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Welcome to the July issue of the Gazette.
It is timely that in this issue we include the report from the 2010 Annual Meeting of
the AustMS, as well as the report from the Effective Teaching, Effective Learning
Professional Development Workshop held in conjunction with the annual meeting.
If you feel enthused to join your Australian colleagues at the Society’s premier
event, it is not too late to register. Details of registration for this year’s Annual
Meeting in September and the coincident Early Career Workshop and Professional
Development Workshop can be found later in this issue.
As AMSI Director Geoff Prince noted in the last issue, Jan Thomas, most recently
AMSI Executive Officer, has retired. Jan has made an enormous contribution
to the mathematical sciences in Australia through her efforts at all levels. In
this issue’s Maths Matters, Jan reflects on the past thirty years of mathematics
education in Australia. This opinion piece is sure to stimulate some discussion!
Applied and industrial mathematics features on two fronts in this issue: AustMS
President Peter Taylor details the new reciprocity agreement with SIAM (the Society for Industrial and Applied Mathematics), while Bob Anderssen reports on
the growing importance of these areas of mathematics in Japan.
Along with our regular items, we also include an invited technical paper, by Andrew Hassell, exploring quantum unique ergodity, and a Lift-Off Fellowship report
from Judith Egan.
We hope that you enjoy reading this issue of the Gazette.

Peter Taylor 1

I have been a member of the Society for Industrial and Applied Mathematics
(SIAM) for a number of years now: it is one society membership that I really value.
As well as publishing the SIAM journals, which are arguably the top journals in
industrial and applied mathematics, SIAM also produces SIAM News, which is
published ten times a year in the format of a newspaper. SIAM News invariably
has interesting articles on a range of topics.
Given this association, I am very pleased to be able to report that, largely due to
the efforts of Ian Sloan, the Australian Mathematical Society now has a reciprocity
agreement with SIAM. Specifically, AustMS members who reside outside the US
will be accepted as SIAM reciprocity members at its reciprocity membership rate,
and SIAM members who reside outside Australia will be accepted as reciprocal
members of AustMS at 50% of the rate for ordinary members of AustMS. I
encourage those of you who are interested in industrial and applied mathematics
to take up this opportunity.
While on the issue of SIAM, the latest (May 2011) issue had a very interesting
passage by its President, Nick Trefethen. He started out by asking what the biggest
change in SIAM had been over the last decade and continued with
. . . the biggest story is student members and student chapters. SIAM has
quadrupled its activity in this area. It’s an amazing transition, and you
can see it at any SIAM meeting, where there are many more student
attendees and student activities than there used to be. When I say
‘students’, incidentally, I mean mostly graduate students, but quite a
few undergraduates are busy with SIAM too.
The numbers are remarkable. In the 1990s, we had 1000 or so student
members. Then beginning in 2003, the numbers shot up to 3000, 4000
and now over 5000. What made this happen was the decision to allow
many students to become SIAM members for free (students at SIAM
academic member institutions, or members of student chapters, or
students nominated by SIAM members). Free members don’t vote in
elections, but they get SIAM News and access to SIAM Review and
maybe most important, a 30% discount on textbooks. Even paying
student members are only charged $25.

1 E-mail:

President@austms.org.au
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I read this with interest because, for some years now, I have been part of a group
within the AustMS that has been pushing for free student membership. I think that
it would be fair to say that this idea has widespread support, but the stumbling
block has been something that was recognised in the above statement by Nick
Trefethen — voting rights. A majority of senior members of the AustMS would
not be happy to allow students with free membership to have voting rights and,
unlike SIAM, the AustMS does not currently have a category of membership from
which voting rights are withheld.
The answer to this dilemma is to change the AustMS constitution to create a
category of membership that has the required features, and I’m currently chairing
a committee whose goal is to do precisely this, as well as to tidy up a number of
other features of the constitution that clearly need to be fixed. I have to admit
that this doesn’t play to my personal strengths — I would have been very happy to
have managed to get through life without ever having to read a constitution — and
recent progress has been slow. However, I hope that the committee will report back
to Council with a proposal at its September meeting and that this will then be
able to be put to the membership. When that happens, I would encourage you all
to support the changes. It will be a great achievement if they lead to an expansion
anything like that achieved by SIAM.
The AustMS has recently been engaging in other efforts to increase its profile.
Thanks to Michael Shaw of the Australian Mathematical Sciences Institute
(AMSI), it now has a tri-fold colour brochure suitable for handing out to
prospective members. This replaces the bulky A4 membership booklet that we
used to hand out. We have also come to an arrangement with AMSI whereby it
can advertise in the Gazette and the AustMS can advertise in the AMSI publication
Maths Ad(d)s. Again, we are using this opportunity in the hope of attracting young
members.
Let’s hope that in ten years’ time we can look back on all these efforts as leading
to a much expanded and more relevant AustMS.

Peter Taylor became the inaugural Professor of Operations
Research at the University of Melbourne in 2003 and
held the position of Head of Department from 2005 to
2010. His research interests lie in the field of applied
probability, with particular emphasis on applications in
telecommunications, biological modelling and healthcare.
Recently he has become interested in the interaction
of stochastic modelling with optimisation and optimal
control under conditions of uncertainty.

Mathematics education in Australia, 1980{2011
Jan Thomas 1

Readers of the Gazette don’t need to be told that mathematical sciences and mathematics education in Australia are in serious trouble. It wasn’t always so, and it
shouldn’t be, and so the question is ‘why?’
Caveat: The following is a personal interpretation. If it initiates debate and discussion — good! But don’t dwell too much on history except to avoid the mistakes
of the past.

Then and now
When I started teaching in the mid-1970s I had an honours science degree from the
University of Adelaide and had studied mathematics for a quarter of first year and
a third of second year. Someone with similar qualifications nowadays would likely
be expected to teach Year 12, especially if sent to a hard-to-staff school. Fortunately I wasn’t, because there were teachers in the school with better mathematics
qualifications than me.
There was a shortage of mathematics teachers in the 1970s. That problem has
a very long history. However, the problem is now much worse. Many schools
that produced some of Australia’s best mathematical scientists no longer offer the
more advanced Year 12 subjects. In 2006 only 64% of high schools offered advanced mathematics at Year 12a . Low socio-economic, rural and remote areas are
faring the worst. These areas are also seeing greatly diminished opportunities for
studying mathematics at university.
Although there is certainly no single cause, I believe the problems that now beset
mathematics education in Australia have their origins in the 1980s and escalated
in the 1990s.

The 1980s
The Fifth International Congress on Mathematical Education was held in Adelaide
in 1984. At that time there was pride in mathematics education in Australia.
Some of the states, Victoria for example, had extensive curriculum development

1 Australian

VIC 3010.
a Australian

Mathematical Sciences Institute, Building 161, c/- The University of Melbourne,
Email: jan.thomas@amsi.org.au

Council of Deans of Science (2006).
See www.acds.edu.au/docs/Prep Math Teach Aust.pdf.
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capabilities involving very knowledgeable former teachers. Across the nation there
was duplication of effort and fragmentation but it was considerably better than
what was to come.
At the end of the 1980s the State and Federal education ministers met and agreed
to collaborate on a national curriculum. Well before any national curriculum
emerged, there was a huge reduction in curriculum services capability in Victoria
and probably Australia more generally. The State Education Departments appeared to assume that curriculum would be developed centrally and their curriculum services could be reduced. It ultimately left very few people in the Victorian
Department of Education with any knowledge of mathematics education and this
was probably the case in most Australian states.
In 1989 the Australian Mathematical Sciences Council (AMSC) was formed under the Federation of Australian Scientific and Technological Societies (FASTS)
umbrella. The inaugural President was Professor Garth Gaudry, and initial membership comprised the Australian Mathematical Society (AustMS), the Statistical
Society of Australia (SSAI), the Australian Association of Mathematics Teachers
(AAMT), the Mathematics Education Research Group of Australasia (MERGA)
and the Mathematics Education Lecturers Association (MELA)b .
At the end of the 1980s mathematics education in Australia was, especially compared with 2011, in reasonable shape. The AMSC was providing a united voice
and the late Dr David Widdup, FASTS Executive Director, provided enormous
support to mathematics education. David was a lawyer with a PhD in mathematics education from Monash University. So yes, there were problems but they
were not nearly as deeply entrenched as they are now. In particular the full effect
of the proposed attempt at a national curriculum was still to be felt, as was the
expansion of the university system on both mathematics departments and teacher
education.

The 1990s
From both a political and curriculum point of view, serious problems emerged
in the early 1990s when the Statements and Profiles covering eight ‘key learning
areas’ (KLAs) were produced. Both AMSC and MERGA vigorously criticised
the development, structure and approaches used for the Mathematics Profiles.
However, as described by Ellerton and Clements [1], AAMT received substantial
Federal funds to help support their implementation. Ellerton and Clements note
that ‘clearly the AAMT’s approach with respect to the Mathematics Profile was
quite different from that adopted by MERGA and AMSC’ and that this meant
there were inconsistencies in the messages going to politicians and others.
The book by Ellerton and Clements [1] is a thorough account of the formation
of AMSC and the 1990s attempt at a national curriculum. Unfortunately many
of their predictions came true. These included outcomes-based education leading

b MELA

subsequently merged with MERGA
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to a fragmented view of mathematics and increased state and national testing.
Irrespective of some concerns, subject associations believed they should support
their teachers and accepted funding from the Department of Employment, Education and Training for implementing the Profiles. This compromise undermined
the stand of other professional groups, including the AustMS. However, Ellerton
and Clements [1, p. 336] also predicted this approach would end after five years
and that
Hopefully, at that time, mathematicians, statisticians, mathematics educators, and mathematics teachers will be invited to cooperate in producing a national mathematics framework for Australia in the twentyfirst century.

That is still yet to happen in any significant way.
The tensions that arose between AAMT and the discipline-based societies in regard to the Profiles eventually led to the AAMT leaving FASTS and therefore
AMSC. The AAMT had demanded that they be the only body to speak on anything concerned with school mathematics. This was unacceptable to AustMS,
SSAI and MERGA. The Australian Science Teachers Association also left FASTS
but kept their office in Canberra. They maintained contact and visibility in the
broader science policy arena. I was on the FASTS Board and Executive for seven
years and AAMT was invisible. Further, David Widdup left FASTS and his voice
and support were also lost.
All Australian states adopted the Statements and Profiles in different ways. This
began a period of constant change for teachers as various new documents were
introduced. A common feature of many of them was their complexity at a time
when the number of unqualified teachers was increasing. For example, my last
position with the Victorian Education Department was concerned with what was
meant to be a simple guide for Years 7–10 mathematics to assist teachers while
new Year 11–12 mathematics courses were implemented. The document subsequently emerged some years after I had taken a university position. It was now
several years overdue, 4.5 cm thick and of no use to any but the most experienced
teacher.
The 1990s also saw the widespread adoption of ‘numeracy’ instead of mathematics. In 2011 there is still no sensible definition of what ‘numeracy’ means and in
spite of concerted efforts by, for example, the AAMT to broaden the meaning,
it continues to be seen as the kind of skills needed for vocational education and
training. The persistent use of this definition in political circles does not help to
promote mathematics.
In a similar vein, the most commonly quoted international achievement data is
from the Programme for International Student Assessment (PISA)c study. The
mathematics is low-key and the questions are very dependent on reading comprehension. As they are ‘context’ questions, cultural bias also occurs.

c www.pisa.oecd.org/pages/0,3417,en

32252351 32235731 1 1 1 1 1,00.html
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There is no doubt in my mind that the best indicator of how Australia is travelling in school mathematics compared with other nations is the Year 8 Trends in
Mathematics and Science Study (TIMSS)d data. The mid-1990s TIMSS showed
Australia performing statistically above both England and the USA, yet there
seemed to be little enthusiasm for attempting to bridge the gap between Australia and higher-performing countries. Further, there was no concerted effort to
address teacher supply issues or the lack of discipline studies in many primary
teacher courses in our universities.
The combination of teacher shortages and the eight KLAs introduced as part of
the Statements and Profiles also put pressure on time in the curriculum for mathematics.
It is no surprise that, from the mid-1990s, there was a decline in the percentage of
students studying the advanced and intermediate Year 12 mathematics coursese .
This has affected the health of mathematical sciences in the universities. And the
health of mathematics and statistics in the universities has a profound impact of
the quantity and quality of teachers, especially secondary teachers.
The 1995 review of advanced mathematical sciences f , published in early 1996 just
before there was a change of government, found challenges, but was reasonably
optimistic. In particular it expected that there would be many retirements in the
coming few years that would open up opportunities for talented young people,
especially expatriates who had gone overseas for their PhD or to postdoctoral positions. In the climate created in the universities by the Howard government this
didn’t happen. Instead a steady contraction of university mathematical sciences
began and there was a ‘brain drain’ rather than opportunities for young people to
come backg .
By the end of the 1990s:
• the mathematical sciences community was fractured,
• teachers were having to deal with a flow of incomprehensible curriculum
documents,
• most, if not all, Australian states had reduced their curriculum support
services,
• the percentage of Year 12 students studying the advanced and intermediate
mathematics courses was declining,
• university mathematics departments were contracting, and
• the quality and quantity of mathematics teachers was declining.
The problems were becoming intractable.

d http://nces.ed.gov/timss/
e http://www.amsi.org.au/index.php/component/content/article/78-education/123-updated-

year-12-mathematics-figures
f http://www.review.ms.unimelb.edu.au/95Review.pdf
g http://www.austms.org.au/AustMath/lookfuture.pdf
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Glimmers of hope in the 2000s
A few good things happened in the 2000s. The Australian Mathematical Sciences
Institute (AMSI) was formed, providing national infrastructure for the mathematical community. Minister for Science and Education, Dr Brendan Nelson, found
funding for the first two AMSI Summer Schools and then the International Centre of Excellence in Mathematics Education (ICE-EM). Nelson had a very clear
understanding of the role of content knowledge in teaching. He once told me he
was ‘going to fix the education faculties’. Unfortunately he was made Minister for
Defence before this happened.
The new Minister, Julie Bishop, seemed to take an instant dislike to anything
Nelson had championed. Professor Garth Gaudry — now director of ICE-EM—
and Professor Phil Broadbridge, Director of AMSI, met with Bishop just before
the IMU Congress in Madrid and told her an Australian was about to receive the
Fields medal. Even this failed to enthuse her about matters mathematical.
In 2006 a new review of advanced mathematical sciences was completedh . One of
the international reviewers was Professor Jean-Pierre Bourguignon and, at dinner
when the Working Party first gathered together, he was bemoaning what was happening to mathematics in his part of the world. After a day or so hearing from
university people in Australia, he sat back in his chair and said: ‘I am living in
paradise’.
This review certainly provided a glimmer of hope. At a forum held to promote
its findings, members from both sides of the political spectrum seemed to accept
the findings and the need for action. In the May 2006 budget there was even an
increase in funding for the teaching of mathematics and statistics. However, little
ended up in mathematical sciences departments and once again there was a change
of government.
Another glimmer of hope was when the new Minister for Science, Senator Carr,
said in an address to the Australian Academy of Science:
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.i

However, endless reviews and little to address the key problems have followed this
statement.

h http://www.review.ms.unimelb.edu.au/
i http://minister.innovation.gov.au/Carr/Speeches/Pages/

AUSTRALIANACADEMYOFSCIENCECONFERENCE.aspx
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Status in 2011
With one exception the problems in existence at the end of the 1990s remain.
After some of the dreadful documents from the Profiles on, the current version of
the Foundation-Year 10 mathematics curriculum is a clear and simple statement
of what students should be taught at the various year levels.
New data has emerged since the 1990s:
• The percentage of Year 12 students studying the intermediate and advanced mathematics courses continues a slow downward trend.
• From being statistically above both England and the USA in TIMSS in
1995, the 2007 results showed Australia now statistically below both these
countries. The next results are due late in 2012. PISA results have also
declined.
• An analysis using 2002/2003 TIMSS data comparing Australian Year 8
students with the average for the top five countries shows extensive underachievement. TIMSS puts student achievement in bands and Australia
has more students at the lower achievement bands and only 7% compared
with 34% in the highest band.
• Responses from 32 mathematics and statistics departments at the start of
2010 showed seven not offering a major in mathematics and 16 (possibly
17) not offering a major in statistics. Many of these have large Education
Faculties.
• In 2006 the Australian Deans of Science warned that 1 in 12 high school
mathematics teachers studied no mathematics at university, 1 in 5 studied
no mathematics beyond first year and 1 in 4 senior mathematics teachers
did not study mathematics through to third year.
• In the recent past the mathematics and statistics share of all graduates
from bachelor degrees was 2.5 times higher in the OECD than it was in
Australia.
• Figures for the percentage of graduating secondary teachers who are qualified to teach mathematics are consistently around 7%. The time in curriculum is about double this.
There is nothing to indicate any improvement in these figures.

The future
A national curriculum, even a sensible one, is not a panacea. The UK introduced
a national curriculum and testing in 1988. It had little or no effect on achievement
and participation until this century. Then a number of strategies to improve the
supply of teachers, the qualifications of existing teachers, and promotion of mathematics to students and the wider community were implemented. As Professor
Celia Hoyles reported in her presentation in Melbourne in February 2010j, this
has turned mathematics around.
j http://www.amsi.org.au/index.php/publications/external-publications/382-prof-celia-hoyles-

on-successful-strategies-in-the-uk
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Australia also needs a concerted campaign to improve awareness of the career options that studying mathematics and statistics can open up. The effectiveness of
this had been demonstrated in the UK and in the 1980s in Victoria. The Victorian
‘maths multiplies your choices’ campaign was directed at girls with a message to
parents not to ‘pigeonhole your daughter’, and is still remembered.
Critically, the lack of mathematical content knowledge of many primary teachers
and the supply of mathematics teachers in secondary schools must be addressed.
This requires a national coordinated effort. However, although there is now a
national curriculum to guide this, nearly all the money that could have supported
it has been distributed to the states.
There were two measures directed at teachers in the 2011 budget. Teach Next
seems to be another version of Teach for Australia k that currently has about 80
trainee teachers and 15 staff in the office. At considerable cost, it is producing few
mathematics teachers. The other measure was a bonus for outstanding teachers
that should do a great job of demoralising the many teachers doing their best
to teach mathematics without adequate qualifications or the support to complete
further study.
Meanwhile, the Australian Institute for Teaching and School Leadership (AITSL),
which will accredit teacher education programs nationally, currently proposes that:
Graduate entry secondary programs must comprise at least two years of full-time
equivalent professional studies in education. How many mathematics and statistics graduates are going to consider a two-year course to become a teacher? What
of the many career-change people who have been able to adjust their lives for one
year but will reconsider a two-year commitment? Australia cannot afford to lose
a single potential teacher of mathematics and the demise of the one-year DipEd
will most surely lose many.
Mathematics education in Australia has been in serious trouble for 20 years. The
divisions in the community that arose in the 1990s have taken a terrible toll. In
the UK a coherent voice through the Joint Mathematical Council of the United
Kingdoml formed in 1963 has served them well.
The USA had the so-called ‘math wars’. While it may have been destructive at the
time, it has led to much greater cooperation between the various bodies. There has
also been a succession of Presidents who spoke of the importance of mathematics
and supported improvement with funding.
In Australia, chances to raise issues are missed. There should have been a coordinated voice from the mathematical community to publicise and highlight the
Deans of Science report on mathematics teachers in secondary schools. The study
was coordinated by Professor Tim Brown, former President of SSAI, and conducted by the Centre for Higher Education at the University of Melbourne. In
spite of this the Executive Director of the AAMT publicly questioned the methodology and it is seldom quoted in the mathematics education literature. If this

k http://www.teachforaustralia.org/
l http://www.jmcuk.org.uk/
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report had appeared in the early 1990s, AMSC and FASTS would have grabbed
the opportunity to work with the Deans and run a forum to publicise it.
Everyone with any interest in mathematics education should be insisting that the
possible impact of the demise of the DipEd be examined before it ceases to exist.
The mathematical community must start to speak with a coordinated voice and
grab opportunities to promote issues as it did in the early days of FASTS and
AMSC. An elementary structure is in place through the Australian Council of
Heads of Mathematical Sciences. But it needs a commitment from all the key
players.
Mathematics education needs a coordinated, collaborative voice and it hasn’t had
that since the mid 1990s.
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Ivan Guo1

Welcome to the Australian Mathematical Society Gazette’s Puzzle Corner No. 23.
Each puzzle corner includes a handful of fun, yet intriguing, puzzles for adventurous readers to try. They cover a range of difficulties, come from a variety of topics,
and require a minimum of mathematical prerequisites for their solution. Should
you happen to be ingenious enough to solve one of them, then you should send
your solution to us.
For 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 email solutions to ivanguo1986@gmail.com or send paper entries to: Kevin
White, School of Mathematics and Statistics, University of South Australia, Mawson Lakes, SA 5095.
The deadline for submission of solutions for Puzzle Corner 23 is 1 September
2011. The solutions to Puzzle Corner 23 will appear in Puzzle Corner 25 in the
November 2011 issue of the Gazette.
Vanishing rows
Twenty integers are written in a row. For each integer, we count the number of
integers to its right (in the same row) that are strictly greater than it. The result
is written beneath the original integer. A second row of 20 integers is formed in
this way. Repeat with the second row to form a third row, and so on. Using this
method, what is the greatest number of non-zero rows that we can write?
Garden gnomes
Jack positions nine garden gnomes in such a way that ten
distinct straight lines are formed, each containing three
gnomes. Jill thinks the arrangement is taking up too much
space and moves two gnomes to new locations. Jack notices
that even though the new configuration is more compact, it
still contains ten distinct lines of three. How is this possible?
Polya’s pizza
Polya’s pizza shop is a favourite amongst locals for two reasons: instead of the traditional circular shape, each pizza is a regular pentagon, and the pizzas are known
for their extremely tasty crusts, found on their perimeters. You have ordered a
1 E-mail:

ivanguo1986@gmail.com
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pizza from Polya’s for a party of seven. How do you cut it into seven pieces of
equal areas, each having an equal amount of crust?
Maximal sets
What is the maximum number of positive integers you can choose from the set
{1, 2, . . . , 100}, such that
(1)
(2)
(3)
(4)

any two of the integers are relatively prime?
no two integers are relatively prime?
no integer is a multiple of another?
no two integers multiply to give a square of an integer?

Room for all
A group of people is waiting outside an empty room. At each move, you may either
move one person into the room, or move one out. Is it always possible to make
a sequence of moves, so that every possible combination of people (including the
empty combination) is achieved inside the room exactly once?
Free throw percentage
Becky is practising free throws for basketball. In
her first four attempts, she scores three baskets.
Confidence has always been a huge part of her
game. In Becky’s subsequent shots, her chance
of scoring is equal to her success rate up to that
point. For example, the probability of getting in
her fifth shot is 43 , and if she lands that one, the
probability for the sixth shot would be 54 .
(1) What is the chance of Becky scoring exactly 50 baskets out of her first 100
attempts (including the first four attempts)?
(2) What is the expected number of baskets scored in her first 100 attempts?
Bonus: Can you you find the answer without using part (1)?

Solutions to Puzzle Corner 21
The $50 book voucher for the best submission to Puzzle Corner 21 is awarded to
David Butler. Congratulations!
Combo cube
Eight cubes are marked with one dot on two opposite faces, two dots on two opposite faces and three dots on two opposite faces. The eight cubes are put together to
form a 2 × 2 × 2 cube. The dots on each face of the large cube are counted, to get
six totals. Can the cubes be arranged so that the six totals are consecutive integers?
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Solution by Sam Krass: Each of the eight small cubes exposes three pairwise adjacent faces, showing 1 + 2 + 3 = 6 dots. Hence the total number of dots exposed by
all eight small cubes is even. But the sum of any six consecutive integers is odd,
so such a combo cube is not possible.
Curious cut
Is it possible to cut the shape on the left into two pieces, and join them together
again to form the shape on the right?
Solution by Bill Walsh: Yes it is possible. The cut is shown in bold in the diagram
below.

Stretchy string
A rubber string is 10 metres long. There is a worm crawling from one end toward
the other at a speed of 1 metre per hour. Upon the passing of each hour, the rubber
string is stretched uniformly to become 1 metre longer than it just was. Will the
worm ever reach the other end of the string?
Solution by Joe Kupka: Let pn be the proportion of the string which the worm has
1
travelled after n hours. In the first hour, the string is 10 metres long, so p1 = 10
.
The stretching at the end of the hour does not change this.
During each subsequent hour, the string is 1 metre longer than the previous hour.
1
1
1
1
1
So p2 = 10
+ 11
, p3 = 10
+ 11
+ 12
and in general,
pn =

n
X
i=1

1
.
9+i

Since the harmonic series is divergent, it follows that the worm will eventually
reach the end of the string. In particular, it is achieved in the 17th hour.
Comment. This result generalises. For any positive real numbers l and s, the worm
can always reach the end of a string initially l metres long and stretching s metres
every hour.
Genius Loci
‘. . . The path I took to get here is in the shape of a perfect semicircular arc. And
also, on my way here I visited the Shrine of the Serpents.’ The figure gestures
towards the setting sun. ‘The Shrine is 10 miles that way.’
...
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Even though there is no way to pinpoint the village of Kyklos exactly from this
mumbo jumbo, could you at least narrow down its possible locations?
Solution by Konrad Pilch: Let the current location be X, the Shrine of the Serpents be S and the village of Kyklos be K. As the route travelled by the cloaked
figure is semicircular, we know that ∠XSK = 90◦. Thus, the possible locations of
K are on the line perpendicular to XS through S. The following diagram shows
some of the possible semicircular routes.
K

K

S

X

K

K

A practical recommendation would be to travel 10 miles west to the Shrine, turn
right and keep walking for a day or so. If you do not reach Kyklos, turn around
and walk back past the Shrine. Keep going and you should find Kyklos.
Poisoned prisoners
The king has 500 barrels of wine, but one of them is poisoned. Anyone drinking
the poisoned wine will die within 12 hours. The king has four prisoners whom he
is willing to sacrifice in order to find the poisoned barrel. Can this be done within
48 hours?
Solution by David Angell: Call the duration within which any poisoned prisoner
will die a time period. We claim that, if n prisoners may be sacrificed and there
are t time periods available, then it is possible to find the one poisoned barrel out
of (t + 1)n barrels.
Label each barrel with a different string of n digits from the set {0, 1, 2, . . . , t},
and the prisoners P1 , . . . , Pn . At the beginning of time period s, with 1 ≤ s ≤ t,
give prisoner Pi a mixture of all the wines whose ith digit is s. If Pi dies during
period s, this means that the ith digit of the poisoned barrel is s (and it does
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not matter that the prisoner is unavailable for future tastings). If the prisoner is
fortunate enough to still be alive at the end of the process, then the ith digit of
poisoned barrel has to be 0.
Thus each prisoner determines one of the digits borne by the poisoned barrel, and
between all n of them the barrel can be identified uniquely. Since 500 ≤ 54 , the
ruthless king will succeed.
Twice or thrice
(1) Show that there exists a unique function f : N+ → N+ which is increasing
and satisfies the equation
f(f(n)) = 3n
for all n ∈ N+ .
(2) Show that there exist at least two functions f : R → R which are increasing
and satisfy the equation
f(f(x)) = 3x
for all x ∈ R.
Bonus: Can you find more of these functions?
Solution by David Butler:
(1) If f(1) = 1, then f(f(1)) = 1 6= 3, contradiction. So f(1) > 1. Since f is
increasing, 3 = f(f(1)) > f(1). Therefore f(1) = 2 and f(2) = 3.
Now for n ∈ N+ , f(3n) = f(f(f(n))) = 3f(n). Inductively, we have f(3k n) =
3k f(n) for any k ∈ N+ . This quickly yields f(3k ) = 2 × 3k and f(2 × 3k ) =
3k+1 .
Note that there are (3k + 1) integers between 3k and 2 × 3k (inclusive), and
they must map to the (3k + 1) integers between f(3k ) = 2 × 3k and f(2 ×
3k ) = 3 × 3k (inclusive). Now no two values of n have the same value of f(n)
since f is strictly increasing. This implies that if n = 3k + b for 0 ≤ b ≤ 3k ,
then
f(n) = f(3k + b) = 2 × 3k + b = n + 3k .

(1)

Finally if n = 2 × 3k + b for 0 ≤ b ≤ 3k , then
f(n) = f(2 × 3k + b) = f(f(3k + b)) = 3(3k + b) = 3(n − 3k ).

(2)

Since each positive integer is between two consecutive powers of 3, (1) and
(2) determine f(n) for all n ∈ N+ . This function is indeed unique and it can
be verified that it satisfies the required conditions.
It is worth noting the following alternative representation of the function.
Write the number n in base 3 notation. Now, if the first digit of n is a 1,
then replace it with a 2. If the first digit is a 2, then replace it with a 1 and
add a 0 to the end of the number.
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(2) One obvious function satisfying the equation is f0 (x) =

√

3x.

The function from the previous part can be extended to R → R as follows:
• f1 (0) = 0.
• If 3k ≤ x < 2 × 3k for some k ∈ Z then f1 (x) = x + 3k .
• If 2 × 3k ≤ n < 3k+1 for some k ∈ Z then f1 (x) = 3(x − 3k ).
• If x < 0 then f1 (x) = −f1 (−x).
The checking is left to the reader.
Bonus: There are in fact infinitely many increasing functions satisfying
f(f(x)) = 3x. All such functions can be constructed in the following manner.
First note that f has to be bijective with f −1 (x) = f( x3 ). Iterating f(3x) =
f(f(f(x))) = 3f(x), we again have f(3k x) = 3k f(x) for all k ∈ Z. Since any
positive real can be written in the form 3k x where k ∈ Z and 1 ≤ x < 3, it
is sufficient to determine the behaviour of f on the interval [1, 3).
Let f(1) = a, so f(a) = 3. The increasing condition forces 1 < a < 3, and f
must map the interval [1, a] to [a, 3]. Consider any increasing and bijective
function g : [1, a] → [a, 3], then define f on R+ as follows:
• If 1 ≤ x < a then f(x) = g(x).
• If a ≤ x < 3 then f(x) = 3g−1 (x).
• If 3k ≤ x < 3k+1 for some k ∈ Z then f(x) = 3k f(3−k x).
Similarly for R− , let −3 < b < −1 and consider any increasing and bijective
function h : [b, −1] → [−3, b], then define f on R− as follows.
• If −1 ≥ x > b then f(x) = h(x).
• If b ≥ x > −3 then f(x) = 3h−1 (x).
• If −3k ≥ x > −3k+1 for some k ∈ Z then f(x) = 3k h(3−k x).
Finally, setting f(0) = 0 completes the construction.
Infinitely many functions are constructed as a, b, g and h are varied under
their respective constraints.

Ivan is a PhD student in the School of Mathematics and
Statistics at The University of Sydney. His current research involves a mixture of multi-person game theory and
option pricing. Ivan spends much of his spare time playing
with puzzles of all flavours, as well as Olympiad Mathematics.

A request: The Painleve Project

The Painlevé Project is a new initiative to collect, organise and tabulate the properties of the Painlevé functions. As a first step in the project, we have established an e-site, maintained at the National Institute of Standards and Technology
(NIST). We ask interested readers to send to the site
1. pointers to new work on the theory of the Painlevé equations, algebraic,
analytical asymptotic or numerical
2. pointers to new applications of the Painlevé equations
3. suggestions for possible new applications of the Painlevé equations
4. requests for specific information about the Painlevé equations.
In recent years the Painlevé equations, particularly the six Painlevé transcendents
PI,. . . ,PVI, have emerged as the core of modern special function theory. In the
18th and 19th centuries, the classical special functions such as the Bessel functions,
the Airy function, the Legendre functions, the hypergeometric functions, and so
on, were recognised and developed in response to the problems of the day in electromagnetism, acoustics, hydrodynamics, elasticity and many other areas. In the
same way, around the middle of the 20th century, as science and engineering continued to expand in new directions, a new class of functions, the Painlevé functions,
started to appear in applications. The list of problems now known to be described
by the Painlevé equations is large, varied and expanding rapidly. The list includes,
at one end, the scattering of neutrons off heavy nuclei, and at the other, the statistics of the zeros of the Riemann-zeta function on the critical line Re(z) = 21 . And
in between, amongst many others, there is random matrix theory, the asymptotic
theory of orthogonal polynomials, self-similar solutions of integrable equations,
combinatorial problems such as Ulam’s longest increasing subsequence problem,
tiling problems, multivariate statistics in the important asymptotic regime where
the number of variables and the number of samples are comparable and large, and
also random growth problems.
Over the years, the properties of the classical special functions — algebraic, analytical, asymptotic and numerical — have been organised and tabulated in various
handbooks such as the Bateman Project or the National Bureau of Standards
Handbook of Mathematical Functions, edited by Abramowitz and Stegun. What
is needed now is a comparable organisation and tabulation of the properties —
algebraic, analytical, asymptotic and numerical — of the Painlevé functions. This
letter is an appeal to interested parties in the scientific community at large for
help in developing such a ‘Painlevé Project’.
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Although the Painlevé equations are nonlinear, much is already known about their
solutions, particularly their algebraic, analytical and asymptotic properties. This
is because the equations are integrable in the sense that they have a Lax pair and
also a Riemann–Hilbert representation from which the asymptotic behavior of the
solutions can be inferred using the nonlinear steepest-descent method. The numerical analysis of the equations is less developed and presents novel challenges: in
particular, in contrast to the classical special functions, where the linearity of the
equations greatly simplifies the situation, each problem for the nonlinear Painlevé
equations arises essentially anew.
The e-site will work as follows:
1. You must be a subscriber to post messages to the e-site. To become a subscriber, send an email to daniel.lozier@nist.gov.
2. To post a message, send an email to PainleveProject@nist.gov. The message
will be forwarded to every subscriber.
3. See http://cio.nist.gov/esd/emaildir/lists/painleveproject/threads.html for
the complete archive of posted messages. This archive is visible to anyone,
not just subscribers.
4. See http://cio.nist.gov/esd/emaildir/lists/painleveproject/subscribers.html
for the complete list of subscribers. This list is visible to anyone, not just
subscribers.
Depending on the response to our appeal, we plan to set up a Wiki page for the
Painlevé equations, and then ultimately a comprehensive handbook in a style befitting our digital age, along the lines of the hyperlinked version (http://dlmf.nist.gov)
of the new NIST Handbook of Mathematical Functions, edited by Olver, Lozier,
Boisvert and Clark, and published by Cambridge University Press. Incidentally,
this work contains, for the first time, a chapter on the Painlevé equations.
F. Bornemann (Technical University Munich, bornemann@ma.tum.de)
P. Clarkson (University of Kent, P.A.Clarkson@kent.ac.uk)
P. Deift (NYU, deift@cims.nyu.edu)
A. Edelman (MIT, edelman@mit.edu)
A. Its (IUPUI, itsa@math.iupui.edu)
D. Lozier (NIST, daniel.lozier@nist.gov)
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54th Annual Meeting
of the Australian Mathematical Society

In the last week of September 2010 over 300 mathematicians descended on Brisbane for the 54th Annual Meeting of the Australian Mathematical Society. The
meeting, held at the St Lucia Campus of The University of Queensland, comprised
four days of plenary lectures and contributed talks, a public lecture, an education
afternoon, an early career workshop and a large number of social events including
a women’s lunch, an early-career and students’ lunch, and a conference dinner.
The meeting was kicked off by the second instalment of the Early Career Workshop,
held not on the UQ Campus, but in the resort-town of Caloundra. This workshop
aims to be a meeting-point for younger mathematicians, where they can discuss —
and listen to advice about — issues related to ‘post-doc’ing, grant applications,
networking and the struggles of juggling a family with a career in mathematics.
This year advice talks were given by past AustMS Presidents Cheryl Praeger and
Tony Guttmann, as well as Cheryl’s close confidant John Henstridge from Data
Analysis Australia. The Early Career Workshop, which was attended by 60 students and early-career researchers, also featured a number of research talks by
rising stars of Australian mathematics.

Opening session (photo: K. Biggs)

The meeting proper started late in the afternoon on Sunday the 26th of September
with the traditional welcome reception. The official opening took place on Monday
morning, with The University of Queensland’s Deputy Vice Chancellor, Professor
Deborah Terry, welcoming participants. The first actual presentations were made
by Kate Smith-Miles, recipient of the 2010 AustMS Medal, and Peter Hall, who
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received the George Szekeres medal∗.
The remainder of the four days saw
no fewer than 11 beautiful plenary
talks. These were given by international high-flyers: Wolfgang Dahmen
(Leibniz Prize), Ben Green (Salem and
SASTRA prize), Mike Hopkins (Oswald Veblen Prize), Thomas Lam and
Elizabeth Mansfield; and some of Australia’s best: James Borger, Jonathan
Borwein, Larry Forbes (the ANZIAM
lecturer), Jan de Gier, Cheryl Praeger
(the inaugural Hanna Neumann lecturer), and Vladimir Gaitsgory. Further highlights included a public lec- Ben Green and Bill Barton (photo: A. Phillips)
ture on the life of π by Jonathan Borwein, and 257 contributed talks, of which 53 were given by students. After attending (and enjoying) every single one of the student talks, the selection team, chaired
by Andrew Francis, awarded the 2010 B.H. Neumann Prize to Anita Ponsaing from
The University of Melbourne for her talk on Sklyanin’s Q operator.
The now-traditional AMSI-sponsored Education Afternoon was held on the second day of the conference. Over 60 secondary school teachers from in and around
Brisbane enjoyed talks by Bill Barton on the Klein Project, Hugh Possingham on
‘how maths is saving species’ and Michael Evans and Janine MacIntosh on The
Improving Mathematics Education in Schools (TIMES) Project. The afternoon
concluded with a very lively panel discussion — which probably could have lasted
a lot longer — followed by a reception.
I would like to conclude with a word of thanks to all those who helped, in one way
or another, to make the 54th Annual Meeting such a resounding success. Program
committee members, special session organisers, local organisers, EC workshop organisers, the people at AMSI, B.H. Neumann committee members, the many student volunteers, the professional staff in the School of Mathematics and Physics
at UQ, John Banks at La Trobe and Andree Phillips at UQ all played a vital
role in the smooth running of the conference. Special thanks must be extended
to The University of Queensland for their very generous financial support of the
conference.
I wish David Pask and his team at The University of Wollongong much success in
organising the 55th Annual Meeting, and hope to see many of you there.
Ole Warnaar
School of Mathematics and Physics, The University of Queensland, Brisbane, QLD 4072.
Email: o.warnaar@maths.uq.edu.au

http://www.austms.org.au/Publ/Gazette/2010/Nov10/CommsMedals.pdf for full
citations.

∗ See
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The growing importance of applied
and industrial mathematics in Japan
Bob Anderssen1

In response to an invitation from the Mathematics Department of Kyushu University, Fukuoka, Japan, to the Australian Mathematical Society, I was asked by
Nalini Joshi, the AustMS President at the time, to represent the Society at a
Forum on Mathematics-for-Industry in Fukuoka and an Industry Study Group
Workshop in Tokyo in October 2010. Both activities were jointly organised by
members of the mathematics departments of Kyushu University and the University of Tokyo, with financial support coming from various Japanese educational
and research agencies.
These two activities represent the seeds of change that are growing in educational and research policy sections within the Japanese government, and within
the mathematics community in Japan. More detailed background can be found in
Hosotsubo [1].
Various matters are fostering this change. They include:
• A 2006 Policy Study Report that stresses the importance of mathematics
for Japan and the need to have more mathematically trained people in
Japanese industry at a level seen in America and Europe (Report No. 12
of National Institute of Science and Technology Policy (NISTEP) of the
Ministry of Education, Culture, Sports, Science and Technology (MEXT)).
• A growing community awareness of the importance of mathematics and
a strong positive expectation about its future role, especially in the support of research of national importance and economic development. In
companies already employing mathematicians, as well as engineers and
scientists, the enhanced impact of their research is being explicitly acknowledged; such companies include Nippon Steel, Fujitsu, Hitachi and
Nippon Telephone and Telegrams (NTT). This growing awareness extends
to the more traditional sciences and technologies where there is a strong
expectation that mathematics will play an increasingly important role in
future research endeavours.
• The realisation in the Ministry of Education (MEXT) of the usefulness
of mathematical skills and expertise in fostering the future prosperity of
Japan and its people. This has resulted in an acknowledgement of the
need to improve funding for mathematics education and research.

1 CSIRO

Mathematics, Informatics and Statistics, GPO Box 664, Canberra, ACT 2601.
Email: Bob.Anderssen@csiro.au
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• Concern within the Japanese mathematics profession about the declining
national and international image and influence of its mathematics. This
is being exacerbated by decreasing university budgets and static funding
for mathematical research.
• The mention, for the first time, of the ‘mathematical sciences’ in ‘the fourth
governmental science and technology master plan’ of the Prime Minister’s
Council of Science and Technology Policy (CSTP).
• Commencing in 2009, as a Kyushu University initiative, the publication of
the ‘Journal of Math-for-Industry’. This will assist students in Japan to
fulfil the requirements for a PhD in industrial mathematics.
Given the ‘pure mathematical’ traditions and culture in Japan, the development of
strong applied and industrial mathematics centres faces challenges which include:
• The need to convince high-level company management about the opportunities the employment of skilled applied and industrial mathematicians
represent. The research teams in the R&D sections of many companies
recognise the opportunities, but need independent assistance to lobby management.
• The development of convincing success stories with which to lobby key
government decision makers.
The Forum at Fukuoka and the Study Group Workshop in Tokyo represented the
initial activities to couple applied and industrial mathematics into the groundswell of support emerging in Japan and to tackle the challenges.
In the Forum, ‘information security’, ‘visualisation’ and ‘inverse problems’ were the
matters identified for discussion. Though some traditional industrial mathematics
problems were discussed, such as the processing of steel, there was a strong emphasis on the newer industries driving economic growth, such as modern building
construction using glass, visualisation software for marketing applications, watermarking for copyright protection and computer games software.
Interestingly, the problems brought for investigation to the Industry Study Group
Workshop at Tokyo University reflected the trend observed at the Forum. The
new-area problems included ‘interactive editing of light and shade in 3-D computer
graphics’, ‘unsolved problems in visualisation requiring mathematical insight’, ‘the
spread of information over a network’, ‘the design of public key cryptographic
systems’ and ‘chemical structure prediction’.
Since the Forum and Study Group Workshop, there has been some progress with
improving the image of applied and industrial mathematics, including the establishment of:
• An educational and research hub, ‘Institute of Mathematics for Industry’,
by Kyushu University, with assistance from MEXT.
• A Mathematics Innovation Unit (MIU) in MEXT to advise government
and to promote and foster collaboration of science, technology and industry with mathematics.
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• A new ‘Committee of Mathematical Innovation’, by the Japanese Government’s Council for Science and Technology.
The next Forum on Mathematics-for-Industry will be held in Hawaii from 24–28
October 2011. More information is available at http://fmi2011.imi.kyushu-u.ac.jp/.
Acknowledgement
The helpful advice of Professor Masato Wakayama, Director, Institute of Mathematics for Industry, Kyushu University, is gratefully appreciated.
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2010 Professional Development Workshop, 54th
Annual Meeting of the Australian Mathematical Society
The inaugural Effective Teaching, Effective Learning workshop chaired by Diane Donovan (The University of Queensland (UQ)) and Birgit Loch (Swinburne
University of Technology) was held in September 2010 in conjunction with the
54th Annual Meeting of the AustMS at UQ, Brisbane. Sixty-five participants
from around 20 universities attended. The workshop was run with financial support from AMSI, the AustMS and the Australian Learning and Teaching Council
(ALTC). These workshops form part of a professional development program for
lecturers and tutors teaching in disciplines in the mathematical sciences, funded
by the ALTC and supported by the AustMS.

The Project Team

At the workshop, PhD students and early career academics came together with
‘old hands’ to share strategies for teaching university-level mathematics. The
teaching strategies offered in the workshop are applicable across the quantitative
disciplines. After an inspiring plenary address from Bill Barton (The University
of Auckland), facilitators shared good teaching practice and used case studies to
generate lively discussions in interactive sessions. These sessions, run in parallel
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streams, focused on class and unit planning, assessment, planning your career,
evidence-based teaching and service teaching. The sessions on educational technology were very popular and explored delivery platforms, online tutorials and the
use of mathematical typesetting for students.
The workshop was a chance to showcase the teaching and learning programs, staff
and facilities of the host university. Three local UQ staff from a variety of departments conducted workshop sessions, including Merrilyn Goos who facilitated a
popular session on strategically planning your professional learning, and Richard
Wilson who demonstrated how he engages engineering students through online
statistics tutorials. UQ mathematics graduate Katrina Hibberd delivered a plenary focusing on the transition from academia to industry. She highlighted the
importance of effective communication skills in this process and opened up a lively
discussion about how assessment can prepare mathematics and statistics graduates for working both in teams and with people outside of the discipline. Diane
Donovan and Birgit Loch led participants in experimenting with tablet technologies using UQ’s renowned $2.5m Advanced Concepts Teaching Space laboratory, a
100-seat lecture theatre equipped with pen-enabled screens for all students. Details
of the workshop proceedings, including abstracts, presentation slides and presenter
biographies, are available at www.austms.org.au/ALTC+Workshop+2010.
There was a high-energy buzz amongst participants and presenters alike, especially
given that this was the first time a workshop of this kind has been run. Many
participants said they were enthused by the opportunity to engage with similarly
passionate colleagues committed to teaching and learning in mathematics and
statistics. Participants indicated they would attend future events and recommend
the workshop to their colleagues. Regular face-to-face workshops are a key avenue
for fostering enthusiasm, inspiration and innovation, as linked to focused knowledge on best-practice teaching. Many higher degree research students and early
career researchers participated; these are our future academics and academic leaders. We hope the impact on the profession and the student experience will be
significant. Participant feedback after the workshop included:
• You’re never too old to learn more.
• The most valuable thing was discussing these issues within the discipline
(so much more common ground).
• Such a variety of ways to engage students online!
• I need to become familiar with more technology so I’m not left behind!!!
• I will consider materials in different styles, rather than providing more.
• I will challenge the way I do things more! I will look at the research
literature more closely to inform my practice because it is time to move
forward.
Following the success in Brisbane, we are holding another workshop, on 29–30
September 2011 at the University of Wollongong, in conjunction with the 55th
annual meeting of the AustMS. We hope these workshops will become a regular event associated with each annual meeting. Staging the workshop each year
builds capability across the higher education sector as the AustMS meeting moves
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around Australia and different universities take ownership of the professional development process. We are excited to collaborate with staff from the University of
Wollongong (UoW) who will run sessions at this year’s workshop. These sessions
will include first-year experience, a UoW-led ALTC project on sharing mathematics teaching resources, and peer review. Additional sessions on service teaching,
educational technologies, threshold concepts and assessment will be facilitated by
presenters from The University of Auckland, The University of Sydney, LaTrobe
University, Murdoch University and Macquarie University. A plenary will be given
by Jon Borwein (University of Newcastle). We invite you to register early to attend this year; see www.austms.org.au/ALTC+Workshop+2011 for information
on registration and sessions.
These workshops are run as part of a professional development program developed
specifically for teaching staff in the quantitative disciplines. As noted in previous
issues of the Gazette, the professional development unit comprises twelve modules
on planning and conducting mathematics lessons, teaching in service units, assessing students in classes and units, planning and managing mathematics units,
evaluating mathematics teaching, and developing mathematics learning communities. The project team (below) presented selections from these modules at the
workshop sessions, and used valuable feedback from participants to refine our materials. We anticipate that outcomes from future workshops will influence the
whole program, ensuring that it continues to enhance teaching and learning in the
quantitative disciplines.
The Project Team:
Walter Bloom, Murdoch University
Matt Bower, Macquarie University
Natalie Brown, University of Tasmania
Diane Donovan, The University of Queensland
Nalini Joshi, The University of Sydney
Birgit Loch, Swinburne University of Technology
Jane Skalicky, University of Tasmania
Leigh Wood, Macquarie University, leigh.wood@mq.edu.au
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Lift-off fellowship report:
Disjoint transversals in latin squares
Judith Egan 1

A latin square of order n is an n × n matrix in which n distinct symbols are arranged so that each symbol occurs once in each row and column. A transversal
in a latin square is a selection of n distinct entries in which each row, column
and symbol occurs exactly once. A pair of latin squares A = [aij ] and B = [bij ]
of order n are called orthogonal mates if the n2 ordered pairs (aij , bij ) are distinct. This condition occurs if and only if the positions of any fixed symbol in
A correspond to the positions of a transversal in B. Thus, a partition of a latin
square L of order n into n disjoint transversals is equivalent to the existence of an
orthogonal mate of L.
For a given latin square L of order n, let λ denote the maximum cardinality of a
set of disjoint transversals in L. It follows from the condition of maximality that
λ = n − 1 is impossible. Information about λ is useful in the study of more general
types of orthogonal partitions of latin squares such as those mentioned in [3] and
its references. We shall outline what is currently known about λ. This will lead
to an interpretation of some newly available experimental results.
For all n ∈
/ {2, 6}, the existence of a latin square of order n with λ = n follows
from a famous result on the existence of orthogonal mates [1].
For all even n, the Cayley table of the cyclic group Zn has no transversals, so has
λ = 0, due to Euler. We proved that for even orders n and 0 ≤ λ ≤ n, any λ
divisible by 4 is also achievable [3]. Moreover, our next theorem illustrates that
arbitrarily large latin squares may possess transversals under severely restrictive
conditions. The theorem is due to [4].
Theorem 1. For all even n ≥ 10, there exists a latin square of order n that has
transversals, all of which coincide on a single entry.
No latin square of even order less than 10 has λ = 1. We conjecture that for all
even orders n ≥ 10, each λ ∈ {0, 1, . . . , n − 3, n − 2, n} is achievable [4]. Experimental data suggests that a random latin square of large order can be expected
to have λ > 1. In this context, and the extremity of the restriction on transversals, we believe that the latin squares of Theorem 1 are examples of rather exotic
behaviour [4].
For all positive integers n, we define µ(n) to be the minimum value of λ among
the latin squares of order n. Clearly, µ(n) = 0 for all even n, so we are concerned
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with the case when n is odd. A long-standing conjecture by Ryser [8] implies that
µ(n) ≥ 1 for all odd n. The best general upper bound found so far is:
if n is odd and n > 3, then µ(n) ≤ 21 (n + 1).

(1)

This bound on µ(n) is first expressed in [4] but it is an immediate result of proofs:
by Mann [6] for n ≡ 1 mod 4, and Evans [5] for n ≡ 3 mod 4. Study of small cases
shows that µ(5) = µ(7) = 1. In [3] we reported on computations which proved
that µ(9) = 3. It appears that there is room to improve the bound given in (1).
A question of particular interest is the following, posed in [4]. Is µ(n) bounded as
n → ∞?
An extensive computational investigation of transversals in the latin squares of
order n ≤ 9 is reported in [4]. A classification by λ shows that only a small proportion of latin squares of orders 7, 8 and 9 possess orthogonal mates. On the
other hand, most latin squares of these orders are close to having a mate in the
sense that their value of λ is not much below n. It is estimated that around 60%
of latin squares of order 10 possess an orthogonal mate [7]. For higher orders we
suspect that almost all latin squares possess a mate [4]. The data is classified by
two other parameters. We will mention just one of them.
For a given latin square of order n, let τ denote the number of entries through
which no transversal passes. The condition τ > 0 implies that λ < n, but the
converse is not true. Discussion in the preceding paragraph may have alerted the
reader: data in [4] suggests that most large latin squares will have τ = 0. The
next theorem is due to [9].
Theorem 2. For all n ∈
/ {1, 3}, there exists a latin square of order n with τ > 0.
In [4] we give new constructions with τ > 0. One of these yields an alternative
proof of Theorem 2 via Theorem 1. A surprisingly easy new proof of Theorem 2
is given in [2]. It uses latin squares with some interesting partitions.
Acknowledgment
The author is grateful for the financial assistance provided by an Australian Mathematical Society Lift-off Fellowship. In particular it allowed her to complete the
computations reported in [4]. The fellowship also enabled her to present recent
results from [2] at the 34th ACCMCC held at the Australian National University
in December 2010.
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What is quantum unique ergodicity?
Andrew Hassell1

Abstract
A (somewhat) nontechnical presentation of the topic of quantum unique ergodicity (QUE) is attempted. I define classical ergodicity and unique ergodicity, discuss their quantum analogues, and describe some recent breakthroughs
in this young research field.

1. Introduction
The recently developed research field of quantum unique ergodicity, or QUE, has
gained prominence due to the 2010 Fields Medal awarded to Elon Lindenstrauss,
one of whose main achievements was the solution of the QUE question in a particular case. So what is QUE?
To describe this I will first try to describe classical unique ergodicity, and then
explain the quantum version of this setup. First of all, ergodic theory is concerned
with a measure space (X, µ), such that µ(X) is finite, together with a measurable
transformation T : X → X which is measure preserving: the measure of T −1 (A) is
equal to the measure of A for every measurable subset A of X.
Example 1.1. A simple example is: X is the circle, that is, the interval [0, 2π]
with 0 and 2π identified, and T is the map θ 7→ θ +α modulo 2π, that is, a rotation
by angle α, for fixed α ∈ [0, 2π).
Example 1.2. A more interesting example is billiards: let B be a plane domain,
that is, a compact set in R2 with smooth boundary. Actually we don’t need the
boundary to be infinitely smooth; it would be enough for a tangent line to exist at
every point (or even almost every point) of the boundary. We define X to be the
product of B with the circle S 1 , and think of X as the set of unit tangent vectors
to points in B. Similarly, µ is defined to be the product of Lebesgue measure on B
and the standard measure on S 1 . We will call µ the ‘uniform measure’. Then for
each real t, thought of as ‘time’, we define a map Φt : X → X, the ‘billiard flow
at time t’, as follows: let x ∈ B and θ ∈ S 1 . Then Φt (x, θ) is the final position
and direction of a billiard ball that starts at x with initial direction θ, and travels
for time t in a straight line at unit speed in the interior of B, bouncing at the
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boundary and obeying the usual law of reflection (angle of reflection equals angle
of incidence). See Figure 1. It turns out, though this is not obvious, that Φt is
measure preserving for each t. This dynamical system (X, Φt ) is called ‘billiards
on B’.

s

t
u

r
W
V

Figure 1. The billiard flow. The map φT maps the unit tangent
vector V to the unit tangent vector W , where r, s, t, u denotes the
lengths of the corresponding line segments and T = r + s + t + u.

Example 1.3. Example 1.2 has a geometric generalisation: we let X be the set
of unit tangent vectors on a Riemannian manifold M , µ be the standard measure
(cooked up out of the metric) on X, and Φt be geodesic flow.
Returning to the general setting, the transformation T is said to be ergodic if one
of the following equivalent conditions holds.
• There is no decomposition of X into two disjoint pieces, both of positive
measure, such that each is invariant under T .
• Almost every orbit is equidistributed: that is, for almost every x, we have

#{j ∈ N | 0 ≤ j ≤ N − 1, T j (x) ∈ A}
µ(A)
=
(1.1)
N→∞
N
µ(X)
for every measurable set A ⊂ X.
• Every T -invariant function is constant almost everywhere. (We say that a
real function f : X → R is T -invariant if f ◦ T = f.)
lim

Example 1.4. Consider billiards on a circular disc, and let T be the billiard flow
Φ1 at time 1. Consider the function k : X → R that maps (x, θ) to the angle that
the billiard orbit emanating from (x, θ) makes with the boundary (at any point
where it meets the boundary); notice that this angle is the same at each such point.
Then, this function is invariant under T , so we have found an invariant function k
that isn’t constant almost everywhere. Therefore billiards on a disc is not ergodic.
In fact, it has exactly the opposite character: it is completely integrable, which
means that the three-dimensional space X is foliated by ‘invariant tori’, that is,
two-dimensional tori that are each invariant by the flow Φt , and therefore by T .
In this case, each torus is just a level set of k.
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On the other hand, here are two examples of ergodic billiards.
Example 1.5. The ‘Barnett stadium’ (as named by Peter Sarnak), introduced
in [2], is bounded by two straight lines meeting at right angles, together with two
circular arcs meeting the straight lines at right angles and meeting each other at
a positive acute angle (see Figure 3). The domain has no symmetries. This billiard was proved by Sinai to be ergodic [13]. It is also Anosov, or strongly chaotic,
meaning that nearby orbits tend to diverge at an exponential rate.
Example 1.6. The stadium is the plane domain consisting of a rectangle with
two semicircles attached to two opposite sides of the rectangle. See Figure 2. The
stadium billiard was proved by Bunimovich to be ergodic [3], and for this reason
the domain is sometimes called the Bunimovich stadium. Notice that this domain
certainly does not have the Anosov property that Example 1.5 has. In fact, there
is a family of billiard trajectories that bounce vertically between the two parallel
straight sides of the boundary; these are colloquially called bouncing ball trajectories. At these trajectories, nearby orbits only diverge at a linear rate, contrary
to the Anosov condition.

Figure 2. Billiards on a stadium, with an equidistributed orbit.

Our last ‘classical’ topic is to define classical unique ergodicity. In the remainder of this article, we shall assume some extra structure on our measure space
(X, µ), namely, we assume that X is also a compact topological space, that µ is
a finite Borel measure, and that all nonempty open sets of X have positive measure. Moreover, we shall assume that, as well as being measure-preserving, T is
a homeomorphism, that is, continuous with continuous inverse. Notice that these
assumptions are satisfied in all of our examples above.
Then, we say that (X, µ, T ) is uniquely ergodic if µ is the only finite Borel measure
on X invariant under T . Note that the word ‘finite’ is all-important here. Indeed,
let x ∈ X be fixed, and consider just atomic measures supported at points T n x,
for all integers n. For this measure to be invariant, each point must be given equal
mass. So any orbit supports an invariant measure, but it is only finite if T n x = x
for some n ≥ 1, that is, if x is a periodic point. Thus we see that any invertible
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transformation with a periodic point, (X, T, µ), is not uniquely ergodic. So for example, in Example 1.1, if α/(2π) is rational, then every point is periodic and then
this example is not uniquely ergodic. On the other hand, if α/(2π) is irrational
then it is uniquely ergodic — this follows from Weyl’s equidistribution theorem
(see [14, Chapter 4]). In general, unique ergodicity is a very strong property in
dimensions two or higher. For example, neither Examples 1.5 nor 1.6 are uniquely
ergodic, since both have periodic trajectories.

2. Quantum billiard systems
The word ‘quantisation’ has many meanings, but here we use the original meaning
coming from quantum mechanics. In classical mechanics a state is specified by a
point in phase space, giving both the position and momentum of a particle. If the
particle is confined to a two-dimensional domain B (that is, a billiard), then a
state consists of a point in B together with a tangent vectora at that point. On
the other hand, the possible states of a quantum-mechanical ‘particle’ confined to
B are given by complex-valued wave functions ψ on defined on B, with L2 norm
equal to 1, and the probability of finding the particle in a set contained in B is
given by the integral of |ψ|2 over that set. In other words, |ψ|2 is the probability distribution for the position of that particle. Classically, the time evolution
of the classical particle is given by the billiard flow Φt described earlier, while
the quantum-mechanical time evolution is given by Schrödinger’s equation (after
setting some physical constants equal to 1),


∂ψ
h2 ∂ 2 ψ ∂ 2 ψ
h2
ih
=
∆ψ := −
+ 2 ,
(2.1)
∂t
2
2 ∂x2
∂y
together with a boundary condition, such as the Dirichlet condition (vanishing
at the boundary of ∂B) to ensure self-adjointness. (Self-adjointness is important
because it means that the solution operator U (t), which takes the initial condition
to the solution at time t, is unitary. This means that the L2 norm of ψ is constant
in time, which is essential for the interpretation of |ψ|2 as a probability density.)
Here h, Planck’s constant, is for us just a small parameter.
Equation (2.1) has a solution in terms of an infinite sum over the eigenfunctions
of ∆. The operator ∆, with the Dirichlet boundary condition, has a sequence of
eigenfunctions φj , with eigenvalues Ej → ∞, that form an orthonormal basis of
L2 (B). We can expand any L2 function ψ in this basis. In particular, we can
expand the wavefunction at time t = 0:
X
ψ(x, 0) =
aj φj (x).
j

Then the time evolution under (2.1) is
X
ψ(x, t) =
eitEj /h aj φj (x).

(2.2)

j

a Strictly,

a cotangent vector; however, in R2 , tangent and cotangent vectors can be identified.
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Now we can ask: what are the quantum analogues of ergodicity and unique ergodicity? That is, what should be the definitions of quantum ergodicity (QE) and
quantum unique ergodicity (QUE)?
Let us first take unique ergodicity. If (X, µ, T ) is uniquely ergodic, then every orbit
is dense. To see this, suppose, for a contradiction, that the orbit of point x were
not dense. Then the closure V of that orbit would be an invariant set, and we could
form an invariant measure on V by taking limits of atomic measures supported on
T −m x, T −m+1 x, . . . , T m (x) each with mass 1/(2m + 1); these would have a weak
limit ν invariant under T . Such a measure ν would be supported away from an
nonempty open set, namely the complement of V . It would therefore be different
from µ (which is by assumption positive on each nonempty open set), but this
contradicts unique ergodicity.
The classical limit of quantum mechanics arises by taking the limit as Planck’s
constant h tends to zerob . Now suppose (for the sake of exposition) that we are
interested in our quantum system at a fixed range of energies, say between E
and 2E. The energy of the system is given by the Hamiltonian, in our case h2 ∆.
So this means that we are considering states which are linear combinations of
eigenfunctions of h2 ∆ with eigenvalues in the range [E, 2E], or equivalently eigenvalues of ∆ in the range [h−2 E, 2h−2E] — that is, larger and larger eigenvalues, as
h → 0. Let us ask: what does it mean that every quantum orbit becomes equidistributed, in the limit h → 0? Suppose a sequence hj is given, tending to zero, with
corresponding initial states ψj formed of eigenfunctions with eigenvalues in the
range [h−2 E, 2h−2 E]; then it should mean that the long-run average probability
distribution,
Z T
1
lim
|ψj (x, t)|2 dt
T →∞ 2T −T
converges, as j → ∞, to the uniform distribution over the billiard B. Convergence
is meant here in the weak-∗ sense (see Remark 2.1). If this were true for all sequences of hj and ψj , it would certainly imply that the eigenfunctions themselves
become equidistributed, since if the initial state ψj is a single eigenfunction, with
eigenvalue h−2
j Ej , then its time evolution is simply
ψj (x, t) = eiEj t/hj ψj (x, 0) =⇒ |ψj (x, t)|2 is independent of t.
Thus its long-run average probability distribution is just that of the eigenfunction
itself. It turns out that the converse is also true: if the eigenfunctions become
uniformly distributedc as the eigenvalue tends to infinity, then any sequence of
eigenfunctions ψj made up of eigenfunctions with eigenvalues in the range [h−2
j E,
2h−2
E],
h
→
0,
has
a
long-run
average
probability
distribution
that
tends
to
the
j
j
uniform distribution in the limit j → ∞.
physics, h has a particular value; however, it has units of (mass)(length)2 (time)−1 and therefore may be either small or large in the units given by the typical mass, length and time-scales
in a particular situation. One sees classical-type behaviour in situations where h is very small
expressed in these units.
c If there are multiple eigenvalues then this condition has to be taken in the strong sense that
any choice of basis for the eigenspaces leads to uniform distribution.

b In
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Remark 2.1. Recall that a sequence of measures νj converges in the weak-∗ sense
to ν if for all continuous functions f we have
Z
Z
lim
f dνj = f dν.
j→∞

That this is the right notion of convergence becomes clear when
p considering a simple one-dimensional problem, where the eigenfunctions are 2/π sin nx on [0, π],
say, the probability distributions are 2/π sin2 nx, and these converge weak-∗ to the
uniform distribution on [0, π]. This is a useful mental picture to keep in mind: typically eigenfunctions with large eigenvalue are highly oscillatory (as in Figures 3
and 4), but the weak-∗ limit can nevertheless be quite smooth.
Now we can give a rough definition of QUE: a billiard system with L2 -normalised
eigenfunction sequence φ1 , φ2 , . . . (ordered by increasing eigenvalue) is QUE if the
sequence of probability measures |φj |2 converges in the weak-∗ sense to the uniform
measure on B. The fully-fledged definition of QUE actually is more elaborate, and
involves equidistribution not just in space but also in the momentum variables.
This requires use of either the Bargmann transform or pseudodifferential operators
to obtain measures on phase space rather than just physical space; describing this
is beyond the scope of this article. See for example [5].

3. Quantum ergodicity
Now that we have defined QUE, we can define the related notion of quantum
ergodicity (QE). As with QUE it is supposed to be a close analogue of the corresponding classical property, ergodicity. In terms of the orbits of points, ergodicity
is equivalent to the equidistribution of almost every orbit (see (1.1)). Correspondingly, QE is related the the equidistribution of almost every quantum orbit. As
with QUE it has a description in terms of eigenfunctions. It is as follows: we say
that a billiard system is QE if there is a subset of positive integers J of density 1,
that is, with
#J ∩ {1, 2, . . . , n}
lim
= 1,
N→∞
N
such that the sequence of probability measures |φnj |2 , with the increasing sequence nj restricted to lie in J, converges in the weak-∗ sense to the uniform
measure on B. Let us call the eigenfunctions φm with m ∈
/ J exceptional. Then
we can think heuristically of this condition as follows: when h is sufficiently small,
this condition is saying that only a very small proportion of the eigenfunctions
with eigenvalues in the range [h−2 E, h−2 2E] are exceptional. Therefore, a random
linear combination of these eigenfunctions will have (with high probability) only a
very small component formed from exceptional eigenfunctions, and therefore will
be (with high probability) close to being equidistributed. Thus, as h → 0, we can
say in a sense that ‘almost every’ quantum orbit is equidistributed.

4. Theorems
So what is known about QE and QUE?
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The first major theorem proved in this subject was the quantum ergodicity theorem proved by Schnirelman, Zelditch and Colin de Verdière for manifolds without
boundary (Example 1.3), and for manifolds with boundary by Gérard–Leichtnam
and Zelditch–Zworski [11], [15], [4], [6], [16].
Theorem 4.1 (Quantum ergodicity theorem). If a classical system (in the context
of Examples 1.2 and 1.3) is ergodic, then the corresponding quantum system is QE.
In particular, Examples 1.5 and 1.6 are QE.
So what about QUE? Is there a correspondingly close relationship between classical and quantum unique ergodicity? In fact, heuristically one does not expect such
a close relationship. The reason for this is that classical unique ergodicity is an
extremely strong condition — the existence of a single periodic orbit is enough to
show that classical unique ergodicity fails. On the other hand, quantum mechanics
is not expected to be so sensitive to individual orbits. Since quantum particles are
somehow ‘smeared out’, the behaviour of a quantum state at a periodic orbit can
be expected to depend crucially on the behaviour of the flow in a neighbourhood of
that orbit, that is, on the stability of the orbit. If the orbit is stable, then a quantum
state can indeed concentrate near a single orbit; this happens for example on the
disc (Example 1.4). If it is strongly unstable (as is the case for Anosov systems),
then nearby orbits will diverge at an exponential rate, either as time tends to +∞
or −∞, and this is likely to make it difficult for a smeared-out quantum orbit to
remain close to the periodic classical orbit. Indeed, for this reason (and because
of evidence from their study of arithmetic surfaces) Rudnick and Sarnak made a
now-famous conjecture, that the unit tangent bundle of any compact hyperbolic
manifold (which are strongly chaotic, that is, Anosov, and all of which are known
to be ergodic) is QUE [12]. This is in spite of the fact that there are many invariant classical Borel measures on such spaces: for example, there are known to be
many periodic orbits, the number of which grows exponentially as a function of
the length.
This conjecture is likely to be very difficult to tackle. However, it has been solved
in the case of arithmetic surfaces by Lindenstrauss [10] in his prizewinning work:
Theorem 4.2 (E. Lindenstrauss [10]). QUE holdsd for arithmetic surfaces, that
is, in the case that M is the quotient of hyperbolic space by a congruence subgroup e .
This is a consequence of a more general result of Lindenstrauss, in which he classifies measures on certain spaces invariant under certain sorts of group actions;
see [10]. The reason that the arithmetic case is more tractable is because, in this
case, there are additional symmetries, that is, so-called Hecke operators that commute with the Laplacian. Since these operators commute, one can choose a basis of

d Technically what

is proved here is ‘arithmetic QUE’, where one studies only joint eigenfunctions
of the Laplacian and the Hecke operators; see the discussion below the theorem statement.
e An example of a congruence subgroup is {M ∈ SL(2, Z) | M is congruent to the identity modulo
N , for some fixed N > 1}.
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eigenfunctions of the Laplacian that are also eigenfunctions of the Hecke operators
(this is significant when there are eigenvalue multiplicities), and one can say more
about such joint eigenfunctions.
There has also been progress on nonarithmetic hyperbolic manifolds, and even on
manifolds with negative curvature. The culmination of such work is a result by
Anantharaman and Nonnenmacher [1], which says that on hyperbolic manifolds,
the entropy of any quantum limit is at least half that of the uniform measure,
which is a quantitative statement that quantum limits cannot be too localised.
However, it does not rule out quantum limits having some highly localised ergodic
components.
There have also been many numerical studies of QE and QUE. One that I would
like to mention is Barnett’s study of Example 1.5, involving accurate computation
of about 30 000 eigenfunctions up to about the 700 000th [2]. His results suggest
that QUE very likely holds for this billiard, even though, in this case as with
hyperbolic manifolds, there are plenty of invariant classical measures that are not
equidistributed. Figure 3 shows one numerically computed eigenfunction on this
billiard, illustrating that the position probability distribution is random, with no
preferred location or direction of oscillation evident.

Figure 3. An eigenfunction on the Barnett stadium (Example 1.5).

There have also been many numerical studies of the stadium billard, and there one
draws the opposite conclusion: there seem to be sequences of exceptional eigenfunctions that are not equidistributed, but concentrate in the central rectangle. See
Figure 4. This was first conjectured by Heller and O’Connor in 1988 [9]. Recently
I proved this conjecture, at least for ‘almost every’ stadium:
Theorem 4.3 (Hassell [7]). Consider the family of stadium domains with central
rectangle having dimensions 1 × t, for t > 0. Then for almost every t, this billiard
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Figure 4. Eigenfunctions on the stadium; the second last is a
‘bouncing ball mode’ and is not equidistributed.

is not QUE. In fact, for almost every t there are quantum limits that give positive
mass to the bouncing ball trajectories (which form a set of measure zero in the
uniform measure).
This was the first example of an ergodic billiard proved to be non-QUE. Of course
we know that it is QE due to Theorem 4.1, so the sequence of eigenfunctions in
Theorem 4.3 is definitely atypical: most eigenfunctions become equidistributed as
the eigenvalue tends to infinity. With the help of Luc Hillairet, this result was
extended to all partially rectangular billiards (those possessing a central rectangle
or cylinder) [7, Appendix]. However, there is plenty more to be understood about
eigenfunctions on the stadium. For example, it is not known whether there are
sequences of eigenfunctions that concentrate completely in the central rectangle,
although the numerical evidence is fairly convincing that such sequences exist.
This question is one of my current research interests.
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Mathematics and Its History
John Stillwell
Springer, New York, 3rd edn, 2010, ISBN: 978-1-4419-6052-8

Readers of the first and second editions of this book will already know that this
is not a book about the history of mathematics; rather, it is a book about mathematics, where history plays a guiding role. Thus the book’s title is exact and apt,
although the casual browser may be led to think otherwise. The notation used
is modern — there is no interest here in how the Greeks used geometry to study
number theory, for example, but rather in understanding that ancient number
theory in modern terms. The third edition adds two new chapters, on simple
groups and on combinatorics, as well as some new sections in old chapters. Overall
there is an even greater cohesion between topics than in the previous editions.
The idea of presenting mathematics through its historical development is not new,
and there are other books that take the same approach, such as Hairer and Wanner’s Analysis by Its History, Bressoud’s A Radical Approach to Real Analysis,
and Weil’s Number Theory, an Approach Through History, from Hammurapi to
Legendre. In each case, the authors choose a topic (calculus, Fourier series, and
number theory, respectively), and explain the mathematics through a historical
perspective. What makes Stillwell’s book different is the scope of his goal: ‘to give
a bird’s eye view’ of nearly all of the mathematics contained in the undergraduate
curriculum, aiming at undergraduates. As far as I am aware, no other book in the
world has comparable goals. Does he succeed? Yes. This book is brilliant. Let me
illustrate how he does it.
The book contains 25 chapters, each headed by a short preview where the chapter’s
contents are summarised and connections are made to other relevant chapters.
Each chapter focuses on one topic, for instance Greek Geometry, or Number Theory in Asia, or Infinite Series. Each chapter contains around seven or eight short
sections. Each section, other than the last, makes a very specific point about
a very specific topic, and comes equipped with its own exercises. The exercises
usually deal with mathematical, rather than historical, questions associated with
the text. The last section contains a short biographical sketch of mathematicians
who contributed to the topic at hand. For example, the chapter on topology contains biographical notes on Poincaré, while the chapter on differential geometry
includes notes on Harriot and Gauss. I particularly enjoyed reading about Pascal
in Chapter 8.
To see how this structure translates into practice, consider Chapter 3 (Greek Number Theory), Section 3.4 (Pell’s Equation). It is explained that Pell’s equation is
the Diophantine equation x2 − N y2 = 1, where N is a given non-square integer,
and integer solutions x, y are sought. The author places the equation in context
by pointing out that if x,√y are large solutions to x2 − 2y2 = 1, then x/y will be
a good approximation to 2; that is why the very early Greeks were interested in
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it. This is followed by the presentation of an ingenious recursive method, known
to the Greeks, to obtain larger solutions to Pell’s equation from smaller solutions.
In this way, if we start with x = 1, y = 0, we√can successively obtain larger
solutions, and therefore better approximations to 2. How did the Greeks discover
this recursive method? Nobody knows, but Van der Waerden and Fowler suggest
plausibly that it was through an application of the Euclidean algorithm to line
segments. An explanation of how this may have been done follows. The last three
paragraphs in the section chart further developments in the same vein through the
ensuing centuries: how Brahmagupta obtained a recursive relation for x2 −N y2 = 1
(see Chapter 5); how the final theoretical step in showing that Brahmagupta’s
formulas work was done by Lagrange in 1768; a mention is made of a relation with
continued fractions (to be explored in the exercises); how there is a non-trivial
relation between N , the number of steps in the Greek construction, and the size
of the smallest non-trivial solution x, y; how Archimedes’ cattle problem leads to
the equation x2 − 4729494y2 = 1, the smallest non-trivial solution of which was
found, in 1880, to have over 200 000 digits; and how Lenstra, in 2002, found a way
to express all of the solutions to the cattle problem in a condensed form.
We see from this example how sections are
structured: a topic is introduced (Pell’s equation), and its relevance clearly explained. Here
a neat recursive formula is presented, but the
real mathematical idea is how the formula was
(perhaps) derived from the Euclidean algorithm.
Then connections are drawn to related topics, all
the way down to current research, referenced to
enable easy access. You can’t get much better
than that, and such examples abound in the text.
To mention just one more, in Section 4.2 we
are treated to Eudoxus’ Theory of Proportions,
where a direct link is made to Dedekind cuts.
These connections help to fix in the minds of
students what they already know both about
Greek geometry and about the construction of
the reals. The author presents mathematics as a
coherent and unified endeavour, rather than as
unrelated topics (in meaning and in time). Indeed, the only criticism that can be
made here is that perhaps the edifice of mathematics is made to seem too coherent,
as if there is an inherent necessity in the way mathematics is produced, driven by
historical forces. (To be fair, the author never for a moment implies in the text
that such is the case, but instructors should be wary.)
Of course, it is unavoidable that some topics will be missing, and that some will
be better represented than others. Stillwell concentrates on the broad areas of
geometry, number theory, analysis, and algebra. The first three are already present,
implicitly or explicitly, in the work of the Greeks, while the latter is a more recent,
but no less distinguished, arrival. In particular Stillwell weaves a very good narrative of algebra, geometry, and number theory, whenever possible relating other

170

Book reviews

topics to it. For example the presentation of complex numbers and functions (on
which there are three chapters) makes connections to the theory of polynomial
equations (algebra), the complex projective line (algebraic geometry), and elliptic
curves (number theory). A bit outside the main narrative there are chapters on
mechanics (where we can find some differential equations), differential geometry,
topology, sets and logic, and combinatorics. There are also some topics missing
almost entirely. For example, measure theory and probability merit a passing mention in Chapter 24 (Sets, Logic, and Computation). Also there is scant reference
to the work of some very influential mathematicians, including Legendre (four
mentions in the index), Chebyshev (one mention), Kolmogorov (one mention),
Hadamard (one mention not about his work, and one reference in the Prime Number Theorem), and Poisson (no mention). These decisions are understandable,
given that the book is not driven by history, and there are all sorts of constraints
in terms of choice of topics and length of the work — this is not an encyclopedia.
The omissions, although noticeable, take nothing away from the book.
Who should use this book? A reviewer of the second edition (this Gazette, Volume
29, Number 5, December 2002) suggested two avenues for adopting it. First, a
course on the history of mathematics should use a different primary source, but
this book could be adopted as secondary reading, as it will help to illuminate
the mathematics itself. Second, one could design a third-year (or honours) course
around topics chosen from this book, with the aim of enriching the whole mathematical experience by drawing connections between areas. I concur with these
ideas, but I have a further proposal: instructors should use this book liberally in
their existing courses, as a source and as motivation. We don’t have to use the
whole book. If we are teaching group theory, it offers two very good chapters, on
general group theory and on simple groups, which contain material sure to enhance
our classes. If we are teaching number theory, then we are spoiled for choice, as
there’s just so much we can use. In short, we need not wait to use this book only
when a ‘suitable’ course is offered. This book is excellent. Use it now.
Jorge Aarão
School of Mathematics and Statistics, The University of South Australia, Mawson Lakes, SA 5095.
E-mail: jorge.aarao@unisa.edu.au
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Jim Lewis, Chair of the AMSI Board, retires
Jim has been Chair of the AMSI Board from day one back in 2002. A BHP executive, a successful businessman in his own right, a chemical engineer and an
awarded university lecturer, Jim was exactly the sort of over-achiever that AMSI’s
architects wanted as independent chair of the board. This isn’t the place for a long
tribute. The AMSI Members and Board will be celebrating Jim’s contribution at
the forthcoming meetings in July, but I can quote from the recent AMSI Review:
AMSI was fortunate to attract the services of Jim Lewis, a former BHP
executive, as Chair of its Board. Jim has been inspirational in his unflagging efforts on behalf of AMSI. A brief summary of his contributions include maintaining AMSI’s relationship with the University of
Melbourne, appointing and mentoring a series of AMSI Directors, negotiating complex contracts such as BlueScope Steel’s involvement in
the ICE-EM outreach program, taking a hands-on leadership role when
there was no director and direct involvement in negotiations to bring significant funding to AMSI. The Panel salutes this massive contribution
without which AMSI’s survival would have been jeopardised.

A full tribute to Jim will soon be available at www.amsi.org.au, along with an
extended interview.
The importance of brand integrity
One of the exciting parts of this job is dealing with the huge entrepreneurial capacity of the discipline. Yes, I confess ‘exciting’ is a bit facetious here, but not the
‘entrepreneurial capacity’ bit. You have only to look at the individuals in leadership roles to see what I mean. They didn’t start being leaders at the age of fifty!
So there are many enthusiastic and ambitious mathematicians out there throwing
out great ideas in various directions. The task of the AMSI director is to project
this activity tangentially onto AMSI’s sphere of interest. Of course when these
directions are orthogonal to ours the task can be impossible but generally I make
the ‘national benefit, don’t divide the resource, everyone loves a team player’ type
argument. (One day someone will assess the personality traits of mathematicians
and confirm what I already know: we’re mainly goat-like and not at all sheep-like.)
I hope you’re still with me because what I’m saying is that personal ambition is
what turns one group of 50 people into 50 groups of one person each. For mathematics this can be a dangerous thing because the agencies which fund national
1 Australian

VIC 3010.

Mathematical Sciences Institute, Building 161, c/- The University of Melbourne,
E-mail: director@amsi.org.au
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initiatives in our discipline and in others want to know that they are dealing with
the group of 50. AMSI is in the facilitation business and I invite you to come and
knock on my door the next time you feel ambitious.
TIMES project comes to an end
This remarkable project could not have been delivered by any other group in Australia and we are rightly proud of the outstanding results that Janine McIntosh
and Michael Evans have achieved. Here is the abstract of the newly published
report to DEEWR:
The purpose of the Improving Mathematics Education in Schools
(TIMES) Project was to provide an integrated approach to increasing mathematics achievement, especially in low SES communities, to
develop innovative resources to support the national mathematics curriculum and to raise awareness of career opportunities in occupations
and professions requiring mathematics skills.
The project supported improved learning outcomes for Australian school
students by
• expanding the AMSI’s outreach in schools based on the AMSI/
BlueScope model into regions of demonstrably low SES communities
• developing and disseminating innovative teaching and learning
resources to support the implementation of the Australian Curriculum: Mathematics
• developing materials and strategies to raise awareness among parents, school career advisers and others about mathematics in different careers
• facilitating the involvement of mathematical scientists in the
‘Mathematicians in Schools’ component of the Scientists in
Schools Program
• supporting the creation of Maths by Email, a fortnightly enewsletter with the aim of inspiring students, parents and teachers to
see the beauty and importance of mathematics in our lives, in
collaboration with CSIRO
In a period of just under two years AMSI has delivered
• school mathematics support in 6 Outreach clusters comprising
54 schools — 13 Secondary Schools, 38 Primary Schools, 3 P–12
Schools
• potential impact on the mathematics learning of over 28 000 students
• 123 days of professional development delivered in the first six
months of 2010, 93 days of professional development delivered in
the second half of 2010. This made a total of 216 days for the
2010 school year.
• 68 Teacher Content Modules written equating to over 3000 pages
of material designed to elevate the content knowledge of primary
teachers, secondary mathematics teachers and secondary teachers teaching out of area
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• a website hosting Teacher Content Modules: www.amsi.org.au/
teachermodules providing national support for the teachers implementing the Australian Curriculum
• upload of Teacher Content Modules to ‘Scootle’ via Education
Services Australia
• Regional Departments of Education and key stakeholder support
for intervention programs designed to enhance the teaching and
learning of mathematics
• assessment of 28 existing careers resources and interviews with
over 100 stakeholders involved in careers education
• videos of 12 careers requiring mathematics complete
• 12 posters featuring profiles of the mathematics requirements of
different careers
• a website www.mathscareers.org.au
• production of a 24-page booklet with 20 profiles of people demonstrating that mathematics is essential to their work and to a
successful career
• 25 000 careers booklets, 264 000 posters and 9700 careers video
DVDs produced
• careers packs sent to every school in the country — 2 sets of 12
posters, DVD and one careers booklet for each primary and 2 sets
of 12 posters, DVD and 5 careers booklets sent to each secondary
and P–12 school.

I was a Monash undergraduate and took out a La Trobe PhD
in 1981 in geometric mechanics and Lie groups. This was followed by a postdoc at the Institute for Advanced Study in
Dublin. I’ve enjoyed teaching at RMIT, UNE and La Trobe.
My research interests lie mainly in differential equations, differential geometry and the calculus of variations. I’m a proud
Fellow of the Society, currently a Council and Steering Committee Member. I became AMSI director in September 2009.

Mahler
Lecturer
2011:
Peter
Sarnak
Peter Sarnak grew up in South Africa
and moved to the US to study at
Stanford University, where he obtained
his PhD in mathematics in 1980.
After appointments at the Courant
Institute, New York, and Stanford, he
moved to Princeton in 1991 where he
has been ever since. Currently he is
both the Eugene Higgins Professor of
Mathematics at Princeton University
and Professor at the the Institute
for Advanced Study in Princeton. In
2002, he was made a member of the
National Academy of Sciences in the
USA and a Fellow of the Royal Society.
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Peter Sarnak is a major figure in
modern analytic number theory, with
research interests also in analysis and
mathematical physics. He has received
many awards for his research including
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the Polya prize in 1998, the Ostrowski
prize in 2001, the Conant prize in 2003
and the Cole prize in 2005.
He has had 43 PhD students to date,
including several who have become
major figures in number theory
themselves.

Outline lecture tour
(more details to follow soon)
Date
9-10 Aug
11-12 Aug
15-16 Aug
17-18 Aug
23-24 Aug
25-26 Aug

Location
Adelaide
Perth
Melbourne
Canberra
Brisbane
Sydney

www.amsi.org.au/sarnak.php

Completed PhDs
Australian National University
• Dr Roger (Charles) Baker, The mean curvature flow of submanifolds of
high codimension, supervisor: Ben Andrews.
• Dr Greg Stevenson, Tensor actions and locally complete intersections, supervisor: Amnon Neeman.
• Dr Hak Soo Kim, Evaluation of the impact of climate and variability on
modelling hydrological response, supervisor: Barry Croke.
University of Melbourne
• Dr Wendy Baratta, Special function aspects of Macdonald polynomial theory, supervisor: Peter Forrester.
University of Western Australia
• Dr Michael Pauley, Cubics, curvature and asymptotics, supervisor: Lyle
Noakes.

Awards and other achievements
La Trobe University
• Dr Katherine Seaton, Dr Narwin Perkal, Dr Marcel Jackson, Professor
Brian Davey and Associate Professor Grant Cairns have been awarded the
Award for Teaching Excellence by the Dean of Science, Technology and
Engineering, as well as the La Trobe University Vice-Chancellor’s Award
for Excellence in Teaching for 2011. The selection committee for the ViceChancellor’s Award was unanimous in its praise for their contributions to
teaching and learning in mathematics at La Trobe University.
• Thi Dinh Tran has been awarded the inaugural Professor Edgar Smith
Scholarship. The scholarship, in the form of a travel grant, is awarded
annually to a full-time PhD student of outstanding merit from the Department of Mathematics and Statistics at La Trobe University.
University of Adelaide
• Associate Professor Zudi Lu has been awarded an ARC Future Fellowship.
Associate Professor Lu will use the support provided by his Future Fellowship to further improve the theory and practice of econometric modelling
of nonlinear spatial time series.
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University of Wollongong
• The ‘first-year maths team’ comprising Caz Sandison, Maureen Edwards,
Grant Cox, Aidan Sims and James McCoy, received the Faculty of Informatics Outstanding Contribution to Teaching and Learning award for
their redesign of core first-year mathematics subjects.

Appointments, departures and promotions
Charles Sturt University
• Kylie Thomas has resigned from the University.
La Trobe University
• In April, Dr Sarah Lobb joined the Dynamical Systems Group in the department as a research fellow.
University of Adelaide
•
• Dr Jessica Kasza, currently with the Department of Mathematical Sciences, University of Copenhagen, will be joining the School as an ARC
Research Associate in July. She will be working with Professor Patty
Solomon in the area of health services research.
University of Ballarat
• Dr Jason Giri has been appointed Deputy Dean, Science and Mathematics, at the School of Science, Information Technology and Engineering,
effective 18 July 2011.
University of Melbourne
• Dr Federico Frascoli (Research Fellow) has left.
• Dr Tim Garoni has been appointed as a Future Fellow.
University of Newcastle
• Francisco J. Aragón Artacho has been appointed as a research associate
working with Laureate Professor Jon Borwein and CARMA.
University of South Australia
• Professor Jerzy Filar (FAustMS) has resigned from the University after 19
years of outstanding service as Foundation Professor of Mathematics and
Statistics.
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• Associate Professor Michael Small of Hong Kong Polytechnic University
has been appointed as Professor of Mathematical Modelling and Director
of the Phenomics and Bioinformatics Research Centre.
• Professor Lee White of the University’s School of Mathematics and Statistics has been seconded to the role of Foundation Director of the ATN
Industry Doctoral Training Centre in Mathematics for a 12-month period.
University of Western Australia
• Simon Guest commences as a research associate on 1 September 2011.
• Pablo Spiga finishes his appointment as a research associate on 17 June
2011.
• Bill Longstaff, Grant Keady, Bob Sullivan and Valeri Stefanov have left
the School.
University of Wollongong
• Dr Michael Whittaker’s fellowship has been extended for a further two
years based on the successful transfer of an ARC Discovery Grant from
Professor Iain Raeburn to Professor Jacqui Ramagge.
• Professor Tim Marchant’s position as Dean of Research has been extended
for a further four years.

New Books
University of Queensland
• Kroese, D.P., Taimre, T. and Botev, Z.I. (2011). Handbook of Monte Carlo
Methods. Wiley Series in Probability and Statistics. John Wiley, New York.

Conferences and Courses
Conferences and courses are listed in order of the first day.
Integer Programming Down Under workshop
Date: 6–8 July 2011
Venue: University of Newcastle
Web: carma.newcastle.edu.au/nuor/ipdu/
The Integer Programming Down Under (IDPU) workshop is designed to bring
together researchers with an interest in the theory, algorithms and applications
of integer programming so as to facilitate an exchange on the latest ideas and
developments in the area, and to provide a venue and environment for informal interaction and collaborative engagements. The workshop program is composed of a
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limited number of invited talks which are organised in a single track and scheduled
so as to leave ample time for discussion and interaction among the participants.
Further details including the list of invited speakers are available at the website.
Geometry & Topology Down Under:
A Conference in Honour of Hyam Rubinstein
Date: 11–22 July 2011
Venue: University of Melbourne
Web: www.ms.unimelb.edu.au/∼hyamfest/
Contact: hyamfest@ms.unimelb.edu.au
7th International Congress on Industrial and Applied Mathematics
(ICIAM 2011)
Date: 18–22 July 2011
Venue: Vancouver, British Columbia, Canada
Web: www.iciam2011.com
Email: info@iciam2011.com
Mesoscopic Modelling of Traffic Networks
Date: 18 July 2011
Venue: University of Melbourne
Web: https://sites.google.com/site/mesotraffic/
12th International Pure Mathematics Conference 2011
Date: 29–31 July 2011
Venue: Islamabad, Pakistan
Web: www.pmc.org.pk
Algebraic Cycles and the Geometry of Group Orbits
Date: 2–4 September 2011
Venue: Australian National University
Web: maths.anu.edu.au/events/Osullivan60/
Registration is now open for this conference, in honor of Peter O’Sullivan’s 60th
birthday. The conference will centre around the topics of motives and the geometry of orbit spaces, the two areas Peter has contributed to. The tentative list of
speakers is Yves André, Spencer Bloch , Helene Esnault, Thomas Geisser, Vladimir
Guletskii, Anthony Henderson, Bruno Kahn, Shun-ichi Kimura, Amalendu Krishna, Gus Lehrer, Arun Ram, Vasudevan Srinivas, Sinan Unver, Chuck Weibel and
Geordie Williamson.
Background: Peter O’Sullivan is a truly remarkable Australian mathematician. He
dropped out of a PhD program at Sydney University in 1976, and for the next 25
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years he disappeared from the mathematical world. During these 25 years he managed to teach himself an enormous amount of modern mathematics just by using
the UNSW library. He reappeared in 2002, when he sent a letter to Yves Andre
and Bruno Kahn, informing them that he had independently obtained some results
of theirs by different methods, and that his methods could be used to improve on
their work.

The Geometry of Differential Equations
Date: 19–23 September 2011
Venue: Centre for Mathematics and its Applications, ANU
Web: wwwmaths.anu.edu.au/∼eastwood/GDEworkshop.html
Sponsors: ANU and AMSI
Organisers: Michael Eastwood, Rod Gover and Katharina Neusser.
Please see the website for details, including how to register for this meeting.

2011 AustMS Early Career Workshop
Date: 24–25 September 2011
Venue: Sebel Harbourside, Kiama, NSW
Web: www.uow.edu.au/informatics/maths/austms/earlycareer/index.html
Organisers: Bronwyn Hajek (University of South Australia), Stephan Tillmann
(University of Queensland), Natalie Thamwattana (University of Wollongong)
The third Australian Mathematical Society Early Career Workshop will be held at
the Sebel Harbourside, Kiama on 24–25 September 2011, from Saturday afternoon
to lunch on Sunday. This is the weekend before the Society’s Annual Meeting, to
be held at the University of Wollongong.
The Early Career Workshop will consist of short research presentations by leading young researchers, and advice on topics such as developing collaborations and
building research networks in the mathematical sciences.
Research speakers: Vigleik Angeltveit (University of Chicago); Aidan Sims (University of Wollongong); Frances Kuo (University of NSW).
Advice speakers: Nalini Joshi (University of Sydney); Mark Nelson (University of
Wollongong); Virginia Wheway (Boeing Australia).
Accommodation for Saturday night and meals during the Workshop will be provided free of charge to all registered participants. Transport to the opening reception of the Annual Meeting on Sunday will be easiest via train. Participants can
also attend a special Early Career lunch during the Annual Meeting, attended by
the plenary speakers.
Registration is free for any registered participant in the Society’s 2011 Annual
Meeting who is either a current postgraduate student in the mathematical sciences
at an Australian university or research organisation, or is in the early stages of
a career in the mathematical sciences in Australian academia or industry. ‘Early
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stages’ means up to approximately five years (full-time equivalent) since award of
postgraduate degree.
Numbers for the Workshop are strictly limited, so those who wish to attend are
advised to indicate their interest as soon as possible, by ticking the Early Career Workshop box when registering for the Annual Meeting at www.uow.edu.
au/informatics/maths/austms/index.html. Those who are successful will receive a
confirmation email with more details.
The Workshop is sponsored by the Australian Mathematical Sciences Institute
and the Australian Mathematical Society.
55th Annual AustMS Meeting
Date: 26–29 September 2011
Venue: University of Wollongong, NSW
Web: www.uow.edu.au/informatics/maths/austms/index.html
Please note that the date for early-bird registration has been extended to 17 July.
International Workshop on Hadamard Matrices and their Applications
Date: 27–30 November 2011
Venue: RMIT University, Melbourne
Web: www.rmit.edu.au/mathsgeo/iwhma
Volcanic Delta 2011
Date: 27 November – 2 December 2011
Venue: Rotorua, NZ
Web: www.delta2011.co.nz
Important dates:
• Submission of papers for the Communications Proceedings, and abstracts
for Short Presentations remain open until 21 and 31 August respectively.
See www.delta2011.co.nz/delta2011/index.cfm?p=submissions for guidelines
• Teachers’ Day has been moved to Monday 28 November
• Early Bird registrations will close on Wednesday 31 August.
NZIMA Postgraduate Student Conference Scholarships. Student scholarships will
be available for PhD students attending the conference and presenting papers
and/or workshops. Please see www.delta2011.co.nz/delta2011/index.cfm?
p=registration.
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Volcanic Delta news:
• Wednesday excursion. You can now book for one of two exciting excursion choices (each with half-and full-day options), the ‘Thermal Explorer’
or the ‘Rotorua Experience’. Please see www.delta2011.co.nz/delta2011/
index.cfm?p=excursions
• Draft program is now available on the web at www.delta2011.co.nz/
delta2011/images/img programme 01.pdf
• Submissions for iJMEST are now being reviewed. We hope to inform authors before the 31 July.
The Victorian Algebra Conference
Date: 1–2 December 2011
Venue: La Trobe University, Melbourne
Web: vicalg.ltumathstats.com/home
10th Engineering Mathematics and Applications Conference
(EMAC2011): Invitation and call for abstracts
Date: 4–7 December 2011
Venue: University of Technology, Sydney
Web: www.emac2011.com.au
Contact: Chair of the EMAC Organising Committee, Mary.Coupland@uts.edu.au
The venue is within walking distance of Darling Harbour, Chinatown, and Paddy’s
Markets, and a short bus trip, or scenic ferry ride, from many of Sydney’s other
icons such as the Harbour Bridge, the Opera House, The Rocks, and Circular Quay.
A highlight will be the conference dinner to be held during a cruise on beautiful
Sydney Harbour. There is also a Welcome Reception on the Sunday evening, and
an Informal Restaurant Evening.
EMAC is organised by the Engineering Mathematics Group, a special interest
group with the Australian and New Zealand Industrial & Applied Mathematics
Division of the Australian Mathematical Society. The meeting is held biennially.
Postgraduate students are especially encouraged to participate, and there is a prize
for the best research paper presented by a student.
Conference topics range broadly over engineering mathematics, statistics and OR
and applications, including engineering mathematics education. Full papers are
submitted after the conference for full peer review and publication in a special
part of the Electronic Supplement of the ANZIAM Journal.
The 35th Australasian Conference on Combinatorial Mathematics and
Combinatorial Computing (ACCMCC)
Date: 5–9 December 2011
Venue: Monash University, Melbourne
Web: users.monash.edu.au/∼accmcc/
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12th Asian Logic Conference
Date: 15–20 December 2011
Venue: Victoria University of Wellington
Web: msor.victoria.ac.nz/Events/ALC2011

MISG 2012
Date: 5–10 February 2012
Venue: RMIT University
Web: www.rmit.edu.au/maths/misg
The 2012 Mathematics and Statistics in Industry Study Group will be hosted
by RMIT University, Melbourne, from Sunday 5 February to Friday 10 February
2012.
You are invited to participate in this Workshop.
Registration (free) will be available later in the year.

Conference and MAGMA Workshop on
‘Symmetries of Discrete Objects’
Date: 13–17 February 2012
Venue: Rydges Lakeland Resort Hotel, Queenstown, New Zealand
Web: www.math.auckland.ac.nz/∼conder/SODO-2012/
Contact: Marston Conder (m.conder@auckland.ac.nz)
This event will be a combination of a research conference on symmetries of discrete objects (such as graphs, maps/dessins, polytopes, Riemann surfaces and
other complexes), and a Magma workshop, including some instructional courses
(well suited for graduate students) on the Magma package and its capabilities
(especially for handling discrete structures and their automorphisms).
The aim of the conference is to bring together researchers working in various interrelated fields, introduce their approaches and discoveries to one another, and to
promote joint research in and between these fields. To achieve this we will have a
small number of keynote talks, several contributed talks, at least one open problem
session, and ample time for discussions and problem solving. Anyone with interest
in automorphisms of discrete structures is welcome to consider attending.

MCQMC 2012: Tenth International Conference on Monte Carlo and
Quasi-Monte Carlo Methods in Scientific Computing
Date: 13–17 February 2012
Venue: Sydney
Web: www.mcqmc2012.unsw.edu.au
Contact: Ian H. Sloan, Frances Y. Kuo, Josef Dick, Gareth Peters
(mcqmc2012@unsw.edu.au)
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MTNS 2012: 20th International Symposium on Mathematical Theory
of Networks and Systems
Date: 9–13 July 2012
Venue: University of Melbourne
Web: www.mtns2012.com.au
At MTNS our prime objective is to see the beautiful mathematical structures that
underpin our understanding of networks, systems and networked systems. The
peer-reviewed conference is interdisciplinary in nature, and we welcome colleagues
from all fields to contribute to the rich discussions that are the real draw-card of
any MTNS.

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.
Ms Natalie Aisbett; The University of Melbourne; 1 February to 29 July 2011; cohomology of real and complex varieties associated with hyperplane arrangements; USN; A. Henderson
Pierre-Olivier Amblard; CNRS, France; 1 August 2010 to 28 February 2013; –;
UMB; Owen Jones
A/Prof Henrik Andersson; Norwegian University of Science & Technology, Norway; 23 June to 24 July 2011; –; UMB; Heng-Soon Gan
Ms Suci Astutik; Institut Teknologi Sepuluh Nopember, Indonesia; 3 October to
30 December 2011; –; UWA; Gopal Nair
Dr Ben Ayliffe; University of Exeter, UK; September 2010 to July 2011; problems
related to the formation of planets; UMN; Guillaume Liabe
Prof David Bailey; Lawrence Berkeley National Laboratory, California; 17–24 July
2011; –; UNC; Jon Borwein
Adolfo Ballester-Bolinches; –; 5 July to 5 August 2011; –; ANU; John Cossey
Prof Matthew Bate; University of Exeter, UK; September 2010 to July 2011; problems relating to the role of magnetic fields and radiation in star formation;
UMB; Daniel Price
Valery Beloshapka; Moscow State University; 25 July to 5 September 2011; –;
ANU; Alexander Isaev
Prof John Bland; University of Toronto; 16 July 2010 to 31 August 2011; analysis
and geometry; ANU; Michael Eastwood
Dr Peter Blennerhassett; University of New South Wales; 20 June to 13 July 2011;
–; UWA; –
Prof Tim Burness; University of Southampton, UK; 4–18 September 2011; groups
and combinatorics; UWA; Michael Giudici
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Toke Carlsen; University of Trondheim, Norway; 1 October to December 2011; –;
UWG; A. Sims
Paulo Carrillo Rouse; University of Toulouse; 24 July to 10 September 2011; –;
ANU; Bryan Wang
Dr Ebrima Ceesay; Booz Allen Hamilton, USA; during 2011; –; UBR; Paul Watters
Prof Stephen Chapman; Oxford University; 1 August 2010 to 1 August 2011;
mathematical modelling, methods of asymptotics; USN; N. Joshi
Jing Chen; Central South University, China; January 2011 to January 2012; –;
UWA; Cai Heng Li
Dr Florica Cirstea; University of Sydney; 14 July 2008 to 14 July 2011; applied
and nonlinear analysis; ANU; Neil Trudinger
Valentin Deaconu; University of Nevada, USA; 25 September to 23 October 2011;
–; UWG; D. Pask and A. Sims
Eugene Feinberg; Stony Brook University, New York; 17–20 July 2011; –; USA;
Vladimir Ejov
Prof Albert Ferrer; Polytechnic University of Catalonia, Spain; mid-2011; –; UBR;
Adil Bagirov
Piotr Hajac; Warsaw University; 19 July to 29 August 2011; –; ANU; Adam Rennie
Feida Jiang; –; 1 April to 30 September 2011; –; ANU; Neil Trudinger
Alex Kumjian; University of Nevada, USA; July to December 2011; –; UWG;
D. Pask and A. Sims
Prof Juan Enrique Martinez Legaz; University of Barcelona, Spain; mid-2011; –;
UBR; Adil Bagirov
Dongsheng Li; –; 1 July to 16 September 2011; –; ANU; Xu-Jia Wang
Prof Marco Antonio Lopez; University of Alicante, Spain; mid-2011; –; UBR; Adil
Bagirov
Joel Moitsheki; University of the Witwatersrand; early October 2011; –; USA;
Bronwyn Hajek
Prof Boris Mordukhovich; Wayne State University; 21–28 July 2011; –; UNC; Jon
Borwein
Benjamin Moyon; University of Bordeaux, France; 1 March to 1 September 2011;
–; UWA; Andrew Bassom
Mark Nelson; University of Wollongong; second half 2011; –; USA; Bronwyn Hajek
Max Neunhoeffer; University of St Andrews, UK; 18 August to 16 September
2011; –; UWA; Cheryl Praeger
Dr Burak Ordin; Ege University, Izmir, Turkey; March to October 2011; –; UBR;
Adil Bagirov
Katja Sagershnig; University of Vienna; 1 May 2011 to 31 December 2012; –;
ANU; Michael Eastwood
Prof Leonidas Sakalauskas; Lithuania; mid-2011; –; UBR; Adil Bagirov
Marie Snipes; Kenyon College, Ohio; 15 June to 27 July 2011; complex analysis;
USA; Lesley Ward
Prof Oliver Stein; University of Karlsruhe, Germany; mid-2011; –; UBR; Adil
Bagirov
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Mr Hakan Tor; Turkey; May to November 2011; –; UBR; Adil Bagirov
Prof Wei Wang; Nanjing Normal University, China; during 2011; –; UBR; Paul
Watters
Dr Jinghao Xue; University College London, UK; 14 June to 6 September 2011;
–; UMB; Peter Hall
Dr Sukru Yalcinkaya; –; 1 May to 1 August 2011; –; UWA; Cheryl Praeger
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