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Editorial

The present issue of the Gazette is the first produced by the new editorial team of Jan
de Gier, Ole Warnaar and Maaike Wienk. It is appropriate with a change of guard to
begin by thanking the previous editors, Bill Galvin and John Giles, for their dedication
and excellent work over the past three years. It is with great sadness, however, that we
report that Bill has not been able to witness this latest Gazette. Bill passed away last
December, only shortly after editing the final Gazette of 2003. On behalf of the AustMS
we extend our deepest sympathies to Bill’s wife and family. An obituary written by
John Giles may be found elsewhere in this issue.
Maths matters will be a new regular feature in the Gazette. In each issue a prominent Australian mathematician will be given the opportunity to voice their opinion on
any mathematics issues. We are delighted that Peter Hall has been willing to kick-start
the series, airing his view on the ‘decline of the mathematical sciences in Australia.’
Any responses to Peter’s column will be most welcome.
We are also pleased to introduce Daniel Mathews. Daniel is an undergraduate student at The University of Melbourne with a distinct taste for the wild-side. His daring
mathematical adventures can be found in Mathellaneous. In this issue he will surprise
the reader with the beautiful and mysterious sequence 1,3,4,. . . .
An ongoing problem for Australian mathematics (see also Peter Hall’s column) is
that many of our top-talents are scooped up by better paying, better resourced —
better everything in fact — foreign universities. In the coming issues of the Gazette
we hope to let some of our brain-drainees tell their side of the story. John Stillwell,
who late last year wrote a letter to The Age about the brain-drain, will be the first
to relate his motives for leaving Australia.
From the regular technical articles it will become clear that little does not fall
under the banner of mathematics. Hopscotch, prisoners, twins, and even eggplant and
meatgrinders (page 38) are put under the mathematical microscope.
An electronic version of the Gazette may be found at http://www.austms.org.au/
Publ/Gazette.
Finally we wish to thank Richard Brak for designing the brainy dingbats.

Deadlines for submissions to the Gazette
Volume Number
Deadline
31
2
13 April 2004
31
3
15 June 2004
31
4
10 August 2004
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President’s column

This issue of the Gazette is the first to be
compiled by the editorial team of Jan de
Gier and Ole Warnaar, with TeXnical assistance from Maaike Wienk. On behalf
of the Society I would like to thank Jan,
Ole and Maaike for assuming this responsibility.
A number of significant events have recently occurred. As many of you will be
aware, AMSI has been awarded funding
to establish an International Centre of
Excellence for Education in Mathematics (ICE-EM). The Federal Minister for
Education Brendan Nelson made the official announcement at the University of
New South Wales on 27 January while
visiting AMSI’s second annual Summer
School, which attracted over 150 participants. The Minister spoke enthusiastically of the importance of mathematics,
saying it is “the foundation science for almost everything that happens in our society.”
The International Centre of Excellence
for Education in Mathematics will be
managed from AMSI’s offices in Melbourne but activities will be devolved nationally. It has funding of $7.8 million
over four years. ICE-EM will strengthen
Australia’s capability in education in
mathematics at all levels, from pre-school
to postgraduate studies. AMSI is currently negotiating finer operational details with the Department of Education,
Science and Training, and hopes to have
a contract signed within a few weeks.
As I noted in my column in the previous issue, the Review of Teaching and
Teacher Education has been released.
This six-volume report can be succinctly

by Tony Guttmann

described as disappointing. While long
on rhetoric, and containing some good
recommendations, it is short of meaningful actions. In particular it steers
around any unequivocal statement that
there is a substantial shortage of mathematics teachers in schools, in all States.
As also previously noted, as a result
of the Federal Government’s Higher Education Legislation, a revised Relative
Funding Model (RFM) has been implemented. This new RFM is just as dismissive of mathematics as its predecessor, with Government contributions to
mathematics courses being lower than
those for comparable science and IT disciplines. This probably represents the
greatest threat to our long-term viability as an academic discipline, so we will
be lobbying hard to bring about changes.
It was a major topic of discussion at the
recent Heads of Departments meeting at
UNSW on February 13th.
Professor Ian Petersen’s appointment
as the ARC’s Executive Director for
Mathematics, Information and Communications Sciences will end at the end of
February, and he will be succeeded by
Professor Ah Chung Tsoi of Wollongong
University. Prof. Tsoi has a background
in complex systems, in particular the applications of neural networks. Professor
Michael Cowling of the University of New
South Wales invited him to attend the
Heads of Department meeting, but he was
unable to attend, and also expressed his
reluctance to attend such events prior to
officially assuming his new role. I also
wrote to Professor Tsoi in my capacity as
President, expressing my concerns about
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the poor representation of mathematical
scientists on the panel, and about the
quality of the advice received. We will
be discussing these matters with him after he assumes office.
On a more positive note, in the past
six months AMSI and the ARC Centre
of Excellence for Mathematics and Statistics of Complex Systems (MASCOS)
have worked well together and separately
to sponsor a wide range of conferences,
which I believe have raised our international profile. The premises of MASCOS
at 139 Barry St, Carlton are now complete, and a number of post-doctoral positions have been offered. The next task
is to secure premises for ICE-EM.
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The AMSI and Heads of Departments
meetings on February 12th and 13th reflected the collaborative spirit currently
operating in addressing the issues raised
above.
With the start of the academic year
upon us, I hope you can fire up the incoming generation of undergraduates and
graduate students with enthusiasm and
passion for our discipline—and do remember to sign up incoming honours and
graduate students to a year’s free membership of the Society.
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Obituary

William Patrick Galvin
5 Feb 1938 – 12 Dec 2003
Bill Galvin coedited the final issue of Volume 30 of the Gazette in October but
it was obvious at that stage that he was entering the last months of his life
as a victim of terminal cancer. He died in his sleep at home on 12 December,
2003.
Bill was born on 5 February, 1938 in Paddington NSW of mainly Irish parentage and was educated in Catholic schools in Sydney. He completed his teacher
training at Sydney Teachers College in 1955–56 and began teaching in NSW
high schools in 1957. He completed his B.A. degree as an evening student
at the University of Sydney graduating in 1962 with majors in pure mathematics and education. He was for a period a science teacher at Maroubra
Bay High School and then a mathematics teacher at Newcastle Boys High and
for one year mathematics master at Gateshead High School. In 1970 he was
seconded to Newcastle Teachers College as a lecturer. By 1989, Bill was principal lecturer heading a department of 15 staff with responsibility for teaching
mathematics, computing and mathematical education. The original Teachers College had undergone several transformations into the Hunter Institute
of Higher Education. At the amalgamation with the University of Newcastle
there was an inevitable reorganisation splitting his department. Bill regretted
the loss of close contact and special preparation of mathematics teachers.
While a lecturer at HIHE, Bill completed 3 research masters degrees at the
University of Newcastle:
M.Ed in 1974 specialising in mathematical education with thesis,
A comparative assessment of a change in mathematics education courses in
terms of its effect on teachers’ college entrants,
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M.Math in 1977 specialising in Banach space theory with thesis,
On the topological equivalence of classes of Banach spaces, and
M.Eng.Sc in 1982 specialising in operations research with thesis
Aspects of queuing and scheduling problems related to the loading of coal in
the Port of Newcastle.
His MMath thesis was of outstanding quality with the exposition exhibiting
his careful teaching style. It caught the attention of Joe Diestel who suggested
that he develop it for publication in collaboration with David Yost.
Bill retired from the University of Newcastle in 1997 at age 59. The first
symptoms of his cancer had appeared in 1995, but he continued lecturing
full time while undergoing treatment. He became an honorary associate and
worked in his university office for 3 full days a week till 6 weeks before his
death.
In 1988, Bill had been chairman of the information committee for the International Mathematical Olympiad held in Canberra and coedited An Olympiad
down under, the report of that Olympiad. In that same year he was the
convenor of the 12th Biennial Conference of the Australian Association of
Mathematics Teachers in Newcastle.
Bill produced 16 refereed papers published between 1979 and 2003, mainly
on mathematics education and operations research. He had a great number
of articles in Australian journals and newspapers. He was an active member
of the Newcastle Mathematical Association, he was an organiser of several of
their Mathematical Summer Schools for senior high school students and was
editor of their School Mathematics Journal for a period of 10 years.
His research activity flourished in his retirement years and he found great fulfilment. He became involved in consultancy through the University of Newcastle’s research institute TUNRA. One problem concerned providing computer
packages on pipe fabrication and another on financial modelling. He was an
associate investigator in a SPIRT grant concerned with minimising transportation costs of breeding eggs between hatcheries. He also developed a program
for coal reclamation from stockpiles.
Even in retirement he was active relating the University to the community,
in open days, field days and HSC days. He continued as a moderator of
the ‘Mathematics Challenge for Young Australians’ and as a member of the
editorial panel of the Australian Senior Mathematics Journal.
For the 3 years 2001–2003, Bill was coeditor of the Gazette of the Australian
Mathematical Society. He was specially proud to introduce Mathmedia notes
and to witness increased participation of contributors. At the time of his death
Bill had spent 40 years in his various teaching roles.
Bill was a devoted family man and very proud of his children Kevin, Catherine
and Terry and stepchildren Karima and Jamal, and grandchildren Joshua,
Sascha, Aidan, Claire and Ciara. He leaves a devoted wife, Margaret. His
presence will be sorely missed by his family, friends and colleagues.
John R. Giles
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Math matters

The sum and the product of our difficulties:
Challenges facing the mathematical sciences
in Australian universities
Peter Hall
There is little dispute that the mathematical sciences in Australia are in decline.
In some fields the fall is precipitous. My
own, statistics, is a case in point. Indeed,
it is doubtful we could adequately fill as
many as half of the Chairs of Statistics
that are currently vacant in Australia, or
which will become vacant during the next
decade.
In one or two other areas, for example theoretical mathematics, it is not so
long since we were blessed by a cluster
of brilliant, younger scientists. But the
wake they leave is beating against a sandbar; there are few young men and women
stepping up behind them. This decline in
mathematics will likely sap the strength
of Australian science and engineering well
into the future, since the technologies
that our nation must create and develop,
in order to advance our economy and our
culture, will rely on the mathematical sciences.
The decline of Australian mathematics
can be quantified in a variety of ways. For
example, the number of mathematicians
working in Australian universities is today between 60 and 70% of what it was
in the mid 1990s. The number of Honours mathematics graduates in the fiveyear period from 1997 to 2001 was only
three-quarters of what it had been in the

previous five years [4]. The number of Departments of Statistics remaining in Australia is today only three; fifteen years ago
there were at least three times that number, when there were fewer than half as
many universities as now, and when the
demand by employers for trained statisticians was far less than at present. The
shortage of statistics graduates in Australia is so acute that it inhibits foreign
investment [2].
It is less easy to identify the reasons
for the decline. They are multifaceted
and interacting, and as a result their combined impact is greater than one would
expect from the sum of the individual
contributions. To an extent, a decline
can be seen abroad, too, for example in
the US. However, there it is being driven
by the demand for mathematicians to
work in newly developing areas of science
and technology, not (as here in Australia)
by funding cuts to higher education. Nations with stronger mathematical-science
cultures than our own often successfully supplement their depleting ranks of
mathematicians by drawing the strongest
from Australia; see, for example, [6], [7].
In comparison with the mathematicalscience communities in Europe and North
America, that in Australia is fragile. This
is due partly to its significant contraction during the last decade. Very few
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new, continuing positions in mathematics
are available, and the number of ARCfunded research fellowship posts, in the
mathematical sciences, has recently declined. For many mathematical scientists,
the only way to ensure a secure, attractive career path is to leave the country.
Particularly in applied fields, strong
demand for mathematically skilled employees from both industry and foreign universities has put mathematics in
Australian universities under exceptional
pressure. At the other end of the mathematics spectrum, theoretical mathematics, the tumult in our universities during
the last decade has driven away senior, as
well as younger, mathematicians.
Of course, issues outside the university
sector play a role in producing these outcomes. The problems are linked to the
well-publicised shortfall in trained, skilled
mathematics teachers in schools. This
has meant that the mathematics background of the average Australian university student has declined over the last
thirty years. The problem is becoming
steadily more serious. For example, under
the Commonwealth Government’s latest
Relative Funding Model, it is financially
advantageous for a university to offer a
prospective mathematics teacher a BEd
degree (during which time they cover less
material than in the first half of a BSc degree in mathematics), rather than a BSc
plus a Diploma of Education.
Other ‘external’ factors, too, deserve
more attention than they sometimes receive. For instance, the similarity of Australian culture to that of several other
countries, for example of Canada, the UK
and the USA, where performance in the
mathematical sciences is (on the whole)
more highly valued, makes it relatively
attractive for Australian mathematicians
to emigrate. Mathematicians in continental Europe, for example, report less tendency of their nationals to leave. A senior French colleague has observed that,
while most of his younger staff wish to

7

work in North America for a period, they
often return home, even though doing so
sometimes means enduring lower pay and
inferior working conditions.
All these problems have contributed to
the particular difficulties we face in Australia. But the catalyst that has helped to
multiply the impact of the difficulties has
been the relative indifference of the Commonwealth Government’s science and education policies to the consequences, especially for Australia as a whole, of lack of
investment in the mathematical sciences.
This indifference does not arise
through an absence of information from
us. Many Australian mathematicians
have contributed to the plethora of recent
reviews of Australian science and Higher
Education. But it is not clear that our
voice has been heard. Had we, in our research, circumnavigated our problems as
assiduously as the government has managed, without moving determinedly to
solve them, we would have long since lost
our research grants, and might have been
shed from the nation’s shrinking mathematics work force. There has been a
fair degree of federal fiddling, while Australian mathematics burns.
In particular, access by mathematical scientists to ARC research fellowships
has become increasingly difficult. The
breadth of coverage of theoretical mathematics on the relevant ARC committee
has been halved, from two to one. The
need for a separate ARC Mathematical
Sciences panel is now acute. And the
much-lauded Federation Fellowship program has done little to keep Australia’s
top mathematical scientists in the country.
For example, during 2002 and 2003 we
lost Vikram Krishnamurthy (a particularly gifted stochastic analyst) and Nick
Wormald (an especially strong combinatorialist) to Canadian Research Chairs.
The Canadians’ bold, but highly successful, program offers ‘research and salary
support for outstanding researchers at the
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peak of their careers, as well as for those
whose careers are ready to take off.’ It is
often ranked ahead of Australia’s Federation Fellowship scheme, in that it creates substantially greater depth in the
research community. Indeed, Canada is
well on the way to achieving its goal of
2000 Canadian Research Chairs by 2005.
The irony that this program should work
so well against Australia, for example
by taking Krishnamurthy and Wormald
from us, is probably lost on the architects
of our Federation Fellowship scheme.
Another reason we lose so many mathematical scientists abroad, and why relatively few mathematics students choose
to go on to graduate work today, is that
mathematics teaching in Australian universities is poorly funded. Class sizes are
high, little assistance is available for tutorials or grading, and (in all but a few
universities) there are no longer opportunities for streaming students into ‘advanced’ and ‘standard’ courses, in order
that gifted students might receive an especially challenging education.
Commonwealth funding for higher education, expressed as a percentage of GDP,
has fallen each year for the last eight,
from 0.72% in 1996–7 to 0.53% in 2003–4.
Moreover, mathematics courses in particular are insufficiently well funded. For example, in 2005, under the Relative Funding Model announced by the Commonwealth Government in Our Universities:
Backing Australia’s Future, government
financial support for a mathematics or
statistics student will be only two-thirds
of that for a student of computer science.
The cost of teaching an average computer
science course is scarcely more than that
for, say, a typical statistics course.
The result will be a continuation of
the downward spiral which has decimated
statistics education in Australian universities, and brought the teaching of mathematics to its nadir. Courses will be directed towards an ever-decreasing common denominator of students, in order

to maximise class sizes and recover the
expenses of teaching. Students will be
given basic numeracy skills, but increasingly they will be denied the opportunity
to train as mathematical scientists.
The strategic importance of the mathematical sciences to Australia’s future can
hardly be overstated. Virtually all contemporary technologies, especially those
in which Australia is endeavouring to gain
a foothold (e.g. bioinformatics and information & communications technology)
have mathematics at their heart. Internationally, the need to increase mathematics skills across all scientific disciplines is
being repeatedly endorsed. Biology, once
one of the least quantitative sciences, is
currently absorbing the lion’s share of science research budgets in many countries,
and is moving rapidly to heighten its participation with the mathematical sciences
community. For example, four of the
eight recommendations of the US blueprint for undergraduate training of future
research biologists call for increased involvement with the mathematical, physical and information sciences [1]. However, it may not any longer be possible
for Australia to move in the same direction; as we grow our commitment to the
biological sciences we are strangling the
mathematical sciences.
More broadly, the reasons mathematics is so vital to Australia’s future are
the same as those for which the US National Science Foundation established the
‘NSF Mathematical Sciences Initiative,’
increasing its commitment to mathematics at a rate of 20% per year, year after
year:
Science is becoming more mathematical and statistical — not only the physical and information sciences, but also
the biological, geophysical, environmental, social, behavioral, and economic sciences. There is a vital need for mathematicians and statisticians to collaborate
with engineers and scientists to explore
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the frontiers of discovery, where science
and mathematics meet and interact. Another reason is that the technical work
force, as well as society at large, needs
more mathematical skills today then ever
before. Technology-based industries fuel
the growth of the US economy, which, in
turn, relies on large numbers of college
graduates well versed in mathematics,
science, and engineering. In our increasingly complex world, the need for broad
mathematical and statistical literacy becomes ever more acute [8].
Tondeur, a recent director of the Division of Mathematical Sciences at the
NSF, sees an extremely bright future for
this field, fueled by its unique ability to
port intellectual innovation directly to
applications, and to produce economic
benefits across an extraordinarily broad
spectrum. He writes elsewhere that
...the opportunities for the mathematical sciences at the beginning of this century are fantastic. This century is going
to be one of unprecedented pervasiveness
of mathematical thought throughout the
sciences and our learning culture. In a
data driven world, mathematical concepts and algorithmic processes will be
the primary navigational tools. The challenge for the mathematical sciences community is to seize this opportunity, and
thereby help the world of tomorrow [9].
The Australian mathematical sciences
community is attempting to achieve these
goals, for example through the fledgling
Australian Mathematical Sciences Institute. Until now, AMSI has been funded
largely by cadging resources from individual universities and state governments.
Its success in this regard has recently
been rewarded by federal assistance for
its education initiatives, through the
recently-announced award to AMSI of
Australia’s International Centre of Excellence for Mathematics Education. This
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positive outcome, and the successful bid
for the ARC Centre of Excellence for
Mathematics and Statistics of Complex
Systems, have demonstrated both the potential and the unity of the Australian
mathematical sciences community. However, national funding for AMSI’s broad
research mission, in addition to its roles in
teaching, training and learning, is needed.
The problems created by the decline of
the mathematical sciences impact on our
nation’s security. Intelligence agencies
in all developed countries rely on university mathematics departments to produce
men and women with the necessary analytical and technical skills. When those
departments are having difficulty maintaining their courses, the problem has a
security dimension. The US National Security Agency acknowledges that it is the
world’s largest employer of mathematicians. It was a major supporter of the
NSF’s push to expand its funding for the
mathematical sciences. Its former director, General W.E. Odom, has described
the importance of this relationship:
While serving as the director... I realized that world-class mathematicians
devoted to cryptology and cryptanalysis were critical for success. I was even
more fascinated when I was made aware
that continuing advances in mathematics are no less critical to breakthroughs
in all of science and technology... Even
leading scientists in other fields sometimes are not aware that they are limited by extant mathematics and that new
mathematics can be developed, leading to
major advances in their own work... A
strong mathematics community is critical to both the economic and the military
health of the nation. This is why I became involved in support for mathematics
as a public policy issue [5].
Commenting on Tondeur’s work for the
NSF, Odom remarked that ‘he and the
[NSF] director found some remarkable
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support in the White House and in the
Office of Management and Budget, where
mathematics is now seen as a high-payoff
investment’ [5]. In stark contrast, policies
for funding research in Australia encourage university managers to view mathematics in the opposite way — as an investment with especially low returns, and
as a field which should be discouraged relative to expensive, equipment-intensive
fields such as the experimental sciences.
Indeed, the fact that, in Australia,
the quantity of external research income
drives the level of block-grant research
funding has led some research managers
to support fields which either attract
large quantities of commercial income (regardless of intellectual or scholarly level),
or which demand large, expensive equipment purchased through research grants;
and to discourage the inexpensive intellectual sciences, in particular mathematics. Pointing to league tables of ‘research
performance’ produced by the Commonwealth Education Department, in which
rankings are determined by research inputs, university managers have argued
that the ‘research performance’ of mathematicians is inferior to that of experimental scientists, and that traditional ways
of assessing performance (for example, by
peer review) are ‘subjective’ relative to
the government’s approach based on dollars of research income (garnered from almost any source). These specious arguments have depressed both morale and
the level of resourcing of the mathematical sciences in Australia. They are the
apocryphal-but-true tip of an iceberg of
horror stories that Australian mathematical scientists tell about the funding of
their discipline.
The Education Department responds
that their formulae were never meant to
be used in this way. That is most likely
true, but Education bureaucrats would
know from their own experience (e.g. with
outsourcing) that ways of measuring, and
rewarding, performance impact massively

on the ways in which people actually do
perform. If the Department measures and
rewards performance in terms of numbers of research dollars earned, or numbers of papers published, or numbers of
PhD students graduated, without any attempt to ascertain quality, then it can
only feign surprise when it finds that university managers visit the same superficial criteria on individual academic staff
members.
For all these reasons, the Australian
mathematical sciences community has
been served poorly by government policies on research and Higher Education.
In many instances those policies have
not rewarded excellence, despite the optimistic claims that have been made
for them. They have in fact seriously
penalised some highly performing Australian mathematical scientists; and they
have not created adequate career paths
for younger Australian mathematical scientists, resulting in many of them leaving
for abroad, or not returning after doing
their graduate work overseas.
These major areas of neglect are arguably those in most serious need of redress, if mathematics in Australian universities is to be maintained consistently
at high levels. Along with a need for better support of mathematics teaching in
universities, they comprise our primary
requests for improvement. We seek:
• increased funding for university
mathematics teaching, at a level that
is current for courses in computer
science, permitting (for example)
streaming of mathematical science
curricula into ‘advanced’ and ‘standard’ courses;
• more research fellowships, perhaps
with teaching components (like the
US VIGRE program; see, for example, [3]), to allow young, first-rate
Australian mathematicians to start
Australian careers;
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• fundamental changes to the Commonwealth Government’s way of measuring research performance, so that it
does not discriminate against the intellectual sciences, and so that it measures quality rather than quantity.
It is in the national interest that the
decline in the mathematical sciences in
Australia be reversed. Tondeur [8] notes
that ‘public literacy in mathematics and
statistics, and appreciation of their role
in modern day life, are critical for societal
progress.’ However, this literacy, and this
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appreciation, are in retreat in Australia.
If we do not properly resource the mathematical sciences, our nation will not be
able to achieve the ambitious goals it
must set itself if it is to be successful, and
secure, in an increasingly competitive and
dangerous world.
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Mathellaneous

by Daniel Mathews

A beautiful sequence
For one or another reason the following sequence stumbled upon me one day; well, I
wouldn’t do it the dishonour of saying I stumbled on it.
1, 3, 4, 6, 8, 9, 11, 12, 14, 16, 17, 19, 21, 22, 24, 25, 27, 29, . . . .
We’ll call the sequence {an }. It is an increasing sequence of positive integers, with
increment of 1 or 2 each step, arranged somewhat sporadically. If we look a little more
closely at these increments, we see that they are not random at all.
1

3
2

4
1

6
2

8
2

9
1

11
2

12
1

14
2

16
2

The 2’s occur in positions numbered 1, 3, 4, 6, 8, 9, . . .. So an+1 = an + 2 if and only
if n occurs in the sequence; otherwise an+1 = an + 1. This is sufficient to define our
sequence, starting from a1 = 1: a remarkable property of self-reference.
We can now take the complement of this sequence, i.e. the set of all positive integers
not in {an }, arrange them in increasing order, and write them out. Let this sequence
be {bn }.
n 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
an 1 3 4 6 8 9 11 12 14 16 17 19 21 22 24 25
bn 2 5 7 10 13 15 18 20 23 26 28 31 34 36 39 41
So we have the nice relationship an + n = bn . In fact this gives another way to define
the sequences, recursively: set a1 = 1, b1 = 2. Then let an be the least integer not used
so far, and let bn = an + n.
Now examination of the pairs (an , bn ) shows some remarkable properties to those
familiar with the Fibonacci and related sequences. In fact, (1, 2), (3, 5), (8, 13), (21, 34),
. . . are pairs of consecutive Fibonacci numbers (recall f0 = 0, f1 = 1, fn = fn−1 + fn−2 ).
If we continue onward, we obtain all Fibonacci numbers in such pairs. Where do such
Fibonacci pairs occur? In positions 1, 2, 5, 13, . . . — which is every second Fibonacci
number (1, (1), 2, (3), 5, (8), 13, . . .).
Fibonacci-type properties do not end there. Start from another pair, say (4, 7). If we
apply the Fibonacci recurrence to 4 and 7 as starting values, we obtain 4, 7, 11, 18, 29, 47,
. . . — all occurring as pairs (an , bn ). Indeed, for any pair (ak , bk ), the Fibonacci-type
sequence starting with ak , bk occurs completely in pairs (an , bn ). And the positions
where these pairs occur are again the numbers which are every second term of the
Fibonacci-type sequence.
Thus our sequences (an , bn ) actually partition the positive integers into a set of
disjoint Fibonacci-type sequences.
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1, 2, 3, 5, 8, 13, 21, 34, . . .
4, 7, 11, 18, 29, 47, 76, 123, . . .
6, 10, 16, 26, 42, 68, 110, 178, . . .
9, 15, 24, 39, 63, 102, 165, 267, . . .
12, 20, 32, 52, . . .
...
It’s not obvious that such a partition exists, at first thought, nor is it easy to construct
these sequences from scratch. (Observe that a greedy algorithm, taking least unused
numbers at each stage, doesn’t work.) Is this the only such partition?
Consider, now, where these Fibonacci-type sequences start. We have (a1 , b1 ) = (1, 2)
starts the first sequence, (a3 , b3 ) = (4, 7) starts the second, (a4 , b4 ) starts the third, then
(a6 , b6 ), then (a8 , b8 ). In general, (an , bn ) starts one of these Fibonacci-type sequences if
and only if n occurs in our sequence {an }, in another startling display of self-reference.
This gives us another construction for an , bn . Start with (a1 , b1 ) = (1, 2). We extend
this to a full Fibonacci sequence and place it at terms numbered by every second
Fibonacci number, so (a2 , b2 ) = (3, 5), (a5 , b5 ) = (8, 13), . . .. Having done this, we find
the least unnumbered spot and set a3 = 4, the least positive integer unused so far.
Then we set b3 = a3 + 3 = 7, and proceed to fill in all the terms of this Fibonacci-type
sequence by a similar rule. Continue inductively to define an , bn .
The considerations above give the equation an + bn = abn . In fact there are more
relationships of this form ([3], [10], [13], [17]):
aan = bn − 1,

abn = an + bn ,

ban = an + bn − 1,

bbn = an + 2bn .

Our sequence arises not only from idle numerology, but in various concrete situations. Consider the lattice points in the positive quadrant of the plane, (m, n) ∈ Z2 ,
m, n ≥ 0. I have mathematical lighthouses which shine trifurcated light — upwards,
rightwards and diagonally right-up. (i.e. along vectors (1, 0), (0, 1), (1, 1) ). I want to
light up the entire quarter-infinite lattice. (A lighthouse lights its own point, and the
light shines through other lighthouses.) Call a point “dark” or “lit” accordingly.

One way to proceed is as follows. Obviously, there must be a lighthouse at (0, 0).
This shines on every point (n, 0), (0, n) and (n, n). Then, the two dark points closest to the origin are (1, 2) and (2, 1). Place lighthouses at these points, and continue in this fashion. The next points to receive lighthouses are then (3, 5), (5, 3), then
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(4, 7), (7, 4), (6, 10), (10, 6), . . .. A little reflection will show that the nth pair of points
(xn , yn ), (yn , xn ) satisfy yn = xn + n, and xn is the least x-coordinate thus far unused.
So the points with lighthouses are exactly the points (an , bn ) and (bn , an ).
The lighthouses appear to lie along two “lines” enclosing a “cone”. Points inside the
cone receive light travelling diagonally from a lighthouse; those outside receive light
from just one lighthouse, travelling horizontally or vertically. For this reason we will
call the cone a “light cone”, relativity theory notwithstanding. This is in a sense the
most “energy efficient” way to place our lighthouses: it is the only way to light up the
quarter-plane such that no two lighthouses lie on the same row, column or diagonal.
This situation is the set-up for a simple 2-player game, invented by Rufus P. Isaacs,
first described in [2] and named “Corner the Lady” by Martin Gardner [8]. It can be
played online at [23]. We have a quarter-infinite chessboard, on which is placed one
queen. Two players take it in turns to move the queen. However, unlike a normal
queen, this piece only moves towards the origin (i.e. down, left, or diagonally downleft), any number of squares. Players cannot pass; the player who moves the queen to
the origin wins.
It’s not difficult to see that this chessboard game is closely related to a variant of
the game of Nim, known as Wythoff ’s Nim [20] and played in China as tsianshidsi
(“choosing stones”). It can also be played online at [24]. We have two non-negative
integers, A and B. Two players take it in turns to decrease numbers. On their turn, a
player may decrease A by any amount provided it remains a non-negative integer. Or
they may decrease B in similar fashion. Or, they may decrease both A and B by the
same amount, again provided A, B remain non-negative integers.
Who has a winning strategy? The answer depends on the initial state, i.e. the initial
position of the queen or values of A and B. The game satisfies criteria known to game
theorists showing that the game is completely soluble. It’s quite clear, for a start, that
if you move the queen to the bottom row or leftmost column, you are going to lose
— your opponent will move the queen to the origin next turn. Similarly, if you move
onto the main diagonal y = x. In fact, you can see that the closest “safe” points to
the origin are (1, 2) and (2, 1). If you move the queen to one of these points, then your
opponent must move to (1, 1), (1, 0), (0, 1), (2, 0) or (0, 2). From any of these squares
you can move to (0, 0) and win the game.
Extrapolating and following similar reasoning, one can show that the only way to
avoid loss, against a sufficiently intelligent opponent, is to move to a square with a
lighthouse, i.e. a square of the form (an , bn ) or (bn , an ). From a safe point with a
lighthouse, you can only move to unsafe points. And from every unsafe point you can
reach the shelter of a lighthouse. So if the queen starts on a lighthouse, player 2 has a
winning strategy. Otherwise player 1 has a winning strategy.
In fact this diagram has great relevance to another game, this time more purely
number-theoretic. The Game of Euclid ([4], [7]) is a game for two players, and we
start with two positive integers. On their turn, a player may subtract any (positive)
multiple of the smaller number from the larger, provided that both numbers remain
non-negative. So, if the game starts with (12, 5), then the first player could move to
(7, 5) or (2, 5). The player who reduces one of the numbers to zero wins. The object
of the game, then, is to perform a complete Euclidean algorithm on the two initial
numbers (hence the name!).
We can analyse the game on our lighthouse chessboard again. Moving to (n, 1) or
(1, n) is a bad idea, as your opponent will win on the next move. The closest “safe”
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points to the origin are (2, 3) and (3, 2), from which your opponent must move to (2, 1)
or (1, 2), from which you have an assured victory.
Indeed, one can prove that the light cone, minus the main diagonal, is precisely the
“safe” region for this game: to win against a sufficiently intelligent opponent, you must
always move to this region. From outside the light cone at a point say (x, y) with
x < y, you can always move into the light cone minus diagonal (if x is not a factor of
y), or to (x, 0) (otherwise) and win. This follows from the fact that the height of the
light cone in column x is precisely x squares. (Count points with lighthouses as outside
the light cone.) And from the safe region, you can only move into unsafe lands. This
gives a geometric interpretation which seems more intuitive than the purely algebraic
approach of [4].
We now turn to consider the two “lines” of lighthouses bounding the light cone.
They do indeed lie on a “rounded-down” line.
Recall that the Fibonacci numbers satisfy
√
fn+1
1+ 5
lim
=φ=
≈ 1.618033988749894848204586834365 · · · ,
n→∞ fn
2
the golden ratio. In fact every Fibonacci-type sequence of positive integers has this
property: this follows from the fact that they obey the same recurrence, and that the
two roots of the characteristic equation are φ and 1 − φ (which is negative). Therefore
lim

n→∞

bn
= φ,
an

and we expect the lighthouses to lie asymptotically on the lines y = φx, y = x/φ.
We can do even better than this. If bxc denotes the integer part function, it is
actually true that an = bnφc and bn = bnφ2 c. So the lighthouses lie on the lines
y = φx, y = x/φ to the nearest integer.
The sequences an , bn give an example of Beatty sequences, so-named after Beatty’s
beautiful theorem, first proposed as a problem in the American Mathematical Monthly
in 1926 [1]: if α, β are two positive irrational numbers satisfying α1 + β1 = 1, then the
two sequences
bαc, b2αc, b3αc, b4αc, . . .

and

bβc, b2βc, b3βc, b4βc, . . .

partition the integers. That is, they are disjoint but include every positive integer.
The proof of Beatty’s theorem is truly elegant, considering perhaps the unexpectedness of the result. This proof is originally due to Ostrowski and Hyslop and can be
found in [6], [12], [16]. There is also a more direct proof by contradiction, in [7].
Consider how many members there are of each sequence less than some positive
integer N . Clearly there are bN/αc in the first sequence, and bN/βc in the second. So
in total there are
   
N
N
+
(1)
α
β
N
numbers in the two sequences less than N . Now we know N
α + β = N , but rounding
down takes off more than 0 (since α, β are irrational) and less than 2 (since we round
down twice). Thus the sum (1) is N − 1, and there are N − 1 numbers in the two
sequences less than N .
Thus there is 1 number present less than 2; it must be 1. Then there are 2 numbers
present less than 3; so they must be 1 and 2. Proceeding in this fashion, it follows that
every positive integer occurs exactly once in our two sequences.
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Being so surprising and elementary, many mathematicians have attempted generalisations of Beatty’s theorem. Uspensky [19] proved that you cannot have three numbers
α, β, γ such that the sequences bnαc, bnβc, bnγc together contain each integer exactly
once, under any conditions. Nor can you have 4 or more such numbers. R.L. Graham
gives a simple proof in [9].
While on this theme, consider the sequences fn = an − n and gn = bn − n. (Actually
gn and an are the same.)
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
n
fn = an − n 0 1 1 2 3 3 4 4 5 6 6 7 8 8 9 9
gn = bn − n 1 3 4 6 8 9 11 12 14 16 17 19 21 22 23 25
We see that fn is equal to the number of terms of the sequence {gk } such that gk < n.
And reciprocally, gn is equal to the number of terms of the sequence {fk } such that
fk < n.
In fact the same applies, starting not just with an , bn , but starting with any two
increasing sequences partitioning the positive integers. The reader is encouraged to
take any two such sequences {pn }, {qn }, form the sequences {pn − n}, {qn − n}, and see
what happens! This much, and more, is a remarkable theorem of Lambek and Moser
[15], treated also in [12].
Finally, consider the Fibonacci base number system, also known as Zeckendorf arithmetic ([18], [22]). This is like other number bases, with digits 0 and 1, except that
the place values are 1, 2, 3, 5, 8, 13, . . . and we add the restriction that no two 1s may
be adjacent. We can denote the Fibonacci base by a subscript φ; indeed it functions
similarly to a “base-φ” system. The first few numbers written in Fibonacci base are
010
110
210
310
410
510
610
710
810
910
1010

=
0φ
=
1φ
=
10φ
=
100φ
=
101φ
= 1000φ
= 1001φ
= 1010φ
= 10000φ
= 10001φ
= 10010φ

The numbers ending in 0 in the Fibonacci base are 0, 2, 3, 5, 7, 8, 10, . . .. These numbers are precisely an − 1. It is an interesting exercise to devise a strategy for winning
Wythoff’s Nim purely in terms of these Fibonacci representations ([8], [17]). Investigations of the Fibonacci base and this game have run quite deep (e.g. [3]).
We conclude our tour of some of the properties of this remarkable sequence at this
point. The diligent reader should be able to prove all the assertions made here. Surely
there is much more of interest to reward the keen investigator.
This sequence {an }, its complementary sequence {bn }, and associated mathematical
objects cannot help but remind us of James Jeans’ famous assertion that God is a
mathematician. The appearance of such elementary objects in so many different realms,
with such unexpected and elegant results, conjures up the sense of awe and curiosity
that is at the heart of mathematical inquiry.
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I will leave the reader with a problem I met through mathematical olympiad encounters. It is from the Iranian olympiad training programme of 2000; thanks to Angelo Di
Pasquale for locating the source. The answer will come as no surprise.
Problem. Suppose f : N −→ N is a function such that f (1) = 1 and

f (n) + 2 if n = f (f (n) − n + 1)
f (n + 1) =
f (n) + 1 otherwise
Prove that f (f (n) − n + 1) ∈ {n, n + 1} and find the function f .
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Brain drain

There is growing concern about Australia’s brain drain. The Gazette will be running
a series of personal essays by mathematicians who went overseas. John Stillwell from
the University of San Francisco voiced his opinion in The Age last year. He will be the
first author in this series.

One story from the mathematical brain drain
John Stillwell
The origins of the ‘brain drain’ in Australian mathematics are a long way back,
perhaps in 1989, when the mergers of
universities with institutes of technology
and teacher’s colleges started to erode
the traditional disciplines, from classics
to pure mathematics. This is what happened when Monash University merged
with the Caulfield Institute of Technology and the Frankston Teachers’ College.
In the late 80s, it was possible to do a
full 3rd year of Science at Monash in pure
mathematics, and we had three different
topology courses, at 2nd, 3rd and 4th year
levels. During the 90s we were cut back
to one topology course (in honours) and
many other topics disappeared entirely,
among them history of mathematics, geometry, logic, set theory, ring theory and
computability. All this happened gradually, however, and people experienced
low morale but not outright panic. Until 1997, that is. In April 1997 the Dean
sacked 10 members of the mathematics
department, and it suddenly became prudent to look for a new job. I was lucky
because I happened to have a colleague at
the University of San Francisco who was
interested in adding to the small department there.

By 1999 he had risen to the position of
Associate Dean and was able to offer me
a job, thanks to a sympathetic Dean who

Brain drain

was also a mathematician. I had a trial
run at USF in 2000, liked it, and signed
on as a tenured professor starting in 2002.
On my return to Monash in 2001, it became clear that I had made the right decision. We had a new Dean of Science, and
his first visit to the department set a new
benchmark for insensitivity and/or cluelessness. He told us how lucky we were
to have astrophysics and meteorology to
display in our shop window rather than
(his exact words) “that boring old calculus and pure mathematics”.
You can imagine with what relish I returned to USF, where I can teach history
of mathematics, foundations of geometry,
and several other areas of pure mathematics no longer offered at Monash. USF
is a small university with small classes (no
more than 30 students, often less than
20), a friendly atmosphere and very little
administration by Australian standards.
It is true that my position would not suit
everybody. USF does not have a graduate school in mathematics and the teaching load is eight hours per week. However, with the small classes and light administration it feels less than six hours at
Monash. And the opportunity to attend
seminars at Berkeley and Stanford more
than compensates for the lower priority
of research at USF.
Outside purely mathematical concerns,
USF is more academic-friendly than any
Australian university I know of. They
seem to think it’s their job to keep academics happy—what a concept! Rather
than nagging about occupational health
and safety, for example, they give all staff
(and their families) free use of the sports
centre. Family members can also do USF
courses for free. Each month, USF gives
me a $20 ‘commuter check’ for not using a
university parking space. This goes a long
way towards paying for public transport,
which costs $35 a month for unlimited
travel in San Francisco. Finally, I guess I
need hardly mention that San Francisco
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is one of the most beautiful and courteous
cities in the world.
What else do I notice that is different
about America, mathematically speaking? What amazes me most is the support that mathematics gets from business
tycoons. The Clay Mathematics Institute, with its seven million dollar prize
problems, gets its money from Boston
businessman Landon T. Clay. The Californian founder of the Fry Electronics
chain, John Fry, funds the American Institute of Mathematics, which is currently
building a kind of palace for mathematicians, modelled on the Alhambra. A
slightly different example is the Dibner
Institute at MIT, endowed from the estate of engineer Bern Dibner. This institute supports about 20 historians of science per year, usually including a couple
of mathematicians (and, for some reason,
one or two of the historians are usually
from Australia). Another millionaire I’ve
heard about is funding a kind of mathematical genius-spotting project. He pays
a professorial-level salary to a mathematician who travels around the country visiting child mathematical prodigies. Even
the much-maligned Bill Gates has given
hundreds of millions of dollars to universities.
My position at USF is one semester
per year—my choice, because I want to
spend alternate semesters back in Melbourne and get some writing done. It also
enables me to keep in touch with the situation here. I have just spent the last
semester at Monash and taught the honours topology course. The class was unusually large and the students were very
good, but in other ways Monash has become even less attractive. In another act
of insensitivity and/or cluelessness, the
administration has started charging departments rent for the office space they
occupy. I was reminded several times that
my office costs the department $1500 per
year, and I was offered considerably less
than the going rate for honours teaching.
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Now I feel that I’ve already paid next
year’s rent.
As for the bigger picture, Australia
doesn’t seem any more friendly to science
and mathematics than before. I recently
visited the State Library of Victoria to see
the refurbished reading room. This was
one of my favourite haunts when I was at
school, my window on the vast world of
knowledge. It used to be full of books on

every conceivable subject.
Today, the reading room no longer looks
out on the world, but on a small backyard. All the books are Australian. There
are 11 shelves of books on sport, about
half a shelf on the physical sciences, and
none on mathematics.
Are they trying to tell us that mathematics is unAustralian?

Department of Mathematics, University of San Francisco, San Francisco, CA 94117-1080, USA
Department of Mathematics & Statistics, Monash University, VIC 3800
E-mail : stillwell@usfca.edu
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See also http://www.theage.com.au/articles/2004/01/31/1075340889251.html.
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2004 B.H. Neumann Awards
Peter Taylor
Executive Director
Australian Mathematics Trust

The Board of the Australian Mathematics Trust has announced 3 B.H. Neumann
Awards for 2004. These are awarded to mathematics educators who have made outstanding contributions to the enrichment of mathematics learning in Australia. There
is a maximum of 3 such awards which can be made in a particular year.
The 2004 awardees are
Prof. Tony Guttman, Melbourne
Tony is a very well-known Australian mathematician, having worked
well beyond his normal brief as a Professor to promote mathematics.
He has for approximately 15 years run the Melbourne University Mathematics Competition which attracts several thousand entries each year.
This event, formerly one of those sponsored in various states by IBM, is
virtually a Victorian Olympiad.
Tony is active in many other ways having proactively recruited and
nurtured promising students as his PhD students. He has been active
professionally with the Australian Mathematics Society and is one of
three people without whom the new Australian mathematical Sciences
Institute would not have got off the ground.
Ms Anna Nakos, Adelaide
Anna is a Deputy Principal at Temple Christian School, Adelaide. She
holds an honours degree in Mathematics and a Dip Ed and is certainly
one of the best qualified mathematics teachers in the country. She has
been an active and strongly contributing member of the Mathematics
Challenge for Young Australians Problems Committee for 10 years. She
now holds another significant position in the Trust, taking over as State
Director for South Australia of the Australian Mathematics Competition
for the Westpac Awards in 2003.
Dr Jamie Simpson, Perth
Jamie is an Associate Professor in Pure Mathematics at the Curtin University of Technology. He holds a PhD in Pure Mathematics from the
University of Adelaide. For ten years he has run a Friday night club of
invited elite students from the Perth region. This club participates in
the International Mathematics Tournament of Towns.
For the past four years Jamie has also been a member of the AMOC
Senior Problems Committee.
Australian Mathematics Trust, University of Canberra ACT 2601
E-mail : pjt@olympiad.org
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2004 Australia Day honours
Member (AM) in the general division
Professor Alfred Jacobus van der Poorten, Killara, NSW. For service to mathematical
research and education, particularly in the field of number theory.
Alf’s response:
“I am delighted that mathematics in Australia, and more particularly
number theory research, has received this sign of public recognition and,
naturally, I am truly pleased by the pleasure this award will have given
my family and friends.
And, I should add, I am very grateful to those of my colleagues who recommended and supported the present award. Just so, I remain indebted
to my teachers back in the sixties at the University of New South Wales,
particularly to the late John Blatt and to George Szekeres, and to the
late Kurt Mahler at the ANU.
I have enjoyed my first forty or so years as a mathematician. I recall,
when appointed to a chair twenty-five years ago, startling an SMH reporter so much that my remark ’Mathematics is fun’ became a quote
of the week† . Whatever, I have attempted to act on that principle by
giving vivid and interesting colloquium talks (necessarily, most of them
overseas) and putting real effort into bright expository writing. In the
meantime, I also wrote some 150 research papers, some of them influential — and that’s not just my joint papers with (brighter) luminaries in
the subject. I expect to get yet more pleasure from my next forty years
as a mathematician.”
———
† That same reporter also made much of my relatively young age, leading
a colleague, later a Vice-Chancellor, to wonder aloud why it’s PC to
emphasise a low age but not a small size.
http://www.maths.mq.edu.au/~alf/MCH.html mentions some of Alf’s
mathematical career highlights.

Medal (OAM) in the general division
Olive Gwenne Moore, Ringwood East, Victoria. For service to the community, particularly as a contributor to genealogical studies, and to mathematics education.

Medal (OAM) in the general division
Brenda Frances Nettle, Brighton, SA. For service to education through the Australian
Federation of University Women (SA) and the Mathematical Association of South Australia.
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2004 ANZIAM and Michell medals
W. Summerfield
Honorary Secretary
ANZIAM

The Executive Committee of ANZIAM unanimously endorsed the recommendation of
the Selection panel for the 2004 ANZIAM Medal that the medal be awarded to Professor Roger Grimshaw, now of Loughborough University, Leicestershire, England.
The medal was announced at the Conference Dinner on the Wednesday evening of
the recent Applied Mathematics Conference in Hobart, Tasmania (1–5 February). It
is anticipated that the medal will be presented at either ANZIAM 2005 or ANZIAM
2006.
The Selection Criteria for the medal are
• Outstanding service to the profession of Applied Mathematics in Australasia
through research achievements and activities enhancing Applied or Industrial
Mathematics, or both, and
• A long-term member of and valuable contributor to ANZIAM (or its predecessor, the Division of Applied Mathematics of the Australian Mathematical
Society).
The Selection Panel cited the following outstanding contributions by Professor Grimshaw
in terms of the selection criteria for the medal.
Roger Grimshaw’s research career is mainly in fluid mechanics, with
emphasis on waves. He has published more than 200 papers, most in
refereed international journals, plus 3 books, and 15 book chapters. He
has been a principal investigator on more than 20 major external grants
(including 14 ARC grants in 1990–2001) to a total value of more than
the equivalent of A$3 million. His 1964 Cambridge PhD was in sound
waves, but soon after then his interest shifted toward fluid mechanics,
where he became and has remained one of the world leaders, especially
in nonlinear wave theory, with applications in oceanography and geophysics.
Prof. Grimshaw’s academic and professional merit has been recognised
by many awards, appointments, and elections to significant bodies. He
has been a Fellow of the Australian Academy of Science since 1990. He
is on the Editorial Board of more than 10 international journals. He is
presently (since 2000) Professor of Mathematical Sciences at Loughborough University, UK, and was previously Professor of Applied Mathematics at Monash University (1994–2000; Head of School 1994–1997),
and Professor of Applied Mathematics at the University of NSW (1986–
1992). He was born and received his undergraduate education in NZ,
and did his PhD at Cambridge University in 1961–1964, followed by academic appointments at the University of Melbourne as Senior Lecturer
(1965–1969) and Reader (1970–1985).
Prof. Grimshaw has made very substantial contributions to ANZIAM.
He was active in the informal Applied Mathematics Conference series
in the early 1970s that led to the formal foundation of the Division of
Applied Mathematics of the Australian Mathematical Society in 1975,
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and played a vigorous and essential role in the discussions leading to its
constitution. He was elected to the Chair of the Division in 1985, serving
two years as Chair, and two years as Deputy Chair. He remained active
in the Division and in its 1994 successor ANZIAM throughout the 1980s
and 1990s, attending most annual Applied Mathematics Conferences,
and was Director of the 1988 Conference. He was an Associate Editor of
the Division’s journal, now called the ANZIAM Journal, in the period
1982–1996. He remains a member of ANZIAM and of the Australian
Mathematical Society.
In addition to contributions via ANZIAM, Prof Grimshaw has engaged
in many activities enhancing applied mathematics in Australia and internationally. For example, he has served on the Australian National
Committee for Theoretical and Applied Mechanics, and has been active internationally in Theoretical and Applied Mechanics via IUTAM
as director of symposia and convenor of sessions at ICTAM conferences.
Roger Grimshaw is an outstanding applied mathematician, and more
than meets the criteria for this award, both for the internationally acclaimed and respected quality and quantity of his applied mathematical research, and for his invaluable contributions to ANZIAM, especially during its difficult formation and early years. It is therefore with
great pleasure that the Selection Panel recommends that Professor Roger
Grimshaw be awarded the ANZIAM Medal for 2004.
The Executive Committee of ANZIAM unanimously endorsed the recommendation of
the Selection Panel, that the winner of the ANZIAM Award for Outstanding New Researchers in 2004 be Dr Mark Nelson of the School of Mathematics and Applied
Statistics at the University of Wollongong. The winner was announced and presented
with the J.H. Michell Medal, at the conference dinner for ANZIAM 2004. The conference was held at the Hotel Grand Chancellor, Hobart, over 1–5 February 2004.
Mark Nelson received his PhD from the University of Leeds in 1994.
He arrived in New Zealand in 1997 as the Royal Society of London
Postdoctoral Fellow working with Graeme Wake at the University of
Auckland and the University of Canterbury for more than a year. For
the next three years he generated papers at the Australian Defence Force
Academy with Harvey Sidhu, Rod Weber and Geoff Mercer, except for
a nine-month period back at Leeds. For the last year he has been at the
University of Wollongong.
Mark has written 31 refereed papers (5 individually, 18 as senior joint
author) in the area of non-linear chemical dynamics. These involve
the application of bifurcation theory, continuation methods, dynamical
systems methodology and singularity theory to problems in combustion,
chemical reactor engineering and bioreactor engineering. Sixteen of these
papers are based on research accomplished since arriving in Australasia
six years ago.

School of Mathematical and Physical Sciences, University of Newcastle, Callaghan NSW 2308
E-mail : william@maths.newcastle.edu.au
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Comprehension as an assessment tool
for mathematics
Jamie Simpson

How should we assess our students? An
end of semester exam can disadvantage
students who are slow or easily stressed
by the conditions, take-home assignments
invite collaboration and other methods
have other problems. I have been teaching third year units in introductory algebra and analysis. Our students do a lot of
applied mathematics, statistics and operations research but my courses are as near
as we get to pure mathematics. I guess
the situation is similar at other universities of technology. For this course part of
the assessment comes from a comprehension test. It works like this. The students
are given a short mathematical paper to
take home and read carefully. They can
discuss it with each other, refer to books
and consult other people. Generally I
give them little or no assistance in understanding it. Two weeks later they are
given a set of questions about the paper
which are to be done under examination
conditions, but with plenty of time. Students can bring the paper to the test but
nothing else. I try to arrange things so
that the questions take about two hours,
but allow the students up to three hours
to do them.Setting such a test requires
finding a suitable paper and composing
some questions. For undergraduate students the paper needs to be short and
fairly easy. An excellent source is the
Mathematics Magazine which publishes
many 3 or 4 page articles involving elementary group theory, number theory
and occasionally analysis. Inventing a set
of around 10 questions is remarkably easy.
Papers are full of phrases like “it follows
that...”, “it is easily shown that...”, and
the ubiquitous “clearly”. Students can be

asked to show exactly how it follows easily. If a theorem says “there exists x such
that...” then they can be asked to give
an example of x, or they can be asked to
show how a theorem applies to a specified
group or function. One needs to make
sure that some of the questions are easy.
The first time I used this method I had
marks ranging from close to zero to nearly
100%. One also needs to stress that students put a lot of effort into studying the
paper. Students who spend little or no
time on preparation do not do well.After
returning the students’ work last time
I asked them how they felt about this
means of assessing them. The responses
were largely positive: fairly typical was
the following. “I feel that the comprehension test was better than traditional
assignment, primarily because it took up
less time! (2 weeks instead of 6.) It probably took more effort than assignments
usually take. It wasn’t too hard, it was
just necessary to do a sizable amount of
preparation, which could have been more
strenuously emphasised. Overall a definite improvement.” In 2001 I used an article by Bruce Christianson (Condensing
a slowly convergent series, Mathematics
Magazine 68(1995), 298-300.) After the
test I sent him a copy of my questions and
explained what I had done. He replied
that he was pleased I’d used his article
and wrote “I had decided that something
was going on, because I had a (perfectly
sensible) query about a point of detail in
the paper in my e-mail out of the blue
from someone whom I now suspect to be
one of your students.”
Department of Mathematics and Statistics,
Curtin University of Technology, Perth, WA 6845
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International mathematical olympiad
7-19 July 2003, Tokyo, Japan
Angelo Di Pasquale
Director of Training and IMO Team Leader
Australian Mathematical Olympiad Committee

It is difficult to forget the charming politeness of the people of Japan as well as
their attention to beauty as manifest in
the careful manicuring of their pine trees
and in the presentation of their meals.
This was the setting of the 44th IMO.
With 82 countries and 457 students, the
IMO continues as a solid international
event. Two new countries, Mozambique
and Saudi Arabia, sent observers to this
year’s IMO. They intend to send teams in
2004.
Each invited country is permitted to
send a team of up to six young amateur mathematicians. (I.e., must be under 20 years of age and not enrolled in
tertiary education.) The team is accompanied by a Leader and a Deputy Leader.
The Leader is involved in setting the paper, the Deputy in caring for the students
up to the competition. Afterwards the
Leader and Deputy combine to mark their
students’ papers and agree on scores in
conjunction with local mathematicians.
The Team Leaders arrived a few days
before the students and Deputies so as
to put together a competition paper that
would be both challenging and appealing.
The Problem Selection Committee had
already worked hard to reduce approximately one hundred proposed problems
from all around the world to a short list of
twenty-seven. In a way the Team Leaders
could get into the same spirit as the students at the IMO at this point, because
they were given the short listed problems
for about one and a half days to work on
without solutions. Even easy problems
can seem difficult when one is working
under these conditions. Eventually solutions to all the problems were released to

the Team Leaders. After this the Jury (all
the Team Leaders as a committee) gradually selected the problems that would be
on the paper. They were certainly mixed
in subject and in difficulty. There being
two each from geometry and number theory, and one each from algebra and combinatorics. Their origins were from Ireland, Brazil, Finland, Poland, Bulgaria,
and France. Following this translations
were made into all the languages required
by the students.
It is essential that confidentiality is
maintained as regards the paper. Hence
as an incentive Leaders are kept separated from the rest of their teams until after the students have sat the competition.
The main venue for the IMO was the National Olympics Memorial Youth Centre,
Shinjuku, Tokyo. Once the students arrived there, the Leaders were moved to
another location in Makuhari some two
hours away to complete their deliberations.
There is however one occasion where
Teams get to see their Leaders prior to
the exams, and that is during the opening ceremony. But “see” is all they get to
do. The Leaders were paraded on stage,
then there were speeches by those who
had worked hard to make the 44th IMO
happen. Finally the teams were all paraded on stage. It was very nice to see
the teams from Cuba and Paraguay particularly applauded since they each only
sent a single contestant.
The next two days were exam days.
Students are allowed to ask questions in
written form during the first half hour of
the exam. Most have to do with notation and definitions, or even the student
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wanting to be extra careful that he has
correctly understood the problem. One
student, perhaps looking for some controversy asked “Can I use the axiom of
choice” to which the response was “Yes.”
Perhaps he had been waiting years to ask
this question at the IMO. I hope it helped
him solve the problem!
The exam turned out to be rather difficult this year. I am pleased to say that
the coordination was very robust and did
not soften to try and compensate for the
difficulty of the exam. Actually this year
the Leaders had the luxury of about a day
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to debate and provide input on the marking schemes from the Problem Selection
Committee.
In the final analysis 210 students (46%)
were awarded at least a bronze, 106 students (23.2%) were awarded at least a silver and 37 students (8.1%) were awarded
a gold. A further 116 students received
an honourable mention for gaining full
marks on at least one question. Three
students, namely one from China and two
from Vietnam, achieved the outstanding
result of gaining a perfect score.

The team after closing ceremony, back row Angelo Di Pasquale (Team Leader), Zhihong Chen, Marshall Ma, Daniel Mathews (Deputy Leader). Front Row Ross Atkins,
Daniel Nadasi, Laurence Field, Ivan Guo.
It was a privilege to have Shinno
Naruhito, His Emperial Highness the
Crown Prince of Japan present at the
closing ceremony and who spoke to the
audience along with Government Ministers during the prize giving ceremony.
Also memorable was the final perhaps unscripted act of inviting all the guides on
stage and applauding them for looking
after their teams so well. This finally
seemed to turn more into a game show

as a camera man and reporter started going around interviewing guides and contestants at random. There was one more
award made at the banquet after the closing ceremony - that of the “Golden Microphone” awarded to the Team Leader who
spoke the most during the Jury Meetings. This provides incentive for Leaders to speak less so and more concisely at
Jury meetings and thus avoid this prize!
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The Australian Team was completely
new this year. They came equal 26th with
Brazil in the unofficial rankings. Congratulations to all the team for this effort.
Laurence Field, year 11, Sydney Grammar School, NSW and Daniel Nadasi,
year 11, Cranbrook School, NSW both
gaining Silver medals, Ross Atkins, year
12, Pembroke Senior High School, SA and
Ivan Guo, year 11, Sydney Boys’ High
School, NSW both gaining Bronze medals
and Zhihong Chen, year 12, Melbourne
High School, VIC and Marshall Ma, year
12, James Ruse Agricultural High School

NSW both gaining Honourable Mentions
for solving one problem perfectly.
It is pleasing to see that Laurence,
Daniel and Ivan are all in year 11 and
thus eligible for next year’s team.
There were two sessions of 4 hours
and 30 minutes, held on consecutive days.
Each session consisted of 3 questions with
a maximum score of 7 points per question. Solutions to the questions (see Aust.
Math. Soc. Gazette 30 (2003), 234) may
be found at http://www.imo2003.com.
The individual results of the Australian
team and some unofficial country rankings are shown below.

Team Scores for the 2003 Australian IMO Team
Q1 Q2 Q3 Q4 Q5 Q6 Total
Award
Ross Atkins
2
3
0
7
1
1
14
Bronze
Zhihong Chen
2
2
0
7
1
0
12
Honourable Mention
Laurence Field
7
7
0
7
1
0
22
Silver
Ivan Guo
5
1
0
7
1
0
14
Bronze
Marshall Ma
2
1
0
7
1
0
11
Honourable Mention
Daniel Nadasi
7
3
0
7
1
1
19
Silver
Aust. Team Tot. 25 17
0
42
6
2
92
Aust. Team Av. 4.3 2.7 0.0 7.0 1.0 0.3 15.3
Overall IMO Av. 3.6 2.3 0.4 4.6 1.6 0.6 13.1
The medal cutoffs were 29, 19 and 13 points for Gold, Silver and Bronze respectively.
There were a further 66 honourable mentions for those who solved one question perfectly but who did not receive a medal.

Some unofficial country rankings
Ranking Score Country
1.
227
Bulgaria
2.
211
China
3.
188
United States of America
4.
172
Vietnam
5.
167
Russia
6.
157
Korea
7.
143
Romania
8.
133
Turkey
9.
131
Japan
10.
128
United Kingdom, Hungary
26.
92
Australia
Department of Mathematics and Statistics, University of Melbourne, VIC 3010
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Primary school mathematics competitions
John Giles

Yet again New Lambton Public School in
the Newcastle region scooped the pool.
They not only won the local regional competition but they also won the competition which includes Australia and New
Zealand.

1

The Hunter Region Primary
Mathematics Competition

Early in September of each year, a competition sponsored by the Newcastle Permanent Building Society is conducted for
year 5 and 6 students across the Hunter
Region [1]. In this, the 23rd competition to be conducted, it is pleasing to report that three year 6 girl students from
the same class at New Lambton Public
School achieved a maximum score to win
the honour for their school to hold “Our
Town Shield” for the next twelve months.

In 2003, 15,344 students from 243
schools participated and the outright winners of the competition were Colette Wai,
Lauren Heath and Emma Berry. Major
awards were presented to the candidates
who came first, second or third in the
Year 5 and Year 6 Divisions of the competition.

2

The
Australian
Primary
Schools Mathematical Olympiad

The Australian Primary Schools Mathematical Olympiads competition consists
of five rounds of questions conducted
between April and September. Each
Olympiad paper consists of five questions.
Teams of thirty contest the Olympiads
with the team score for each round determined by the results of the top ten scores.
This year 887 schools provided 1,077
teams involving a total of 25,906 stuNew Lambton and Newdents [2].
bridge Heights Primary Schools tied for
first with a perfect team score of 250.
Eleven students from each school obtained perfect individual scores (and of
course included the three in the photograph above).
In the run off tie–breaker test New
Lambton triumphed and the School has
the honour of holding the “Highest Team
Score” shield for the year.

References
[1] See Aust. Math. Soc. Gazette 28 (2001), 269; 30 (2003), 49.
[2] Web: http://www.apsmo.info
School of Mathematical and Physical Sciences, University of Newcastle, Callaghan NSW 2308
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The prisoners may be in two minds
A.J. Roberts
Abstract
Recognise that people have many, possibly conflicting, aspects to their personality.
We hypothesise that each separate characteristic of a personality may be treated as
an independent player in a non-zero sum many player game. This idea is applied
to the two person Prisoners’ Dilemma as an introductory example. We assume each
prisoner has a “mercenary” characteristic as well as an “altruistic” characteristic,
and find that all Nash equilibria of the Prisoners’ Dilemma has each prisoner in an
internal conflict between their two characteristics. The hypothesis that people are
composed of more than one “player” may explain some of the anomalies that occur
in human experiments exploring game theory.

1

Introduction

In reviewing the implications of some psychological research in game playing in general
and economics in particular, Matthew Rabin comments
humans differ from the way they are traditionally described by economists
. . . it is sometimes misleading to conceptualise people as attempting to
maximize a coherent, stable and accurately perceived [utility] U (x) .
Rabin [4, p.12]
To include emotions into artificial intelligences, some computer scientists explore the
modelling of human emotions: Smith and Ellworth, see [1, § 8.2] for example, identified
a six dimensional “affective space” to capture 15 emotions.1 This suggests humans
are reasonably modelled by six “appraisal” dimensions. Crucially, these appraisal dimensions are independent. Maybe humans playing games, including the game called
economics, act according to the diverse needs of such internal characteristics of a complex personality; and not according to maximising a single well defined utility.

2

The prisoners’ dilemma

As a first tentative exploration of the idea of multiple game players within one person, we explore two people, P and Q, playing the Prisoners’ Dilemma. Suppose each
person has an altruistic, cooperative side and a mercenary, uncooperative side to their
personality. Do not consider these characteristics are as opposites, but as independent
characteristics, independent “players”, within each person. Perhaps view it as each
person having two independent dimensions to their character.2
1Smith and Ellworth’s axes for the six dimensional affective space are called: pleasantness, antici-

pated effort, certainty, attentional activity, responsibility and control. The fifteen categorised emotions
are: happiness, sadness, anger, boredom, challenge, hope, fear, interest, contempt, disgust, frustration,
surprise, pride, shame and guilt.
2Of course, we presume that a more realistic model of personality would have more than two independent dimensions.
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Table 1. payoff preferences for P-mercenary, P-altruistic, Q-mercenary and Qaltruistic. The best response actions are indicated by asterisks∗ , and see the four
Nash equilibria, bold∗ , in the middle of the payoffs.

Qm = C

Qm = D

Pm = C

Qa = C
Qa = D
Pa = C 3 3∗ 3 3∗
1 1∗ 4∗ 3∗
Pa = D 4∗ 3∗ 1 1∗ 2∗ 1∗ 2∗ 1∗

Qa = C
Qa = D
1 1∗ 4∗ 4∗
1 1∗ 4∗ 3
2∗ 1∗ 2∗ 2∗ 2∗ 1∗ 2∗ 1

Pm = D

Pa = C 4∗ 4∗ 1 1∗ 2∗ 2∗ 2∗ 1∗
Pa = D 4∗ 3 1 1∗
2∗ 1 2∗ 1∗

2∗ 2∗ 2∗ 2∗ 2∗ 2∗ 2∗ 1
2∗ 1 2∗ 2∗
2∗ 1 2∗ 1

Thus within person P we have two independent players, Pa and Pm, the pair of
altruistic and mercenary characters respectively within person P. Similarly Qa and
Qm are independent characteristics of person Q. Be careful of the distinction between
people and players: each person is supposed to be a composite of independent players.
The two people then face a four-player Prisoner’s Dilemma—two players per person.
Each player has a choice between the two strategies of cooperation C (remaining silent)
and defecting D (informing). We suppose, within any one person, that if either of the
internal players defect, whether the mercenary or the altruistic, then the person does
defect—a chain is only as strong as its weakest link. That is, both aspects of a person’s
character have to cooperate in order for the person to actually cooperate.
For simplicity I rate the outcomes on a four point scale of preferences for each
player. The preferences are not symmetric, but we suppose symmetry between the
pair of mercenary players and between the pair of altruistic players. We also assume
the preferences of a player only depend upon the other person’s actual action: that is,
whether they actually cooperate or defect. Thus the preferences only depend upon the
other person’s players strategies in the combinations {CC} and {CD, DC, DD}. We
suppose the following preferences for the two types of player within each person.
Mercenary: These players only care about the actual outcome and thus the
preferences depend upon his/her persons actual actions, that is, {CC} and
{CD, DC, DD}. As in the classic prisoners dilemma the outcomes in increasing
order of preference are:
(1) {CC} × {CD, DC, DD} when the person cooperates, {CC}, but the other
defects through either of his/her characteristics, mercenary or altruistic,
{CD, DC, DD};
(2) {CD, DC, DD} × {CD, DC, DD} when both the people defect through
either characteristic, {CD, DC, DD};
(3) {CC} × {CC} when both cooperate, {CC};
(4) {CD, DC, DD} × {CC} when the person defects, {CD, DC, DD}, and the
other cooperates, {CC}.
These mercenary preferences are the first and third payoffs in each quadruple
in Table 1.
Altruistic: These players do care about the outcome as for the mercenary characters, but if they, the altruistic player, defects then guilt lowers their preference
of the outcome. In particular and for simplicity we suppose the preference is
decreased to the one lower. Thus for an altruistic player the preferences in
increasing order are:
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(1) {CC, CD, DD} × {CD, DC, DD} when the person cooperates, {CC}, but
the other defects, {CD, DC, DD}, or the altruistic player defects, {CD,
DD}, and the other person defects, {CD, DC, DD};
(2) {DC} × {CD, DC, DD} when both people defect, but the player whose
payoff we consider defects only via the mercenary characteristic, {DC};
(3) {CC, CD, DD} × {CC} when both cooperate, {CC} × {CC}, or when
the altruistic player defects, {CD, DD}, and the other person cooperates,
{CC};
(4) {DC} × {CC} when only the mercenary player defects, {DC}, and the
other person cooperates, {CC}.
These altruistic preferences are the second and fourth payoffs in each quadruple
in Table 1.
Inspect the consequent preferences shown in Table 1. The best response [2, § 2.8, e.g.]
for each player as as function of the other three players choices are shown by asterisks∗ .
A Nash equilibrium corresponds to any cell with all four preferences being such a best
response. See the four Nash equilibria (in the middle of the table) are obtained from
the strategies:
{CDCD, CDDC, DCCD, DCDC} .
Remarkably, the four Nash equilibria correspond to both prisoners being in two minds
about what action to take. Perhaps this indicates something about the internal stress
suffered by a person in a Prisoner’s Dilemma. The stress comes from the internal
conflict between the different characteristics within each person.
Since the four-player Prisoner’s Dilemma only involves preferences the Nash equilibria are reasonably robust.3

3

Discussion
Yet pure self-interest is far from a complete description of human motivation, and realism suggests that economists should move away from
the presumption that people are solely self-interested. Rabin [4, p.16]

Here we have discussed one model for how to generalise the analysis of human behaviour
by positing a complex interplay of motivation and reward internal to each person. This
is a type of multiple-self model of human behaviour.
The proposed model of people composed of multiple independent selves also suggests
a rationale for framing effects, described as:
two logically equivalent (but not transparently equivalent) statements
of a problem lead decision makers to choose different options.
Rabin [4, p.36]
The many Nash equilibria that potentially exist in a game by people with multiple
selves make it quite likely that different statements of a situation will lead to different
Nash equilibria being realised. Recall that the extensive form of a game often favours
one Nash equilibria over another [3, § 6.2], even when the two Nash equilibria are
equally valid in the strategic form of the game; subgame perfect equilibria are the
rational solutions in an extensive game. Problem statements which present equivalent
information in a different sequential order lead to the playing of different extensive
3I have not searched for any mixed Nash equilibria.
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games even though the corresponding strategic games are equivalent. Thus the framing
of a game problem possibly explores independent players within a person.
A different multiple-self model has been proposed to explain time varying preferences:
a person is modeled as a separate “agent” who chooses her current behavior to maximize her current long-run preferences, whereas each of
her future selves, with her own preferences, will choose her future beRabin [4, p.39]
haviour to maximize her preferences.
The difference is that here we posited multiple selves to co-exist simultaneously within
each person. Such a multiple-self model could explain the richness of human behaviour
much better than one simple utility.

4
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A random hopscotch problem
Michael D. Hirschhorn

1

Introduction

Chapter 4 of [1], written by David Berengut, is devoted to the following “random
hopscotch” problem. A counter moves along Z+ , starting at 0, according to rolls of an
unbiased N –faced die. What is the probability pn that the counter lands at n? The
author considers the case N = 3, and says “there is no easy way of deriving an explicit
formula for pn from the recursive relation.” Well, of course there is, and that is the
method of generating functions.

2

The solution

Let pn be the probability that n is “encountered” (pun intended!).
It is easy to show that for n = 1, . . . , N if we set p0 = 1,
1
(pn−1 + · · · + p0 )
pn =
N
and that for n > N ,
1
pn =
(pn−1 + · · · + pn−N ) .
N
Thus we find that the generating function is given by
X
N
P (t) =
.
pn tn =
2
N − (t + t + · · · + tN )
n≥0

By a theorem of Abel,
lim pn = lim(1 − t)P (t) =

n→∞

t→1

This is not surprising, since the average roll is

2
.
N +1

N +1
. Indeed, if we use partial fractions,
2

we find
P (t) =

2
1
N (N − 1) + (N − 1)(N − 2)t + · · · + 2 × 1tN −2
·
+
.
N +1 1−t
N + (N − 1)t + · · · + 1tN −1

It follows that

2
n
+ A1 α1n + · · · + AN −1 αN
−1 ,
N +1
are the zeroes of
pn =

where α1 , · · · , αN −1

N z N −1 + (N − 1)z N −2 + · · · + 1 = 0
and A1 , · · · , AN −1 are certain constants. It is not hard to show that the αk are all
2
of modulus less than 1, and so pn →
as n → ∞. In the case N = 2, pn =
N +1


2 1 1 n
1 1
1 n
1
√
+ (− ) . In the case N = 3, pn = +
cos nθ, where cos θ = − √ . In
3 3 2
2 2
3
3
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2 1
2
the case N = 4, pn = + (−α)n + β n cos nφ
5 5
p5 √
p √
3 + 3 60 6 + 135 − 3 60 6 − 135
≈ 0.6058295861,
where α =
12


√
1
3
.
β = √ ≈ 0.6423840736, and cos φ = α α −
4
2 α
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On the twin prime conjecture
Alf van der Poorten and Teur Ah-Mah
Introductory Remarks
Just occasionally, the proposals of an amateur are sufficiently amusing to warrant
that their dismissal be accompanied by some discussion with their perpetrator. Here
I stage such a discussion in the form of a joint paper with Mr Teur, known to his
friends as ‘Bill’.
AJvdP
Key words: prime pair, prime n-tuple.
MSC: Primary 11A41, 11N36.

1

Twin Primes

Schemata of Eratosthenes
The Sieve of Eratosthenes sequentially removes the n-th prime pn , and all multiples of
pn , from the preceding array, Sn say, of integers. Here, for examples,
1 3 5
7 9 11
S2 = 13 15 17
..
..
..
.
.
.

1 5 7 11 13 17 19 23 25 29
31 35 37 41 43 47 49 53 55 59
S3 = 61 65 67 71 73 77 79 83 85 89
..
..
..
..
..
..
..
..
..
..
.
.
.
.
.
.
.
.
.
.

where one finds it convenient to list Sn as an array in which successive elements in each
column differ by Pn = 2 · 3 · · · · · pn ; thus by 2 · 3 = 6 in S2 , and by 2 · 3 · 5 = 30 in S3 .
Notice that the array Sn has Ln = Pn (1 − 1/2)(1 − 1/3) · · · (1 − 1/pn−1 ) columns. At
the insistence of the first author we recall that 1 is not a prime, and at the suggestion
of the second author we refer to each array Sn as a ‘schema’.
It is now easy to describe just how the (n + 1)-st schema Sn+1 differs from the n-th
schema Sn . Namely, to obtain Sn+1 , remove from Sn those columns divisible by pn —
note that if any one element of a column of Sn is divisible by pn then all are — and
take what remains of the first pn+1 rows to form the first row of Sn+1 . For example, to
obtain S4 , we remove the columns headed by 5 and 25 from S3 , and take the remains
of the first p4 = 7 rows to make up the 7 · (10 − 2) = L4 = 56 elements of the first row
of S4 .
Pairs
We call a pair of integers (k, k + 2) — thus differing by two — a ‘pair’, and note that
if a schema contains any one pair then it contains two columns differing by two (after
a shift upwards if it is the last and first columns), so it contains infinitely many pairs.
Indeed, it suffices to consider just the ‘leading pairs’, those essentially in the first row.
For example, all pairs in S3 are signalled by the leading pairs (5, 7), (11, 13), (17, 19),
(23, 25) and — interfered with by that pesky 1 that one of us has insisted on keeping —
(29, 31). All other pairs in S3 differ from these by translation by multiples of P3 = 30.

On the twin prime conjecture

37

It is mildly striking that all but one of these pairs is in fact a pair of primes, in brief,
a ‘prime pair’. Further, we can readily read off the leading 21 = (4 − 1) · 7 pairs in S4
and learn that they are
(11, 13), (17, 19), (29, 31), (41, 43), (47, 49), (59, 61), (71, 73), (77, 79), (89, 91),
(101, 103), (107, 109), (119, 121), (131, 133), (137, 139), (149, 151), (161, 163),
(167, 169), (179, 181), (191, 193), (197, 199), (209, 211)
once again, with a seemingly disproportionate number of prime pairs. In particular,
the four pairs preceding the pair containing 49 = 72 all are prime pairs, just as, in S3 ,
the three pairs preceding the pair containing 25 = 52 all are prime pairs. By the way,
note that 209 is blatantly divisible by 11.
Prime Pairs
Note, moreover, that it is not just happenstance that the pairs in Sn with both k and
k + 2 less than p2n all are prime pairs. Indeed, p2n is the smallest composite number in
the schema Sn . Thus to show that there remains a prime pair in the n-th schema Sn
it suffices to find a pair in Sn between pn and p2n .
Incidentally, the prime pn+1 of course lies between pn and p2n . That’s plain by
Bertrand’s postulate1, on which a young Paul Erdős is said to have remarked:
Chebychev said it, and I’ll say it again,
There’s always a prime between n and 2n.
The second of us now suggests as follows. It has long been known, at least since
Euclid, that there are infinitely many primes. But, it is notorious that it is not known
before now whether there are infinitely many prime pairs.
Suppose, however, that there are only finitely many prime pairs. Then there is an h
so that there are no prime pairs exceeding ph . Therefore, there certainly are no pairs
between ph and p2h in Sh , and no pairs between ph+1 and p2h+1 in Sh+1 , and no pairs
between ph+2 and p2h+2 in Sh+2 , and so on.
However, pairs in any schema Sh+n already occur in all the preceding schemata.
Thus the observation just made shows that there are no pairs greater than ph in any
schema, and in particular no pairs at all in Sh nor in any succeeding schema.
But that’s absurd, particularly (but not only) because the number of leading pairs
in Sh+1 always exceeds that in Sh .2

2

Afterwords (by AJvdP)

Prime n-tuples
But there’s more. For example, it seems clear that there are infinitely many triples
(k, k + 2, k + 6), and triples (k, k + 4, k + 6), of primes. In contrast, there is, plainly,
only the one prime triple (k, k + 2, k + 4), namely (3, 5, 7), because obviously at least
one of k, k + 2, and k + 4 must be divisible by 3. Just so, (2, 3) is the unique prime
pair (k, k + 1), because at least one of k, k + 1 must be even. Although the matter
is less notorious than the twin prime conjecture, it is plain experimentally that every
configuration3 that could possibly consist of n primes infinitely many times does indeed
1See [1].
2There are 154 = (21 − 7) · 11 pairs in S , at least (154 − 37) · 13 pairs in S , and so on.
5
6
3‘Configuration’ is too cold a word. In discussion with my co-author, I used the word ‘ménage’,

thinking of a ménage à n. I commend this terminology to the world.
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occur infinitely often. I am happy to be able to add that the remarks of §1 deal just as
certainly with these cases as they do with prime pairs.
Principles
What is one to think presented with the sort of arguments comprising Part 1? I had
no doubt, even without reading the details. I wrote:
“When I get a letter purporting to make some great contribution to mathematics
I first test the claim by applying several principles. The first is the principle of the
meatgrinder 4.
That principle points out that there’s no gain from busily turning the handle, no
matter how energetically or painfully. To get chopped steak out of a meatgrinder you
have to put some quality meat into it.
There’s another important principle for which I don’t as yet have a succinct catchy
title. But it it boils down to this:
Mathematics ain’t about getting it right; it’s about not getting it wrong.
My thinking is this: There’s no particular merit in getting an answer to a problem,
even a correct answer. After all, applying some algorithm is better done by a machine,
and in any case is no more than an organised technique for guessing an answer. An
easier — and therefore better — way to guess is to look at the answers in the back of
the book, or to lean across and look at what the person next to you has written (on the
presumption she is either smarter or more energetic or both than you), or to phone a
friend, or . . . . Contrary to what we tend to teach, finding an answer isn’t mathematics
at all; it’s just guesswork, intelligent guesswork, maybe.
Mathematics begins when one checks and verifies that one’s guess is indeed not
necessarily wrong. So it’s a very good idea to illustrate that one’s argument fails when
it should, that is, when it has no business in working. And one is doing meaningfully
higher mathematics when one dissects one’s argument — not the turgid computations
and details, but the underlying logic — into immediately digestible pieces.
What’s the point of this outburst? It’s very difficult to prove that an argument is
correct. Thus the principal obligation on a mathematician is to struggle to prove that
her argument is false. If, and only if, she pursues that struggle but fails does she have
any business purporting that her argument might possibly be correct.”
Opinions
Bill’s arguments fail both tests, particularly the latter. In the event, I added:
“My immediate ‘expert opinion’ on your remarks is that there just isn’t enough meat.
Nonetheless, I’m not as critical of your remarks as I expected to be. I admit that your
notion of the ‘schematic sieve’ at first did appear to me to contain some meat, indeed
so much so that I was quickly convinced that that meat must be bad — that several
critical allegations had to be wrong. On second look, I realised that there was much less
wrong than I had guessed, and that to the contrary your opening claims were rather
obvious. It’s not that the meat is rotting, but that what had seemed to be meat is at
best just eggplant.”
4On my complaining to Kurt Mahler that hard work and apparent ingenuity was making no impact
on a problem he had set me, Mahler responded: “Ach, Alf. If you want to get gehaktes Rindfleisch out
of a meatgrinder then you must put some steak into the meatgrinder.”
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Facts
I suggest that Bill’s schemata become somewhat less seductive when one looks at them
for n large, say n > 4. For example, if p2n is trivially small compared to Pn then there’s
a ton of room for lots of leading pairs in Sn without much pressure on those pairs to
be forced to be prime pairs. The issue is to estimate quantities such as Pn . I remind
myself how to do that by looking myself up [3], p75. First, I recall the Euler product
formula
∞

X
Y
1
1 −1 
1 −1 
1 −1 
1 −1
1 −1
=
1
−
1
−
1
−
1
−
·
·
·
=
1
−
ns
2s
3s
5s
7s
ps
p
n=1

for the Riemann ζ-function, a formula easily verified by multiplying both sides by
(1−1/2s ), and so on. Because 1+ 12 + 31 +· · ·+ n1R ≈ log n we find, after taking a logarithm,
P
x
that p<x 1/p ≈ log log x. Since log log x = e dt/t log t we might deduce that the nth prime pn ≈ n log n and that the number of primes less than x is ≈ x/ log x. In
R n log n
P
this spirit, we estimate log Pn =
log t (dt/ log t),
p≤n log n log p by the integral
n
2
obtaining Pn ≈ n . Compared to it, pn is trivial.
The largest known prime pair, not all that long ago, was 4 650 828 · 1001 · 103429 ± 1;
these primes are 3439 digits long. However, I’ve now seen 835 335 · 239014 ± 1, (due to
Ray Ballinger) which have a heftier 11751 digits.
Amazingly, the prime n-tuples conjecture alluded to in §2 is incompatible with a
seemingly more obvious ‘fact’. It is usual to denote the number of primes less than x
by π(x), and it is well known that π(x) ≈ x/ log x; here the kicker is in the error term.
Now, everyone ‘knows’ that there are more primes at first than later. Thus π(100) = 25
but there are only 21 primes in the next hundred, and only 16 in the next; π(1000) is
just 168. That is, for sizeable x, y, always π(x) + π(y) > π(x + y). Not! [2]. The latter
‘fact’ is incompatible with the prime n-tuples conjecture, and anyone with feeling for
these matters5 votes for the conjecture.
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Squares from products of integers
William D. Banks and Alfred J. van der Poorten

1

Introduction

It is well known that the product of any four consecutive integers differs by one from
a perfect square. However there is no integer n, other than four, so that the product
of any n consecutive integers always differs from a perfect square by some fixed integer
c = c(n) depending only on n.
The argument [7] showing this relies on the fact that a polynomial taking too many
square values must be the square of a polynomial (see [6, Chapter VIII.114 and .190],
and [2]). One might therefore ask whether there are polynomials, other than integer
multiples of x(x + 1)(x + 2)(x + 3) and 4x(x + 1), that have integer zeros and differ by
a nonzero constant from the square of a polynomial. We will show that this is quite a
good question in that it has a nontrivial answer, inter alia giving new insight into the
results of [7]. As an example of the phenomenon, the reader might check that

2

1 · 2 · 3 · 5 · 6 · 7 + 36 = 42 · 92

2 · 3 · 4 · 6 · 7 · 8 + 36 = 52 · 182

3 · 4 · 5 · 7 · 8 · 9 + 36 = 62 · 292

4 · 5 · 6 · 8 · 9 · 10 + 36 = 72 · 422

... .

Squares from products of a set of integers

Q
We study polynomials PS (x) = s∈S (x + s) and find all nonempty sets S of integers
with the property that for some rational number c, PS +c is the square of a polynomial.
Call that polynomial a(x) = aS,c (x). Then we have
√
√
P = a2 − c = (a + c )(a − c ).
It follows there is a partition S = R ∪ T of S so that
Y
Y
√
√
a(x) + c =
(x + r) and a(x) − c =
r∈R

t∈T

(x + t).

(2)

Because S ⊂ Z,√it follows that √
c = k 2 for some rational k.
Since a(x) + c and a(x) − c have the same degree, we see that R and T have the
√
same cardinality, m say, and S has cardinality 2m. Because the polynomials a(x) ± c
differ by a constant, it follows that the respective elementary symmetric functions in
the integers r ∈ R and the integers t ∈ T , other than those of order m, coincide.
Equivalently, but more strikingly, we have for j = 0, 1, . . . , m − 1, the identity
X
X
rj =
tj .
(3)
r∈R

t∈T

This follows immediately from Newton’s formulas whereby if
f (x) := (x − x1 )(x − x2 ) · · · (x − xn ) = xn + σ1 xn−1 + · · · + σn−1 x + σn ,
then for h = 0, 1, 2, . . .
sh σ0 + sh−1σ1 + · · · + sh−n+1 σn−1 + sh−n σn = 0 ,
xj1

where the sj are the power sums
for k < 0; and one replaces s0 by h.

+ xj2

+ · · · + xjn

(4)

and, of course, σ0 = 1 while sk = 0
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In brief, we have s1 = −σ1 , s2 = −σ1 s1 −2σ2 , . . . illustrating that if two polynomials
xn + σ1 xn−1 + · · · σn−1 x + σn

0
and xn + σ10 xn−1 + · · · σn−1
x + σn0

coincide, other than perhaps for their constant coefficients, then we have s0 = s00 ,
s1 = s01 , . . . , sn−1 = s0n−1 for the power sums in their respective zeros; whence (3).
Moreover, one sees that the case m = 1 is trivial, and the case m = 2 is nearly
trivial. Indeed, for m = 1 the conditions (3) are essentially empty, and for m = 2 it is
plain that one may select any three of the integers r1 , r2 , t1 , t2 , and obtain an integer
for the fourth; in that case, incidentally, one has c = (r1 r2 − t1 t2 )2 /4.
A minor digression
Of course Newton’s formulas are well known. In order to recall them well it may be
useful to oberve that (4) is the remark, here with s0 = n, that plainly
∞
X
f 0 (x)
1
1
1
=
+
+ ···
=
sm x−m−1 .
f (x)
x − x1 x − x2
x − xn
m=0

Now multiply by f (x) and compare coefficients on the two sides.

3

The Prouhet–Tarry–Escott problem

Seeing (3), one recalls that the Tarry–Escott problem is precisely the issue of finding
distinct sets of integers r1 , r2 , . . . , rn and t1 , t2 , . . . , tn with
r1j + r2j + · · · + rnj = tj1 + tj2 + · · · + tjn
for j = 0, 1, 2, . . . , j = m. A solution is said to be ideal if m = n − 1. The critical
reference is the observation by Wright [9] that the question of Tarry and Escott had
already been dealt with by Prouhet [8].
Clearly, our remarks above amount to the following theorem.
Q
Theorem Let S be a finite set of integers and set PS (x) = s∈S (x + s). Then PS
differs by a constant c from the square of a polynomial if and only if S is the disjoint
union of sets R and T that provide an ideal solution to the Tarry–Escott problem.
Thus [7] reminds us that there are no ideal solutions R ∪ T = S to the Tarry–Escott
problem for which S is an arithmetic progression of more than four integers.
There is activity in the matter of finding new solutions to the Tarry–Escott problem;
it is best followed on the web, starting from [1] or [5]. The following sporadic examples
come from there and other linked sources.
The opening example
x(x + 1)(x + 2)(x + 4)(x + 5)(x + 6) + 36 = (x + 3)2 (x2 + 6x + 2)2 .
From Tarry’s ideal symmetric solution of 1912
x(x+1)(x+2)(x+5)(x+6)(x+10)(x+12)(x+16)(x+17)(x+20)(x+21)(x+22)+2540160000
=(x6 +66x5 +1633x4 +18612x3 +95764x2 +179520x+50400)2 .
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From Escott’s ideal symmetric solution of 1910
x(x+1)(x+13)(x+18)(x+27)(x+38)(x+44)(x+58)(x+64)(x+75)(x+84)(x+89)(x+101)(x+102)+c
=(x+51)2 (x6 +306x5 +34801x4 +1793364x3 +40430980x2 +315284448x+136936800)2 ;

of course, here c = (51 · 136936800)2 = 69837768002 .
Shifting by primes
(x+7)(x+11)(x+13)(x+19)(x+29)(x+31)+82944=(x3 +55x2 +887x+4145)2 ;
(x+11)(x+13)(x+19)(x+23)(x+29)(x+31)+25600=(x+21)2 (x2 +42x+357)2 .

Shifting by squares
(x+12 )(x+52 )(x+62 )(x+92 )(x+102 )(x+112 )+504002 =(x3 +182x2 +8281x+58500)2 .
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Modular equations and eta evaluations
William B. Hart
Abstract
My talk at the recent AustMS annual meeting met with some success [1], immediately
initiating a request that I write a summary for the Gazette. In response, I give
an informal essay surveying the ideas which precipitated my interest in modular
equations.
Key words: Modular equations, Weber functions, Eta function.
MSC: 11G15.

Efforts to evaluate quotients of the Dedekind eta function η(τ ) go back 175 years.
My interest in the matter is only some two years old and derives from the authors
of [4] showing me their paper and its predecessor [11]. Those two papers deal with
explicit evaluation of η(τ ) at quadratic irrationals and the relation of those evaluations
to singular values of L-series.
Such questions fall into the general scope of complex multiplication. That theory
tells one that evaluating eta quotients at elements in an imaginary quadratic number
field yields values belonging to certain algebraic number fields — essentially ‘ring class
fields’; see [6]. Such evaluations turn out to be valuable, for example in the work of
[6], since they lead to very much ‘smaller’ generators for those ring class fields than is
done by more evident functions such as Klein’s j function, and are much more useful
computationally.
The point is that evaluating analytic functions yields algebraic information. All of us
know that evaluating the function q = e2πiτ at rational points yields roots of unity and
that these generate cyclotomic number fields. Complex multiplication can be viewed
as the analogue, for the computational geometry of elliptic curves, of trigonometry
and the circle. (A pleasant and readable introduction to the beautiful topic ‘complex
multiplication’ is provided by Cox [3].)
One could choose to identify special values from their decimal expansion on a computer screen or one might proceed, as I have, to find algebraic techniques for eliciting
those values directly. The latter has clear advantage even over the most intelligent
numerical method.
The eta function is a 24-th root of the discriminant ∆(τ ) of an elliptic curve. The
discriminant function ∆(τ ), defined for τ in the complex upper half plane, is periodic,
with period 1; that is, it is invariant under the transformation T : τ → τ + 1. Thus
∆(τ ) has a Fourier expansion, that is an expansion in powers of q = e2πiτ , a so-called
q-series expansion; it happens that this q-series has no negative powers of q, even its
constant term vanishes, so it is properly a power series in q. Remarkably, the theory of
elliptic functions implies that ∆(τ ) never vanishes for τ in the upper half plane. More,
∆ is a modular form, meaning that ∆ is also transformed in a well known way by the
William Hart is joint winner of the 2003 B.H. Neumann Prize. This contribution is a written version
of his winning talk presented at the 2003 AMS meeting. See also Aust. Math. Soc. Gazette 4 (2003),
232.
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transformation S : τ → −1/τ ([9] gives detailed information on modular forms and
functions).
The more familiar absolute modular invariant j(τ ) is the quotient of another modular
form of weight 12 by ∆(τ ). It is a modular function, invariant under the action of the
full group of fractional linear transformations generated by S and T .
The eta function, being a 24-th root of ∆, is given by the q-series
∞
Y
1/24
η(τ ) = q
(1 − q n ),
q = e2πiτ .
(5)
n=1

The actions of S and T on η(τ ) multiply it by certain 24-th roots of unity; see [8].
Weber functions are a special case of eta quotients. Specifically, Weber [10, §34]
defines his functions as normalized quotients of the eta function:


τ +1
√ η(2τ )
η τ2
πi η
− 24
2
f(τ ) = e
,
f1 (τ ) =
,
f2 (τ ) = 2
.
(6)
η(τ )
η(τ )
η(τ )
Weber also lists a number of identities which these functions satisfy; these identities
proved to be invaluable in my investigations.
First, there are the identities involving the modular transformations
 
 −1 
 
 
f
ζ48 f1
f
f
f1  ◦ T =  ζ −1 f  ,
f1  ◦ S = f2  ,
(7)
48
f2
f2
f1
ζ24 f2
where ζn denotes the n-th root of unity e2πi/n .
In addition, the following beautiful identities hold
√
f1 (τ ) =
f8 = f81 + f82 ,
f f1 f2 = 2,

√

2
.
f2 (τ /2)

(8)

Even more important, Weber developed an extensive theory of modular equations
for his functions — here a modular equation is a polynomial relationship between f(τ )
and f(nτ ) for some n ∈ Z (where, usually, n is a prime p). Such relations are analogues
of the well known polynomial relations between cos(τ ) and cos(nτ ).
These modular equations have their own elegance, and Weber lists many of them in
a number of different flavours (see [10]; also see [2] for the work of others, including
Ramanujan, on modular equations).
In particular, Weber noticed that the Schläfli modular
√ equations can be used to
evaluate his functions at certain points of the form τ = −m, with m ∈ N; see [10,
§128-132].
The story of Weber’s method goes more or less as follows. Write u for f(τ ) and v
for f(pτ ), where p is prime. Then introduce the product P = uv and quotient Q = v/u
of these functions. A Schläfli modular equation is a polynomial relationship between
functions A and B of the form
A = Ql ± 1/Ql

and B = P k ± (c/P )k ,

(9)

for some constant c ∈ N and exponents k, l ∈ N. For example, for the prime p = 7,
Weber’s method sets
A = Q4 + 1/Q4

and B = P 3 + (2/P )3 .

(10)

He then derives a particularly simple and elegant expression, the Schläfli modular
equation
A = B − 7.
(11)
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√
√
Weber realised that if one sets τ = −p/p then pτ = −p = −1/τ . But from (7)
f(−1/τ ) = f(τ ), so that in the case p = 7 the modular equation (11) becomes
 √
4  √
4
√
√
f( −7)
f( −7)
√
√
(12)
+
= f( −7)6 + 8/f( −7)6 − 7 .
f( −7)
f( −7)
√
Thus if x = f( −7), x satisfies the equation
x12 − 9x6 + 8 = 0.

(13)
√
√
In fact, 2 plainly is a root of this equation and it turns out that f( −7) = 2.
One can easily check this by plugging the data into PARI [5], being careful to recall
that the function η(x) is given by the PARI command eta(x,1), and not by eta(x).
Such magical applications of modular equations are highly entertaining. √
However,
one quickly realises that these equations are useful only for evaluating f( −p)
√ for
certain primes p. Other of Weber’s modular equations can be used to evaluate√
f1 ( −p)

for some p. However, the magic wears off when one tries to evaluate f1 41 (1 + −47 ) .
I made progress with this question only after noticing a nice numerical fact with the
help of PARI. It is perhaps not surprising, almost a hundred years before the advent
of the personal computer, that Weber’s computational powers were not quite up to
spotting such a numerical coincidence.

√
The first step in evaluating α = f1 41 (1 + −47 ) seems to be to restrict oneself to
evaluating its absolute value |α|.
It turns out,√because of a minor coincidence, that it is possible to use Weber’s own
evaluation of f( −47)
simple modular substitutions, to evaluate the auxiliary

√and some
expression f2 14 (1 + −47 ) . However, subsequent evaluation of |α| requires a little
more work.
√
√
1
(1 + −47 ). Then Sτ1 = 14 (−1 + −47 ). This simple observation yields
Set τ1 = 12
the two useful results
√
√




1 + −47
−1 + −47
f2
= f1
(14)
4
12
√

and

√

−1 + −47
= f2
.
(15)
f1
4
12
But, more
than
of the eta function that
√
√
 this, it is easy to see from the definition
f1 (a + −d )/c is the complex conjugate of f1 (−a + −d )/c . Thus all four of the
expressions in (14) and (15) above can be expressed in terms of τ1 and 3τ1 . All this
strongly suggests the use of a modular equation of degree three for Weber functions.
When we plug all the values into the appropriate modular equation, an amazing
thing happens. Values are always accompanied by their complex conjugate! In other
words, our modular equation only involves the absolute values of the quantities we are
studying.
Specifically, let u = f(τ ) and v = f(3τ ) be defined as above and set


u1 = f1 (τ ),

1+

√

−47



v1 = f1 (3τ ),



u2 = f2 (τ ),

and v2 = f2 (3τ ).

(16)

Then the relevant modular equation is, [10, §75],
u2 v 2 = u21 v12 + u22 v22 .
If further, we write
l = |v|2 ,

√
m = |v2 |2 / 2

√
and n = |v1 |2 / 2,

(17)

(18)
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then the modular equation (17) becomes the delightful identity
m5 n + n5 m = 1.
(19)
√
Of course the second identity f f1 f2 = 2 of (8) ensures that lmn = 1, but the
surprise is the above-mentioned numerical coincidence. It turns out that l = m + 1.
It’s not clear how one might guess this result from first principles. I do not know
whether l = m + 1 is just fortuitous: only a consequence of a law of small numbers, or
whether it is a manifestation of a more general pattern. In any case, I have been able
to make use of analogous coincidences to complete evaluations in other cases.
The ‘assumption’ l = m + 1 makes it possible to solve (19) algebraically. However,
once one has somehow ‘guessed’ a solution of (19) it is straightforward to verify formally
that one has indeed guessed correctly. It is now easy to check that indeed l = m + 1.
Thus we use numerical information to find a root of the equation (19), and we then use
the fact that this ‘possible root’ is indeed a root to verify a piece of information that
until then had only been ‘known’ numerically.
It turns out, moreover, that the root we find is real and must be precisely
the root
√
we need to complete our evaluation of |α|. The upshot is that x = |α|2 / 2 satisfies the
equation
x5 + x4 + x3 − x2 − 2x − 1 = 0.

(20)

I have used variants of this method to obtain a number of other eta evaluations.
Moreover, the approach soon led me to wonder about possible generalizations of the
Weber functions. Eventually, I could show that these exist and I obtained modular
equations for them. This is the work I spoke about at the AustMS meeting in July,
2003. More recently, this work has enabled me to obtain large numbers of new eta
evaluations. I expect to report the results I have obtained in the not-too-distant future.
In any case, full details are to be recorded in my thesis [7].
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In a previous issue of the Gazette, [1], I showed that the number of n x n upper
×
triangular matrices in which every row consists of a string of 0’s followed a string
of 1’s, and every column consists of a string of 1’s followed by a string of 0’s, is the
Catalan number C(n + 2).
It has been pointed out that this result is not new. It apparently first appeared in a
1975 paper of Lou Shapiro (Howard University) in the American Mathematical Monthly,
[2]. Shapiro’s proof uses Dyck paths rather than bracketings, but is essentially the same
as mine.
It is also curious that Shapiro used this correspondence to solve a problem similar to
mine, namely classifying the ideals in the ring of n × n upper triangular matrices over
a field.
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Analysis for Applied
Mathematics
Ward Cheney
Graduate Texts in Mathematics 208
Springer New York 2001
ISBN 0-387-95279-9
Writing a mathematics book imposes a
number of constraints on an author, arising primarily out requirements of sequential development and caveats about
points of detail. It not infrequently happens as a result that a mathematically
careful book is scarcely readable: rigour
has become uncomfortably like rigor mortis.
Ward Cheney’s book provides a refreshing reminder that things don’t have
to be this way. This is a top–down book.
Effort is made not just to be correct but
to elucidate. Attention is given to motivation and to the relations between topics.
Overview is not lost despite the presence
of considerable detail. In the interests of
overview, the author has not hesitated in
some proofs to make forward references to
material coming later in the book. Sometimes, as with the converse part of the
Eberlein–Smulyan Theorem, the reader is
referred to another text. The book enjoys
a clear visual layout and has excellent references and index. There is a rich supply
of exercises. The style of presentation is
pleasant.
There are eight chapters as follows.
Chapter 1 (normed linear spaces)
includes convexity, convergence, compactness, completeness, Zorn’s Lemma,
Hamel bases, the Hahn–Banach, Baire

category, interior mapping and closed–
graph theorems, weak convergence and
reflexive spaces.
Chapter 2 (Hilbert spaces) includes orthogonality, orthonormal bases, adjoints
of bounded linear operators, spectral theory and Sturm–Liouville theory.
Chapter 3, on calculus in Banach
spaces, includes Fréchet and Gâteaux
derivatives, the chain rule and mean–
value theorems, the Kantorovich theorem
on Newton’s method, implicit function
theorems and the basis of the calculus of
variations.
Chapter 4 deals with approximate
methods of analysis, and treats methods
for solving operator equations, including
iteration, Neumann series, projection and
methods based on homotopy and continuation.
Chapter 5, on distributions, includes
convergence, convolutions, applications
to differential operators and distributions
with compact support.
Chapter 6 concerns the Fourier transform. The Schwartz space is introduced
and inversion theorems, the Plancherel
theorem, tempered distributions and
Sobolev spaces treated.
Chapter 7 (additional topics) includes
fixed–point theorems, selection and separation theorems, the Arzelà–Ascoli theorems, compact operators and Fredholm
theory, topological and linear topological
spaces, and analytic pitfalls.
The concluding Chapter 8 (measure and integration) addresses measurable functions, Egorov’s theorem, the
monotone convergence theorem, Fatou’s
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lemma, the dominated convergence theorem, the Radon–Nikodym theorem and
Fubini’s theorem.
The author states in the preface that
the book evolved from a course for beginning graduate students. In view of
the differences between graduate training
programmes in Australia and the United
States, the book will have a smaller
than proportional natural audience here.
While it is user–friendly, I believe most
graduate students would find it heavy going without the intercession of a teacher.
The graduate student will find some of
the exercises fairly challenging without
additional reading.
The coverage is greater than many
graduate students or staff in applied
mathematics in either Australia or the
U.S.A would find necessary, though it is
very well suited for the more theoretical
end of the spectrum in applied probability, optimisation and control theory. It is
clear from the list of contents above that
there is ample material for several substantial courses.
Charles Pearce
Applied Mathematics, The University of Adelaide, SA 5005
E-mail: cpearce@maths.adelaide.edu.au













Computer Algebra and
Symbolic Computation:
Elementary Algorithms
Joel S. Cohen
A.K. Peters Natick 2002
ISBN 1-56881-158-6
Like most mathematicians these days I
routinely use a Computer Algebra System (CAS) as part of my daily mathematical life. I am not, however, a power
user of such systems and I have relatively
little knowledge of how this sort of software actually works. When I was asked to

review this book I jumped at the chance,
hoping to gain some insight into the inner
workings these incredible tools. Thus this
review is presented from the perspective
of an interested end-user rather than an
expert in the field of CAS’s.
This book is the first of two books
written by the author on Computer Algebra and Symbolic Computation. The
second book, entitled Computer Algebra
and Symbolic Computation: Mathematical Methods unfortunately wasn’t available to me at the time of writing this review. According to the author, the first
book ”is concerned with the algorithmic
formulation of solutions to elementary
symbolic mathematical problems” while
the second book ”is an introduction to the
mathematical techniques and algorithmic
methods of computer algebra”. Thus this
first book describes how mathematical
expressions are handled by a CAS and
shows how some elementary operations
from algebra (e.g. expanding and factorizing polynomials), trigonometry (e.g.
expanding trigonometric functions), calculus (e.g. integration) and differential
equations (e.g. solving first order d.e.’s)
can be implemented. Cohen claims that
the material from this book could be used
at an undergraduate level. He also claims
that much of the material of this book
is not available elsewhere. The second
book goes on to discuss, in terms of efficiency and effectiveness, more advanced
algorithms for many other mathematical
problems. According to Cohen, the material covered in the second book is more
difficult and requires a greater mathematical sophistication. The author describes
his overall target audience by saying that
”these books serve as a bridge between
texts and manuals that show how to use
a CAS and graduate level texts that describe algorithms at the forefront of the
field”.
As mentioned above my only experience with CAS’s is as an end-user. Despite this, I found this book very easy
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to read. The writing is clear, there are
plenty of examples and the material is
developed at a steady pace. All of the
concepts and examples used in the book
are discussed with reference to the CAS’s
Maple, Mathematica and MuPad and the
text and exercises encourage the reader to
verify and experiment using the CAS of
their choice. Each section of each chapter includes a selection of exercises but no
answers are provided. Each chapter concludes with a ”Further Reading” section
for those wanting more detail about the
topics covered. The overall tone of the
book is very much suited to an undergraduate target audience. The book comes
with a CD on which implementations of
many of the examples and algorithms are
given for each of CAS’s Maple, Mathematica and MuPad. My institution has
standardized on Maple and so I only accessed the Maple files from the CD which
I had no trouble doing. Since all of these
files worked fine I presume that the same
would also hold true for the Mathematica
and MuPad files. The CD also contains
an electronic version of the text but I did
not access this.
While I cannot comment on Cohen’s
claim that much of the material of this
book won’t be found elsewhere I can say
that I found the content of this book very
interesting. I was surprised, for example,
to find that the way mathematical expressions are handled within a CAS is based
on the tree structures we teach in our first
year discrete mathematics course. I was
intrigued to find that the idea of recursion plays a central role in the algorithmic
structures in a CAS and of course I was
curious to see how the algorithms actually work. As a result of reading this book
I am not only much more knowledgeable
about the way a CAS works but I am also
a much more knowledgeable user of my
own CAS.
Perhaps the best way to indicate what
I think of this book is that, as a result of
reading it, I am thinking of including a
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topic on CAS’s in one of my undergraduate courses next year and I will be using
Cohen as the reference. Thoroughly recommended.
Table of Contents: Introduction to
Computer Algebra, Elementary Concepts
of Computer Algebra, Recursive Structure of Mathematical Expressions, Elementary Mathematical Algorithms, Recursive Algorithms, Structure of Polynomials and Rational Expressions, Exponential and Trigonometric Transformations.
Malcolm Roberts
Department of Mathematics, University of Newcastle, Callaghan, NSW 2308
E-mail: mmmjr@alinga.newcastle.edu.au













Numerical Methods for
Ordinary Differential Equations
J.C. Butcher
Wiley Europe 2003
ISBN 0-471-96758-0
This book should be in the working collection of every serious numerical analyst.
It is concerned with the analysis of discretization methods, principally RungeKutta methods, applied to the solution
of ordinary differential equations. At the
top level it is a particular example of a
generic approach to computational algorithms characterized by a sequence of local approximations or discretizations to
a target system with the local approximations being glued together in an overall solution process. It has a general importance because this class of algorithms
is important. A key factor in the attainable accuracy of such computations
is the quality of these local approximations. Typically this is calculated by formally substituting the exact solution into
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the local approximation and using Taylor series expansions to evaluate the defect. This approach can be constructive
because parameters in the approximation
can be selected to control the number
of terms in the resulting expansion that
vanish (the order of consistency). Frequently the expansions involve Taylor series evaluations of functions of functions
and the resulting algebraic calculations
rapidly become complex even with the
assistance of symbol manipulation programs. Here the main application is the
development of Runge-Kutta single step
integration methods for solving the initial
value problems of first order systems of
ordinary differential equations. It follows
that the glue is a simple recursion in this
case, and suitability comes down to the
question of stability. Runge-Kutta methods proved popular in early computer
implementations when the Runge-KuttaGill formula implemented on EDSAC1
was shown to make minimal demands
on the limited computer memory available. However, they tended to fall out
of favour as computer architectures became less restrictive because the general
opinion tended to regard them as expensive in the sense of taking more function
evaluations per step than the rival linear
multistep methods superbly analysed in
the 1956 thesis of Germund Dahlquist.
It took years of patient endeavour by a
number of somewhat isolated enthusiasts
to show that this was not necessarily the
case. It is generally agreed that John
Butcher has been the main protaginist
whose seminal contributions have led to
this re-evaluation. His approach has been
to associate rooted trees with the partial
Taylor expansions, to identify equivalence
classes of formulae with mappings from
rooted trees to the reals, and to deduce
the properties of these classes from the
structure of groups of such transformations. Within this framework, questions
of the order of consistency of local approximations become algebraic questions

capable of general answers, and information about the suitability of the glue can
be derived by adding further algebraic restrictions. The point not to be missed
is that questions relating to the development and implementation of a class of numerical algorithms have led to a substantial, profound, and highly original essentially algebraic investigation.
The subject matter of this book is a
reworking of Butcher’s 1987 text “Numerical Analysis of Ordinary Differential Equations” which provided the definitive account of his algebraic approach.
The problem domain considered is exclusively the initial value problem for systems of ordinary differential equations,
and the examples regarded as difficult are
the so called stiff equations which are stable initial value problems supporting solutions with widely differing time scales.
Here a stiffly stable formula is one which
permits the computation of slowly varying solutions on coarse grids adapted to
these rather than requiring the fine grids
needed to follow the rapidly decaying solutions. The problem of super stable formulae, which have the unfortunate property of mapping increasing solutions to
(generally) slowly decaying ones, is mentioned obliquely in a brief discussion of
the Van der Pol equation. This narrow
focus provides the basis for the minor criticism that this is not the whole field that
the book title pretends to address. Reference is made in the two introductory
chapters to recent application areas which
are major growing points of the field.
These include methods for the integration
of differential equations on manifolds, an
area where the rooted tree technology has
had a significant application in the hands
of Iserles and Norsett, and special methods for Hamiltonian and related problems which include major contributions
by Australasian researchers McLachlan
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and Quispel. However, these are not followed beyond initial references. No mention is made of boundary value problems where the stability properties are
distinctly more complex - so the quality
of the glue becomes a deeper question,
nor of collocation methods, a subclass of
Runge-Kutta methods, which are typically the methods of choice in the boundary value context because of distinctive
structural features which set them apart
from the general class. Thus, as would be
expected, the algebraic theory of RungeKutta methods dominates, the dedicated
third chapter occupying over 170 pages of
the text. The tools developed are shown
to have significant utility in the analysis of linear multistep methods in an insiteful penultimate chapter, and a final
chapter treats a unifying class of methods under the heading of general linear
methods. There is no real conclusion.
As others have shown, the Butcher approach has led to significant advances also
in neighbouring fields and this is an important point to bear in mind when assessing this material. Certainly the objections of nearly fifty years ago have
long been put aside. However, I suspect that implementors of major ODE
packages now put more of an emphasis
on broadening applications scope rather
than being overly concerned with incremental improvements in integration formulae in the classical subject area - even
if these come under the catchy heading
DIMSIM. This is beside the point for the
serious numerical analyst. This book provides an account of a major mathematical
investigation and should be appreciated
as such. Because the approach is open
ended he needs this book.
M.R. Osborne
Centre for Mathematics and its Applications,
Australian National University, ACT 0200
E-mail: Mike.Osborne@maths.anu.edu.au
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Essential Mathematical
Biology

N. Britton
SUMS series
Springer Heidelberg 2003
ISBN 1-85233-536-X

It was a great pleasure reading Essential
Mathematical Biology. The introduction
implies that the book was written primarily as a text for a two semester third
year mathematics or joint mathematicsbiology students. The book formally requires no more mathematical background
than would be available to students who
have covered a standard second year applied maths course in Australia. However, while the book is very well written
without large jumps in the mathematical
reasoning, it is also quite concise and covers a large amount of material. My guess
is that a course that tried to cover the
bulk of the material in this book might be
more appropriate at honours level rather
than third year level, though selections
from the book would be a very good basis for a one semester third year course.
The writing and style are very clear. The
mathematical steps are laid out neatly
with clear definitions and notation and
these steps are not smothered in unnecessary prose. On the other hand, there
are very nice insightful discussions of the
biological implications of the mathematical models and the reverse implications
of the biology for the refinement of the
mathematical models. The mathematical
material is also interspersed with interesting snippets of biological and historical background and one or two humorous
comments.
The first half of the book covers the
use of ordinary difference equations and
differential equations to model the population dynamics of single species and interacting species, including host-parasite
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systems and hence infectious disease epidemiology. Various biologically important complications are incorporated into
the basic models and it can be seen
how the match or mismatch between the
mathematical model and the biological
system enhances understanding of the
system. The first part of the book also
has a chapter covering population genetics and evolution. This is the only chapter of the book for which I could say that
there is a clearer exposition elsewhere (JC
Frauenthals Mathematical Epidemiology)
though this latter book is much less ambitious in its coverage and is written for
students at a slightly lower level of mathematics ability).
The second half of the book covers situations where models based on partial differential equations, particularly those for
diffusion, may be relevant. Topics covered include biological motion, tumour
modelling and the mathematics behind
the initial differentiation of embryos from
uniform blobs to the beginnings of complex animals. The appendices cover a
range of topics. There is material on the
stability of fixed point solutions of difference equations including discussion of
Hopf bifurcation theory. There is also
material on methods for the solution of
differential equations. Finally, there are
reasonably detailed solutions to the many
problems set through the book.
The only fault one could pick with the
book is that in a few places, there needs
to be more reference to material in the
appendix. Indeed some of the material
in the appendix would perhaps be better
incorporated into the main text. There
appear to be very few errors, though in
one place a blood cell count is misstated
by a factor of 1000. There is apparently
more material at an associated website –
but on the only occasion I tried, I was not
able to access this site.
I have the impression that some mathematicians used to think of mathematical
biology as a peripheral and easy area of

applied mathematics that is of little use.
Likewise biological scientists have in the
past seen little use for mathematical modelling. Anything can be modelled, but the
model may have little predictive ability
and may not lead to any new insights.
I recall a quote whose source I cant remember: “Give me 6 parameters and I’ll
draw you an elephant, a 7th and it will
wag its tail”. This book is yet another
testament to the fact that these adverse
attitudes are now entirely inappropriate.
The book is a great contribution to students interested in mathematical biology
– an area rich in intellectual challenges
for mathematicians and a source of important insights for biological scientists.
D. Kault
Mathematics and Statistics, James Cook University, Townsville, QLD 4811
E-mail: david.kault@jcu.edu.au













Elements of Number Theory
John Stillwell
Springer Heidelberg 2003
ISBN 0-387-95587-9
Stillwell has taken very careful aim at his
target audience and hit them squarely between the eyes. His book is written for
budding number theorists in universities
everywhere and the author has done a
wonderful job of conveying his obvious
love of the subject to the reader.
The author sticks carefully to his claim
that
“Solving equations in integers is the
central problem in number theory,...”
and covers basic classical number theory.
The reader will find no reference to the
last thirty years of algebraic geometry, he
even avoids mentioning the term elliptic
curve, though he does make a tangential
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reference to them in one of the early exercises.
All the usual players are present:
namely the integers, Euclid’s algorithm,
modular arithmetic, Pell’s equation, the
Gaussian integers, the four square theorem, quadratic reciprocity, rings and
ideals. Alongside these one finds some
ring-ins, including the RSA cryptosystem, Conway’s graph theoretic approach
to Pell’s equation. This reader was particularly enamoured of Stillwell’s decision to include Rousseau’s recent Chinese
Remainder Theorem-based proof of quadratic reciprocity—which in many ways
helps to demystify the latter.
This leads me to mention the one minor detraction in the book, the chapter
on the RSA Cryptosystem, which has the
look and feel of a last minute addition. It
is far smaller than any other chapter and
may have once formed part of the previous one on congruence arithmetic. It is
misleading in a number of fundamental
ways—like suggesting that
“... no known method is substantially
better than dividing the 200-digit number
p1 p2 by most of the approximately 10100
numbers less than its square root ...”
which seems to deny the existence of the
number field sieve and its sub-exponential
work. In all other chapters Stillwell has
gone to great pains to portray the deeper
truths accurately.
Each chapter opens with a substantial preview stating the central concepts
which are about to appear. Stillwell has
no qualms about stating the important
points more than twice—but he has the
ability to do it in such a way that one
sees it from many angles, for example
the composition of quadratic forms contrasted with the composition of the corresponding ideals. The exercises have been
particularly well crafted, forming an integral part of the text, rather than just
being an ad-hoc collection of problems.
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There are mercifully few errors. The
minor typos that survived include
men√
tion of Q[n] rather than Q[ n] in Exercises 5.4.1 and 5.4.2, and the√ incorrect
ideal description 2n + (1 + −5)n on
page 207. An unfortunate error slipped
through on the proof of cancellation of
ideals on page 229 where AB ⊇ AC
should imply (α)B ⊇ (α)C.
Stillwell has chosen to make quadratic
forms the underlying theme of the book.
In particular, he notes repeatedly that
mathematicians from at least Fermat onward were interested in primes of the form
x2 + ny 2
for various integers, n. While he does
not prove results in a completely general
setting (say for the algebraic integers of
an arbitrary number field) he does prove
them in restricted cases (e.g. quadratic
Euclidean domains) which ought to be
sufficient to allow the more gifted students room to explore. The obvious connection to quadratic fields is made and
the examples √of failure of unique factorization in Z[ −5] is resolved as is the
ambiguity of primes of the form x2 + 5y 2
which is the books climax.
In short, this book is a delight to read
and is ideally suited to a beginning course
in number theory.
Ralph H. Buchholz
E-mail: teufel pi@yahoo.com













Lengths, Widths, Surfaces:
a Portrait of Old Babylonian
Algebra and Its Kin
Jens Høyrup
Springer Heidelberg 2002
ISBN 0-387-95303-5
The present book is a valuable addition to
the literature on the mathematics of the
ancient Babylonians (c 2000-c1600BCE),
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the subsequent Seleucid mathematics and
their relations with other (later) mathematics. Drawing on studies of the culture
in which the texts were developed, it contains extensive ”conformal translations”
of the most important texts, as well as
analyses of them and interpretations of
the pictures that emerge.
The author clearly declares his perspective with the book’s title ”Lengths,
Widths, Surfaces: a Portrait of Old Babylonian Algebra and Its Kin”: ie the material can be considered, in some sense, as
algebra. But it is also geometric, involving lengths, widths etc.
The book is not for raw beginners. For
instance it skims lightly not only over
base 60 mathematical notation but also
over the ”standard interpretation” (the
basically algebraic picture sketched by
Neugebauer, Thureau-Dangin and others
in the 1930s) of Babylonian mathematics.
Without some familiarity with the latter
and the ways in which it has been challenged in the intervening years over the
intervening years it may be hard to understand this book and to see what constitutes its originality.
Høyrup supports the broad thrust of
the ”standard interpretation” but refines
it: in his view
”the Old Babylonian operation with
lines and areas really was an algebra, if
this be understood as analytical procedures in which unknown quantities are
represented by functionally abstract entities - numbers in our algebra, measurable
line segments and areas in the Old Babylonian technique” (Author’s emphases).
Høyrup’s translation is ”conformal”,
ie it tries to ”conserve the structure of
the original, rendering always a given
expression by the same English expression, rendering different expressions differently”(p41). The translation is word
for word and conserves word order where
at all possible. This leads to undoubtedly

awkward English such as ”My confrontation inside the surface I have torn out:
14‘30 is it ” (p52). A persevering reader
will get the hang of it after a bit of practice but it is not light reading. A further
strength of the book is that it draws on
up to date linguistic, particularly etymological information about the languages
of the texts.
I consider the absence of any surviving original diagrams indicating cut-andpaste techniques a significant weakness in
the author’s view that operations were
considered geometrically by the Babylonians. There appears to be no hard primary
evidence that such geometrical techniques
were used. Not even the rough work
tablets from Ur and Nippur identified by
Eleanor Robson [1999] have included any
diagrams. However, Høyrup presents a
persuasive array of secondary evidence,
for instance the etymology of the words
used for various mathematical operations,
such as ’tear out’ for ’subtract,’ or ’append’ for ’add’.
An argument based only on such etymology would not be entirely convincing. For instance a future archaeologist finding, in mathematical texts from
our era, references to ”fields” and ”extracting square roots”, could not validly
conclude that the twentieth century was
preoccupied with growing square carrots,
nor that ”drawing conclusions” involved
drawing instruments. One might further
object that the first people to reflect on,
say, addition had either to use an existing
word or to coin a new one; ’append’ might
well have come to mind as an appropriate
metaphor.
But Høyrup does rather more: he argues that all the language used is derived
from physical operations and, in addition,
the sequence of operations reinforces a
cut and paste interpretation: the cut is
made (”torn out”) before the cut material
is pasted (”appended”) (eg p 57), even
though in other contexts addition usually
precedes subtraction.
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Høyrup accommodates even the apparent inhomogeneity of Babylonian problems and the apparently chaotic ordering
of problems in compilation texts in his
geometric picture. Under the standard
interpretation there are many occasions
when Babylonian mathematicians appear
to add sides and areas, for instance
Neugebauer’s Mathematische KeilschriftTexte Vol3 p5 has ”I have added the area
and the side of my square” (my translation from the German). Høyrup translates this as ”the surface and my confrontation I have accumulated” where he
explains that, throughout the book, he
uses ”confrontation” to mean an extension of unit length whose width is the
confronted edge. And when analysing
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the structure of compilation texts containing anthologies of mathematical problems, the author considers that the Babylonians based the ordering of their problems on the configurations they involved
rather than, as we might, on the underlying mathematical principles.
All in all, this is an important book
for those wanting to look at Babylonian
mathematics in depth, but for a first introduction it would still be worth reading
the relevant sections in generic History of
Mathematics or a classic such as Neugebauer’s The Exact Sciences in Antiquity
first.
Bob Berghout
School of Mathematical and Physical Sciences,
University of Newcastle, NSW 2308
E-mail: rfb@maths.newcastle.edu.au

MathMedia
“Outside the equation”
The Age, December 13, 2003, published an interview by Michelle Griffin with Robyn Arianrhod, author of the “pop maths” book Einstein’s Heroes. The book uses the discoveries of Isaac
Newton, Michael Faraday and James Clerk Maxwell to explain mathematical principles. Arianrhod “has spent years comparing Einstein’s equations with the equations of electromagnetism
devised by James Clerk Maxwell. And it was following the path backwards from Einstein to his
heroes that Arianrhod found the form of the book. It began when Arianrhod decided she needed
to find out how Maxwell arrived at his theories of electromagnetism. She started reading the
copies of his correspondence kept at Monash library and became fascinated by the man, a shy
but ever-curious gentleman, son of a Scottish laird, who kept company with the greatest minds
of the early 19th century. Ultimately, it would be Maxwell’s work that established mathematics
as the best language for unlocking the new physics.”
See also http://www.smh.com.au/articles/2003/11/09/1068329423959.html and
http://www.theage.com.au/articles/2003/12/11/1071125592157.html?from=storyrhs
Quoted from The Age, 13 Dec 2003, by Michelle Griffin
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Obituary
David Allan Spence
3 Jan 1926 – 7 Sept 2003
David Spence’s father was a lawyer. David grew up, attended school, and
did his undergraduate work in New Zealand. He attended King’s College,
Auckland, followed by the University of Auckland. He then moved to England
where he undertook research in engineering at Clare College, Cambridge, being awarded his doctorate in 1952. Spence did not enter the academic world
after his doctorate but entered the Royal Aircraft Establishment at Farnborough. Here he began to undertake research on boundary layer problems of
fluid flow which was of great significance in the design of aircraft wings. He
described some of his analysis of the potential flow about a body representing
the airfoil plus its boundary layer and viscous wake in the paper Prediction
of the characteristics of two dimensional airfoils which appeared in 1954. He
presented his most significant work from this period in the paper The lift coefficient of a thin, jet-flapped wing which appeared in the Proceedings of the
Royal Society in 1956. Spence studied a two-dimensional airfoil placed in an
inviscid, incompressible, steady fluid flow, in particular a thin jet coming from
its trailing edge of the airfoil. Obtaining equations under special conditions,
Spence found numerical results for lift, pitching moment, and jet shape, which
he compared with experimental results obtained from a wind tunnel. Two
further papers in 1958 extended the results of this paper. One was The lift
on a thin aerofoil with a jet-augmented flap where he studied an airfoil with
deflected flap such that the jet coming from the flap hinge prevents boundarylayer separation on the flap. Results were obtained using an eary electronic
computer. The second extension appeared in his paper Some simple results
for two-dimensional jet-flap aerofoils which was also published in 1958.
In 1964 Spence left the Royal Aircraft Establishment to enter the academic
world. He was appointed to the engineering department of the University of
Oxford and remained there for around 20 years. He extended considerably the
range of topics to which he applied his mathematical techniques. One 1977
paper The Boussinesq problem for a material with different moduli in tension
and compression is summarised in his own words as follows:- We consider the
infinitesimal displacements in the problem of point loading of an unbounded
elastic solid which has different behaviour in tension and compression, using
constitutive relations that depend on the signs of the principal strains. By
similarity considerations, the displacements are expressed in terms of the solution of a pair of nonlinear ordinary differential equations satisfying two-point
boundary conditions. These are found by an iterative technique giving numerical results for typical values of the elastic constants over a range of values of
the ratio of E (compressive) to E (tensile) lying between 0.5 and 2.

Obituary

Spence applied his results on compression of solids to obtain a better understanding of geophysical problems. In particular he studied magma flow
beneath the Earth’s surface to obtain a better understanding of volcanic eruptions when magma flows through fractures in the Earth’s surface.
He spent the final years of his career as Professor of Mathematics at Imperial
College, London. He had special responsibilities in this post for teaching
mathematics to engineering students, an aspect for which he was exceptionally
well qualified. He continued to produce papers of outstanding quality. For
example A class of biharmonic end-strip problems arising in elasticity and
Stokes flow appeared in 1983. Spence’s summary of the results of this paper
begins:- We consider boundary value problems for the biharmonic equation in
the open rectangle x > 0, −1 < y < 1, with homogeneous boundary conditions
on the free edges y = 1, and data on the end x = 0 of a type arising both in
elasticity and in Stokes flow of a viscous fluid, in which either two stresses or
two displacements are prescribed. For such ’noncanonical’ data, coefficients
in the eigenfunction expansion can be found only from the solution of infinite
sets of linear equations, for which a variety of methods of formulation have
been proposed. Other papers from this period include Frictional contact with
transverse shear (1986) and The line contact problem of elastohydrodynamic
lubrication (1989). He applied his theory to study the effects of injecting water
into an oil well to allow greater recovery of oil. The understanding obtained
from such studies allows more oil to be recovered from North Sea wells than
might otherwise be possible.
Spence retired from his chair at Imperial College, London, in 1991 when
he reached the age of 65. He continued his mathematical work but this
became increasingly difficult due to a long illness. He had a number of
interests outside mathematics, particularly in political history and law. He
was described in an obituary as:- ... a quiet, thoughtful and kindly man with
a great love for and pride in his family. In his younger days he was keen on
golf and on strenuous walking in mountainous regions.
J.J. O’Connor and E.F. Robertson
Reprinted with permission from http://www-gap.dcs.st-and.ac.uk/~history
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Completed PhDs
Australian National University:
• Dr Andreas Axelsson, Transmission Problems for Dirac’s and Maxwell’s Equations wirh Lipschitz Type Interfaces, supervisor: Prof. Alan McIntosh.
• Dr Tamiru Jarso, Automorphisms Fixing Subnormal Subgroups of Certain Infinite Soluble Groups, supervisor: Dr John Cossey.
• Dr Mark Maslen, Exactly Solved Quantum Spin Ladders, supervisor: Prof. Murray Batchelor.
• Dr Paola Pozzi, Theoretical Computational Mathematics, supervisor: Prof.
John Hutchinson.
• Dr Christian Rau, Curve Estimation and Signal Discrimination in Spatial Problems, supervisor: Prof. Peter Hall.
• Dr Bronwen Whiting, Boundary Correction Methods for Multivariate Density
Estimation, supervisor: Prof. Peter Hall.
• Dr Jacki Wicks, On Modelling and Testing for Linkage in Nuclear Families,
supervisor: Prof. Sue Wilson.
CSIRO:
• Dr Petra Kuhnert, New methodology and comparisons for the analysis of binary
data using Bayesian and tree based methods, principal supervisor: Prof. Kerrie
Mengersen, associate supervisors: Dr Bill Venables, Prof. Tony Pettitt.
Edith Cowan University (School of Engineering and Mathematics):
• Dr Tuyet Tran, Wavelet Based Simulation of Geological Variables, supervisors:
Dr Ute Mueller and Dr Lyn Bloom.
La Trobe University:
• Dr Darren Condon, The numerical solution of eigenvalue problems for differential operators, supervisor: Dr Alan Andrew.
• Dr Jonathan Alridge, The solution to the inverse problem in the calculus of
variations, supervisor: Dr Geoff Prince.
• Dr Apostolos Iatrou, Integrable Mappings, supervisor: Dr Katherine Seaton.
University of Ballarat:
• Dr David Stratton has been awarded the first University of Ballarat Doctor of
Information Technology degree, A program visualisation meta language, principal supervisor: Dr Philip Smith, associate supervisors: Dr John Yearwood, Dr
John Wharington.
University of Melbourne:
• Dr Andrew Rogers, Parallel algorithms for lattice enumeration problems, supervisor: Prof. Tony Guttman.
• Dr Benjamin Burton, Classifying 3-Manifolds: Minimal triangulations an normal surfaces, supervisor: Prof. Hyam Rubenstein.
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• Dr Ling Heng Wong, Topics on lattice models in statistical mechanics, supervisors: Prof. Tony Guttmann, Dr Aleks Owczarek and Dr Barry Hughes.
University of Western Australia:
•
•
•
•
•

Dr
Dr
Dr
Dr
Dr

John Bamberg.
Devin Kilminster.
Maska Law.
El-Hirbawy Mahmoud.
Sacha Roscoe.

New Books
A.M. Rubinov (Univ. Ballarat) and X.Q. Yang, Lagrange-type functions in constrained
non-convex optimization, Applied Optimization, Vol. 85, (Kluwer Academic Publishers Boston 2003), xi + 286 pp, ISBN 1402076274.

MathMedia
“Ocean Devotion”
Prof Neville De Mestre, iron man and mathematician from Bond University, has for the
first time applied a mathematical equation to bodysurfing. It is “a complicated formula
involving the mass, the cross-sectional area and the maximum swimming speed of the
surfer combined with the force in the wave crest.” De Mestre might even have found the
answer to the question of why the “shortish, stocky” writer of the newspaper article,
James Woodford, always wins at bodysurfing over taller competitors. “The mean
velocity of the moving surf front carries the surfer along with it until his or her legs
start to drag in the slower moving water in the wave trough behind. It may therefore
be advantageous to have a short body and legs to travel further”.
See also http://www.theage.com.au/articles/2004/01/08/1073437405211.html.
The Age, 9 Jan 2004, by James Woodford
“Calculating a secure future”
As Alison Aprhys wrote, far from creating dull number crunchers, mathematics makes
beautiful minds. The CareerOne section of the Australian made an excellent job of
promoting maths as a career path, featuring well-known radio DJ Adam Spencer and
Clio Cresswell, who declared that mathematics is “a background that makes the world
your oyster”. The article pointed to the many different employment opportunities for
mathematicians (like becoming a radio DJ...) and gave some useful links, including to
the AustMS website.
See also http://www.shewrites.com.au/The_Australian_Maths.htm.
The Australian, 8 Nov 2003, by Alison Aprhys (Contributed by Kim Burgess)
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“Chocolates aid physics discovery”

The Age, 16 Feb 2004 (Contributed by Tony Guttmann)

“Looking for the elusive mathematics factor”
“[..]Children from disadvantaged backgrounds do worse than their peers at maths”, says
Peter Sullivan, a maths researcher and acting pro-vice-chancellor at La Trobe University. “It’s not so much a gender issue or whether they come from non-English speaking
backgrounds, but a socio-economic issue across Australia,” he says. According to this
newspaper article, research even indicates that the bottom 10 per cent of students will
not improve in reading, writing and maths beyond their grade 4 levels. To investigate
why working-class children have difficulties with maths, La Trobe University has been
awarded a $170,000 ARC grant. “Professor Sullivan will head the project, in collaboration with Dr Judy Mously from Deakin University and Prof Robyn Zevenbergen from
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Griffith University.” The researchers will work with schools, putting on trial different
teaching techniques.
The Age, 17 Nov 2003, by Margaret Cook
“Scientists reach solution to chopstick challenge”
“Britains’s chopstick phobia leads to development of uncle Ben’s chopstick equation”
says a press release of the University of Surrey, Guildford, England. “Chopsticks are
officially the UK’s most troublesome utensil, according to research conducted to develop
the ‘Uncle Ben’s Chopstick Equation’ for Chinese New Year (22 January 2004).”

The formula, which calculates the comfort C, is explained at http://www.surrey.ac.
uk/news/releases/chopstick_04-2201.html.
See also http://avantgo.thetimes.co.uk/services/avantgo/article/0,,972738,
00.html.
The Times, 22 Jan 2004 (Contributed by John Giles)

NSW ANZIAM 2003 Branch Meeting
The New South Wales Branch of ANZIAM held its annual branch meeting over the
weekend of 22-23 November at Mittagong RSL Club. The meeting was organised
by Tim Marchant with help from Maureen Edwards, Scott McCue and Mark Nelson
(all UWG). There were 18 participants from ADF, ANU, CSO, USN and UWG and
nine presentations were given, including four student talks. Bronwyn Bradshaw-Hajek,
from UWG, won the student prize. The invited speaker was Dr Bob Anderssen (CSO)
who spoke on Inverse Problems in Rheology - Rheological Implications of Completely
Monotone Fading Memory.
M.I. Nelson
School of Mathematics and Applied Statistics University of Wollongong, Northfields Avenue, Wollongong, NSW 2522
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ANZIAM award for outstanding new researchers
J.H. Michell Medal
Nominations are called for the award of the J.H. Michell Medal for 2005 for ANZIAM
outstanding new researchers. Nominees must be in their first 10 years of research on 1
January 2005 after the award of their Ph.D., and be members of ANZIAM for at least
3 years. Nominations close on 30 November 2004. Further information can be obtained
from http://www.anziam.org.au/Medals/michell.html.
The Chair of the Selection Panel for the 2005 award is
Professor Charles Pearce
Department of Applied Mathematics
University of Adelaide
Adelaide SA 5005
E-mail : cpearce@maths.adelaide.edu.au
Nominations can be made by any member of ANZIAM other than the nominee. A
nomination should consist of a brief C.V. of the nominee together with the nominees
list of publications and no more than a one page resume of the significance of the
nominees work. Nominations should be forwarded to the Chair of the Selection Panel,
in confidence.
Please note that, where necessary, the Selection Panel will consult with appropriate
assessors concerning evaluation of any nominees research.

2004 Australian Museum Eureka Prizes
The Australian Museum is seeking nominations for the 2004 Australian Museum Eureka
Prizes. The Eureka Prizes reward excellence in Australian science and raise the profile
of science in the community. A record 22 prizes worth $220,000 will be awarded in
2004.
Entries in the Australian Museum Eureka Prizes close on Friday 14 May 2004.
Candidates can either enter themselves or be nominated by others. Information and
entry forms for all prizes are available at http://www.amonline.net.au/eureka.
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Appointments
Australian National University (Centre for Mathematics and its Applications):
• Dr Adam Sikora was appointed as a Research Associate from February 2 to August 2, 2004, working with Professor Derek Robinson, Analysis and Geometry
Program.
Bond University:
• Dr Marcus Randall has been promoted to Associate Professor.
Charles Sturt University:
• Dr Emma Wilkinson has resigned her lectureship in statistics at CSU to take
up an appointment with the statistics consulting group at ANU.
• Dr John Louis has recently been promoted from Senior Lecturer to Associate
Professor.
CSIRO:
• Mr Charis Burridge has been promoted to level 6.
Edith Cowan University (School of Engineering and Mathematics):
• Dr David Wilson, Lecturer in Mathematics, has left ECU at the end of his three
year contract.
• Dr David McDougall, Senior Lecturer in Mathematics, has been appointed as
Head of School of Engineering and Mathematics.
• Dr Lyn Bloom has been appointed as Mathematics Coordinator.
James Cook University (School of Mathematical and Physical Sciences) :
• Dr Lance Bode (Mathematics) has been promoted to Associate Professor.
• Dr Peter Ridd (Physics) has been promoted to Reader.
• Dr Shaun Belward (Mathematics) and Dr Yvette Everingham (Statistics) have
been promoted to Senior Lecturer.
La Trobe University:
• Dr Phillip Charlton has been appointed as a Lecturer for one year during Dr
Katherine Seaton’s absence on maternity leave.
University of Adelaide:
• Dr Hisham Sati has been appointed as Level A Research Associate.
• Dr Avijit Mukherjee has been appointed as Level B Senior Research Associate.
• Dr Thomas Leistner has been appointed as Research Associate.
• Prof. Michael Murray has been promoted to the Chair of Pure Mathematics
(Level E).
• Dr Nick Buchdahl has been promoted to Reader (Level D).
• Dr Sue Barwick has been promoted to Senior Lecturer (Level C).
• Dr Catherine Quinn resigned from 27/2/04.
• Prof. Nigel Bean has been appointed to the Chair in Applied Mathematics.
• Dr Stephen Cox from the University of Nottingham has been appointed in
Applied Mathematics (Level C).
• Dr Matthew Roughan commences in Applied Mathematics on February 2nd
coming from AT&T Labs - Research, USA (Level C).
• Dr Andreas Kiermeier has been appointed in Statistics (joint appointment with
Biometrics SA).
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University of Ballarat:
• Dr Eldar Hajilarov took up a position of Lecturer in Mathematics on 26 September 2003. Eldar has research interests in universal algebra and non-smooth
optimisation.
• Dr Alexander Kruger started as a Research Fellow on 29 October 2003. Alex’s
areas of specialisation are non-smooth analysis and non-smooth optimisation.
University of Melbourne:
• Dr John Sader has been promoted to Reader.
• Dr Aleks Owczarek has been promoted to Associate Professor.
• Dr Meei Ng has been promoted to Senior Lecturer.
• Dr Mark Fackrell and Dr Sally Kuhlmann have been appointed to continuing
positions at Level A.
• Mr Mark Stewart joins the department as an Operations Research consultant.
• Dr Andre Costa is a new research fellow in Operations Research.
• Dr Des Robbie retired at the end of 2003, taking up a new position as Honorary
Principal Fellow in 2004 .
• Prof. Robert E. Johnston joins the department as Honorary Professorial Fellow.
• Prof. Garth Gaudry has been appointed Director of the Australian Mathematical Sciences Institute.
University of New South Wales:
• Dr Bruce Henry has been promoted to Associate Professor (in Applied Mathematics).
• Dr Teresa Bates has been promoted to Lecturer (Pure Mathematics).
• Dr Jim Franklin has been promoted to Associate Professor (Pure Mathematics).
• Dr Peter Donovan has retired (Pure Mathematics).
• Dr Peter Cooke has retired (Statistics).
University of Queensland:
• Dr Min-Chun Hong takes up an appointment as a Senior Lecturer. Previously
he held a Lectureship at the University of New England and research positions
at the Australian National University.
University of Western Australia:
• Dr Valeri Stefanov has been promoted to Associate Professor.
• Dr Tsoy Ma has been promoted to Senior Lecturer.
• Dr Song Wang has been promoted to Associate Professor.
• Dr Kevin Judd has been promoted to Associate Professor.
• Dr Lyle Noakes has been promoted to Professorial Fellow.
• Dr Cai Heng Li has been promoted to Associate Professor.
University of Western Sydney (School of Quantitative Methods and Mathematical Sciences):
• Dr Andrew Francis has been promoted to Senior Lecturer.
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Visiting mathematicians
Visitors are listed in the order of the last date of their visit and details of each visitor
are presented in the following format: name of visitor; home institution; dates of visit;
principal field of interest; principal host institution; contact for enquiries.
Dr Zaiping Lu; China; 13 September 2003 - 13 March 2004; - ; UWA
Prof. Bao Qing Hu; China; 13 September 2003 - 13 March 2004; - ; UWA
Prof. Chongchao Huang; China; 13 September 2003 - 13 March 2004; - ; UWA
Mr Shigenori Mochizuki; U Tsukuba; to 30 March; Applied and nonlinear analysis;
ANU; Prof. John Hutchinson
Prof. Kazuyuki Enomoto; Tokyo University of Science; December 8, 2003 to March 30,
2004; Nonlinear and Applied Analysis; ANU; Prof. Neil Trudinger
Prof. John Phillips; U Victoria (British Columbia); 1 February to 31 March; Analysis
and geometry; ANU; Prof. Alan Carey
Prof. Gregory Vial; ENS; 1 March to 3 April; Advanced computation and modelling;
ANU; Dr Markus Hegland
Dr Laimonis Kavalieris; University of Otago; March 1 to April 12, 2004; Statistical Science; ANU; Prof. Peter Hall
Dr Tony Gardiner; UK; January - April 2004; - ; UWA
Prof. Helge Tverberg; U Bergen; 1 January to 30 April; Algebra and topology; ANU;
Prof. Mike Newman
Prof. Gary Lieberman; Iowa State U; 15 January to 5 May; Applied and nonlinear analysis; ANU; Prof. Neil Trudinger
Prof. Krzysztof Wojciechowski; Indiana at Purdue; 22 January to 10 May; Analysis and
geometry; ANU; Prof. Alan Carey
Prof. Amnon Birman; RAFAEL ADA Israel; to 21 June; Advanced computation modelling program; ANU; Dr S Roberts
Dr Shawn Laffan; UNSW; 30 June to 29 June; Advanced computation and modelling;
ANU; Dr Markus Hegland
Dr David Mason; South Africa; 1 February - 15 July 2004; - ; UWA
Dr Howard Silcock; ANU; to 31 July ; Advanced computation and modelling; ANU; Dr
Markus Hegland
Prof. Kangrong Tan; Kurume U; to 1 August; Stochastic analysis; ANU; Dr Daryl Daley
Dr Aliki Muradova; Tbilisi State U; to 17 September; Advanced computation and modelling; ANU; Dr Markus Hegland
Prof. Raymond Caroll; Texas A&M; 1 August to 30 September; Statistical science; ANU;
Prof. Peter Hall
Prof. Samuel Muller; U Bern; October 27 to 1 November; Statistical science; ANU;
Prof. Alan Welsh
Dr Michael Levitan; USA; January - December 2004; - ; UWA
Prof. Dongsheng Tu; Queen’s U; 1 February to 31 December; Statistical science; ANU;
Profs. Peter Hall and Sue Wilson
Prof. Gi-Sang Cheon; Daejin U, South Korea; 15 Jan 2004 to 15 Jan 2005; linear algebra
and combinatorics; ANU; Dr Ian Wanless
Prof. Ralph Stohr; UMIST; August 27 2004 to January 27, 2005; Algebra and Topology;
ANU; Dr Laci Kovacs
Prof. Chaohua Dong; China; 1 February 2004 - 31 January 2005; - ; UWA
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Conferences
48th Australian Mathematical Society Annual Conference (2004)
28 Sep – 1 Oct 2004, RMIT, Melbourne
Director: Kathy Horadam, E-mail: kathy.horadam@ems.rmit.edu.au
Web: http://www.ma.rmit.edu.au/austms04/
Invited speakers confirmed to date:
Alberto Bressan (SISSA, Trieste, hyperbolic PDEs)
Lou Caccetta (Curtin, WA, Complex systems/Optimisation)
Etienne Ghys (ENS-Lyon, Geometry and dynamical systems)
Boris Mordukhovich (Wayne State, USA, Non-smooth analysis)
Neil Sloane (Shannon Labs AT&T, USA, Discrete Mathematics)
Vladimir Voevodsky (IAS Princeton, Algebraic geometry/homotopy)
Call for expressions of interest: If you are interested in organising a Special
Session, please contact the Director.
6th International Conference on Optimization: Techniques and Applications
9–11 Dec 2004, University of Ballarat
Web: http://www.ballarat.edu.au/icota
Annual International Meeting of the Resource Modelling Association
13–14 Dec 2004, RMIT, Melbourne
E-mail: John.hearne@rmit.edu.au
Joint CMA/AMSI Workshop on Geometry (classical and noncommutative)
of generalised Dirac Operators
March 10-12, 2004, Mathematical Sciences Institute, ANU
Web: http://wwwmaths.anu.edu.au/events/dirac04
CMA National Research Symposium on Probability Theory and its Applications
April 22-23, 2004, Centre for Mathematics and its Applications, ANU
Web: http://wwwmaths.anu.edu.au/events/sy2004/heyde.html
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Election of officers and ordinary members of Council
Officers of Council
Nominations are invited for the following Officer for the Session commencing after the
Annual general Meeting to be held in September 2004:
One Vice-President
Note: According to Paragraph 34 (i) of the AustMS Constitution, Professor A.J.
Guttmann will continue in office as the Immediate-Past-President President, and Professor M.G. Cowling will move from President-Elect to President, after the AGM in
September 2004.
According to Paragraph 34 (iii), the positions of Secretary and Treasurer will be
appointed by Council at its September 2004 meeting; nominations for these positions
are no longer being called for on an annual basis.
The present Officers of the Society are:
President: A.J. Guttmann
President-Elect: M.G. Cowling
Vice-President: J.M. Hill
Secretary: E.J. Billington
Treasurer: A. Howe
Ordinary Members of Council
The present elected Ordinary Members of Council are:
(1) Members whose term of office expires in mid 2004
D.G. FitzGerald
R.V. Nillsen
(2) Members whose term of office expires in mid 2005
P.G. Bouwknegt
L. Botten
J.A. Ward
(3) Members whose term of office expires in mid 2006
B. Davey
H. Lausch
I. Roberts
Accordingly, nominations are invited for two positions as Ordinary Members of Council,
who shall be elected for a term of three consecutive sessions. Note that according to
Paragraph 34(iv) of the Constitution, D.G. FitzGerald and R.V. Nillsen are not eligible
for re-election at this time as Ordinary Members. According to paragraph 35 of the
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Constitution, a representative from Tasmania will be required, to ensure that the elected
Officers and elected members of Council include residents from all the States and the
ACT.
To comply with the Constitution (see Paragraphs 61 and 64), all nominations should
be signed by two members of the Society and by the nominee who shall also be a Member
of the Society.
Nominations should reach the Secretary (whose name and address appear inside the
back cover of the Gazette) no later than Thursday 17 June 2004.
For the information of members, the following persons are presently ex-officio members of Council for the Session 2003–2004.
Vice President (Chair of ANZIAM): N.J. de Mestre and R. McKibbin
Editors: J. de Gier and S.O. Warnaar (Gazette)
A.S. Jones (Bulletin)
R. Moore (Electronic Site)
C.F. Miller (Journal of AustMS)
M.K. Murray (Lecture Series)
C.E.M. Pearce (ANZIAM Journal)
A.J. Roberts (ANZIAM Journal Supplement)
Representative of ANZIAM: W. Summerfield
Public Officer of AustMS and AMPAI: P.J. Cossey
Chair, Standing Committee on Mathematics Education: F. Barrington
The Constitution is available from the Society’s web pages, at
http://www.austms.org.au/AMSInfo/Const/amsconst.html
Elizabeth J. Billington, AustMS Secretary

Rules governing AustMS Grants for Special Interest Meetings
The Australian Mathematical Society sponsors Special Interest Meetings on specialist topics at diverse geographical locations around Australia. This activity is seen as
a means of generating a stronger professional profile for the Society within the Australian mathematical community, and of stimulating better communication between
mathematicians with similar interests who are scattered throughout the country.
These grants are intended for once-off meetings and not for regular meetings. Such
meetings with a large student involvement are encouraged. If it is intended to hold
regular meetings on a specific subject area, the organisers should consider forming a
Special Interest Group of the Society. If there is widespread interest in a subject area,
there is also the mechanism for forming a Division within the Society.
The rules governing the approval of grants are:
(a) each Special Interest Meeting must be clearly advertised as an activity supported by the Australian Mathematical Society;
(b) the organizer must be a member of the Society;
(c) the meeting must be open to all members of the Society;
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(d) registration fees should be charged, with a substantial reduction for members
of the Society. A further reduction should be made for members of the Society
who pay the reduced rate subscription (i.e. research students, those not in full
time employment and retired members);
(e) a financial statement must be submitted on completion of the Meeting;
(f ) any profits up to the value of the grant are to be returned to the Australian
Mathematical Society;
(g) on completion, a Meeting Report should be prepared, in a form suitable for
publication in the Australian Mathematical Society GAZETTE;
(h) a list of those attending and a copy of the conference Proceedings (if applicable)
must be submitted to the Society;
(i) only in exceptional circumstances will support be provided near the time of the
Annual Conference for a Special Interest Meeting being held in another city.
In its consideration of applications, Council will take into account locations around
Australia of the various mathematical meetings during the period in question. Preference will be given to Meetings of at least two days duration. The maximum allocation
for any one Meeting will be $2500, with up to $12,000 being available in 2004. There
will be six-monthly calls for applications for Special Interest Meeting Grants, each to
cover a period of eighteen months commencing six months after consideration of applications.
Elizabeth J. Billington, AustMS Secretary

Last call for nominations: George Szekeres Medal
The George Szekeres Medal is awarded for outstanding research achievement in a 15
year period for work done substantially in Australia. The 2004 George Szekeres Medal
Committee is currently considering nominations for this prestigious Medal. Please see
the Gazette 30, No. 3, July 2003, page 163 for details.
Closing date for nominations: March 31, 2004.
Chair: Prof. Peter Hall, E-mail: Peter.Hall@maths.anu.edu.au

Accreditation of Mathematics Programs
Over recent years there has been increasing pressure on university departments to be
able to document their quality assurance procedure. At the same time, increasing total
university enrolments, but decreasing enrolments of mathematics majors, have placed
the standards of our mathematics programs under pressure. In 2002 the Society decided
that it would be appropriate if we, as mathematicians, were to provide a tool with
which departments might address these issues and so we have put in place a procedure
by which universities could seek to have their mathematics programs accredited or
reviewed by the Society.
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The accreditation procedure is necessarily rather flexible to cope with the variety
of local review processes that occur around the country. The core of the procedure
is the assessment of how well the program in question meets the Society’s published
accreditation criteria. Beyond that, the review can, if requested, report on strengths
and weaknesses of programs and can provide recommendations for future action. The
review process is overseen by the Program Review Committee (presently Ian Doust
(Chair), Jim Hill, Michael Murray and Jo Ward).
So far two universities have had their programs accredited:
• Macquarie University: degrees of BA, BSc, BA(Hons) and BSc(Hons) with majors in Mathematics, Mathematics and Computing, Mathematics and Physics
and the BCom BSc joint degree majoring in Actuarial Studies.
• Queensland University of Technology: degree of Bachelor of Mathematics. Other
reviews are currently underway.
Further details of the accreditation and review process can be found on the Society’s
website, http://www.austms.org.au/AMSInfo/Accred/. Anyone who would like further information is invited to contact me.
Ian Doust, Chair Program Review Committee, E-mail: reviews@austms.org.au

Reciprocity
Contrary to the information in the last issue of the Gazette in the footnote on page
284, which says that the AustMS and the Société Mathématique de France have just
formalised reciprocity agreements, the reciprocity agreement in fact dates back to 1
January 1986.
Recent Societies with whom AMS has taken (or is taking) reciprocity agreements
are:
• Indonesian Mathematical Society;
• Mathematical Society of Japan;
• Real Sociedad Matematica Española (under way).
Other institutions with which the AustMS have a reciprocity agreement are listed
on pages 19–22 of the June 2003 Administrative Directory.

AustMS Accreditation
The secretary has announced the accreditation of:
Mr Colin C. Calder, Queensland University of Technology, as an Accredited Member
(MAustMS).
Mr Frank La Tella, Prince of Wales Medical Research Institute, NSW, as a Graduate
Member (GAustMS).

THE AUSTRALIAN MATHEMATICAL SOCIETY
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