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Welcome to issue two of the Gazette in 2008.
It’s been an amazing couple of months for mathematics in Australia since writing
the last editorial. Instrumental for this was the University of Southern Queensland’s management announcement of cuts of its mathematics and statistics academics, as well as removal of the maths/stats major, to leave service-level courses
only. A nine-year-old prodigy, who had just completed his ﬁrst university-level
course at USQ, was worried about his local university and contacted Terry Tao,
Australia’s ﬁrst Fields medallist (see online supplement to Gazette 33(3)). Terry
responded not just to the boy, but also by contacting the media and by starting
a petition to change USQ management’s mind. Worldwide, more than 900 people signed the petition. While the outcome is still not clear, it appears that the
publicity and submissions by concerned parties have led to changes in the original
plan.
USQ is not the only university currently struggling to keep mathematics alive. In
a letter to the editors, the situation of our colleagues at UNE is described. While
‘battles’ like this have been fought before, mathematical sciences in Australia are
in deep crisis now as reported by the National Strategic Review of Mathematical
Sciences Research 18 months ago, and more recently acknowledged by the Federal
Government; see Peter Hall’s President’s Column in this issue. Let’s hope that
the new budget will be kind to the mathematical sciences.
In Maths Matters, previous Gazette editor, Jan de Gier, shares his thoughts on
the challenges that young academics face to establish a career. The Style Files are
taking a break, but Tony Roberts has promised at least one more in this series,
for issue 3. When the Style Files are complete we will make them available as one
PDF ﬁle on the Gazette website.
In the Communications section, you will ﬁnd a paper on the MVT by John Koliha
and his student Peng Zhang — a follow-up on their previous paper ‘Rolle to
Cauchy’. Ricardo Simeoni writes about noble gas magic numbers and Kevin Burrage describes the doctoral programs at Oxford University.
The winner of the $50 book voucher for Puzzle Corner 5 is Konrad Pilch from
the University of Adelaide — congratulations! And in this issue we have not only
Norman Do’s next Puzzle Corner, but also his B.H. Neumann Prize winning paper
on moduli spaces, and technical papers by Mike Hirschhorn, Gerry Myerson, and
Joe Gani and Randall Swift.
Enjoy!
Birgit and Eileen

Peter Hall∗

A mixed bag
I have a mixed bag of news to report, some of it good (the mathematical sciences
are being noticed by the new Rudd government), and some of it very concerning
indeed (I’m referring here to the devastating pressure faced by our colleagues at the
University of Southern Queensland, as their institution attempts a very misguided
rationalisation).
On 14 February last, Senator Carr, the Minister for Innovation, Industry, Science
and Research, delivered a speech at the Australian Academy of Science on the
subject of ‘Enhancing the quality of the experiences of post-docs and early career
researchers’. His opening words addressed issues that will bring some hope to all
of us:
Over the last ten years or so, Australia has been losing some of our brightest
researchers, from disciplines right across the board. With our universities
strapped for the kind of funding needed to support the best research, too
many scholars and scientists have been lured abroad.
And we have also seen bright youngsters turning away from the enabling
disciplines (maths, physics and chemistry) and engineering — enticed by more
lucrative careers in other ﬁelds, such as the ﬁnance sector.
In mathematics the problem has been particularly acute. Someone has called
mathematics ‘the language of the sciences’ but it is also, in important ways,
the language of business, economics, social policy and the trades.
A nation that cannot turn out top-notch mathematicians and statisticians is a
nation in deep trouble. Unless we turn around the trends that have bedevilled
this discipline over the last decade or so — in schools, in universities and in
research — we will not be able to meet our needs for people with a sound
knowledge of mathematics that they can put to use across the economy and
across all ﬁelds of knowledge.

Against the recognised need for more mathematics, expressed by Senator Carr, the
University of Southern Queensland announced, on 17 March, cuts of more than
50% to its mathematics and statistics disciplines. Eight out of fourteen staﬀ will
lose their jobs, and the university’s mathematics and statistics course oﬀerings
will be reduced to service courses only — no majors in mathematics or statistics
will be countenanced in the future. Moreover, USQ’s mathematics and statistics
programs will be handicapped by a student to staﬀ ratio of 75 to 1. So much for
the education revolution!
Ironically, USQ had been developing, in collaboration with education specialists,
a unique program for mathematics teacher training. This innovative program,
∗ E-mail:

President@austms.org.au
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which is now on the scrap heap before it even started, would have oﬀered courses
both on campus and at a distance, to support in-service and pre-service teacher
training across the nation.
Many recent reviews, for example that by the Productivity Commission, have
called for proper attention to be paid to the mathematics teacher shortage.
Moreover, mathematicians and statisticians are in short supply throughout the
economy. The demand for trained mathematical scientists rose by 52% in the
eight-year period to 2004, and is forecast to grow by at least another 32% in the
next eight years. (These ﬁgures come from the 2006 Audit of Science, Engineering
and Technology Skills.) This is greater than, or equal to, the predicted growth
in employment demand in ﬁelds of engineering. For example, it is almost three
times the future growth in demand for mechanical and industrial engineers, and
one third more than the predicted demand for civil engineers, during the same
period. Yet each year our universities are graduating fewer mathematicians and
statisticians.
Against this background, USQ’s actions are worse than deplorable. Hopefully, by
the time you read this we’ll have made some progress in turning the problems
around.

Peter Hall is a statistician, with interests in a variety
of areas of science and technology (particularly the
physical sciences and engineering). He got his ﬁrst
degree from The University of Sydney in 1974, his MSc
from The Australian National University in 1976, and
his DPhil from University of Oxford in the same year.
Peter is interested in a wide variety of things, from
current aﬀairs to railways and cats.

A Cinderella existence
Mathematics and Statistics at the University of New England

No doubt our tale of woe is one we share with colleagues elsewhere.
About 15 years ago, our Department was buoyant. We were adequately staﬀed,
had healthy student numbers and taught courses available to students in all the
degrees UNE oﬀered, several designed to meet speciﬁcations set by other departments. We taught three of the largest four courses in our Faculty, and these were
amongst the largest taught at the university at all.
As the ‘Dawkins Reforms’ started to bite, pressures of funding led other departments to wean their students away from courses we oﬀered.
Economics and commerce students had been required to take an entire year of
mathematics. This is now a one-semester optional course, the justiﬁcation being
that these students are weak in mathematics anyway. We went from having 400–
500 students for a whole year to having 70–80 for one semester by 2006. At the
same time the Economics Faculty attempted to introduce courses in ‘Quantitative
Methods’, indistinguishable from the course we oﬀered.
Numbers had been suﬃcient for us to oﬀer biology students their own second-year
courses. As a result of various changes, biology students now take one semester of
mathematics, and one of statistics, even though biology is far more mathematical,
and uses more sophisticated statistics than ever before.
Chemistry and physics students were required to take signiﬁcantly more mathematics. They are now only required to take the one-semester mathematics course
intended for biology students. Pre-requisites have been abandoned. Students are
now allowed to take ‘quantum mechanics’ in third year, without ever attending a
course in either diﬀerential equations or linear algebra. Relativity theory is not
oﬀered. ‘Science’ teachers cannot generate interest, when they are ignorant of the
two most important and exciting revolutions in science.
Computer science students are now only required to take a one-semester introduction to discrete mathematics, and there are moves to make even this optional.
The Faculty of Arts eliminated the mathematics major, without discussion with
us.
These assaults on the student base notwithstanding, our School was able to buck
the trend at UNE and in the period 2000–2005 senior mathematics student numbers increased signiﬁcantly, despite an overall decline in science enrolments. In
this period we were able to hire two permanent statisticians, in part to increase
statistical consulting across the faculty and university, and four permanent mathematicians, albeit one in only a half-time position. This was possible because the
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Dean at that time revealed that the previous Dean had been syphoning money
away from our School to support other parts of the faculty, and he stemmed this.
A new Dean arrived just as the two most recent appointees took up their positions, and within one semester of her arrival, began to plan major cuts, based on
a ‘ﬁnancial crisis’ in our School. As a result, departing staﬀ were not replaced
and another 2.5 positions in mathematics declared redundant, leading to a loss
of 4.5 positions in mathematics and statistics. Retrenchment notices were issued
on 5 April 2006 to three mathematics staﬀ. Two appealed against the retrenchments, and there was a protracted review, during which time the Dean insisted on
restructuring our School’s oﬀerings and degrees, arguing that because of the three
retrenchments, we no longer had the staﬀ to cover our oﬀerings and again citing
alleged acute ﬁnancial diﬃculties. It should be noted that at the Review Panel’s
meeting on 17 November 2006, management claimed to be unable to say what our
School’s closing balance had been for 2005.
The Vice-Chancellor rescinded the retrenchments on 17 April 2007, writing that
the Head of Human Resource Services would contact the mathematicians concerned, in order to negotiate details of their return to UNE. There has been no
signiﬁcant progress in these discussions since.
In the meantime the Dean has withheld from the School the additional funds provided by the Federal Government for mathematics and statistics. She has forced
the merger of the mathematics courses for economics students with that for biology students, and is in the process of replacing the introductory statistics course
with a ‘Scientiﬁc Practice’ course, for which the Dean wanted ‘tenders’ from across
the university for teaching it, oﬀering the money for this from mathematics and
statistics cluster income. The Dean also proposed establishing a centre for statistics outside the School, even though all SSAI accredited statisticians at UNE are
members of the School.
UNE’s BMath/BTeach and BSc/BTeach programmes were initiated and planned
from our School and Faculty. The various submissions were prepared by our then
Head of School, Chris Radford, and our then Dean, Peter Flood. Yet the credit
and students are attributed to the School of Education. The students are seen as
education students taking science, rather than science students preparing to teach.
The above explains our concerns for the future, for it seems that our Dean may
be intending to do by stealth at UNE what USQ has publicly announced: cut
basic science, cut mathematics, cut statistics, yet maintain education, especially
of mathematics and science teachers, as well as intensifying activity in various
ﬁelds of applied science and technology, which rely more than ever on the basic
sciences, but especially mathematics and statistics.

Back to the future
Jan de Gier∗
The Gazette approached me to write a Maths Matters column about the challenges
faced by young academics to get their careers going. Somewhat hesitantly I agreed.
It is no secret that currently the tertiary sector, and mathematics in particular,
is under a lot of pressure. It is perhaps awkward at this time to emphasise issues
related to early careers while many others are struggling to keep theirs1 . Still, for
the health of the sector, I think we should keep addressing the lack of career paths
for young talentented researchers.
Shortly before the time of writing, a conference on higher education was held in
Sydney where many leading policy-makers spoke. It is very uplifting to hear and
read what people are currently saying about the future of higher education, but
so far action has been restricted to words only. In the following I quote frequently
from the higher education section of The Australian.
After years of neglect during the Howard era, everyone is knocking on Julia Gillard’s
and Kim Carr’s doors. The newly elected Federal government appears to be genuinely positive in its attitude toward higher education and internationally competitive research. Unfortunately, not much detail has yet been released about the
announced ‘education revolution’, and for the moment not much action has been
undertaken. In cases where money has been put into words, such as the additional
funding for universities toward maths students approved by the previous government, university management has, with some exceptions, failed to pass this on to
the speciﬁc target area2 .
To use one of Kevin Rudd’s favourite catch phrases, it is very important to get it
right. What I will try to argue below is that Australia does not need more ﬁxedterm contracts and fellowships, nor the distribution of large amounts of money to
just a few individuals with little left for others. What Australia’s tertiary education
sector needs are clear career paths for new generations of scientists. Australia’s
leaders should not underestimate the vast pool of excellence that is currently out
there. There should be opportunities for those that perform at the highest level,
but above all, there needs to be a critical mass of excellence within a safe and collegial environment. In such an environment, science and scientiﬁc collaborations
will ﬂourish, based on trust and common interest rather than being imposed.
∗ Department of Mathematics and Statistics, The University of Melbourne, VIC 3010.
E-mail: degier@ms.unimelb.edu.au
1 For

the most recent developments related to staﬀ cuts in maths departments see
http://terrytao.wordpress.com/support-usq-maths/ for the laudable eﬀorts by Peter Hall, Hyam
Rubinstein and Terry Tao to reverse this trend.
2 See, for example, Hyam Rubinstein in Maths still out for the count, Caroline Milburn, The
Age, 7 April 2008, and the website of the National Strategic Review of Mathematical Sciences
Research in Australia, http://review.ms.unimelb.edu.au.
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Time to act
For many years, the problems faced by young (and not-so-young) people in establishing their careers have not been fully appreciated by university management and
governments. This now seems to have changed, and, very slowly, there seems to be
an emerging world-wide appreciation of the value of young talent for universities.
In order to retain such talent, it is important that governments and universities
reﬂect on their past policies, and make academia again an attractive workplace.
‘They (early career academics) are experiencing a really hard time in working
in academe’, said Shelda Dobowski, president of the Higher Education Research and Development Society of Australasia. She said the greatly increased
focus on teaching and learning by university management in recent years was
highly welcome, but it greatly added to the pressures on new academics. ‘It
is more and more diﬃcult to recruit.’3

Australian universities and governments have to act swiftly. Otherwise they will
lose talent to more lucrative options in business or more welcoming environments
at overseas institutions. At the moment, the government appears to be unaware
of the urgency of the matter.
According to Rohan Carr, a director of The Insight Group: ‘Something needs
to be done now because it’s going to take time (to ﬁx the problem). In three
years’ time (when new funding arrangements are expected to arise from the
government’s new review) we’ll have lost three more years’ (worth) of academics. It’s very easy to tip more money into the sector. What you can’t do
in a short time frame is retain people or attract them into the sector.’
‘(As an academic) you have to churn out lots of research, you have to have
a high teaching load, you have to manage.’ He said that modern business
had learned how vital it was to be able to attract and keep talent but most
universities were oblivious to this truth. Their procedures often were too slow
and cumbersome for hiring good academics and keeping them happy. ‘When
it comes to people-management practices, they are a long way from leading
edge.’
Over the next decade, skill in securing and hanging on to ﬁrst-rate academics
might become more important for quality and reputation than the established advantages of a sandstone institution. ‘Already some universities are
becoming more nimble at this than others.’4

This, unfortunately, is indeed a reality in mathematics. Two concrete examples
occurred last year at my own university. Two very promising and motivated young
mathematicians recently departed. One left for Canada despite the fact that this
person had just been awarded a prestigious ﬁve-year ARC QEII fellowship. Little
eﬀort was made by the university to retain him. The other, a past editor of the
Gazette who shall remain nameless, has just become a Fellow of the Australian
Academy of Science and has been cherry-picked as a professor by another Australian institution. The university was not able to oﬀer a real future.

3 Staﬀ
4 Staﬀ

say uni bosses ‘incompetent’, Catherine Armitage, The Australian, 19 March 2008.
crisis ﬁrst bill of order, Bernard Lane, The Australian, 2 April 2008.

Maths matters

81

Competitive research
It is well established in mathematics that researchers can make substantial contributions at a young age, and that much innovative and internationally competitive
research is done by nontenured post-docs and PhD students. For young people in
mathematics and statistics it is therefore very important that research is valued
appropriately (i.e. with sustained funding tied to individual researchers). While
the previously proposed RQF was a monstrosity, the intention to measure research
quality of future academics is a good one. Such measures can be implemented with
small administrative eﬀort by keeping track, for example, of invitations to international conferences and editorial positions, as well as successes in peer-reviewed
grant schemes. There is of course the danger that governments and universities
allow such measures to be used retrospectively for the retrenchment of academic
staﬀ. This should at all costs be avoided (a view which may prove to be unrealistic).
There are hints that the Federal government is serious about maintaining and enhancing Australia’s competitiveness in research. Australia needs to have a critical
mass of top-notch academics who are able to talk to their international peers and
grasp state of the art developments. In this way Australia would be able to maintain a leading technological edge. In addition, the reputation of Australia’s higher
education system should be viewed as an important export product. Once squandered it is hard to rebuild, and the economic loss as a result of a reduced inﬂux
of overseas students will not be negligible. Just how dire the situation is was explained recently by University of Western Australia vice-chancellor and Group of
Eight chairman, Professor Alan Robson, at the National Press Club in Canberra:
‘The proportion of Australian university R&D spending directed to basic research has fallen from two-thirds in 1990–91 to less than half in 2004–05.’
In research output volume, China and India were rising rapidly, and using
Thomson ISI data, Australia was slipping behind the UK, Canada and other
countries across a range of research ﬁelds, including chemistry, physics, mathematics, economics and engineering.
‘We are vulnerable to being bypassed, cut oﬀ and left behind in the advancement of knowledge. And if we allow that to happen, we can kiss goodbye to
an innovative Australia.’5

So far, the only tangible initiative from the government to address this issue is the
announcement of Future Fellowships for mid-career researchers:
‘The 1000 Future Fellowships promised to mid-career researchers will be
thrown open to international competition, Kim Carr, the minister for Innovation, Industry, Science and Research has announced.’
‘Our aim is to attract the world’s best — who may or may not be Australian
— and to get them working here on problems that matter to us.’6

This could work out really well as a short-term ﬁx, but I am not a big fan of these
one-oﬀ action items. Without taking anything away from those who are able to
5 Australia
6 Research

lagging on research, Guy Healy, The Australian, 3 April 2008.
funding for cream of crop, Bernard Lane, The Australian, 2 April 2008.
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win prestigious fellowships, the scientiﬁc community as a whole is not much helped
by such an initiative if there is no sustainable future plan to follow it up. Besides,
top scientists are not attracted or retained by incidental and scarce injections of
money, especially if there are no obvious academic career paths for the future. An
example, already mentioned above, is the departure of one of my colleagues to
Canada, despite the fact that he had just been awarded a QEII Fellowship.
What is needed is a sustainable system in which the very best people can ﬂourish
with strong funding, but which is also able to support a critical mass of both upcoming and established researchers such that a vibrant, collegial and stimulating
research environment is maintained. As Alex Reisner put it:
From the Australian viewpoint there is increasing drive not only in North
America and Europe but also India and China to increase the employment
prospects of the human capital that forms the basis of their nations’ innovative infrastructure. It is all very well for Senator Carr to proclaim the worth
of Future Fellowships, but: 1) the milieu in which those fellowships will be
utilised will compete with research environments throughout the developed
world, i.e. how well will the research environments Australia can oﬀer compare so that they will attract the ‘best and brightest’, and 2) what will be
oﬀered to the ‘Future Fellows’ at the end of their fellowship tenure so that
they will remain?
What Senator Carr, Julia Gillard, as Minister for Education, Treasurer Wayne
Swan and Prime Minister Rudd, have to develop is an overreaching package,
otherwise they wind up with a collection of spokes bereft of a wheel.7

Solutions
As argued above, Australia needs to make sure that the tertiary education sector
again becomes an attractive workplace for young academics. This holds in particular for mathematics, where in many cases substantial contributions are made by
very young researchers. A sensible and sustainable solution has to be found, and
it has to be found quickly.
Many of the young people I see around maths departments in Australia are more
than pulling their weight. In some instances they could perhaps be encouraged
to engage more in the decision-making process of their departments, universities
and professional societies. This also means that some of the barriers within the
sector’s hierarchical structures need to be lowered, so as to involve, rather than
disenfranchise, nontenured junior members. Some small but important steps that
can be taken immediately are:
• The creation of a student and early career position on the steering committee
of the AustMS (with real voting power).
• At the level of maths departments, involve nontenured junior members in discussions and decisions about future directions.

7 Brains drain to where the future lies, Alex Reisner, The Funneled Web
http://www.the-funneled-web.com/.

Maths matters

83

It is quite clear that more government funding should ﬂow into the system, but, as
argued above, the system itself needs to change as well. Some simple and obvious
adjustments are:
• Require higher education institutions to oﬀer permanent contracts after the
expiry term of prestigious ARC fellowships.
• Decouple Fellowship applications from Discovery Projects, and restrict these
to sole applicants only. This creates a fairer competition between fellowship
applicants.
• Abolish the expensive and divisive Federation Fellowship scheme, and use the
substantial savings to increase the number of APD, ARF and APF fellowships.
• Clearly separate fellowships into research fellowships for early career academics
and teaching relief fellowships for established academics.
• Change the timeline of the ARC grant system, so that grant starting dates do
not fall within a few months from the time they are awarded. This introduces
much less anxiety among researchers whose jobs depend on the outcome of
such grants.
• Reintroduce a system of smaller grants, open to tenured as well as nontenured
staﬀ, so that active researchers can independently interact with their international peers.
I guess it is an unfortunate fact of life that most people with a mathematical
background do not aspire to a political career8 . A small group of Australian
mathematicians has done an outstanding job in recent years to engage with senior
politicians, but in other disciplines more people seem to be well connected. Such
disciplines thus have more inﬂuence on decision makers than mathematics. I am
conﬁdent however that the new Federal government will take a decisive but balanced course of action. I sincerely hope that university management is able to do
the same.

Jan de Gier is a QEII Fellow at the Department
of Mathematics and Statistics at the University
of Melbourne.

8 Even

worse, some ambitious politicians have a bit of catching up to do in elementary maths:
http://www.youtube.com/watch?v=Lp2fj x3dZs

Norman Do∗

Welcome to the Australian Mathematical Society Gazette’s Puzzle Corner. Each
issue will include a handful of entertaining puzzles for adventurous readers to try.
The puzzles cover a range of diﬃculties, come from a variety of topics, and require
a minimum of mathematical prerequisites to be solved. And should you happen
to be ingenious enough to solve one of them, then the ﬁrst thing you should do is
send your solution to us.
In each Puzzle Corner, the reader with the best submission will receive a book
voucher to the value of $50, not to mention fame, glory and unlimited bragging
rights! Entries are judged on the following criteria, in decreasing order of importance: accuracy, elegance, diﬃculty, and the number of correct solutions submitted. Please note that the judge’s decision — that is, my decision — is absolutely
ﬁnal. Please e-mail solutions to N.Do@ms.unimelb.edu.au or send paper entries to:
Gazette of the AustMS, Birgit Loch, Department of Mathematics and Computing,
University of Southern Queensland, Toowoomba, Qld 4350, Australia.
The deadline for submission of solutions for Puzzle Corner 7 is 1 July 2008. The
solutions to Puzzle Corner 7 will appear in Puzzle Corner 9 in the September 2008
issue of the Gazette.
Physicists and chemists
A group of N mathematicians and N physicists sit around a circular table. Some
of them always tell the truth, while the others always lie. It is known that the
number of liars among the mathematicians and the number of liars among the
physicists are equal. Everyone is asked, ‘What is your right-hand neighbour?’ and
they all reply, ‘Physicist.’ Prove that N must be even.
Sums of alternating sums
If A is a ﬁnite set of positive integers, we form its alternating sum by arranging its
elements in decreasing order of magnitude and alternately adding and subtracting
them. For example, the alternating sum of X = {11, 6, 17, 1, 9, 18, 13} is 18 − 17 +
13 − 11 + 9 − 6 + 1 = 7. What is the sum of the alternating sums over all subsets
of {1, 2, . . . , n}?
Rational or irrational?
For a positive integer k, let Ak be the real number between 0 and 1 formed by
writing the perfect kth powers in order after the decimal point. For example, A1 =
∗ Department of Mathematics and Statistics, The University of Melbourne, VIC 3010.
E-mail: N.Do@ms.unimelb.edu.au
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0.123456789101112 . . . and A2 = 0.149162536496481100121144 . . . . Are there any
values of k for which Ak is rational?
Polygons and rectangles
Prove that every convex polygon of area 1 is contained in a rectangle of area 2.
Bonus: Is there a positive real number R < 2 such that every convex polygon
of area 1 is contained in a rectangle of area R? If so, then what is the smallest
possible value of R?
The broken calculator
Photo: Tibor Fazakas

A calculator is broken so that the only buttons that still work
are sin, cos, tan, sin−1 , cos−1 , and tan−1 . The calculator performs all calculations in radians and with inﬁnite precision. If
the display initially shows the number 0, prove that it is possible
to produce any positive rational number by pressing some ﬁnite
sequence of buttons.
Chessboard puzzles

As many of you will know, a chessboard consists of an 8 × 8 grid of squares,
coloured alternately black and white. Chessboards are involved in a vast number
of mathematical puzzles, three of which are presented here.
(1) Let B1 , B2 , . . . , B32 be the centres of the black squares of a chessboard and
let W1 , W2 , . . . , W32 be the centres of the white squares. Prove that for every
point P on the chessboard,
2

2

2

2

2

2

P B 1 + P B 2 + · · · + P B 32 = P W 1 + P W 2 + · · · + P W 32 .
(2) If the squares of a chessboard are labelled with the numbers from 1 to 64
with one number in each square, then we deﬁne the score of the labelling to
be the largest diﬀerence between two labels in squares which share a common
side or a common vertex. What is the smallest possible score that can be
obtained?
(3) I would like to tile the squares of a chessboard with twenty-one 3 × 1 rectangles and one 1 × 1 square. In which squares of the chessboard can the 1 × 1
square be placed?

Solutions to Puzzle Corner 5
The $50 book voucher for the best submission to Puzzle Corner 5 is awarded to
Konrad Pilch.
Pricey pills
Justin Ghan: The sick patient should take out another Xenitec pill from the bottle, so that they have two of each on the table. They can then divide each pill
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into halves, take half of each of the four pills today, and the remaining four halves
tomorrow.
Marching band

Photo: Holger Selover-Stephan

Mitch Wheat: Denote the height, in centimetres, of the band member who ends up in row i
and column j after the two sorts by bi,j . Suppose that the column sort puts the columns in
nondecreasing order from left to right and that
the row sort puts the rows in nondecreasing order from top to bottom. If the columns are
not still in nondecreasing order after the row
sort, then there exist indices i, j, k such that
bi,k > bj,k for i < j. Since rows i and j are
sorted properly, we have the following chain of inequalities, where n denotes the
number of columns.
bj,1 ≤ bj,2 ≤ . . . ≤ bj,k < bi,k ≤ bi,k+1 ≤ . . . ≤ bi,n .
Therefore, we have n + 1 people sorted in order. By the pigeonhole principle, two
of these people must have been in the same column prior to the rows being sorted.
Clearly, one of these people is from row i while the other is in row j and we call
these people A and B, respectively. By the previous chain of inequalities, we know
that A is taller than B, contradicting the assumption that the column containing
A and B was in nondecreasing order. Therefore, we conclude that the columns
are still in nondecreasing order of height after the two sorts.
Silly soldiers
Konrad Pilch: The maximum time necessary for the soldiers to stabilise their
positions is n − 1 seconds. Rather than soldiers turning around whenever they are
facing each other, assume that they step forward and take each other’s position.
Hence, each soldier only moves forward and never changes orientation. Deﬁne a
left soldier to be one who faces left and a right soldier to be one who faces right.
Note that a stable position must consist of a number of left soldiers on the left
followed by a number of right soldiers on the right. Note also that the left soldiers
preserve their order and so do the right soldiers.
We now prove by induction that it takes at most n − 1 seconds for stability to
occur. The base cases n = 1 and n = 2 are clear. Now suppose that it is true
for up to k soldiers and consider k + 1 soldiers in a line. If the leftmost soldier is
already facing left, then they never move and so the conﬁguration will stabilise in
at most k − 1 seconds. The situation is similar if the rightmost soldier is already
facing right. Therefore, assume that the leftmost soldier, say A, is facing right
while the rightmost soldier, say D, is facing left. Also, let the second leftmost
right soldier be B and the second rightmost left soldier be C.
Now if we ignore A, then the remaining k soldiers will stabilise in at most k − 1
seconds and D will be to the left of B. Similarly, if we ignore D, then the remaining k soldiers will stabilise in at most k − 1 seconds and A will be to the right of
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C. Therefore, after k − 1 seconds, it must be the case that D is to the left of B
while A is to the right of C. Also, A is to the left of B and D is to the right of
C. In fact, if we represent left soldiers by ⇐ and right soldiers by ⇒, then the
situation after k − 1 seconds must be one of the following two cases.
⇐ ⇐ ⇒ ⇒

⇐⇐ · · · ⇐ C D A B ⇒ · · · ⇒⇒
⇐ ⇒ ⇐ ⇒

⇐⇐ · · · ⇐ C A D B ⇒ · · · ⇒⇒
The ﬁrst case is already stable while the second requires one more second to stabilise. So, in both cases, stability occurs in at most k seconds. Therefore, by
induction, any sequence of n soldiers will stabilise in at most n − 1 seconds. Note
that if B or C does not exist, then the proof is essentially identical. Also, we
provide the following example of n soldiers which takes n − 1 seconds to stabilise.
⇒ ⇐⇐
·
· · ⇐⇐

n−1

The lazy ﬂy
John Harper: The following diagram is part of a net from which the room can
be folded. The distance from the√ﬂy to the food in this picture can be calculated
using Pythagoras’ theorem to be 242 + 322 = 40 feet. This gives a path of length
40 feet which can be shown to be minimal by considering all possible nets for the
room.

Fly

32

24

Food

Dinner party handshakes
Sam Krass: Each person must shake hands with at least 0 people and at most 18
people. Therefore, the 19 diﬀerent answers must have been the integers from 0
to 18. So there is someone who shook hands with 18 people, and their spouse
must be the one who shook hands with 0 people. We can now remove this pair
and reduce each person’s handshake tally by one. This leaves us with an analogous situation with 9 couples. Working inductively, we can once more remove
the couple consisting of a person who shook hands with everyone, apart from their
spouse, and their spouse who shook hands with no one. Hence, we can remove nine
couples, leaving only the inquisitor and his wife at the dinner party. In this ﬁnal
situation, his wife must have shaken zero hands. Retracing our steps backwards,
we deduce that his wife must have shaken hands precisely 9 times at the dinner
party.
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Counting the digits
Peter Pleasants: The number of digits of a number N in base b is logb N  + 1.
Therefore, the numbers of digits, bk and ck , of the kth numbers in lists B and C
are k log2 10 + 1 and k log5 10 + 1. If we write x = log2 10 and y = log5 10,
then x and y are irrational numbers with
1
log 2
1
1
1
log 5
+
=
+ =
+
= 1.
x y
log2 10 log5 10
log 10 log 10
We now prove a result known as Beatty’s theorem from which the problem follows.
It states that, if positive irrational numbers x and y satisfy (1/x) + (1/y) = 1,
then the two sequences x, 2x, 3x, . . . and y, 2y, 3y, . . . together contain
every positive integer exactly once. Consider the following inequalities for some
positive integer n.
kx < n ⇒ (n − k)y > n
(k + 1)x > n + 1 ⇒ (n − k)y < n + 1
Together, they imply that if the sequence x, 2x, 3x, . . . steps over the interval
(n, n + 1), then the sequence y, 2y, 3y, . . . steps into it. Also, note that no term in
either sequence can ever be an integer, due to the irrationality of x and y. Furthermore, since x and y are both greater than 1, neither can step into the same
interval twice. Finally, since one of x and y must be less than 2, the corresponding
sequence starts in the interval (1, 2). Putting all these facts together, we deduce
Beatty’s theorem.
Tennis anyone?
For the ﬁrst time in Puzzle Corner history, there have been no correct solutions
submitted to a problem. The following are provided by your humble author.
(1) In order to determine the tournament’s winner, the remaining 999 players
must lose one match each. Since there is exactly one loser in every match,
the number of matches must be 999.
(2) Note that the men’s Wimbledon ﬁnal is played to the best of ﬁve sets while
the women’s Wimbledon ﬁnal is played to the best of three sets. Therefore,
if you are a man, then you would want to be leading 2–0 in sets, drawn 6–6
in games and leading 6–0 in the tie break. Then you will win the tournament
if you can secure any of the following six points. On the other hand, if you
are a woman, then you would want to be leading 1–0 in sets, drawn 6–6 in
games and leading 6–0 in the tie break.
(3) Amazingly, the probability of Alex winning is the same, whether he chooses
the alternating serves (AS) scheme or the winner serves (WS) scheme! Suppose that Alex and Bobbi continue to play for 23 games in the AS scheme.
Note that Alex will have served 12 times and Bobbi will have served 11 times.
The winner is simply the one who wins the majority of these 23 games, independent of the results of the games played after one player has won the
match.
Now suppose that Alex and Bobbi continue to play for 23 games in the WS
scheme, where the loser serves out the remaining games after one player has
reached 12 games. Again, note that Alex will have served 12 times and Bobbi
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will have served 11 times. And again, the winner is simply the one who
wins the majority of these 23 games, independent of the results of the games
played after one player has won the match.
Since the probability of a win depends only on the server, the probability
that Alex beats Bobbi is the same in either serving scheme. In fact, it is
simply the probability of Alex winning the majority of games in a 23 game
match where Alex serves 12 times and Bobbi serves 11 times.

Norman is a PhD student in the Department of Mathematics and Statistics at The University of Melbourne.
His research is in geometry and topology, with a particular emphasis on the study of moduli spaces of algebraic curves.

On the couch with Queensland’s Courier Mail
Peter Pleasants∗
The Queensland Courier Mail ’s weekend magazine section QWeekend has a regular one-page feature called On the Couch with a picture of a celebrity and their
answers to a list of questions. Here are the responses to the same question on
consecutive weekends in January this year:
• January 12–13: Ana Marina, female lead in Phantom of the Opera. ‘The
hardest thing I’ve ever done was . . . try to understand maths. I never really
succeeded.’
• January 19–20: Nigel Kennedy, the world’s best ﬁddler. ‘The hardest thing
I’ve ever done was . . . maths.’
Quite a coincidence. What does this tell us about the state of our discipline, especially since mathematical and musical talents are often thought to go together?
At least Nigel Kennedy’s diﬃculty can’t be laid at the door of the Australian
educational system.

∗ The

University of Queensland

Professor Jim Hill awarded the 2008 ANZIAM Medal

The 2008 ANZIAM Medal is awarded to Professor James M. Hill. The panel cite
the following outstanding contributions by Professor Hill in terms of the three
selection criteria for the medal.
1. Research achievements
Professor Jim Hill is one of Australia’s
pre-eminent research applied mathematicians. He was ﬁrst promoted to
Professor at the University of Wollongong in 1988, a year in which he received his D.Sc. from the University of
Queensland. Over a long research career starting in 1969, he has published
ﬁve books and more than 200 refereed
papers in research journals, a record
not ever surpassed by many in Australian and NZ mathematics.
Jim is presently an ARC Professorial
Fellow, and is the head of the Nanomechanics Group at the University of
Wollongong. This group studies the
mechanical behaviour of carbon nanotubes, and heat transfer and electrorheological eﬀects in nanoﬂuids. Jim
Professor Jim Hill
has received a total of about $4m in
ARC funding for this and many other
projects. His other research ﬁelds include ﬁnite elasticity, heat transfer, diﬀusion,
moving boundary problems, diﬀerential equations, and granular materials.
2. Activities enhancing applied or industrial mathematics, or both
Professor Hill has over many years successfully mentored more than 60 young
people, including honours students, PhD students, post-doctoral appointees and
younger colleagues, the majority of whom are still very active mathematicians.
He has supervised 14 PhD students and over 20 post-doctoral appointees, most of
whom are now working either in academia, government research laboratories, or
the ﬁnance industry.
In the industrial area, he has collaborated with P.J. O’Connor, a Sydney manufacturer of rubber engineering components, to determine analytical load-deﬂection
relations for rubber bridge bearings and for cylindrical rubber bush mountings. In
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conjunction with BHP Research, he has developed mathematical models for the
colourbond roller coating process, the continuous casting process and the annealing furnace. In 1992 he was made a Companion of the Institution of Engineers,
Australia, which is a status equivalent to a Fellow for persons not having an engineering background.
3. Contributions to ANZIAM
For a period of two years Jim held the position of Chair of ANZIAM, and has
always encouraged and ﬁnancially supported his students and post-doctoral associates to participate in all ANZIAM activities, especially the annual conferences
and the Mathematics in Industry Study Groups. He has also recently served as
Vice-President of the Australian Mathematical Society for a period of two years.
Jim has been an Associate Editor of the ANZIAM Journal for more than 25 years.
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Noble gas magic numbers: from quarks to quasars
Ricardo Simeoni∗
The proton or atomic numbers, Z, of the stable noble gases (2, 10, 18, 36, 54,
and 86 corresponding to He, Ne, Ar, Kr, Xe, and Rn respectively) are often referred to as the atomic magic numbers. This article highlights a collection of three
interesting mathematical observations associated with these magic numbers.
Mathematical observation 1: form of curve-of-best-ﬁt through Z values
If one ﬁts a second-order polynomial of the form Z = ax2 + bx + c through the
Z values of interest, while setting corresponding x values to be 0, 1, 2, 3, 4 and 5
respectively (Figure 1), a least-squares regression analysis (R2 = 0.997, p < 0.001)
results in the following equation-of-best-ﬁt for which the values of a = 3 − 1/7,
b = 2 and c = 3 + 1/7 are exact and have not been rounded:




Z = 3 − 17 x2 + 2x + 3 + 17 .
100
Rn
80
60
Xe

Z
40

Kr

20
Ne

Ar

He
0

0

1

2

3
4
5
x
Figure 1. Atomic number, Z, versus x for the noble gases, where
x is a monotonically increasing integer, commencing at x = 0,
assigned to each successive noble gas in the periodic table.

The mathematical features of interest from Figure 1 include the values and exactness of a, b and c, recalling that baryons (e.g. protons, neutrons) consist of three
quarks1 , mesons (e.g. π mesons) consist of two quarks, and π mesons are approx∗ School

of Physiotherapy and Exercise Science, Griﬃth University, PMB50 Gold Coast Mail
Centre, Gold Coast, QLD 9726. E-mail: r.simeoni@griﬃth.edu.au
1 Quarks

are elementary particles that constitute the hadron family of particles which is divided
into two groups, baryons (consisting of three quarks) and mesons (consisting of two quarks).
Protons and neutrons are the most well-known baryons, while pions or π mesons (which can be
electrically neutral, π 0 , positively charged, π + , or negatively charged, π − ) are the most wellknown mesons.
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imately 17 th the mass of a proton or neutron (e.g. neutron/π 0 meson mass rounds
to 7.0) [1]. Note that quoted masses to follow are expressed in energy equivalent
units in accordance with E = mc2 , as is standard in particle physics.
Mathematical observation 2: deviations of Z values from curve-of-bestﬁt
The deviation of each (x, Z) point from the curve-of-best-ﬁt in Figure 1 is given
by column 2 of Table 1, and the deviations are all integer multiples of 17 .
Table 1. Deviation of noble gas Z values from the curve-of-best-ﬁt, Z = (3 − 17 )x2 +
2x + (3 + 17 ), in Figure 1. Also shown is this deviation multiplied by a scaling factor
C = 9.45/Z and the masses of the six known quarks with an additional mass of
the largest bare quark calculated by Okubo [5]. The bracketed term indicates the
electrical charge sign for each quark.
Noble gas
He
Ne
Ar
Kr
Xe
Rn

Deviation

Deviation × C

8
7
14
+
7
4
−
7
8
+
7
20
−
7
10
+
7

−5.40

Bottom

≈ 5.0 (–)

+1.89

Charmed

≈ 1.7 (+)

−0.300

Down

≈ 0.3 (–)

+0.300

Up

≈ 0.3 (+)

−0.500

Strange

≈ 0.5 (–)

+0.157

Top

≈ 180 (+)

Bare

0.156

−

Quark type

Quark mass (GeV)

Column 3 of Table 1 presents scaled deviations obtained by calculating the deviation per proton and multiplying by 7 × 135/100 (135 MeV is the mass of a π 0
meson), giving an overall scaling factor, C, of
πc
9.45
≈ 8 .
C=
Z
10 Z
Comparing columns 3 and 5 of Table 1 reveals a similarity between the scaled
deviations for the six noble gases and the masses [1]–[4], for the six known quarks
(down, up, strange, charmed, bottom and top). The marked exception to the
observed similarity is for the top (relatively massive) quark. However, it is noted
that the scaled deviation in this case matches to within 0.6% the theoretical largest
bare quark mass (156 MeV) calculated by Okubo [5].
Bracketed within column 5 of Table 1 is the electric charge sign for each quark and
these charge signs correspond with the signs of the deviations in columns 2 and 3.
Figure 2 plots quark mass (multiplied by charge sign) versus scaled deviation for
all except the top quark mass, which for the plot is replaced by the theoretical bare
quark mass noted previously. The resulting bare quark mass point is not included
within the line-of-best-ﬁt least squares regression analysis (R2 = 1, p < 0.001).
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2

Quark mass (GeV)

1
+

0
–1
–2
–3
–4
–5
–6

–5

–4

–3
–2
–1
Scaled deviation

0

1

2

Figure 2. Quark mass versus scaled deviations (arbitrary units) of Table 1 (o).
Top quark mass is replaced by a theoretical bare quark mass (+). Quark masses
are multiplied by their corresponding electrical charge sign.

It should be noted that quark mass values vary within the literature as highlighted
by the most comprehensive of reviews [6]. The quark masses presented in Table 1
are thus indicted as approximate, but are generally consistent between references
cited and the rudimentary manner of quark mass determination, viz. up and down
quark masses are approximately one third the mass of a proton, charmed quark
mass is approximately half the mass of the charmonium (charmed–anticharmed
quark pair) mesons. Following this rudimentary basis, the presented charmed
quark mass in Table 1 matches some references [2] and agrees with the mid-range
charmed pole mass based on a perturbative theory [6], but lies at the upper end
of range values reported by others.
Mathematical observation 3: quantisation of quasar redshifts
Quasars, traditionally thought to be the energetic cores of galaxies, emit immense
amounts of energy from a relatively small region of space and are suggestive of
a formation process involving the accretion of matter onto a super-massive black
hole. Quasars also display relatively large Doppler redshifts, making them extremely distant based on a traditional expanding universe/Hubble law interpretation (viz. the greater the redshift the greater the distance from Earth) [3]. There is,
however, evidence to suggest that the redshifts of some quasars are quantised [7],
with grouped quasars seemingly demonstrating redshift parameters (essentially a
relative change in wavelength) of z = 0.06, 0.30, 0.60, 0.96, 1.41 or 2.1 (1.96 is also
often quoted in place of 2.1 for this series). This redshift periodicity or quantisation observation has provided a basis for arguments, headed by Arp [7], against an
expanding universe theory and for many quasars being closer to Earth than the
Hubble law indicates. The present article does not aim to advocate any particular school of thought re the above but instead simply draws a modest association
between the quasar ‘quantum numbers’ and magic numbers under investigation.
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If the above z values are arbitrarily divided by 0.03 (or ≈ 10−10 c), then the (z, Z)
pairs formed by parallel progression through the z and Z series ﬁt the following
equation:
z/0.03 = Z (He and Ne)
= Z ± 2n (all other noble gases),
where n = 1, 2, 3 and 4 respectively for Ar, Kr, Xe and Rn, as displayed by Table 2.
Note however that the relationship is only approximate for (z = 1.41, Z = 54), for
which a value of z = 1.38 is required for exactness.
Table 2. Noble gas Z values compared to ‘quantised’ quasar redshift values,
z, and z/0.03 expressed in terms of Z. The bracketed term represents the z
value that is required to complete the identiﬁed z/0.03=Z±2n pattern.
Z
2
10
18
36
54
86

z
0.06
0.30
0.60
0.96
1.41(1.38)
2.1

z/0.03
2
10
18 + 21
36 − 22
(54 − 23 )
86 − 24

Summary
The Z values of the noble gases have been examined in a new light and, in so doing,
previously unidentiﬁed ‘magical’ mathematical properties of these numbers have
been found. A discussion of the physical signiﬁcance of the mathematical observations is beyond the scope of the present article. However, Australian Mathematical
Society members are welcome to contact the author for a free copy of his book [8]
(while available or see reference for web link) which gives further detail on, and a
physical interpretation of, the presented observations.
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MVT rules OK!
J.J. Koliha∗ and Peng Zhang∗∗

One of the favourite problems of ﬁrst-year calculus is testing whether a function
deﬁned by diﬀerent formulae on diﬀerent parts of the domain is diﬀerentiable at
the ‘break points’. A typical function may be given by f (x) = 2 sin x + 1 to the
left of 0, and by f (x) = 3x2 + 2x + 1 at 0 and to the right of it. The expected
solution:
f (x) − f (0)
2 sin x
x < 0:
=
→ 2 as x → 0−,
x−0
x
3x2 + 2x
f (x) − f (0)
=
= 3x + 2 → 2 as x → 0 + .
x > 0:
x−0
x
The two one-sided derivatives exist and are equal, hence f has a two-sided derivative at 0, equal to 2.
However, this is not how most students go about it. They take f  (x) = 2 cos x
on the left with the limit 2 as x → 0−, and f  (x) = 6x + 2 on the right with the
limit 2 as x → 0+. Then they conclude that
f  (0) = lim f  (x) = 2.
x→0

But this may fail when f has a discontinuity at the break point. Set g(x) =
2 sin x + 5 for x < 0 and g(x) = 3x2 + 2x − 1 for x ≥ 0. The preceding argument
seemingly goes through, yet the function g is not even continuous at 0. But what
happens when in addition f is continuous at the break point? Are the students
right in using this method, or can we come up with a counterexample?
Trying to produce a counterexample we may use MAPLE. Say we want to ﬁnd a
function whose derivative is g(x) = 2x sin(1/x) for x = 0. According to MAPLE,
one such function is

x2 sin(1/x) + x cos(1/x) + Si(1/x),
x > 0,
f (x) =
(1)
2
x < 0,
x sin(1/x) + x cos(1/x) + Si(1/x) + π,
u

where Si(u) = 0 t−1 sin t dt. The ﬁrst two terms on the right-hand side of (1) go
to 0 as x → 0, and MAPLE tells us that the limit of Si(t) is ± 12 π as t → ±∞.
Hence limx→0 f (x) = 12 π, and we set f (0) = 12 π to achieve the continuity of f
at 0. At any point x = 0 we have f  (x) = 2x sin(1/x), so that limx→0 f  (x) = 0
by the sandwich rule. But does the limit
f (x) − f (0)
x−0
exist? MAPLE says the limit is undeﬁned ! Do we have a counterexample?
lim

x→0

∗ Department
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(2)
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Let us look more closely at the method used by the students and try to formulate
it precisely:
Conjecture. Suppose that a real valued function f is continuous at a point a ∈ R
and that
lim f  (x) = c ∈ R.
x→a

Then f is diﬀerentiable at a, and f  (a) = c.
True or false? Calculus books are consulted in vain, but various functions seem to
conﬁrm the hunch that — uncharacteristically — the students may be right. Many
attempts at a proof lead nowhere. The deltas seem to tamely follow the epsilons,
only to run away at the last moment. Then a moment of unsurpassed clarity, the
classical eureka moment that will be remembered for ever: When everything else
fails, think the mean value theorem!
Proof of the conjecture. The existence of the limit means that f  (x) exists for all x
satisfying 0 < |x − a| < η for some η > 0. If a < x < a + η, then f is continuous in
[a, x] and diﬀerentiable in (a, x). By the mean value theorem there exists a point
ξ (depending on x) such that a < ξ < x and
f (x) − f (a)
= f  (ξ).
x−a
Clearly ξ → a+ as x → a+, and
f (x) − f (a)
= lim f  (ξ) = lim f  (ξ) = c,
lim
x→a+
x→a+
ξ→a+
x−a
that is, the derivative of f at a from the right is c. A symmetrical argument shows
that the derivative of f at a from the left is also c. Done!
As the ﬁrst aplication of our magniﬁcent theorem (conjecture no more!) we note
that for the function f deﬁned by (1) the limit in (2) exists and equals 0. Eat your
heart out, MAPLE!
  
Postscript. For an account of the mean value theorem (MVT to the initiated) with
an elegant novel proof see [1]. While not widely known, our ‘Conjecture’ is tucked
away as exercise in some good books on analysis, for instance as Exercise 4 on
page 183 of Stromberg’s text [2].
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Doctoral training programs at Oxford University
Kevin Burrage∗

A number of universities in the UK have realised the importance of providing a
bridge between an Honours degree and undertaking doctoral study. This is especially true when a student is looking to start a PhD in multidisciplinary science.
The University of Oxford has recently established two doctoral training programs:
the Life Sciences Interface (LSI) Doctoral Training Centre and the Doctoral Training Centre in Systems Biology.
The doctoral training programs provide a comprehensive training program to graduates from both the physical and life sciences who wish to undertake research careers in interdisciplinary ﬁelds in the Life Sciences. Students undertake a series of
courses, typically about three weeks long. These are given by a number of people
with either an experimental or modelling background so that they are exposed to
a wide variety of approaches and skills across the breadth of relevant physical and
life sciences techniques. This will help the students to be better informed on what
are the important scientiﬁc research challenges and hence to do better science.
In the LSI program the focus is on bionanotechnology, bioinformatics, medical
images and signals and computational biology while in the Systems Biology DTC
the focus is on chemosensory networks and whole organism behaviour, signalling
pathway modelling, molecules to cells and integrative biology. The programs are
linked to a number of departments including Physics, Mathematics, Computer
Science, Biochemistry and Engineering Science. At the completion of the program
the students undertake PhDs in these departments.
The DTC currently has a student base of 48 students who are working at various
stages of the program. The ﬁrst group of students graduated with their Doctorate
degrees in 2006. The background of the students is very widespread including
biochemistry, biology, chemistry, computer science, engineering science, human
sciences, mathematics, statistics, physics and electronics. The DTC is located
within the new interdisciplinary e-Science building in the main science area of
the University. Students are based in the building in their ﬁrst year, returning
to it frequently in subsequent years for ongoing training, seminars and reading
programs.
Substantial funding to establish these programs came from initiatives from the two
funding agencies: the Engineering and Physical Sciences Research Council (EPSRC) and the Biotechnology and Biological Sciences Research council (BBSRC).
I participated in both doctoral training programs and found the students very
bright and keen to learn and to engage. In talking with them it is clear that
∗ COMLAB,

University of Oxford, Wolfson Building, Parks Road, Oxford, OX1 3QD, UK.
E-mail: kevin.burrage@comlab.ox.ac.uk
IMB, The University of Queensland, St Lucia, QLD 4067.
E-mail: k.burrage@imb.uq.edu.au
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they have picked up on many important areas and were very well rounded in their
outlook on science. Many of them had had the opportunity to work on experimental aspects even though they had not previously been exposed to this important
component of multidisciplinary research.
At the moment there is no doctoral training program in mathematics in Oxford
but plans are under way to try and establish such a program. However, it is expensive to establish and run and so needs considerable priming from the relevant
research councils.
In a slightly diﬀerent setting the African Institute for Mathematical Sciences in
Cape Town, South Africa provides a type of doctoral training program — see my
previous article in the Gazette (Gaz. Aust. Math. Soc. 34(2), 92–93) — in which
50–60 of the best African students in mathematics or computer science study a
series of subjects over a period of nine months.
Now while various groups in Australia run winter or summer schools for graduate
students, this is not the same in scope as the doctoral training programs and does
not expose potential PhD students to such a rich environment of ideas and techniques. If Australia is to stay abreast of developments in multidisciplinary science
it needs to train its students appropriately either through individual university
doctoral training programs or perhaps through the Australian Mathematical Sciences Institute championing some of these ideas and then lobbying the Australian
Research Council and state and federal governments. In all of these training programs mathematics is always the key.
Relevant Web sites
http://www.epsrc.ac.uk/
http://www.bbsrc.ac.uk/
http://www.lsi.ox.ac.uk/
http://www.sysbiodtc.ox.ac.uk/
http://www.aims.ac.za/english/

Kevin Burrage is Professor of Computational Systems
Biology, COMLAB, University of Oxford and Professorial Research Fellow at the Institute for Molecular
Bioscience, University of Queensland. He was a Federation Fellow of the ARC for 2003–2007. For the last
few years his research has been in computational and
systems biology and, in particular, on the roles of noise
in cell biology.
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Peter Chapman
1934–2008
Peter Chapman’s ﬁrst two degrees were in Aeronautical Engineering and Science at the University of Sydney in the mid-1950s. He graduated with First
Class Honours and a University Medal. He subsequently continued at USyd
under the supervision of John Mahony, completing a PhD entitled Some Problems in Wave Propagation. The thesis was on the theoretical behaviour of
shock waves in cylindrical and spherical geometries. Peter had a wicked sense
of humour. As John’s ﬁrst student, Peter used to say that John viewed him
as an historical curiosity, or perhaps an item of memorabilia. They were of
course dear friends.
After completing his PhD, he worked in the Australian Government Aircraft
Factory in Melbourne. He soon accepted an invitation to apply for a position
in the Mathematics Department of the University of Toronto, won the job,
and stayed there nine years.
He then joined the University of Western Australia in 1969. It was a time
when mathematics, especially applied mathematics, ﬂourished at UWA. John
Mahony was there, at the full expression of his great talent. Colleagues at
the time included Joyce Billings, Neville Fowkes, Malcolm Hood, Dave Hurley,
Ron List and Peter Wynter. Peter supervised many students at various levels,
but just one PhD student — Noel Barton, from 1970–1973.
Undergraduate students were fond of Peter and his quirks of style. Displaying
much more bark than bite, there was sometimes an explosion of grumpiness
and salty language, which always evaporated quickly leaving his residual good
nature. He never lectured from notes — everything went directly from head
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to board, regarded by most as a courageous practice, and was presented in
his neat handwriting without errors. Peter had broad interests and an intense
curiosity in all aspects of life, including the arts, politics, the sciences, aviation, golf and squash in his earlier days, and of course horse racing. He had
a distinctive, very individual approach to matters academic and otherwise.
It was part dogged, part self deprecating, part cynical. He loved to snort a
characteristic ‘grawfoorrrrr’ when he exposed a new truth.
Although Peter worked on a broad range of mathematical problems, his special passion was reserved for really big ideas. He loved to grasp the essence of
such ideas, even if they’d been around a long time and were no longer actively
researched. He needed to express them in his own particular way, striving
always for a better exposition. As an example, in the early 70s he laboured
mightily on ergodic theory. As a still-current example, Peter recently ﬁnished a
manuscript which exposes further connections between classical and quantum
mechanics. Another recent example was new important material on geometric
optics. Following his retirement in 1994, Peter retained his connection with
UWA as an honorary research fellow, and these last two major contributions
were accomplished since his retirement.
Peter died on 8 February 2008 after a short illness. He is survived by his wife,
Constance, and daughters Sophia and Katherine. He was a dear friend and
highly respected colleague of all who worked with him.
Noel Barton and Neville Fowkes
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A tourist’s guide to intersection theory
on moduli spaces of curves
Norman Do∗

Abstract
In the past few decades, moduli spaces of curves have become increasingly
prominent and important in mathematics. In fact, the study of moduli spaces
lies at the centre of a rich conﬂuence of rather disparate areas such as geometry, combinatorics and string theory. Starting from baby principles, I
will describe exactly what a moduli space is and motivate the study of its
intersection theory. This scenic tour will guide us towards a discussion of
Kontsevich’s combinatorial formula, including a description of a new proof.

What is a moduli space and what is it good for?
Let us begin our journey into the world of moduli spaces with the following two
statements.
• A moduli space parametrises a family of geometric objects.
• Diﬀerent points in a moduli space represent diﬀerent geometric objects and
nearby points represent objects with similar structure.
Rather than elaborate on these cryptic remarks, perhaps the best way forward is
to consider the following example. Although of no great interest in itself, it will
give us a taste of what a moduli space is and what it is good for.
Toy example. Let M be the moduli space of triangles whose vertices are
labelled A, B and C. Therefore, every point in M should correspond to a particular triangle. If we denote the side lengths by a = BC, b = CA and c = AB,
then the triangle can be uniquely described by the triple (a, b, c). However,
not all triples of positive real numbers give rise to a triangle. Indeed, a necessary and suﬃcient condition is that the three numbers must satisfy the triangle
inequalities. So we can describe the moduli space of triangles as follows.
M = {(a, b, c) ∈ R3+ | a + b > c, b + c > a, and c + a > b} .
Standing at a point in the moduli space corresponds to thinking about a particular
triangle. On the other hand, moving through the moduli space corresponds to
Received 29 January 2008; accepted for publication 18 March 2008.
∗ Department of Mathematics and Statistics, The University of Melbourne, VIC 3010.
E-mail: N.Do@ms.unimelb.edu.au
Norman Do was joint winner of the B.H. Neumann Prize for best student talk at the Annual
Meeting of the AustMS, held in Melbourne in September 2007.
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continuously deforming the triangle1 . We will use this toy example of a moduli
space to consider a baby problem from enumerative geometry.
How many triangles with vertices labelled A, B and C are isosceles,
have at least one side of length 5, and have at least one side of length 7?
I have called this a baby problem because it is really quite simple. What is interesting, however, is the way in which a moduli space enthusiast would think about
it. We start by deﬁning the following three subsets of M .
• Let Xiso ⊆ M be the locus of isosceles triangles.
• Let X5 ⊆ M be the locus of triangles with at least one side of length 5.
• Let X7 ⊆ M be the locus of triangles with at least one side of length 7.
Given these deﬁnitions, our baby problem can be rephrased as follows.
How many points are in the set Xiso ∩ X5 ∩ X7 ?
So we have translated our original question about counting triangles to one concerning subsets of the moduli space of triangles. What we have gained from doing
so is not an easier path to the solution, but a deeper geometric perspective on the
matter. And it is this perspective that has motivated the exploration of moduli
spaces in general, and moduli spaces of curves in particular.

Intuitive intersection theory
Playing with our toy example led us to consider intersections of certain
lying in a larger space. Such matters belong to the realm of geometry
unsurprisingly, as intersection theory. Despite arising from such simple
erations, intersection theory is both deep and technical. In this article,
content ourselves with a brief review of the underlying intuition.

subsets
known,
considwe will

We begin by deﬁning the codimension of a D-dimensional subset of an N -dimensional space to be the number N − D. For example, a line in the plane has codimension 1, while a line in space has codimension 2. Now we can state one of the
most fundamental facts about intersection theory.
Fundamental fact. A generic intersection between two subsets with codimensions
D1 and D2 has codimension D1 +D2 . It follows that a generic intersection between
m subsets with codimensions D1 , D2 , . . . , Dm has codimension D1 +D2 +· · ·+Dm .
For example,
• a line in the plane (codimension 1) will generically intersect another line (codimension 1) in a point (codimension 2);
• a line in space (codimension 2) will generically intersect a plane (codimension 1)
in a point (codimension 3); and
• a plane in space (codimension 1) will generically intersect another plane (codimension 1) in a line (codimension 2).

1 At

this point in time, the keen reader may like to consider why we bothered to label the vertices
of the triangle A, B and C. What would happen if we left the vertices unlabelled?
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By now, you might be wondering what I mean by the word ‘generic’. I have
carefully used it to deal with certain cases which would otherwise render our fundamental fact blatantly false. For example, two copies of the same line in the plane
do not meet in a point, as expected. One way to get around this fact is simply to
‘jiggle the picture’. A slight perturbation of the subsets will then leave us with a
generic intersection with the expected codimension2 .
One important case is when we have m subsets of an N -dimensional space with
codimensions D1 + D2 + · · · + Dm = N . Then their intersection is a set of points
and the number of these points is called an intersection number. We will use the
following non-standard notation for intersection numbers.
X1 · X2 · · · Xm = the number of points in the set X1 ∩ X2 ∩ . . . ∩ Xm .

An introduction to moduli spaces of curves
A long time ago, topologists showed that (closed, connected, orientable) surfaces
are classiﬁed by their genus, or more informally, their number of holes.

genus = 0

genus = 1

genus = 2

However, someone interested in geometry, rather than topology, would want to
know more. They would consider the question, ‘What can one do to a surface?’
If you asked an algebraic geometer, they would be interested in putting an algebraic structure on a given surface. In other words, they would represent it as the
complex solution set to a polynomial in two variables.
C = {(x, y) ∈ C2 | P (x, y) = 0}.
Such sets can be considered up to a certain equivalence relation and the resulting
equivalence classes are known as algebraic curves.
On the other hand, a mathematician interested in hyperbolic geometry, complex
analysis or diﬀerential geometry would consider putting other structures on a
surface. The following table summarises the diﬀerent approaches and the three
resulting objects — namely, algebraic curves, hyperbolic surfaces and Riemann
surfaces.
A surprising fact is that no matter which of these structures you choose to put on a
surface, you essentially get the same result. More precisely, there is a natural dictionary correspondence between the set of algebraic curves3 , the set of hyperbolic
surfaces and the set of Riemann surfaces!
2 This

is analogous to the geometric notion of points being in general position. For example, a
ﬁnite set of points in the plane is said to be in general position if no three lie on a line. A set of
points which is not in general position can be made so by a slight perturbation.
3 To be more precise still, we should really be talking about smooth algebraic structures and
smooth algebraic curves.
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Area

Structure

Equivalence

Class

algebraic geometry
hyperbolic geometry
complex analysis
diﬀerential geometry

algebraic structure
hyperbolic structure
complex structure
Riemannian metric

isomorphism
isometry
biholomorphism
conformal equivalence

algebraic curve
hyperbolic surface
Riemann surface
Riemann surface

We are now ready to deﬁne moduli spaces of curves as follows4 .
Mg,n = the moduli space of algebraic curves with genus g and n marked points,
= the moduli space of hyperbolic surfaces with genus g and n cusps,
= the moduli space of Riemann surfaces with genus g and n marked points.
Standing at a point in Mg,n corresponds to thinking about a particular algebraic
curve with genus g and some marked points on it labelled from 1 up to n. On
the other hand, moving through Mg,n corresponds to continuously deforming the
algebraic curve and/or continuously moving these marked points. Unfortunately,
there are three somewhat technical issues we must deal with before progressing.
• Problem: The space Mg,n does not always exist.
Solution: There are just a handful of problem cases which we must exclude:
(g, n) = (0, 0), (0, 1), (0, 2) and (1, 0). However, all other non-negative integer
values for g and n do give us bona ﬁde moduli spaces.
• Problem: The space Mg,n is not compact.
Solution: Compact spaces are generally more tractable than those which are
not. Fortunately, there are many ways to compactify Mg,n by throwing in
some extra points5 . The most natural compactiﬁcation is due to David Mumford and Pierre Deligne and involves considering Mg,n , the moduli space of
stable curves with genus g and n marked points. Stable curves are constructed
by picking a set of smooth algebraic curves with marked points and gluing
them together at pairs of marked points. From this deﬁnition, it should be
clear that Mg,n ⊆ Mg,n .
• Problem: The space Mg,n is not a manifold.
Solution: We are forced to treat the space Mg,n as an orbifold. Although the
deﬁnition of an orbifold is quite technical, we need only keep in mind that
there are certain subsets of the space which correspond to ‘fractional points’.
In particular, there may be points which correspond to 12 points, 13 points, 14
points, and so on. The upshot of all this is that when counting intersection
numbers, we must expect them to be rational, rather than integral. Despite
seeming counterintuitive, this is the only way that we can accommodate an
intersection theory which obeys the rules that are consistent with our intuition.
One of the earliest results on moduli spaces of curves is the following, which was
essentially known to Riemann himself.

4 Note

that a cusp is basically a puncture on a hyperbolic surface which has been ‘pulled out
to inﬁnity’. In the natural dictionary correspondence between algebraic curves and hyperbolic
surfaces, a marked point translates to a cusp.
5 As an example of compactiﬁcation, note that the moduli space of triangles discussed earlier can
be compactiﬁed by including degenerate triangles formed by three collinear points and triangles
with sides of length 0.

A tourist’s guide to intersection theory on moduli spaces of curves

107

Fact. The dimension of the moduli space Mg,n is 6g − 6 + 2n.
This shows that moduli spaces of curves can be of arbitrarily high, though necessarily even, dimension. As a result, they can be very diﬃcult to visualise. The
diﬃculty is compounded by the fact that the structure of Mg,n is also extremely
complicated in general.
Intersection numbers on moduli spaces of curves
Since we are interested in the intersection theory of moduli spaces of curves, we
need to ﬁnd some particular subsets of Mg,n to intersect with each other. It turns
out that on Mg,n , there are n natural cohomology classes, one for each of the
marked points.
ψ1 , ψ2 , . . . , ψn ∈ H 2 (Mg,n , Q) .
Now it doesn’t matter if you don’t know what cohomology is because, translated into the language of intuitive intersection theory, what this means is that
ψ1 , ψ2 , . . . , ψn correspond to subsets of Mg,n of codimension two. Therefore, if we
pick non-negative integers a1 + a2 + · · · + an = 12 dim Mg,n = 3g − 3 + n, then we
can form the intersection number
ψ1a1 · ψ2a2 · · · ψnan ∈ Q.
This means that we should take a1 copies of ψ1 , a2 copies of ψ2 , and so on, that
we should jiggle everything so that the subsets intersect generically, and that we
should count the number of points of intersection, keeping in mind that some
points are fractional. We call ψ1 , ψ2 , . . . , ψn psi-classes and refer to the numbers
ψ1a1 · ψ2a2 · · · ψnan as intersection numbers of psi-classes. For example, the intersec1
tion number ψ1 · ψ2 on M0,5 is 2 while the intersection number ψ1 on M1,1 is 24
.
In general, these intersection numbers of psi-classes are very tough to calculate.
But before we get too carried away with moduli spaces of curves and intersection
numbers of psi-classes, it would be remiss not to mention why anyone would want
to study them. From the way that we have motivated this discussion, one can see
that moduli spaces of curves are of fundamental importance in algebraic geometry,
hyperbolic geometry and topology. A deeper look reveals interesting connections
with seemingly unrelated areas such as combinatorics, integrable systems and matrix models. However, one of the most amazing places where moduli spaces can be
found is in string theory. In fact, the area of moduli spaces provides us with one
of the most fascinating illustrations of the symbiosis between pure mathematics
and theoretical physics.
One of the landmark results on moduli spaces of curves is a conjecture ﬁrst posed
by Edward Witten. The conjecture involves the intersection numbers of psi-classes
and, amazingly, arose from the study of a particular model of two-dimensional
quantum gravity. The following is a very brief history of Witten’s conjecture and
some of the various proofs that have emerged over the years.
• In 1991, Edward Witten gave a conjectural recursive formula to generate all
intersection numbers of psi-classes. More precisely, he claimed that a natural
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generating function for the intersection numbers of psi-classes satisﬁes a series
of diﬀerential equations known as the KdV hierarchy6 [5].
In 1992, Maxim Kontsevich found a formula which relates intersection numbers of psi-classes with combinatorial objects known as ribbon graphs. He
then deduced Witten’s conjecture from this by using the analysis of a related
matrix model [2].
In 2001, Andrei Okounkov and Rahul Pandharipande found another proof of
Witten’s conjecture by relating intersection numbers of psi-classes with Hurwitz numbers. Hurwitz numbers arise in the enumeration of branched covers
of the sphere and in counting factorisations of permutations into transpositions [4].
In 2004, Maryam Mirzakhani found yet another proof of Witten’s conjecture
by relating intersection numbers of psi-classes with volumes of moduli spaces
of hyperbolic surfaces [3].
My own contribution to the area consists of a new proof of Kontsevich’s combinatorial formula using the volumes of moduli spaces of hyperbolic surfaces
considered by Mirzakhani. This gives a new path to Witten’s conjecture by
drawing together two previously unrelated proofs [1].

Further testament to the importance of moduli spaces of curves is the fact that ﬁve
of the mathematicians we have mentioned — namely Mumford, Deligne, Witten,
Kontsevich and Okounkov — are all recipients of the prestigious Fields medal.

Kontsevich’s combinatorial formula explained
We have already mentioned that Kontsevich’s proof of Witten’s conjecture relies
on a combinatorial formula involving ribbon graphs. We deﬁne a ribbon graph of
type (g, n) to be a graph with a cyclic ordering of the edges meeting at every vertex
which can be thickened to give a surface with genus g and n boundaries labelled
from 1 up to n.
For example, consider the following diagram which shows a ribbon graph of type
(1, 1) on the left. It has three edges which meet in the same cyclic orientation at
the two vertices. To thicken the ribbon graph, imagine that it is a railing being
held on to by an incompetent ice skater. As they work their way around the
ribbon graph, they carve out the edges of the thickened graph, as shown on the
right. Gluing ribbons onto the edges of the graph in the manner shown yields a
surface with exactly one boundary. Although it is not immediately obvious, the
surface actually has genus one.
As another example, we have the following four ribbon graphs. Note that they
are all trivalent, meaning that all vertices have degree three. In fact, they are the
only trivalent ribbon graphs of type (0, 3). The three boundary components are
labelled with the numbers 1, 2, 3 and come from the fact that this time we require
three incompetent ice skaters to traverse both sides of every edge. To understand
6 The

KdV (Korteweg–de Vries) equation is a non-linear partial diﬀerential equation which ﬁrst
appeared in the study of shallow water waves and has generated a tremendous amount of mathematical interest over the past few decades. It seems to me both interesting and surprising
that this equation from classical physics is central to Witten’s conjecture, which originated from
theoretical physics.
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1

the eﬀect of the cyclic orientations of the edges, consider the ribbon graph on the
far right. As a graph, it is isomorphic to the example above since both contain
three edges connecting two vertices. However, it is a diﬀerent ribbon graph since
after being thickened, one obtains a surface with genus zero and three boundaries.
1
1

2

2

3

3

3

1

1

3
2

2

Now without further ado, let me introduce Kontsevich’s combinatorial formula,
which at ﬁrst glance appears to be an obfuscated mess of mathematical symbols.
Kontsevich’s combinatorial formula. The intersection numbers of psiclasses on Mg,n satisfy the following equation:
n

ψ1a1
|a|=3g−3+n

· ψ2a2

· · · ψnan

(2ak − 1)!!
=
sk2ak +1
G∈R
k=1

g,n

22g−2+n
|Aut(G)|

e∈G

1
.
s(e) + sr(e)

We will attempt to unravel this seemingly complicated formula and make sense of
what it has to oﬀer.
• The left-hand side is a polynomial in s11 , s12 , . . . , s1n and its coeﬃcients store
all intersection numbers of psi-classes on Mg,n .
• The right-hand side is a rational function in s1 , s2 , . . . , sn obtained by a strange
enumeration.
• On the outside is a sum over all trivalent ribbon graphs G of type (g, n).
• On the inside is a product over the edges of G — here, (e) and r(e) denote
the labels of the boundaries on each side of e.
• In between is a constant involving |Aut(G)|, which denotes the number of
automorphisms of the ribbon graph G.
Therefore, if we wanted to calculate the psi-class intersection numbers on Mg,n ,
we simply need to list all of the trivalent ribbon graphs of type (g, n) and write
down the corresponding terms in the summation on the right-hand side of Kontsevich’s combinatorial formula. The result should be a polynomial from which
we can simply read oﬀ the psi-class intersection numbers. A priori, it seems that
Kontsevich’s combinatorial formula could not possibly be true since the left-hand
side is polynomial in nature, while the right-hand side does not appear to be a
polynomial at all! Seeing is believing, so let us consider a particular example.
Example. In the very simple case of g = 0 and n = 3, the left-hand side contains
only one term.
1
LHS = ψ10 · ψ20 · ψ30
.
s1 s2 s3
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For the right-hand side, consider the leftmost of the four trivalent ribbon graphs
of type (0, 3) pictured earlier. One of its edges is adjacent to the boundary labelled 1 and the boundary labelled 3. Therefore, Kontsevich’s combinatorial formula tells us to write down the expression 1/(s1 + s3 ). Doing this for all three
edges and multiplying the corresponding expressions together gives us the term
1/(2s3 (s1 + s3 )(s2 + s3 )).
The next step is to add up these expressions over all four trivalent ribbon graphs
of type (0, 3), each multiplied by the appropriate constant.
2
2
+
RHS =
2s3 (s1 + s3 )(s2 + s3 ) 2s1 (s2 + s1 )(s3 + s1 )
2
2
+
+
2s2 (s3 + s2 )(s1 + s2 ) (s1 + s2 )(s2 + s3 )(s3 + s1 )
s1 s2 (s1 + s2 ) + s2 s3 (s2 + s3 ) + s3 s1 (s3 + s1 ) + 2s1 s2 s3
s1 s2 s3 (s1 + s2 )(s2 + s3 )(s3 + s1 )
(s1 + s2 )(s2 + s3 )(s3 + s1 )
=
s1 s2 s3 (s1 + s2 )(s2 + s3 )(s3 + s1 )
1
.
=
s1 s2 s3
=

Finally, equating the left- and right-hand sides allows us to conclude that ψ10 · ψ20 ·
ψ30 = 1.
Unfortunately, all this hard work has been for nought since the intersection number
ψ10 · ψ20 · ψ30 represents an intersection of zero subsets and is equal to one by deﬁnition! However, Kontsevich’s combinatorial formula did give us the correct answer,
and one can observe that there was some algebraic magic required to show that
the left-hand side, which was inherently polynomial, was equal to the right-hand
side, which was not. You can take my word for it that Kontsevich’s combinatorial
formula continues to hold for larger values of g and n and that the algebraic magic
is even more striking.

A new proof of Kontsevich’s combinatorial formula
An accurate blow-by-blow account of the proof of Kontsevich’s combinatorial formula would inﬂate the size of this already lengthy article several times (cf. my
PhD thesis). Given the constraints and nature of this exposition, let us content
ourselves with understanding how intersection numbers of psi-classes are related
to ribbon graphs.
Kontsevich’s combinatorial formula simpliﬁed
INTERSECTION NUMBERS
OF PSI-CLASSES

RIBBON
GRAPHS
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Very sketchy proof: Step 1
INTERSECTION NUMBERS
OF PSI-CLASSES

ASYMPTOTICS OF VOLUMES
OF MODULI SPACES

Earlier it was noted that we have some choice in whether we want to consider the
moduli space of algebraic curves, Riemann surfaces or hyperbolic surfaces. One of
the distinct advantages of working with hyperbolic surfaces is that we can open
up each cusp to give a boundary whose length can be any positive real number.
This allows us to deﬁne Mg,n (1 , 2 , . . . , n ) to be the moduli space of hyperbolic
surfaces with genus g and n boundaries of lengths 1 , 2 , . . . , n .
For all choices of 1 , 2 , . . . , n , these spaces are naturally endowed with a symplectic structure known as the Weil–Petersson symplectic form. What this means
is that we can assign a volume to these moduli spaces, a calculation which was
recently accomplished by Mirzakhani. Essentially, she proved that the volume
Vg,n (1 , 2 , . . . , n ) of Mg,n (1 , 2 , . . . , n ) is a polynomial in 1 , 2 , . . . , n of degree
6g − 6 + 2n. Furthermore, its top degree coeﬃcients store all of the intersection
numbers of psi-classes on Mg,n , the very numbers that we wish to know.
So how does one access the top degree coeﬃcients of a polynomial? The answer is to look at its asymptotics — more precisely, we consider the behaviour of
Vg,n (T 1 , T 2 , . . . , T n ) as T approaches inﬁnity.
Very sketchy proof: Step 2
ASYMPTOTICS OF VOLUMES
OF MODULI SPACES

HYPERBOLIC SURFACES WITH
VERY LONG BOUNDARIES

The connection here is simple. To understand Vg,n (T 1 , T 2 , . . . , T n ) for very
large values of T , of course, one must ﬁrst understand hyperbolic surfaces with
boundaries of lengths T 1 , T 2 , . . . , T n for very large values of T .
Very sketchy proof: Step 3
HYPERBOLIC SURFACES WITH
VERY LONG BOUNDARIES

RIBBON
GRAPHS

The ﬁnal piece of the puzzle is to relate hyperbolic surfaces with very long boundaries and ribbon graphs. By the Gauss–Bonnet theorem, a fundamental tool in
geometry, all hyperbolic surfaces with genus g and n boundaries have the same
surface area. If we begin to ‘stretch out’ the boundaries to make them longer,
the surface area condition forces the surface to become skinny. Now suppose that
while we are stretching out the boundaries, we also simultaneously ‘zoom out’ so
that the surface remains in our ﬁeld of vision. After performing this stretch-and-
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zoom ad inﬁnitum, we obtain a very skinny surface indeed. And what does a very
skinny surface look like? A ribbon graph, of course!
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The case of the mysterious sevens
Michael D. Hirschhorn∗

Abstract
We give a simple q–series proof of a partition theorem of Farkas and Kra.

In 2003, Hershel Farkas toured Australia, and gave a talk in several places, in
which he presented a partition theorem discovered by him and Irwin Kra [1], and
proved by them using theta-functions. Their theorem is as follows.
Theorem 1. If S is the set consisting of all the positive integers in black together
with multiples of 7 in red then the number of partitions of 2N + 1 into distinct
odd elements of S is equal to the number of partitions of 2N into distinct even
elements of S.
Farkas issued a challenge to his audience, to ﬁnd a simpler proof (a generating
function proof or a combinatorial proof) of their theorem. I rose to his challenge [3], as did Warnaar [4], who generalised their result. I have since found a
simpler version of my proof, and will present it here.
It is easy to see that the theorem is equivalent to the q-series result
∞

∞

(1 + q 2n−1 )(1 + q 14n−7 )

O

=q

n=1

(1 + q 2n )(1 + q 14n ) ,

(1)

n=1

where O denotes the odd part of the series.
∞
If we multiply by n=1 (1 − q 4n )(1 − q 28n ) and use the special cases of Jacobi’s
triple-product identity [2, (19.9.1)] with (k, l) = (2, 1), (14, 7), (4, 2), (28, 14),
∞

∞

(1 + q 2n−1 )(1 − q 4n ) =
n=1

∞

(1 + q 4n−3 )(1 + q 4n−1 )(1 − q 4n ) =

q 2n
n=−∞

n=1
∞

∞

(1 + q 14n−7 )(1 − q 28n ) =

q 14n

2

+7n

,

n=−∞

n=1
∞

∞

(1 + q 2n )(1 − q 4n ) =
n=1

(1 + q 4n−2 )(1 + q 4n )(1 − q 4n )
n=1
∞

(1 + q 8n−6 )(1 + q 8n−2 )(1 − q 8n )

=
n=1
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∞

q 4n

=

2

+2n

,

n=−∞

and

∞

∞

(1 + q 14n )(1 − q 28n ) =

q 28n

2

+14n

,

n=−∞

n=1

(note that all series and product statements and manipulations are valid in |q| < 1),
we ﬁnd that (1) is equivalent to
∞

2

q 2m

O

+m+14n2 +7n

∞

2

=q

m,n=−∞

q 4m

+2m+28n2 +14n

.

(2)

m,n=−∞

But (2) is easy to prove!
We have
∞

2

q 2m

+m+14n2 +7n

∞

q ((m+7n+2)

=

m,n=−∞

2

+7(m−n)2 −4)/4

m,n=−∞

q (u

=
u−v≡2

2

+7v 2 −4)/4

.

(mod 8)

If u and v are even and diﬀer by 2 (mod 8), (u2 +7v 2 −4)/4 is even, so these terms
do not contribute to the odd part. Otherwise, we can set (u, v) = (8k + 1, −8l − 1),
(8k + 3, 8l + 1), (−8k − 1, −8l − 3) and (−8k − 3, 8l + 3) in turn, and ﬁnd
∞

2

q 2m

O

+m+14n2 +7n

m,n=−∞
∞

q 16k

=

2

+4k+112l2 +28l+1

∞

k,l=−∞

2

+4k+112l2 +84l+15

k,l=−∞
∞

q

+

16k2 +12k+112l2 +28l+3

k,l=−∞
∞
16k2 +4k

=q

q 16k

+

q

−∞
∞

=q

∞

+ q2

q 16k

2

−∞
2

q 4m

∞

q 16k

+

+12k

+12k+112l2 +84l+17

k,l=−∞
∞
112l2 +28l

q

−∞

+2m+28n2 +14n

2

∞

+ q 14

q 112l

2

+84l

−∞

,

m,n=−∞

as required.
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An epidemic model approximating
the spread of the common cold
J. Gani∗ and R.J. Swift∗∗

Abstract
An approximation to the simple stochastic epidemic is presented which leads
to a binomial type process for the number of susceptibles X(t) at time t ≥ 0.
The expectation of X(t) is compared with that of the exact simple epidemic,
and the duration T of the epidemic is discussed.

Introduction
A simpliﬁed model for the spread of the common cold is the simple epidemic described by Bailey [2] and Daley and Gani [3]. This assumes the homogeneous
mixing of cold-free susceptibles X(t), where X(0) = N , and infectives with the
cold Y (t), where Y (0) = I. As examples, we may consider a family of six members
setting oﬀ the epidemic with N = 5 and I = 1, or alternatively, a classroom of 21
members, starting with N = 20, I = 1. In the deterministic version of the model,
which is characterised by the diﬀerential equations
dX
= −βXY ,
dt

dY
= βXY ,
dt

it is well known that for the infection parameter β = 1,
X(t) =

N (N + I)
,
N + Ie(N +I)t

Y (t) =

I(N + I)e(N +I)t
,
N + Ie(N +I)t

(1)

with an epidemic curve, representing the rate of spread of the infection,
w = XY = −

dX(t)
N I(N + I)2 e(N +I)t
.
=
dt
(N + Ie(N +I)t )2

(2)

Bailey [2, p. 35] provided graphs of w when N = 10, I = 1 and N = 20, I = 1;
these graphs are redrawn in Figure 1.
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Figure 1. The deterministic epidemic curve for two initial susceptible
population sizes: (a) N = 10, I = 1; (b) N = 20, I = 1.

The simple stochastic epidemic
In a stochastic formulation of the simple epidemic, X(t) and Y (t) are considered
to be random variables (RVs), where the probabilities
Pi (t) = P{X(t) = i | X(0) = N }
of the Markov chain {X(t); t ≥ 0} in continuous time will satisfy the equations
dPi (t)
= −i(N + I − i) Pi (t) + (i + 1)(N + I − i − 1) Pi+1 (t) ,
dt
dPN (t)
= −iN PN (t) .
dt
Writing the probability generating function (PGF) of X(t) as

0 ≤ i ≤ N − 1,
(3)

N

φ(z, t) =

Pi (t)z i ,

0≤z≤1

i=0

with φ(z, 0) = z N , we can derive the partial diﬀerential equation (PDE)
∂φ
∂φ
∂2φ
= z(z − 1) 2 − (z − 1)(N + I − 1)
∂t
∂z
∂z
which yields on diﬀerentiation with respect to z, when z = 1,
d
E[X(t)] = − E[X(t)](N + I − E[X(t)]) + var[X(t)]
dt
as against the deterministic

(4)

(5)

dX(t)
= −XY = −X(N + I − X) .
dt
Bailey [2] derived the PGF φ, the exact solution of equation (4), as well as the
moment generating function (MGF) of X(t) in terms of hypergeometric functions.
He also obtained the approximate solution using a perturbation technique that
made a small change in the states of the process by letting n = N + where > 0.
This gives an approximate value for the PGF φ as
N

dj e−j(n+1−j)t 2 F1 (−j, j − n − 1, −n, z) ,

φ(z, t) =
j=0

(6)
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where
dj =

(−1)j N ! (n − 2j + 1)n!
,
N
j!(N − j)! (n − N )! r=0 (n − j − r + 1)

and 2 F1 (−j, j − n − 1, −n, z) is the hypergeometric function deﬁned by the series
∞
2 F1 (a, b, c, z)

=
=0

(a) (b)k z 
(c)
!

with (a) = a(a + 1)(a + 2) · · · (a +  − 1) and (a)0 = 1.
Bailey [2] and Daley and Gani [3] provide details of this solution and both show
that the approximation tends to the exact solution as ε goes to zero.
The expected number of susceptibles for the simple stochastic epidemic is obtained
from (6) as
E[X(t)] =

∂φ(1, t)
=
∂z

N

dj e−j(n−j+1)t
j=0

∞
k=1

(−j)k (j − n − 1)k
.
(−n)k (k − 1)!

The epidemic curve for the simple stochastic epidemic process is found as
w=−

d E[X(t)]
dt

which is graphed in Figure 2 for N = 10, I = 1 and N = 20, I = 1, with ε = 0.001.
In the next section, we propose a much simpler alternative approximation in which
the RV Y (t) is replaced by its deterministic value. This will provide a more readily
tractable model for the epidemic.

An approximate simple stochastic epidemic
In the previous section, (5) shows that if var[X(t)] is small compared to the product X(N + I − X), then the deterministic model for the number of susceptibles
and the expected number of susceptibles for the stochastic model will be close.
Thus, we use the idea of replacing an RV by its deterministic value as the basis of
an approximation to the simple stochastic epidemic.
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Figure 2. The stochastic epidemic curve for two initial susceptible population
sizes: (a) N = 10, I = 1; (b) N = 20, I = 1. In both graphs ε = 0.001.
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Speciﬁcally, for the transition of the number of susceptibles from i to i − 1, we
replace the probability i(N + I − i)δt + o(δt) by the probability
i

(N + I)Ie(N +I)t
δt + o(δt) .
N + Ie(N +I)t

This transforms the process X(t) into a pure death process with a time-dependent
death parameter
I(N + I)e(N +I)t
μ(t) =
(7)
N + Ie(N +I)t
and binomial type PGF
 t
N
N
(z − 1)(N + I)
F (z, t) = (z − 1) exp −
μ(v) dv + 1
=
+
1
, (8)
N + Ie(N +I)t
0
where
 t
μ(v) dv = ln

N + Ie(N +I)t
N +I



N + Ie(N +I)t
.
N +I
0
0
(9)
Further details on birth–death processes with time-dependent parameters are given
by Allen [1].
and

exp

t

μ(v) dv

=

Note that the expectation E[X(t)] of this approximate process takes exactly the
deterministic value in (1), so that the epidemic curve for this approximate simple
stochastic epidemic is precisely that given by (2).
We now compare this expectation with the exact expectation derived by Bailey
for N = 10, I = 1 and N = 20, I = 1. These graphs are presented in Figure 3.
Note that the approximate expectations of the numbers of susceptibles are underestimates of the exact values by just over 1 when N = 10, and about 2 when
N = 20.

Duration of the epidemic
The simple stochastic epidemic process evolves by unit decrements at the times
tN , tN −1 , . . . , t1 with tN +1 = 0, as shown in Figure 4. The duration time T of the
20
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Figure 3. The expected value E[X(t)] of the exact stochastic simple epidemic is compared with the equivalent expected value for the approximate stochastic simple epidemic
for two initial population sizes of susceptibles: (a) N = 10, I = 1; (b) N = 20, I = 1.
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X(t)
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N–2
..
.

T2
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1

tN
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tN –2

...

t
t3

t2

t1

Figure 4. The simple stochastic epidemic process.

N
epidemic, is given by T = i=1 Ti where the Ti = ti − ti+1 , (i = 1, 2, . . . , N ) are
independent exponentially distributed random variables, with
E[Ti ] =

1
,
i(N + I − i)

so that
N

E[T ] =
i=1

1
.
i(N + I − i)

(10)

To ﬁnd the duration T̃ of the approximate simple stochastic epidemic, we write
the PGF F (z, t) in (8) as
FX (z, t) =

z(N + I) + I(e(N +I)t − 1)
N + Ie(N +I)t

N

which gives that
P1 (t) = P{X(t) = 1 | X(0) = N } =

N (N + I)I N −1 (e(N +I)t − 1)N −1
.
(N + Ie(N +I)t )N

The probability density function of the RV T̃ for the approximate simple stochastic
epidemic is given by
f (t) = P1 (t)(N + I − 1) =

N I N −1 (N + I)(N + I − 1)(1 − e−(N +I)t )N −1
e(N +I)t (I + N e−(N +I)t )N

,
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so that the expected duration is found to be
 ∞
E[T̃ ] =
tf (t) dt
0


=

0

∞

t

N I N −1 (N + I)(N + I − 1)(1 − e−(N +I)t )N −1
e(N +I)t (I + N e−(N +I)t )N

dt

N −1

=

=

N
N −1
(N + I)(N + I − 1)
(−1)j
j
I
j=0
 ∞
−N
N −(N +I)t
e
×
te−(N +I)(j+1)t 1 −
dt
I
0
N (N + I − 1)
I(N + I)

N −1 ∞
j=0 k=0

N −1
j

I
N +k
(−1)j+k
k
N

k

1
.
(j + k + 1)2
(11)

While our model leads to simpler transient probabilities, the expected duration
given in (11) has a more complicated structure than that shown in (10).
Table 1 compares this approximation for the expected duration with the exact
expected duration from (10), we see that for large N , the approximate duration is
very close to the exact value.
Table 1. Expected duration times of the exact and approximate simple
stochastic epidemic process with I = 1.
Initial bumber of susceptibles

N = 10

N = 20

N = 100

N = 500

Exact duration
Approximate duration

0.5325
0.4667

0.3426
0.3116

0.10272
0.0994

0.02711
0.02636

It should be pointed out that some asymptotic results are available for the distribution of T ; for I = 1, Bailey [2] points out that the variable
W = (N + 1)T − 2 ln N
has the approximate distribution function
1

1

H(w) = 2e− 2 w K1 (2e− 2 w ) ,
where K1 is the modiﬁed Bessel function of the second kind. (See [4] for the
original formulae for the distribution of W .)
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Irrationality via well-ordering
Gerry Myerson∗

Abstract
Some irrationality facts that are usually proved using divisibility arguments
can instead be proved using well-ordering. How far can we go, and who got
there ﬁrst?

There are many proofs of the irrationality of the square root of two. Here, we
are concerned with proofs that are algebraic and rely on well-ordering, and not on
divisibility by 2. Our purposes are to see how far such proofs can go, and to say
a few words about their history.
Theorem 1. The square root of 2 is irrational.
√
Proof. Assuming
2 is rational, let n√be the smallest positive integer whose prod√
is an integer; then n( 2 − 1) is a smaller positive integer whose
uct with 2 √
product with 2 is an integer, contradiction.
Here is a ﬁrst step in extending the method of proof to a more general result.
√
√
Theorem 2. If m is an integer, and m is not an integer, then m is irrational.
√
Proof.
√ Assuming m is rational but not an integer, let k be the integer such that
√
k < m < k +1, and√
let n be the smallest positive integer whose product with √m
is an integer; then n( m − k) is a smaller positive integer whose product with m
is an integer, contradiction.
Can the approach be souped up to prove the irrationality of

√
3

2?

Theorem 3. The cube root of two is irrational.
√
3
Proof. Assuming
2 is rational,
let n be the smallest positive
integer whose prod√
√
√
3
ucts with 2 and with ( 3 2)2 are both integers; then n( 3 2−1) is a smaller positive
integer with the same property, contradiction.
√
√
Now it is clear how to prove the irrationality
of 3 m, or indeed of k m for any
√
positive integers k and m for which k m is not an integer.
Theorem 4. If k > 0 and m are integers, and
is irrational.

√
k

m is not an integer, then
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√
Proof. Assuming k m is rational
√ but not an integer, let n be the smallest positive
√
integer whose products with ( k m)j are integers for 1 ≤ j ≤ k − 1; then n{ k m}
is a smaller positive integer with the same property, contradiction.
Here {z} is the fractional part of z, which diﬀers from z by an integer, and satisﬁes
0 < {z} < 1 when z is not an integer.
We can push the idea one step further.
Theorem 5. Let f be a monic polynomial with integer coeﬃcients. Let α be a
solution of f (α) = 0. Then if α is not an integer, it is irrational.
Proof. Assume the hypotheses, assume α is rational, and let n be the smallest positive integer whose product with αj is an integer for all j less than the degree of f .
Then n{α} is a smaller positive integer with the same property, contradiction.
Perhaps this proof could use some elaboration.
First of all, if α is rational, say, α = a/b with a and b integers, b > 0, then bd−1 ,
where d is the degree of f , has the property that multiplication by αj gives an
integer for all j less than the degree of f . Thus, the set of all such positive integers
is not empty. By well-ordering, there is a least such positive integer, which we
call n.
As α is not an integer, we have 0 < {α} < 1, so 0 < n{α} < n, so n{α} is positive
and smaller than n. We write {α} = α − k for some integer k.
Now n{α}αj = nαj+1 − knαj is clearly an integer for 0 ≤ j < d − 1. But the
equation f (α) = 0 with f a monic polynomial with integer coeﬃcients implies that
αd is a sum of integer multiples of smaller powers of α, so also in the case j = d − 1
we get that n{α}αj is an integer.
This completes the justiﬁcation of the proof.
Now let K be a number ﬁeld (that is, a ﬁeld containing the rationals and of ﬁnite
dimension as a vector space over the rationals). Let O be the ring of integers of K
(that is, the set of those elements of K which are roots of a monic polynomial with
integer coeﬃcients).
Theorem 6. O is integrally closed in K.
This means that if α is in K and f (α) = 0 for some monic polynomial f with
coeﬃcients in O then α is in O. This is a standard fact from algebraic number
theory (see, e.g. [6]). Theorem 5 says Z is integrally closed in Q, so Theorem 6
can be seen as the next step in the progression that took us from Theorem 1 to
Theorem 5. I don’t know whether there is a proof in the spirit of the other proofs
in this paper. I note that the unique factorisation theorem, which can be used to
prove Theorems 1 through 5, can’t be used to prove Theorem 6, since O may not
be a unique factorisation domain. The closest I have come to a well-ordering proof
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of Theorem 6 is the following. We remind the reader that a Euclidean domain is
an integral domain admitting a Euclidean algorithm.
Theorem 5 13 . A Euclidean domain is integrally closed in its ﬁeld of fractions.
Proof. Let D be a Euclidean domain. Let K be the ﬁeld of fractions of D. Let
α in K be integral of degree n over D (that is, let α be a zero of an irreducible
monic polynomial of degree n with coeﬃcients in D).
Let N be the norm on D. Let b be a non-zero element of D of smallest norm whose
product with each of α, α2 , . . . , αn−1 is in D. Let bα = a, and let a = bq + r, where
q and r are in D and r = 0 or N (r) < N (b). Then by the usual calculations rαj
is in D for j = 1, 2, . . . , n − 1, so r = 0, so α = q is in D.
Of course, unique factorisation can also be used to prove Theorem 5 13 .
Now here’s what I know about the history of these proofs. I need to bring in a
variation on the theme.
√
Proof
of Theorem 1 (variant). Assume 2 = a/b, with a and b integers. Then
√
2 = a/b = (2b − a)/(a − b), contradiction.
Equality between a/b and (2b − a)/(a − b) is easily established by multiplying out
and noting that a2 = 2b2 . The contradiction comes from noting that a − b < b (or
that 2b − a < a, or that (2b − a) + (a − b) < a + b), and appealing to well-ordering.
This proof of Theorem 1 has in common with the previous proof that it relies on
well-ordering and not on
√ is closer than that, for
√ divisibility by 2. The resemblance
under the hypothesis 2 = a/b we see that a − b = b( 2 − 1) which is exactly
the crucial quantity in the earlier proof. I think it’s really one proof in two forms,
which I’ll call the A-form and the B-form. The distinction between them is that in
A-form proofs we hypothesise a positive integer n whose products with some other
quantity or quantities are integral, and produce a smaller positive integer with the
same property; in B-form proofs, we assume the quantity of interest is a fraction,
and deduce that it is also a ‘smaller’ fraction (in some appropriate well-ordering
of fractions).
Something like the B-form appears in Steinhaus [13]. It’s on pages 38–39 of the
1969 edition (but note the reference, below, to the ﬁrst, 1938, edition). The precise
equation a/b = (2b − a)/(a − b) does not appear, and the equations that do appear are motivated as much by geometric arguments of similarity as by algebraic
calculations, but Steinhaus does use well-ordering and not divisibility to reach the
desired conclusion.
It’s quite possible that someone took that path long before Steinhaus. I haven’t
seen any earlier reference. Dickson’s History [3] is silent on proofs of irrationality.
Some sources attribute the well-ordering proof to Niven. It does not appear in
either of his books on irrational numbers ([8], [9]). It does not appear in the 1960
edition of the textbook he wrote with Zuckerman, but the B-form of Theorem 2
appears as an exercise on pages 182–183 of the 1980 edition [10].
The paper of Maier and Niven [7] gives the B-form of Theorem 2. Then it gives
A-form proofs of Theorems 4 and 5. These A-form proofs also rely on the division
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theorem, and seem to me to be a bit less straightforward than the proofs we give
here.
The Maier–Niven paper also gives a reference to page 132 of the 1938 edition of
the Steinhaus book, an edition which is not available to me.
Subbarao [14] gives a B-form proof of Theorem 2. He asks
√ whether the line of
reasoning can be extended to establish the irrationality of k m more generally.
Lange
√ [5] notes both [7] and [14], and gives a B-form proof of the irrationality
of k m. Lange’s proof proceeds in two stages, using the type B argument in each
stage. Lange doesn’t use the division theorem.
Estermann [4] gives A-form proofs of Theorems 1 and 2. To the best of my
knowledge, this marks the ﬁrst appearance of these proofs in their most elegant
formulation.
Bloom [1] gives a B-form proof of Theorem 1, writing that it was presented by
Niven in a lecture in 1985.
I’m going to skip over the many recent textbooks I’ve seen that give well-ordering
proofs of irrationality, as they don’t give references and don’t go beyond Theorem 2.
Brown [2] proves Theorems 1, 2, 4 and 5 by an A-form argument. Brown arranges
the proofs of Theorems 4 and 5 in such a way as to need two inductions. Brown
gives no references.
The proof of Theorem 5 given in this paper appears electronically but not, to the
best of my knowledge, in print. It was posted to the Usenet newsgroup sci.math by
Severian [12]. Severian gave no references. It is also posted at the Platonic Realms
website [11]; it was sent to that site by Richard Palais. Professor Palais has told
me that he does not recall where he ﬁrst saw the proof, and that he suspects it
goes back a long way.
The proof of Theorem 5 13 given here may be new.
Summary
Proofs of irrationality that depend on well-ordering and not on divisibility arguments can be very elegant. They have a long and confusing history. The arrangements given in this paper appear, to me, to be tidier than those already in the
printed literature. It would be nice to have a proof in the same spirit that the ring
of integers in a number ﬁeld is integrally closed.
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Hypatia of Alexandria: mathematician and martyr
Michael A.B. Deakin
Prometheus Books, 2007, ISBN 978-1-59102-520-7
I found Hypatia of Alexandria a well-written, engaging and informative book which
clearly demonstrates that it is possible for a book to be both scholarly and popularly written. The author achieves this partly by the device of completely avoiding
footnotes or references in the text, and relegating notes, as well as mathematical
details and source materials, to appendices which constitute almost half of the
230-page book. Deakin’s subject was a romantic ﬁgure who has captured people’s
imaginations for nearly two millennia. These imaginations have yielded many quite
fanciful reconstructions of the events of her life and death, and from the various
ﬁctions Deakin has managed to untangle a large amount of probable fact.
Brieﬂy, Hypatia was a woman mathematician and philosopher, a Pagan in then
largely Christian Alexandria, born in the fourth century of our era and killed by
a group of Christians in 415 or 416. She was the major mathematician of her era
as her father, Theon of Alexandria, had been before her.
Alexandria was a city in ferment in the fourth and ﬁfth centuries, with tensions
not only between Christians, Jews and Pagans, but also between various Christian
groupings vying for orthodoxy. Deakin compares Alexandrian factionalism in the
ﬁfth century with that of modern Malaysia. Since the earlier drafts of this book
this parallel has become rather unfamiliar, and the world has unfortunately come
to experience more apposite parallels in the many violent faction-ridden cities of
Iraq, Afghanistan and elsewhere.
Compounding the religious factionalism was the decidedly negative PR image mathematicians enjoyed during the ﬁfth century in some Christian circles (pp. 63, 64).
This was expressed among others by the Council of Laodicea, John of Nikiu,
Augustine of Hippo and the Theodosian code. We mathematicians were perceived
to practice divination, to ‘have made a covenant with the devil to darken the spirit
and to conﬁne man in the bonds of hell’ (Augustine), to teach pernicious doctrines,
and to deserve summary execution (Theodosian code). Who would aspire to be a
mathematician in such an environment?
It is possible that this image may owe its existence to the writings of late Pythagoreans such as Iamblichus (ca. 250 – ca. 330). Since the ﬁfth century BCE Pythagoreans had been split into two groups — the Akousmatikoi and the Mathematikoi
(see e.g. [1]). Even if the latter were not all necessarily mathematicians in our
sense we have to concede that they invented the term and were entitled to apply it
to themselves. The secretive and mystical components of Pythagoreanism, such as
Iamblichus’ theory that certain magical rituals were necessary to liberate the soul
from the body (cf. [2]) and the conﬂation of the notions of mathematics with those
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of Pythagoreanism, may have made Christians feel threatened by mathematicians
in general, perceiving them to be a rival religious sect.
Deakin certainly presents a heroic picture of his subject:
Hypatia’s case then was this. She lived in a time when her intellectual heritage, a 700-year-old tradition, was crumbling. The supports that had once
seemed so secure — the Museum and the libraries — had all been swept away
by the swell of ignorant dogmatism. Almost alone, virtually the last academic, she stood for the intellectual values, for rigorous mathematics, ascetic
Neoplatonism, the crucial role of the mind, and the voice of temperance and
moderation in civic life . . . . But that tide of opinion which knows no possibility of doubt . . . all this was against her; and her life became forfeit to the
bloodlust of those who would claim, with the ironic certainty of unconscious
self-refutation, their access to a higher morality.
(Page 66)

I add that the tradition she came from was
actually even longer than 700 years: as a
Neoplatonist and Mathematician, her tradition
went back to Athens (Plato, Eudoxus), Chios
(Hippocrates) and Miletus (Thales), a tradition
of some 900 years, even longer than our European mathematical tradition since Gerard of
Cremona, Fibonacci and the ﬁrst universities.
It sharpens our perspective when we reﬂect
that the Academy, founded by Plato, lasted
over 900 years, longer than the University of
Oxford has so far.
In his examination of the intellectual, social
and religious situation in Alexandria around
the year 400, Deakin outlines some of the
theological diﬀerences current between various
Christian groups concerning the Trinity and
the nature of Jesus. These diﬀerences might
seem trivial to us but they apparently stirred
up strong emotions and even violence between the various sects. He notes that
Neoplatonism was compatible with some of these theologies so that there were
Christian as well as Pagan Neoplatonists in Alexandria.
The various Christian factions, as well as the Jews and the Pagans, were held
together somewhat tenuously by Orestes, the local Prefect of the Eastern, Greekspeaking Roman Empire, the capital of which was Constantinople (= Byzantium).
While Orestes, a Christian, was relatively tolerant, the same could not be said for
the Christian Archbishop Cyril — later proclaimed Saint Cyril of Alexandria —
who was appointed in 412. In a series of tit-for-tat actions, Christians prevailed on
Orestes to reduce dancing displays popular among the Jews, some Jews retaliated
by killing a group of Christians, Christians burned synagogues and expelled all the
Jews, and Cyril called on a band of armed monks for support. One of these monks
attacked Prefect Orestes and was tortured to death in punishment. It seems that
Hypatia was then attacked and murdered by Cyril’s supporters because she was a
supporter of Orestes. And she was a soft target.
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Deakin does an excellent job in teasing out the scope of Hypatia’s mathematics
from the limited primary source material. Unfortunately this material does not
permit deﬁnitive conclusions about Hypatia’s speciﬁc contributions to editions of
Diophantus’ Arithmetic or to her father’s commentary on the Almagest. Some of
Deakin’s incidental remarks are a bit simplistic: it goes too far to say that ‘Euclid’s
masterpiece rendered obsolete all that had preceded it’ (p. 87). In no way did the
Elements supersede, for instance, Hippocrates’ work on lunes or Archytas’ brilliant
duplication of a cube.
Some minor quibbles: There is one time when I consider that Deakin’s methods to
wring the last drop of information about his subject from the evidence go beyond
the bounds of good scholarship. This occurs when he infers, from the writings of
her pupil Synesius, what Hypatia’s own philosophical views might have been: ‘[i]f
we want to learn of her philosophy we will do best by examining his . . . we may be
sure that it represents a strain of philosophical thought close to Hypatia’s own.’
(pp. 78, 79). This is tricky business. Philosophers take care, for instance, not to
infer too much about Socrates’ views (as distinct from his methods) from those of
his pupil Plato. Indeed one might well highly regard a supervisor who supports a
PhD student who is writing a case for a wildly diﬀerent position or theory from
that of the supervisor. It denigrates Hypatia to suggest that Synesius could not
have continued to be her friend or to value her comments on his work if their views
had diverged.
There is an inconsistency related to the book’s subtitle: ‘Mathematician and Martyr’. On p. 72 Deakin discusses the death by torture of Ammonius, a military monk
allied with Cyril (and opposed to the more tolerant Christian Prefect Orestes).
Cyril apparently declared Ammonius to have been a martyr. Deakin comments
that Ammonius could not have been a martyr since he was never asked to renounce
his faith. Although in common parlance the term ‘martyr’ is used far less precisely,
Deakin is entitled to restrict its denotation in his book. But then he is hardly
entitled to refer to Hypatia as mathematician and martyr. After all she was never
asked to renounce her Pagan faith.
These are minor quibbles indeed and do not prevent me from thoroughly recommending this book to anyone interested in the ﬁrst well-documented woman
mathematician or who thinks we are having it tough now with funding cuts and
growing workloads.
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Introduction to the mathematics of ﬁnance
R.J. Williams
American Mathematical Society, 2006, ISBN 978-0-8218-3903-4
This is a brief introductory text intended to introduce suitably well-prepared mathematics students, and others with an equivalently strong background in probability
theory, to the basic ideas of pricing and hedging of ﬁnancial derivatives. There are
121 pages of basic text plus four appendices and references adding up to 150 pages
in total.
It is a neat and rather minimalist treatment, strongly based on martingale theory and equivalent martingale measures. The prerequisites, however, are quite
formidable and the treatment is certainly not self-contained.
The origins of the text as classroom material
are still visible and a useful small set of
exercises augments each of the chapters. After
an introductory chapter explaining the ideas of
ﬁnancial markets and derivatives the binomial
market model is introduced and pricing of
European and American contingent claims are
treated. Next comes a good discussion of the
ﬁnite market model, including the ﬁrst and
second fundamental theorems of asset pricing,
and some discussion of incomplete markets.
After this the story moves to continuous time
and the geometric Brownian motion model,
described herein as the Black–Scholes model.
The principal part of the remaining text treats
this model ﬁrst in the one dimensional case,
and then the multi-dimensional one. The brief
appendices sketch the ideas for Conditional
Expectation, Discrete and Continuous Time
Stochastic Processes and Brownian Motion and Stochastic Integration.
In some places the author has coined her own terminology; for example describing
markets as viable rather than using the more evocative usual description of having
no arbitrage opportunities.
The Index could have beneﬁted from more attention. For example the separating
hyperplane theorem has its proof referenced (p. 51) but not the application thereof
(pp. 36, 37) for which it was introduced.
For students who are able to accept the considerable mathematical challenge of
this material, it is an excellent introduction.
C.C. Heyde
Australian National University and Columbia University.
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Graph algebras and automata
Andrei Kelarev
Marcel Dekker, 2003, ISBN 0-8247-4708-9

The study of graph algebras falls neatly within the intersection of several ﬁelds,
including computer science, combinatorics, graph theory, operations research and
universal algebra. Automata are used to model formal languages and machines
and are particularly amenable to mathematical treatment and algebraic techniques
and form the basis for many applications of mathematics to theoretical computer
science. A graph algebra is a device for turning a graph into an algebra, and
abstract graphs are closely related to the underlying diagrams of automata. The
deﬁnitions are relatively straightforward but the mathematics and connections are
subtle and lead to many diﬃcult open problems.
This is the ﬁrst extended text incorporating graph algebras, and indeed the choice
of related topics is broad and ambitious. There are many existing books on automata and languages overlapping in material with Chapters 3 to 6 of this book.
These and the earlier Chapters 1 and 2 generally deal with standard background
material, but always the author ﬁnds new and interesting examples and angles to
present the ideas and give the reader practice.
Chapters 1, 2 and 3 comprise one-third of the text
and are liberally sprinkled with exercises. Most of
the results are quoted without proof, but the author
carefully provides references so that the interested
reader can easily locate proofs elsewhere.
From Chapter 4 onwards, the style of writing changes
and more attention is given to developing topics
through proofs, rather than quoting results and giving
the reader practice through exercises.
The later Chapters, 7 to 12, are quite specialised and
bring together many results by the author and others
in an impressive spectrum of collaborations. The ﬁnal
chapter lists a number of research problems. There
is an extensive bibliography with over 250 entries,
including a very large number by the author, and a
comprehensive index and glossary of notation.
Kelarev’s book is a very worthwhile addition to the literature and should be acquired at least as a reference work by all mathematics libraries and a number of
specialists. It is unusual in combining so many topics that would normally be
taught in disjoint courses in a second-, third- or fourth-year pure mathematics undergraduate curriculum, culminating in a cascade of chapters close to the frontier
of research.
As a pedagogic tool this book would be especially useful for talented-student programs that are looking for something unusual, bridging several ﬁelds and combining a number of classical topics with recent progress on the research front. It
would be especially useful for potential honours students seeking suitable topics
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for developing essays or minor theses. The book could be a springboard for potential masters or doctoral students with interests in algebra, combinatorics and
theoretical computer science.
A naive undergraduate student, however, may need guidance, since many important results are listed without narrative. In my opinion, the book could be
improved if some of the routine or repetitive exercises were deleted in favour of
providing more explanations that connect results or provide context. It may help
also if the author used his experience to indicate which results are particularly
deep or surprising. There are also a number of typos and minor innacuracies that
could hold up an inexperienced reader. However, the reader who perserveres will
ﬁnd in this book a wealth of ideas and resources.
David Easdown
School of Mathematics and Statistics, University of Sydney, NSW 2006.
E-mail: de@maths.usyd.edu.au













Philip Broadbridge∗

Still in there and still ﬁghting
I give my best wishes to Garth Gaudry during his recovery following recent hospitalisation. During Garth’s time as Director of ICE-EM, education in mathematics
has made signiﬁcant gains. The annual Summer School, including the most recent
held at Monash University, has been an outstanding success. The next Summer
School will be held at the University of Wollongong early in 2009. We have a
budget line from the Federal Government’s Collaboration and Structural Reform
Fund (CASR) to cover the next two Summer Schools. They will be at a slightly
reduced scale, almost exclusively for honours students.
The annual ICE-EM Graduate School, held at the ideal winter location of the
University of Queensland, has given postgraduate students access to some of the
world’s top lecturers in the mathematical sciences. ICE-EM does not have funding for these in future but the CASR grant will cover a smaller Graduate Theme
Program. On 7–18 July at the University of Queensland, courses will be given
by two eminent lecturers in areas of applied statistics that relate to the theme
of resource management. The guest lecturers are Professor Vijay Nair, Chairman
of the Statistics Department at the University of Michigan, and Professor Peter
Guttorp, a distinguished professor of statistics at the University of Washington.
As another part of the theme, there will be a workshop and short course, ‘Mathematics of Water Supply and Pricing’, held at Surfers Paradise, 14–16 July (details
in the News section, or visit http://www.amsi.org.au/water.php).
During November and December 2007, AMSI and MASCOS hosted an extremely
interesting theme program, ‘Concepts of Entropy and their Applications’. We are
now guest-editing a special issue of the journal Entropy. We continue to support
a full program of scientiﬁc workshops, under the expert guidance of our Scientiﬁc
Advisory Committee. AMSI has completed a large ﬁnal report on its Carrickfunded project, ‘Mathematics Education for 21st Century Engineering Students’.
The report is already receiving strong feedback. I thank my project team members Simi, Parvin, Graham and Annabelle, as well as all the project advisors from
many universities. In the future, we intend to work closely with the Australasian
Association for Engineering Education and with the HELM Project of the UK, to
develop a portal for disseminating context-based mathematics education materials.
Please contact us if you would like to be involved.
Our experience with the Carrick project has reinforced my opinion on how important it is to work closely with other disciplines that rely on mathematical sciences,
to better understand their needs and to gain their support. We certainly need more
moral support. Our survey shows that in 2006 and 2007, several universities lost
mathematics staﬀ without replacement. In the 2007 Federal Budget, we gained an
∗ Australian Mathematical Sciences Institute, The University of Melbourne, VIC 3010.
E-mail: phil@amsi.org.au
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additional $2700 in per-capita (EFTSU) support for mathematics students under
the Discipline-Based Funding Model. This amounts to extra income of over one
million dollars to most universities, and much more to the larger ones. Despite
misinformation to the contrary being spread by some, at least eight universities
have so far agreed to pass down a share of this money to the mathematics coalface.
We believe that many more will follow suit. Despite an increase of funding of over
1.2 million dollars, the University of Southern Queensland has recently announced
plans to shed most of its mathematics and statistics staﬀ.
Until now, USQ has been one of several active contributors to our higher education
program via the ICE-EM Access Grid Room network. In 2008, at least 10 universities will be delivering jointly accessible honours courses. Along with the annual
Summer School, this greatly broadens the curriculum choices of Australian honours
students. Due to a looming shortage in mathematics skills, outreach to students
is very important. USQ and University of New England had jointly planned a
distance education program in mathematics. Gippsland campus of Monash university oﬀers a mathematics major by distance education, using printed study
guides, online discussion — and in several units a tutorial CD ROM, Epsilon. They
also oﬀer a Graduate Certiﬁcate in Mathematics Studies for practising teachers.
Charles Sturt University distance education oﬀers undergraduate mathematics and
statistics majors as well as graduate certiﬁcate programs. Macquarie University
oﬀers a Biostatistics Masters degree program entirely by distance education. The
University of Wollongong School of Mathematics and Applied Statistics oﬀers a
mathematics program for trainee teachers at its Loftus campus. Some teaching is
done remotely and some is on-site. We believe that the mathematics enrolments in
our universities will increase. Our commissioned study on enrolments in Year 12
intermediate and advanced mathematics shows that the decline has bottomed out.
We have developed an intensive schedule of site visits by the 2008 AMSI Distinguished Lecturer Professor Linda Petzold (University of California, Santa Barbara), who will be touring after the CTAC Conference in July.
For more details on any of the above, consult our website: http://www.amsi.org.au .

Director of AMSI since 2005, Phil Broadbridge was previously
a professor of applied mathematics for 14 years, including a
total of eight years as department chair at University of Wollongong and at University of Delaware.
His PhD was in mathematical physics (University of Adelaide). He has an unusually broad range of research interests,
including mathematical physics, applied nonlinear partial differential equations, hydrology, heat and mass transport and
population genetics. He has published two books and 100 refereed papers, including one with 150 ISI citations. He is a
member of the editorial boards of three journals and one book
series.

General News
Australian and New Zealand Standard Research Classiﬁcation codes
The Australian Bureau of Statistics has released new codes to replace the existing
(1998) RFCD and SEO codes. These will undoubtedly play a role in whatever
the government decides will replace the RQF, even if it is only for the purpose of
reporting outcome data. They may determine the groupings within which assessment is made, as was originally intended for the RQF. They will feature in grant
proposals from 2009. The new codes diﬀer from all previous ones in being, simultaneously, Australian and New Zealand Standard Research Classiﬁcation codes.
The RFCD codes, although not the SEO codes, were prepared with the assistance of a committee put together by the Society, and representing theoretical
mathematics, applied mathematics and probability & statistics. You may be interested to view them. A pdf ﬁle of the new RFCD codes can be downloaded at:
http://www.ausstats.abs.gov.au/ausstats/subscriber.nsf/0/2A3A6DB3F4180D03
CA25741A000E25F3/$File/12970 2008.pdf .
More information about the new codes is available at:
http://www.abs.gov.au/ausstats/abs@.nsf/mf/1297.0?OpenDocument .
Macquarie University
On tour with the Bach Choir (http://www.thebachchoir.org.uk/concerts.php), Professor Peter Johnstone of St John’s College, Cambridge, visited Sydney from 22
to 28 March 2008. The Choir performed at Sydney Conservatorium of Music on
27 March. Peter squeezed in a talk to the Category Seminar at Macquarie University on Thursday 28 March before he joined the Choir for a performance in
the Sydney Opera House that evening. The Choir then moved to Melbourne for
performances until 5 April. Peter is author of books on topos theory and Stone
spaces; he is working on the third volume of Sketches of an Elephant: A Topos
Theory Compendium published by Oxford University Press.

Completed PhDs
Deakin University
• Dr Lei Pan, A performance testing framework for digital forensic tools, supervisor: Professor Lynn Batten.
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Monash University
• Dr Andrew Tupper, The eﬀect of environmental conditions on the nature and
detection of volcanic clouds, supervisor: Professor Michael Reeder.
• Dr Stewart Allen, A potential vorticity perspective on Southern Hemisphere
blocking dynamics, supervisor: Professor Michael Reeder.
• Dr John Mansour, SPH and L-SPH: applications and analysis, supervisor:
Professor Joseph Monaghan.
University of Melbourne
• Dr Jennifer Slater, Growing network models with an application to neurogenesis, supervisors: Professor Kerry Landman and Associate Professor Barry
Hughes.
• Dr Dimetre Triadis, Indentation models for colloid science and nanotechnology, supervisor: Associate Professor Barry Hughes.
University of Queensland
• Dr Daniel Horsley, Some results on Steiner triple systems and cycle decompositions, supervisor: Dr Darryn Bryant.
• Dr David Sirl, On the analysis of absorbing Markov processes, supervisor: Professor Phil Pollett.
University of South Australia
• Dr Kuva Jacobs, An investigation of interactive online modules for the learning of mathematics, supervisor: Professor David Panton, associate supervisors:
Associate Professor Dianne Bills, Dr Stephen Lucas.
• Dr Jane Thredgold, Mathematical modelling of the deformation of spectacle
lenses, supervisors: Professor Phil Howlett, Dr Stephen Lucas.
• Dr Luke Finlay, Linear programming approach to long run average optimal
control: duality and numerical analysis, supervisor: Professor Vladimir Gaitsgory.
University of Sydney
• Dr Vivek Jayasawal, General Markov models for nucleotide sequence evolution,
supervisor: Professor John Robinson.
• Dr Ben Wilson, Representations of inﬁnite-dimensional Lie algebras, supervisor: Associate Professor Alex Molev.

Awards and other achievements
Many congratulations to Nalini Joshi (University of Sydney), S. Ole Warnaar (University of Melbourne), and Matthew P. Wand (University of Wollongong) who have
been elected Fellows of the Australian Academy of Science.
Nalini Joshi is the Australian Mathematical Society’s Incoming President, and
Ole Warnaar is currently Vice President. Nalini’s award is ‘for her work on the
mathematical structure of nonlinear integrable systems: complex analysis’; Ole’s
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award is ‘for his work on solvable lattice models, special functions, q-series and
algebraic combinatorics’; and Matthew’s award is ‘for his work on nonparametric
estimation’.
For the full list, see http://www.science.org.au/media/newfel2008.htm
University of Melbourne
• Ellie Button was joint winner of the T.M. Cherry prize at the last ANZIAM
conference for her talk on ‘Dynamics of water bells formed on the underside
of a horizontal plate’.
University of Queensland
• Geoﬀ Goodhill has been awarded a grant from The Human Frontier Science
Program, together with colleagues from Spain the UK and Japan. The grant
is entitled ‘Self-Organized Wiring of the Cerebral Cortex through Thalamocortical Growth Cones: An Integrated Approach’ and is for three years.
• Dan Pagendam was awarded the International Biometrics Society (IBS) Australasian Regional Travel Award to attend the International Biometric Conference (Dublin, Ireland, 13–18 July 2008).
Dan also received a Student Commendation for his paper titled ‘Optimal sampling and problematic likelihood functions in a simple population model’ presented at the 17th Biennial Congress on Modelling and Simulation (MODSIM07), University of Canterbury, Christchurch, New Zealand, 10–13 December 2007.
University of South Australia
• Michael Haythorpe was joint winner of the T.M. Cherry prize at the last
ANZIAM conference for his talk on ‘Interior-point algorithms for solving the
Hamiltonian cycle problem’.
• Giang Nguyen (PhD student) was a joint winner of the Australian Postgraduate Workshop for Stochastic Processes and Modelling student talk award. Her
talk was titled ‘Markov decision processes and the longest cycles of graphs’.
University of Western Australia
• Professor Baddeley has been named the Georges Matheron Lecturer 2008 by
the International Association for Mathematical Geology.
University of Wollongong
• Professor Jim Hill has been awarded the 2008 ANZIAM medal for outstanding
achievements in Applied Mathematics and service to ANZIAM.

Appointments, departures and promotions
La Trobe University, Bundoora
• Marcel Jackson has been appointed Associate Editor of Algebra Universalis.
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• Jane Pitkethly has been appointed Moderator of the soon-to-commence Algebra Universalis blog.
Curtin University of Technology
• The following have joined the Department of Mathematics and Statistics at
Curtin: A/Prof Adrian Wong; Dr Guanglu Zhou; and Dr Zudi Lu.
Monash University
• Dr Nicholas Cavenagh commenced as Research Fellow on 11 February 2008.
University of South Australia
• Associate Professor John van der Hoek is a new appointment. He will be
working in the area of ﬁnancial mathematics.
• Professor David Panton will be retiring in April 2008. Professor Panton was
a previous Head of School and was recently presented with a 40-year service
award by the University Vice-Chancellor.
• Dr John Boland has been promoted to Associate Professor.
University of Sydney
• Dr Rafael Kulik has resigned to take up a position at the University of Ottawa.

New Books
University of Queensland
• McLachlan, G.J. and Krishnan, T. (2008). The EM Algorithm and Extensions,
2nd edn. Wiley, Hoboken, NJ.

Conferences and Courses
Conferences and courses are listed in order of the ﬁrst day.
Mathematics Applied to Liquid Crystal Technologies
Date: 8–10 May 2008
Venue: University of Wollongong
Web:
http://www.uow.edu.au/informatics/maths/MALCT-2008Workshop/index.htm
The School of Mathematics and Applied Statistics at the University of Wollongong
is holding a workshop on cutting edge technology: ‘Mathematics Applied to Liquid
Crystal Technologies’. This workshop is sponsored by AMSI.
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AMSI/MASCOS: The mathematics of water supply and pricing
Date: 14–16 July 2008
Venue: Holiday Inn, 22 View Street, Surfers Paradise
Web: http://www.amsi.org.au/water.php
Contact: Parvin Ahadi (AMSI): wsp08@amsi.org.au
This three-day event will consist of a short course, invited lectures and contributed
talks on the mathematics of water supply and pricing. The topics likely to be addressed are: water trading, pricing models, demand forecasting, risk management,
network modelling and management, monitoring water quality, network optimisation and water economics. Goals of the event are to present recent developments
on mathematics and statistics applied to water management with emphasis on water markets, to facilitate knowledge transfer and industry linkages, and to promote
industry development.
Invited Speakers include: Mohammed Dore, Brock University Canada; Quentin
Grafton, The Australian National University; Graeme Dandy, The University of
Adelaide; David Fox, The University of Melbourne; and Shahbaz Khan, UNESCO,
Paris.
Short talks are invited. Talks are to be 15 minutes with ﬁve minutes for discussion.
Abstracts for contributed talks may be submitted by email wsp08@amsi.org.au.
Abstracts should be in Word, text or LaTeX format and no more than 300 words.
The Organising Committee will make the ﬁnal choice of presentations.
Early-bird registration expires 15 June 2008.
9th World meeting of the International Society for Bayesian Analysis
Date: 21–25 July 2008
Venue: Hamilton Island
Web: http://www.isba2008.sci.qut.edu.au
The ISBA world meetings are held every two years, with every second one held
jointly with the Valencia meetings. These conferences have become one of the
premier events in Bayesian statistics. ISBA08 will broadly follow the tradition of
these meetings, combining an excellent scientiﬁc program that embraces all things
Bayesian.
This year’s conference program includes six keynote speakers: Professor Jeﬀ Rosenthal (University of Toronto); Professor Jim Berger (Duke University); Professor
Sylvia Fruhwirth-Schnatter (Johannes Kepler University); Professor Xiao-Li Meng
(Harvard University); Professor Tony O’Hagan (Sheﬃeld University); and Professor Gareth Roberts (University of Warwick). The program also includes over 80
invited and contributed presentations covering topics, such as Bayesian Modelling,
Bayesian Data Analysis, Bayesian Computation and Applications. With over 250
delegates currently registered, ISBA08 will be the premier statistics conference in
Australia this year.
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9th International Pure Mathematical Conference 2008
Date: 24–26 August 2008
Venue: Islamabad, Pakistan
Web: http://www.pakms.org.pk
The 9th International Pure Mathematical Conference 2008 (9th IPMC 2008) is
the 9th international conference in the series of Pure Mathematics Conferences
that take place in Islamabad every year in August. It is a thematic conference
on algebra, geometry and analysis held under the auspices of the Pakistan Mathematical Society. The entire conference is organised under one roof at a four-star
hotel in the modern, peaceful and beautiful federal capital of Pakistan located at
the footsteps of the scenic Margalla Hills. There will be free housing for foreign
participants. Some travel grants are available for foreign speakers. Several recreational trips will be organised in and around Islamabad introducing the unique
local and multi-ethnic culture.
4th International Conference on Combinatorial Mathematics and Combinatorial Computing
Date: 15–19 December 2008
Venue: Auckland, New Zealand
Web: http://www.cs.auckland.ac.nz/research/groups/theory/4ICC/
Contact: Mark Wilson (mcw@cs.auckland.ac.nz)
The ICC is held every 10 years. This year it incorporates the annual ACCMCC
meeting of the Combinatorial Mathematics Society of Australasia as well as the
New Zealand leg of the map conferences held annually in Slovenia/Slovakia/Arizona–Portugal/New Zealand.
Tentative list of invited speakers: Alexander Barvinok, University of Michigan;
Peter Cameron, Queen Mary College London; Jan de Gier, University of Melbourne; Jesus de Loera, University of California–Davis; Robin Pemantle, University of Pennsylvania; Cheryl Praeger, University of Western Australia; Chris
Rodger, Auburn University; Paul Seymour, Princeton University; Mike Steel, University of Canterbury; Carsten Thomassen, Technical University of Denmark; Nick
Wormald, University of Waterloo; Doron Zeilberger, Rutgers University.
Special theme program on group theory, combinatorics and computation
Date: 5–16 January 2009
Venue: The University of Western Australia, Perth
Contact: gcc09@maths.uwa.edu.au
Web: http://sponsored.uwa.edu.au/gcc09/
The ﬁrst week will be an international conference in honour of Cheryl Praeger’s
60th birthday. This will be followed by an informal week of short courses, workshops and problem sessions, especially beneﬁcal to early career researchers and
postgraduate
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15th ‘Computing: The Australasian Theory Symposium’ (CATS)
Date: 20–23 January 2009
Venue: Victoria University of Wellington, New Zealand
Web: http://velorum.ballarat.edu.au/∼pmanyem/CATS09/
New! From CATS 2009 there will be a discussion track!
Accepted papers will be available online three months prior to the conference. Papers can be analysed and discussed online, so that the time at the actual conference
can be utilised in a much more productive manner. For further information, see
http://velorum.ballarat.edu.au/∼pmanyem/CATS09/discussion.html .
Authors are invited to submit papers that present original and unpublished research on topics including (but not limited to) the following areas: algorithms and
data structures, complexity theory, graph theory, graph algorithms and combinatorics, semantics of programming languages, algorithms on strings, optimisation,
formal program speciﬁcation and transformation, computational algebra and geometry, computational biology, logic and type systems, and new paradigms of
computation.
The deadline for paper submission is 29 August 2008 (abstracts should be submitted a week earlier). Submissions should be made electronically via
http://www.easychair.org/conferences/?conf=cats2009 . See submission details at:
http://velorum.ballarat.edu.au/∼pmanyem/CATS09/submission.html .

Visiting mathematicians
Visitors are listed in alphabetical order and details of each visitor are presented
in the following format: name of visitor; home institution; dates of visit; principal
ﬁeld of interest; principal host institution; contact for enquiries.
Dr Florent Autin; Université Paris 7; 15 October 2008 to 15 December 2008; maxisets; USN; M. Raimondo
Prof Yuri Borovskikh; Transport University; 7 July 2008 to 7 September 2008;
asymptotics; USN; N.C. Weber
Daniela Bubboloni; University of Firenze, Italy; March to April 2008; –; UWA;
Prof Cheryl Praeger
Dr Angelina Yan Mui Chin; University of Malaya; 1 to 30 September 2008; computational algebra; USN; J.J. Cannon
Ciprian Coman; University of Glasgow; July to August 2008; –; UWA; Prof Andrew Basson
Prof Richard Cowan; University of Sydney; 1 January 2005 to 31 December 2010;
stochastic models; USN; J. Robinson
Dr Ashraf Daneshkhah; Bu-Ali Sina University; 23 September 2007 to June 2008;
–; UWA; Prof Cheryl Praeger
Prof Alireza Ematollahi; Shiraz University; 15 September 2007 to 15 September
2008; –; ANU; Alan Welsh
Prof Ahmad Erfanian; University of Mashland, Iran; May to December 2008;
UWA; Prof Cheryl Praeger
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Prof Nicholas Fisher; Statistical Society of Australia/Int. Statistical Inst.; 1 September 2004 to 31 August 2010; statistics; USN; J. Robinson
Prof Zongming Guo; Henan Normal University; 31 August 2008 to 15 November
2008; large solutions of nonlinear elliptic partial diﬀerential equations; USN;
E.N. Dancer
Dr Matthew Greenberg; McGill University; 21 July 2008 to 8 August 2008; arithmetic geometry, algorithms; USN; J.J. Cannon
Prof David Gubbins; Leeds; 20 September 2007 to 19 September 2008; magnetohydrodynamic dynamo theory and the geodynamo; USN; D.J. Ivers
Dr Paul Hammerton; University of East Anglia; 1 August to 20 September 2008;
–; UWA; Prof Andrew Bassom
Ms Emily Harvey; University of Auckland; 7 to 18 April 2008; complex calcium
oscillators; USN; M. Wechselberger
Prof Chong Chao Huang; Wuhan University, China; June 2008 to January 2009;
–; UWA; A/Prof Song Wang
Mohammadali Iranmanesh; Yazd University, Iran; 24 October 2007 to July 2008;
–; UWA; Prof Cheryl Praeger
Prof B. Gail Ivanoﬀ; University of Ottawa; 1 May 2008 to 1 June 2008; exchangeability; USN; N.C. Weber
Prof John Kolassa; Rutgers; 20 July 2008 to 9 August 2008; asymptotic methods
in statistics; USN; J. Robinson
Rishabh Kothari; Indian Institute of Technology; 1 May to 10 July 2008; –; UQL;
Dirk Kroese
Ms Nan Li; The Sichuan Normal University, China; 1 February 2008 to 31 January
2009; –; UWA; A/Prof Song Wang
Prof Faiza Maaouia; University of Tunis; 18 February to 17 May 2008; branching
processes; MNU; Prof Fima Klebaner
Prof Ian Morrison; Fordham; 10 March 2008 to 30 June 2008; algebraic geometry;
USN; G.I. Lehrer
Dr Alireza Nematollani; University of Shiraz; 15 December 2007 to 15 December
2008; multivariate analysis and time series; USN; N.C. Weber
Prof Sen Huat Ong; University of Malaya; 1 June 2008 to 31 October 2008; ﬁnancial time series modelling; USN; M.S. Peiris
Prof Shuangjie Peng; Central China Normal University; 15 June 2008 to 31 January 2009; nonlinear elliptic partial diﬀerential equations; USN; E.N. Dancer
Dr Goetz Pfeiﬀer; National University of Ireland; 25 May to 16 June 2008; –;
UWA; Alice Niemeyer
Dr Maria Pilar Gil Pons; University of Catalonia; 1 February to 31 August 2008;
SAGB stars to study both evolution and yields of these stars at a wide range
of compositions; MNU; Prof John Lattanzio
Prof Colin Please; University of Southampton, UK; 15 February to 2 September
2008; –; QUT; –
Ms Weiwei Ren; Yunnan University, China; August 2007 to August 2008; –;
UWA; A/Prof Caiheng Li
Dr Frederic Robert; Université de Nice; 14 November 2007 to 3 November 2008;
applied and nonlinear analysis; ANU; Florica Cirstea
Prof Willy Sarlet; Universiteit Gent, Belgium; 27 May 2008 to 12 June 2008; differential geometry and diﬀerential equations; LTU; Geoﬀ Prince
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Dominic Schuhmacher; University of Zurich; 1 April 2006 to 31 May 2008; –; UWA;
Prof Adrian Baddeley
Dr Mahendran Shitan; University Putra, Malaysia; 1 June 2008 to 31 October
2008; theory for the class of generalised autoregression under mathematical
statistics/times series analysis; USN; M.S. Peiris
Dr Qiao Shouhong; Sun Yat-sen University, China; 1 March 2008 to March 2009;
–; UWA; A/Prof Cai Heng Li
Prof Daniel Silver; University of South Alabama, USA; 1 February 2008 to 31
May 2008; –; UMB; Prof J.H. Rubinstein
Prof Daniel Silver; University of South Alabama; 7 April 2008 to 9 May 2008;
symbolic dynamics to knot theory; USN; J.A. Hillman
Maryam Solary; Guilan University, Iran; July 2008 to January 2009; –; UWA;
A/Prof Song Wang
Dr Mohammad Wadee; –; 1 July to 31 August 2008; –; UWA; Prof Andrew Bassom
Prof Susan Williams; University of South Alabama, USA; 1 February 2008 to 31
May 2008; –; UMB; Prof J.H. Rubinstein
Prof Susan Williams; University of South Alabama; 7 April 2008 to 9 May 2008;
symbolic dynamics to knot theory; USN; J.A. Hillman
Dr Huoxiong Wu; Xiamen University, China; January 2008 to November 2008;
harmonic analysis and partial diﬀerential equations; MQU; X.T. Duong

AustMS Accreditation
The secretary has announced the accreditation of:
• Dr Sergei Schreider of RMIT University as an Accredited Member (MAustMS).
• Professor Song Ping Zhu of the University of Wollongong as an Accredited
Fellow (FAustMS).
Election of Oﬃcers and Ordinary Members of Council
Oﬃcers of Council
Nominations are invited for the following Oﬃcer for the Session commencing after
the Annual General Meeting to be held in December 2008:
One Vice-President. Note: According to Paragraph 34 (i) of the AustMS Constitution, Professor P.G. Hall will continue in oﬃce as the Immediate-Past-President,
and Professor N. Joshi will move from President-Elect to President, after the AGM
in December 2008.
According to Paragraph 34 (iii), the positions of Secretary and Treasurer will be
appointed by Council at its December 2008 meeting; nominations for these positions are no longer being called for on an annual basis.
The present Oﬃcers of the Society are:
• President: P.G. Hall FAA
• President-Elect: N. Joshi FAA
• Vice-President: S.O. Warnaar FAA
• Secretary: E.J. Billington
• Treasurer: A. Howe
Ordinary Members of Council
The present elected Ordinary Members of Council are:
(1) Members whose term of oﬃce expires after the AGM in 2008:
• P. Cerone;
• L. Jennings;
• A.J. van der Poorten AM.
(2) Members whose term of oﬃce expires after the AGM in 2009:
• A. Hassell;
• G. Prince;
• H.B. Thompson.
(3) Members whose term of oﬃce expires after the AGM in 2010:
• D. FitzGerald;
• V. Ejov.
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Accordingly, nominations are invited for three positions as Ordinary Members
of Council, who shall be elected for a term of three consecutive sessions. Note
that according to Paragraph 34(iv) of the Constitution, P. Cerone, L. Jennings
and A.J. van der Poorten are not eligible for re-election at this time as Ordinary
Members. According to Paragraph 35 of the Constitution, a representative from
Western Australia will be required, to ensure that the elected Oﬃcers and elected
members of Council include residents from all the States and the ACT.
To comply with the Constitution (see Paragraphs 61 and 64), all nominations
should be signed by two members of the Society and by the nominee who shall
also be a Member of the Society.
Nominations should reach the Secretary (whose name and address appear inside
the back cover of the Gazette) no later than Friday 5 September 2008.
Alternatively, members are encouraged to send informal suggestions to the Nominations and Publications Committee, by emailing Secretary@austms.org.au .
For the information of members, the following persons are currently ex-oﬃcio
members of Council for the Session 2007–2008.
Vice President (Chair of ANZIAM):
Vice President (Annual Conferences):
Representative of ANZIAM:
Public Oﬃcer of AustMS and AMPAI:
Chair, Standing Committee on Mathematics Education:
AustMS member elected to Steering Committee:
Editors:

P.G. Taylor
M. Varghese
P.G. Howlett
P.J. Cossey
L. Wood
J.H. Rubinstein

B. Loch and R. Thomas (Gazette)
D.E. Taylor (Bulletin)
R. Moore (Electronic Site)
M.G. Cowling (Journal of AustMS)
C.E. Praeger (Lecture Series)
C.E.M. Pearce (ANZIAM Journal)
A.J. Roberts (ANZIAM Journal Supplement)

The Constitution is available from the Society’s web pages, at
http://www.austms.org.au/Constitution .
2008 George Szekeres Medal
Reminder: Nominations for the 2008 George Szekeres Medal close on 31 May. The
current Chair of this committee has been unwell, so it is suggested that nominations should now be emailed to the Outgoing Chair of this committee, Professor
Ian Sloan FAA, at i.sloan@unsw.edu.au .
Elizabeth J. Billington
AustMS Secretary
E-mail: ejb@maths.uq.edu.au
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Membership and Correspondence
Applications for membership, notices of change of address or title or position, members’ subscriptions, correspondence related to accounts, correspondence about the distribution of the
Society’s publications, and orders for back numbers, should be sent to the Treasurer. All other
correspondence should be sent to the Secretary. Membership rates and other details can be
found at the Society web site: http://www.austms.org.au.
Local Correspondents
ANU:
Aust. Catholic Univ.:
Aust. Defence Force:
Bond Univ.:
Central Queensland Univ.:
Charles Darwin Univ.:
Charles Sturt Univ.:
CSIRO:
Curtin Univ.:
Deakin Univ.:
Edith Cowan Univ.:
Flinders Univ.:
Griﬃth Univ.:
James Cook Univ.:
La Trobe Univ. (Bendigo):
La Trobe Univ. (Bundoora):
Macquarie Univ.:
Monash Univ.:
Murdoch Univ.:
Queensland Univ. Techn.:
RMIT Univ.:

J. Cossey
B. Franzsen
R. Weber
N. de Mestre
R. Stonier
I. Roberts
J. Louis
C. Bengston
J. Simpson
L. Batten
U. Mueller
R.S. Booth
A. Tularam
S. Belward
J. Schutz
P. Stacey
R. Street
B. Polster
M. Lukas
G. Pettet
Y. Ding

Swinburne Univ. Techn.:
Univ. Adelaide:
Univ. Ballarat:
Univ. Canberra:
Univ. Melbourne:
Univ. Newcastle:
Univ. New England:
Univ. New South Wales:
Univ. Queensland:
Univ. South Australia:
Univ. Southern Queensland:
Univ. Sydney:
Univ. Tasmania:
Univ. Technology Sydney:
Univ. Western Sydney:
Univ. Western Australia:
Univ. Wollongong:
Victoria Univ.:

J. Sampson
D. Parrott
P. Manyem
P. Vassiliou
B. Hughes
J. MacDougall
I. Bokor
M. Hirschhorn
H.B. Thompson
J. Hewitt
B. Loch
M.R. Myerscough
B. Gardner
E. Lidums
R. Ollerton
V. Stefanov
R. Nillsen
P. Cerone

Univ. Canterbury:
Univ. Waikato:

C. Price
W. Moors

Publications
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Editor: Professor M. Cowling
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Australia

The ANZIAM Journal
Editor: Professor C.E.M. Pearce
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The Bulletin of the Australian Mathematical Society aims at
quick publication of original research in all branches of mathematics. Two volumes of three numbers are published annually.
The Australian Mathematical Society Lecture Series
Editor: Professor C. Praeger
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The lecture series is a series of books, published by Cambridge
University Press, containing both research monographs and
textbooks suitable for graduate and undergraduate students.
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