement in a very competitive field.

The Department was sorry to see Professor William Shaw leave during the summer to take up a position
in industry. His legacy, the MSc programme in Financial Mathematics and Financial Risk Management,
has just had its first intake of students and, by all reports, is running smoothly. The Department is
grateful to Professor Shaw for his considerable effort in establishing the programme and looks forward to
maintaining close links with him in his new position of Visiting Professor.

The British Applied Mathematics Colloquium was another highlight (see photos elsewhere in this
Newsletter). This annual national gathering of applied mathematicians, held in exceptionally warm spring
sunshine in late March, returned to UCL after an absence of 40 years. It was a great success and
attracted 240 delegates from across the UK and abroad. Thanks go to all those involved in its
organization, particularly Professor Jean-Marc Vanden-Broeck, Dr Helen Wilson and members of the
Department administration team.

Finally, the Department has recently reinvigorated its website. This was a major task ably carried out by
Dr James Burnett, a recent PhD graduate and now a part-time Teaching Fellow. Some of the items
featured in the newsletter are also available on this website, as will notices of future events and items of
interest.

y" Robb McDonald
Head of Department

GEOMETRY AND HEART TRANSPLANTATION

The first author was Davi d Lar mandés fir st P h D -dimemsiorah geometiy.nHise s t i
research has since become rather more applied, working in close collaboration with doctors on a broad

range of topics including the design of screening programmes, modelling hospital capacity requirements

and development of methods for monitoring adverse events such as hospital acquired infections or post-
operative deaths.

A recent project concerns paediatric heart transplantation and waiting lists for donor hearts. At first sight,
this seemed well suited to analysis using standard techniques from probability theory, although this
turned out rather more complicated than expected. Unexpectedly, multi-dimensional geometry proved to
be the key.



Our modelling is based on the assumption that, in the absence of transplantation, death while on the
waiting list occurs as a chance event at a known average rate. We also assume that arrivals of potential
donors occur at random at known average rates, with blood types distributed according to the national
average and with a known distribution of body mass. The reason for making these latter assumptions is
that donors and recipients have to be matched according to blood type and also have to be of a
comparable body mass. Given such matching rules, we assume that when a donor heart becomes
available, it is given to the matched transplant patient who has been waiting longest, if there is one.

A problem of interest concerns a new patient just joining the waiting list for heart transplantation. Given
the hospital doctors know the blood types and body mass of all those waiting, can one estimate the
probability of the new patient surviving long enough to receive a transplant and the expected time
waiting? This would be very useful information for patients, parents and the clinicians managing the
transplant service.

Al t hough our assumed waiting |ist rul es give prior
queue. Consider a hypothetical example. Suppose that Derek joins a waiting list of two patients, Alf and

Bob, of whom Alf has waited longer. Although Alf has priority, a donor heart may become available that

is matched to Bob and not to Alf, and thus Bob might receive a transplant first. Sadly, Bob might also die

while waiting, again leaving Alf and Derek still waiting. Up to the time that Derek leaves the waiting list,

there are four possibilities for the subset of patients ahead of him in the waiting list: {Alf,Bob}, {Alf}, {Bob}

and f, the empty set. Usingt hese set s, abbreviating names, t he

terms of who precedes him in the waiting list can be represented by the directed graph shown in Figure
1.

A similar directed graph is shown in the right hand diagram in Figure 1 in the case where there are
initially three people ahead of Derek on the waiting list, (not all the arrows have been included). Given
the uncertainty of events, all possible paths might be followed through these directed graphs, the
different nodes representing distinct states that the system might be in at any given time.
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Figurel. Di rected graphs showing the potential courses

ahead of him on the waiting list. The left hand graph is for the case where there are initially
two people who precede Derek, the right hand graph where there are three.

Since there is no certainty about exactly which course would be followed through these directed graphs,
it is of interest to consider the time-varying probability that the system would be in a given state at a
particular time. Representing a waiting process in terms of a directed graph with time varying state
probabilities associated with each node is an example of what is called a Markov process, named after
the Russian mathematician Andrei Markov (1856-1922) who developed the technique.

Knowing the weight and blood type of everyone waiting and the average arrival rate of donors and how
their weights and blood types are distributed, one can estimate the chance of Alf leaving the waiting list
within a small time interval of length d't. Equally, one can calculate the probabilities of Bob leaving the



list, depending whether or not Alf is still waiting. In a similar fashion, the probabilities of making any
particular transition from one node to the next in the directed graphs of Figure 1 in time dt can be

calculated and, from this, one can derive systems of differential equations for all the state probabilities.

In the case where there are initially two or three people preceding Derek on the waiting list, these are
easy to solve and their solution can be used to derive the probability that Derek eventually receives a
transplant and his expected time on the waiting list. However, this becomes rather difficult in the general
case where a new patient on the waiting list is n-th in the queue, which is why multi-dimensional
geometry became useful.

Figure 1 came about as a result of experimentation motivated purely by the wish to draw attractive
diagrams. However, the moment the left hand diagram was drawn, it was recognised that its edges
corresponded to those of the octahedron constructed by gluing together two pyramids whose bases are
squares. The directed graph depicted in the right hand part of Figure 1 is a four dimensional
generalisation of this, this time gluing together two pyramids whose bases are cubes (whatever four-
dimensional glue is).

For n2 4,if a new patient is n-th on the waiting list, the directed graph, generalising those in Figure 1, is

more difficult to visualise. It corresponds to the edges of an n-dimensional polytope (a generalisation of
the polygon or polyhedron), this time gluing together two pyramids whose bases are (n-1)-dimensional
hypercubes, as depicted in Figure 2.
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Figure 2. Generalisation of the directed graphs in Figure 1 based on subsets of patients having
preceded a patient initially n-th on the waiting list.

Given the geometric nature of the directed graph in Figure 2, it is natural to re-label the vertices of the (n-

1)-dimensional cube using the 2™* (n-1)-dimensional vectors whose components are all 0 or 1. Directed
edges correspond to ordered pairs of such vectors whose components differ in only one place. Given
this graph theoretic structure, one can derive an explicit formula for the probability of eventual
transplantation for a patient initially n-th on the waiting list.

Estimating expected time on the waiting list is a little more difficult, but here one can use a trick from
probability theory, using so called probability generating functions. With these, it can be shown that the
distribution of waiting times of a patient initially n-th on the waiting list is a generalisation of a probability
distribution called the hyper-exponential. From this, explicit formulae can be derived for the expected
waiting time, its standard deviation and other summary statistics of interest. This generalised distribution
could arguably be called a hypo-hyper-exponential distribution, although we doubt that this name will
catch on, particularly in paediatric circles.

y Steve Gallivan
Emeritus Professor of Mathematics
Sonya Crowe
Lecturer
Clinical Operational Research Unit



BAMC 2012

From March 27 to March 29 2012, we hosted the British Applied Mathematics Colloquium (BAMC). It
was a very exciting event because it was the first time since 1972 that UCL was hosting it. There were
more than 250 participants consisting of senior and junior faculty members, postdocs and graduate
students. The programme involved 4 plenary lectures, 11 minisymposia, contributed talks (organised in 7
parallel sessions) and posters. The range of the topics of the talks was very broad. It reflected the
research interests in the department and included fluid mechanics, general relativity, inverses problems,
mathematical ecology, medical applications, numerical analysis, social modelling, free surface flows,
industrial mathematics and geophysical fluid dynamics. There were also talks on quantum dynamics and
guantum information. A special session was organised to honour Frank Smith with talks presented by his
students, postdocs and co-workers.

David Hughes, Russell Davies, Jennifer Siggers, Frank Smith and Kim Parker
Jean-Marc Vanden-Broeck and Robb McDonald

We are pleased that all participants seem to have survived all these scientific activities, maybe because
of our extended social programme: 2 wine receptions and a very nice banquet at the Russell Hotel
where Nick Trefethen was our after dinner speaker.

As in previous years the event "Meet the Mathematicians" was run in tandem with the BAMC. It
welcomed 180 year 12-13 school students, along with their parents and teachers, with an interest in
studying mathematics at University. It was also a great success and the crowds from BAMC and 'Meet
the Mathematicians' joined to hear a public lecture by David Spiegelhalter.

This meeting could not have been organised without all the work and efforts of many members of the
Mathematics Department. Special thanks are due to Helen Wilson, Robb Mc Donal d, Chri s
to our administrative support staff, Soheni Francis, Bonita Carboo, Helen Higgins, Raheelun Nabi, and to

the student helpers. We are also grateful for the generous support of our sponsors.

Yy Jean-Marc Vanden-Broeck
Professor of Mathematics, Chair of BAMC 2012



David Tranah (CUP) and Alexander Korobkin Keith Ball, David Youdan and Caterina Mora

Efim Pelinovsky and Eugene Benilov Toby Davies (I) Peter Baudains (c) and
Steve Bishop (r) at the BAMC

Paul Milewski (r) at the BAMC Xuesong Wu and Yibin Fu
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