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Welcome to the September issue of the Gazette!
This issue features the ﬁrst of a new type of invited technical paper. With the guidance of an Advisory Board, we are commissioning articles that report on topics
that are timely, groundbreaking, or related to important results that are newsworthy in some way. Ideally, these papers should be partly or even substantially
accessible by our wide readership. In the ﬁrst of these papers, ‘Ricci curvature
and the mechanics of solids’, Michael Eastwood discusses the route recently taken
in deriving new improved ﬁnite element schemes in linear elasticity from constructions in projective geometry. We look forward to publishing more of these
commissioned articles in coming issues.
In the President’s Column, Nalini Joshi suggests that our Society needs to capitalise on online communication, including social networking sites, to help maintain
relevance in the future. Elsewhere, one aspect of the draft National Curriculum
is put under the microscope as Michael Deakin argues that the proposed inclusion of Indigenous Mathematics in the curriculum would be diﬃcult, as no such
topic exists. In Maths Matters, David Shteinman describes successful industrial
projects instigated by the ARC Centre of Excellence for Mathematics and Statistics of Complex Systems. David suggests that there are barriers to further success,
and that these lie within the mathematics community, rather than outside of it.
These three topics are sure to stimulate discussion and we’d be happy to hear your
thoughts on this, or, indeed, any of the content in the Gazette.
We continue to showcase Society members; in this issue the recipient of the 2010
T.M. Cherry Prize, Lewis Mitchell, gives a description of his work in deriving a
variance-constraining Kalman ﬁlter to improve weather forecasting. In Mathematical Minds, we talk with Natashia Boland, who demonstrates real passion for
mathematics and relays some excellent career advice for younger researchers. We
also pay tribute to Charles Pearce’s service as Editor of The ANZIAM Journal.
As mentioned in an earlier issue, the Gazette is no longer accepting contributed
technical papers. Peter Brown’s paper, ‘Modifying Möbius’, has the distinction of
being the last of these papers to be published.
We include our regular items of the Puzzle Corner (congratulations to Ross Atkins
for the best submission to Puzzle Corner 17), book reviews, AMSI and AustMS
news.
Happy reading this issue of the Gazette.

Nalini Joshi∗

Mathematics has been raised as an election issue only once in my lifetime. That
happened three weeks before the date of this Federal election, during Google’s
launch of its ‘australiavotes’ channel on YouTube, when the head of engineering at
Google Australia opened the salvo by asking three Australian politicians (Senator
Kate Lundy (ALP), Senator Scott Ludlam (Greens) and the Liberal MP for
Bradﬁeld, Mr Paul Fletcher) what their parties were going to do to stem the decline
in the number of students studying serious mathematics in Australian schools1 .
The answer, tragically, was ‘nothing’. In this column, I want to concentrate on the
medium of this message rather than the message itself2 .
I want to suggest that our Society will need to embrace the internet as a medium
and become agile with social media networks if we want to reach and keep younger
mathematically educated members of the public and our profession in our Society.
I was struck by the fact that the introduction of the participants on Google’s
panel focussed on one key achievement: each participant was described as having
thousands of followers on Twitter. Their following on Twitter was obviously an
important indicator of their standing amongst the youthful audience on which the
channel was focussed.
This launch coincided with my suddenly accelerated understanding of the enormous change happening in our world. With apologies to those of you who are
already experienced users of Twitter, Facebook, MySpace, and other equivalent
networks, I suddenly saw the potentially immense impact of such media, not just
personally but for mathematics. Right now, we (or at least, I) feel it is great
to have mathematics appear as a focus of articles in a newspaper or interviews
broadcast on TV or radio. In a few years’ time, we will be judging the impact of
a mathematical topic as great only if it becomes the epicentre of a viral video on
YouTube or the focus of thousands of tweets on the internet.
This is not as far-fetched as it may sound. You may already know about Terry
Tao’s blog on mathematics3 . In a post of 17 September 2009, Terry touches upon
the idea of how the internet can be harnessed for collaboration by an online
community of mathematicians (for a speech to the American Academy of Arts and
Sciences). Such large collaborations are happening now, in a way that is similar to
the development of open-source software. If you like this model, imagine what it
∗ E-mail:
1 See

President@austms.org.au

www.youtube.com/watch?v=4K0veLorwCY.

2 See

www.theaustralian.com.au/national-aﬀairs/commentary/wrong-numbers/story-e6frgd0x1225902743924 for my op-ed article on the message.

3 See

terrytao.wordpress.com.
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might bring to the generation of new ideas and proofs in mathematics. The open
participation by a large and diverse group of interested mathematicians would at
the very least mean that many people had read the proof, leading to fewer errors in
the published version. It also means that there are no barriers (other than access to
the internet) between sub-communities, which are often imposed by geographical
or cultural constraints.
Such open communication is precisely what attracts people to participation in
online communities. My hypothesis is that it may also be attractive to those people
who ﬁnd engagement with professional mathematicians diﬃcult. Participation
in an online community allows for widespread, immediate, often irreverent
content, which allows self-correction by the community. It is this combination
of characteristics that appears to lead to deeply felt validation, something that
engages many younger participants.
What can our society do to harness this power of the internet? We could facilitate
the production of short videos for posting on YouTube. The Australian Association
of Mathematics Teachers has produced four videos for community announcements
to encourage participation called ‘You can do maths’ in 2009 and they are posted
on YouTube4 . We could provide a forum for online discussion, create a Facebook
proﬁle, produce blogs and broadcast on Twitter. I hope you will agree with me that
these are all worthwhile endeavours that our society should initiate and maintain
if we wish to be remain relevant for the generations to come.

Nalini Joshi has held the Chair of Applied Mathematics at the University of Sydney since 2002. In 2008, she was elected a Fellow of the
Australian Academy of Science. Her research focuses on longstanding
problems concerning the asymptotic and analytic structure of solutions to nonlinear integrable equations.

4 See

www.aamt.edu.au/Activities-and-projects/Previous-projects/Community-ServiceAnnouncements.

Industrial mathematics:
here and now . . . positive in all directions
David Shteinman∗

In a recent edition of the Gazette, Graeme Wake [1] wrote of the success of industrial mathematics as something that, like the crest of a wave, is about to ‘break
through’. In this article I would like to inform AustMS members of projects already underway in industrial mathematics and statistics through MASCOS (the
Australian Research Council’s Centre of Excellence for Mathematics and Statistics
of Complex Systems). To extend the nautical metaphor — we are surﬁng down a
wave now, and there are more waves coming!
Since 2008 MASCOS has conducted 14 projects in industry. Industry sectors
include transport (NSW Roads and Traﬃc Authority, and Vicroads), defence (Defence Science and Technology Organisation), coal mining (MSEC Consulting
Group), medical devices (Cochlear), mental health (the Mental Health Research
Institute) and nuclear science (ANSTO). For project details see MASCOS annual
reports at www.complex.org.au.
MASCOS projects are not like typical consulting projects, where a speciﬁc problem is solved using existing mathematics, and recommendations are made. Rather,
each project starts with an open problem set by the client. For example ‘design
a new traﬃc control system to reduce congestion’, or ‘design a statistical model
to predict the cost of road network simulations based on network complexity’ or
‘propose a new theoretical framework to improve the conﬁdence in risk modelling
of ground movement due to underground mining’. These projects require original
applied research in a combination of mathematics, statistics and engineering to ﬁll
the gap identiﬁed by the open problem. Hence, in addition to the commercial value
to the industry client, each project has research value to the professional mathematician or statistician. Research areas covered include statistical mechanics of
non-equilibrium systems, extreme value theory, classiﬁcation of high-dimensional
data, risk modelling and more.
All these projects have been fully funded by the industrial clients themselves. Unlike OCCAM in the UK (Oxford Centre for Collaborative Applied Mathematics),
mentioned in [1], we have not had to rely on Saudi Arabian funding.
There are clear reasons for the successes so far, and yet there are barriers to further success. Contrary to popular opinion, these barriers are not due to lack of
government funding or to private industry or university administrations. Rather
∗

E-mail: davids@complex.org.au
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the barriers lie within the mathematics community itself, such as some cultural
attitudes partly related to the academic promotion process (see ‘Barriers’ below).
We now give three sample projects as illustrations.
Project 1.
Traﬃc networks: the dynamics of congestion
The transport sector, in particular road traﬃc modelling, has been the sector
of greatest activity for MASCOS projects. It has been a perfect combination of
meeting an urgent industry need (how to reduce road traﬃc congestion without
building new infrastructure) and research interest (improving the methods of modelling non-equilibrium systems that are constrained in a network structure). This
was verbalised by a Vicroads manager who said at a meeting with MASCOS:
We know traﬃc engineering very well. Now we want to hear from mathematicians and physicists to help solve the big problem of congestion.

In the two-stage project with Vicroads ‘Arterial road congestion: network modelling and improved control’, researchers from the Critical Phenomena group of
the MASCOS Melbourne University node, led by Dr Tim Garoni and Dr Jan
de Gier, have developed a Cellular Automata (CA) simulation model of traﬃc
ﬂow in generic urban networks. The research will be published in 2010 in Physical
Review (see [2]).
The model was applied to a speciﬁc road network in the Melbourne suburb of
Kew, the objective being to develop alternative traﬃc light control strategies for
the urban road networks managed by Vicroads. Currently, the only input data
for the signal control systems is provided from induction-loop detectors, and this
information is rather limited. MASCOS’s CA model was used to study the performance of a range of more general adaptive traﬃc signal systems, which utilise
more detailed input data. The model, and its results, are being used as support
for upgrading to new traﬃc detection systems for Melbourne roads.
In particular, the CA model was used to study the relative eﬃciencies of two distinct types of adaptive traﬃc signal systems; a system that only considers the
congestion of upstream links, versus a system that considers the congestion of
both upstream and downstream links. The simulations suggested that the latter
system is more eﬃcient — around 5% better in the case of the Kew network. A
5% reduction in congestion for no extra infrastructure cost is highly signiﬁcant.
The project has raised a wide range of scientiﬁc issues. In contrast to traﬃc on
freeways, traﬃc ﬂow on networks is, as yet, poorly understood. The CA model
and its application have led to the following fundamental issues being addressed
in the ongoing project [2]:
• study of parameter sensitivity and identiﬁcation of critical traﬃc states
• determination of phase diagrams and phase structures, that is, what are the
fundamentally diﬀerent behaviours of traﬃc on a network?
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• identiﬁcation of critical-length scales such as mean free paths and correlation
lengths
• investigation of the existence of scaling
• investigation of non-equilibrium work relations and ﬂuctuation theorems: can
we describe global states of traﬃc using thermodynamic quantities, and how
do these relate to ﬂuctuations in density and ﬂow?
• development of a computationally eﬀective traﬃc model on a network with
about 100 intersections. This requires identiﬁcation of relevant features, so
that irrelevant details can be neglected.
• correlations between optimisation functions: are Minimal Delay, Optimal
Flow, and Total Travel Time equivalent measures?
Project 2.
Guidelines for designing and analysing traﬃc micro-simulations
The expense of designing and building new road infrastructure or testing alternative traﬃc scenarios can run to billions of dollars. Therefore, all design changes
are ﬁrst assessed using traﬃc micro-simulation software.
In 2009, MASCOS identiﬁed a need for rigorous statistical analysis of the outputs
of these simulations. In 2010 MASCOS is nearing completion of a three-stage
project with the NSW Road and Transport Authority’s Network Performance Development Group to design and build a rigorous statistical framework to analyse
the outputs of traﬃc micro-simulations. The project is being conducted by the
author, on behalf of MASCOS’s UNSW node, assisted by Dr Sandy Clarke of
Melbourne University’s Statistical Consulting Centre.
Exploratory Data Analysis (EDA) techniques, traditionally used in industrial quality control, have been adapted to the analysis and design of traﬃc micro-simulations. EDA techniques have been used to gain insight into the salient features
of the output of a wide range of traﬃc simulations, ranging from small arterial
networks to freeways and entire suburbs. The EDA has shown, for example, the
importance of extreme events or ‘outliers’. Outliers are being used as a diagnostic
tool when correlated with other inputs to distinguish between model errors and a
real occurrence of a rare event (for example, a major accident).
Once high-quality simulation data is obtained, the sources of variability in the
simulations are considered, using ANOVA, as well as the implications of this for
the precision of estimates of network characteristics, such as vehicle hours travelled. This informs the choice of run size and comparisons between diﬀerent traﬃc
scenarios.
The ﬁnal stage of the project will seek to ﬁnd functional relationships between network features, output precision, the number of simulation runs and the complexity
of the network being simulated. Network complexity is described by features such
as the number of zones, number of road links per intersection, size and shape of the
network, total number of vehicle trips, time duration of simulation, and boundary
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congestion eﬀects (the eﬀect of delayed or ‘unreleased’ vehicles that could not enter the network due to congestion or incomplete trips, and of vehicles that could
not exit the network due to congestion).
The MASCOS/RTA project is unique in its application of advanced statistical
methods to traﬃc micro-simulation. It has aroused great interest in the RTA and
the wider traﬃc-modelling community. A technical paper and special session on
its applications to policy evaluations in transport will be presented at the 17th
World Congress on Intelligent Transport Systems in Busan, Korea in October 2010
(see [3]).
Project 3.
Mining and geo-mechanics
MASCOS has established a three-stage project with MSEC Pty Ltd (Mine Subsidence Engineering Consultants) of Sydney, to develop statistical methods using
Extreme Value Theory (EVT) in order to improve prediction of the magnitude of
ground subsidence due to underground coal mining, and the consequential impacts
on structures (see [4]).
The ﬁrst stage of this work was completed by Dr Scott Sisson of the School of
Mathematics and Statistics, UNSW. This involved exploratory statistical analyses
to quantify the probability that a future ground strain caused by mining exceeds
a speciﬁed maximum tolerable subsidence (that is, a trigger point). It was demonstrated that using EVT-motivated models to describe the extreme tails of MSEC’s
observed strain data resulted in more credible ﬁts than those based on alternative
models originating from the full dataset. As a consequence, the predictions of
future extreme subsidence in excess of the trigger points are more reliable.
The second stage of this project is being conducted by MASCOS post-doc Dr Yaoban Chan, who will develop the statistical models more precisely. This involves
the use of regression methods to improve accuracy and precision by the inclusion
of relevant explanatory variables, such as the distance from the point of interest to
the mine (a ‘far ﬁeld’ analysis), and the modelling of the relationship of subsidence
strain and curvature. Dr Chan is also simplifying the implementation of the EVT
methods by supplying MSEC with programs written in the ‘R’ software package,
with documentation for easy application.
In 2010, work on the third and ﬁnal stage of the project will aim to incorporate
the eﬀect of multiple ‘longwalls’ (the mines excavated by drilling equipment moving underground), as well as smoothing raw curvature data. The application of
statistical EVT to predict ground subsidence is a new application of the theory; it
is also the ﬁrst time that state-of-the-art statistics has been used in this particular
industry sector [3].
The project hopes to establish, in a statistically rigorous manner, the extent to
which factors (such as geology, valley width, distance to the leading edge of the
longwall) known to inﬂuence ground movements in general, primarily drive the
process of extreme strains or ‘upsidence’ (upwards movement of a valley ﬂoor),
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and the extent to which these can then be used to predict future ground maximum
movements at new locations.
The results from Stage 1 were used in MSEC’s 2009 submissions to the NSW
Government. Stage 2 and 3 results will assist MSEC in its consultancy advice to
Government and mining companies on the eﬀects of proposed underground mines.
Reasons for success
By analysing the most successful projects, and how they evolved, we can discern
some characteristics that may contribute to the success of industrial mathematics
projects in general.
Firstly the majority of the large-scale projects were created by the MASCOS
industry division itself. We did not wait for a company to come to us with a problem. Rather, MASCOS approached an industry sector with the general outline of
a project. For example, the idea of applying the methods of statistical mechanics and critical phenomena to traﬃc ﬂow dynamics was presented to the traﬃc
management divisions of the RTA and Vicroads.
By taking this proactive approach of targeting industry sectors for speciﬁc projects
we are able to satisfy the ‘double’ demand of commercial beneﬁt to the industry
partner and genuine research value for the mathematician. Furthermore this approach allowed us a signiﬁcant role in shaping the project structure with respect
to duration (all projects span a minimum of six months) and skill level (PhD level
and above).
A second feature contributing to success was the researchers’ familiarisation with
the domain of the problem at hand. Researchers on traﬃc projects learnt the
basic elements of intersection control systems, traﬃc engineering principles and
terminology. Researchers on the ANSTO project became familiar with the basics
of nuclear research reactor operation, control and safety systems, regulations, and
instrument calibration requirements. A mathematical modelling project that is
devoid of such engineering and technology content would be of dubious value.
Project familiarisation was coupled with a willingness to ‘get one’s hands dirty’
with real data. Surprisingly, this has been an obstacle when staﬃng projects.
Patience and a degree of worldliness are required to accept that real-world data
is never like the ‘toy’ data presented in text books that students are trained on.
However, that patience is repaid many times over with the intellectual satisfaction
of subjecting theory to a reality test in a project that also makes a diﬀerence in
the world.
Barriers
The single greatest barrier to further success in industrial projects has been a
shortage of willing mathematicians and statisticians to participate in the projects.
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The reasoning behind this reluctance usually goes as follows:
Objection 1: Industry-based projects are mere consulting and of little scientiﬁc
value
Objection 2: Industry-based projects only lead to B-grade publications, at best
Conclusion: Working on an industry project is bad for my career advancement.
Earlier in this article I presented the scientiﬁc value of just three of our fourteen
projects. Moreover, the history of mathematics and statistics is full of cases where
work on a real-world problem led to a major advance in mathematics. Without
the motivation and ‘raw data’ of the problem the theoretical advance may never
have occurred. Here is a sample in chronological order.
• Euler initiated Graph Theory from his solution to the Koenigsberg bridge
problem
• Gauss developed and demonstrated the Method of Least Squares as a way to
predict the position of the asteroid Ceres
• Fourier developed what we know as ‘Fourier analysis’ from trying to solve the
heat equation, which is of fundamental importance to all thermodynamics
• Heaviside step functions were developed to model electric current
• R.A. Fisher developed the Analysis of Variance and the entire basis of Designed Experiments to improve the eﬃciency of experiments on farming methods at Rothamsted Experimental Station
• Dantzig developed the Simplex Algorithm — the basis of linear programming
and subsequent optimisation methods — as a way to solve very complex military scheduling problems that had arisen in World War II.
I trust no reader of this Gazette would claim that the careers of Gauss, Euler,
Fourier, Heaviside, Fisher or Dantzig were degraded by the applied projects that
resulted in their discoveries, nor that their work led to B-grade publications.
Projects in the real world can present a challenge to existing theory and that challenge can be idealised into new theory. Also, an industrial project may present
as a novel application of existing theory. That is also a scientiﬁc contribution, as
the use of new tools advances the domain area of the problem; see the traﬃc and
mining examples above and [3] and [4]. In both cases the initial motivation came
from a real physical problem.
There is a continuing strong demand for mathematicians and statisticians to perform applied research to solve industrial problems. At the very least this guarantees the mathematical sciences community a large and continuous source of serious
problems to work on. What is required is some overcoming of false perceptions
(within the mathematics community) on scientiﬁc value and publication prospects.
Starting with a small project can often lead to bigger things. MASCOS researchers
have two Linkage Grant applications submitted in 2010 that arose from industry
projects.
Engagement with industry through successful projects brings a range of ‘spin-oﬀ’
beneﬁts; for example, improved public recognition for the importance and value of
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the discipline. That in turn should enhance the view of the mathematical sciences
in the eyes of many, including, most importantly, prospective students.
Finally, engagement with industry has one other major beneﬁt — it reduces the dependence of the mathematical sciences on government funding (professional mathematicians’ biggest source of complaint). So, engaging with industry really is
positive in all directions!
Those interested in participating in industry-based projects that require skills in
mathematics or statistics should contact the author at davids@complex.org.au and
see www.complex.org.au.
Acknowledgements. I would like to thank those members of MASCOS and UNSW
School of Mathematics and Statistics who made comments on an earlier draft of
this article.
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Ivan Guo∗

Welcome to the Australian Mathematical Society Gazette’s Puzzle Corner No. 19.
Each issue will include a handful of fun, yet intriguing, puzzles for adventurous
readers to try. The puzzles cover a range of diﬃculties, come from a variety of
topics, and require a minimum of mathematical prerequisites to be solved. And
should you happen to be ingenious enough to solve one of them, then the ﬁrst
thing you should do is send your solution to us.
In each Puzzle Corner, the reader with the best submission will receive a book
voucher to the value of $50, not to mention fame, glory and unlimited bragging
rights! Entries are judged on the following criteria, in decreasing order of importance: accuracy, elegance, diﬃculty, and the number of correct solutions submitted. Please note that the judge’s decision — that is, my decision — is absolutely
ﬁnal. Please e-mail solutions to ivanguo1986@gmail.com or send paper entries to:
Kevin White, School of Mathematics and Statistics, University of South Australia,
Mawson Lakes SA 5095.
The deadline for submission of solutions for Puzzle Corner 19 is 1 November 2010.
The solutions to Puzzle Corner 19 will appear in Puzzle Corner 21 in the March
2011 issue of the Gazette.
Tennis tournament

Photo: Humberto Ortega

There are 256 players in a knockout tennis
tournament. Assume that the players can be
(strictly) ordered according to how good they
are, and the better player always wins in a
match. In each round, all players still in the
tournament are paired up for matches. Half
the players are losers, and are eliminated; the
other half are winners and proceed to the
next round. Regardless of the pairing of remaining competitors in each round, the winner of the tournament will always be
the best player. But the losing ﬁnalist is not necessarily the second best player. After the tournament, how many more matches are needed to determine the second
best player?

Paper route
Patrick the paper boy delivers papers to 50 houses along a street. One forgetful
morning, he brought only 40 papers with him. Instead of going back to get more,

E-mail: ivanguo1986@gmail.com
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the lazy Patrick decided to not deliver to 10 houses. To minimise gossip about his
poor work ethic, out of any block of three consecutive houses, Patrick would miss
at most one. In how many ways can Patrick deliver the papers in this manner?
Guessing game
The master whispers a positive integer to each of his three apprentices, then says
out loud that the sum of the three numbers is 14.
The ﬁrst apprentice was eager to show his talent. ‘With my years of training in
arithmetics,’ he says, ‘I deduce that the other two have diﬀerent numbers.’
Not willing to fall behind, the second apprentice interjects, ‘Even before your
remark, I already knew that we all have diﬀerent numbers!”
With a satisﬁed grin, the ﬁnal apprentice declares, ‘That’s nothing. I now know
both of your numbers.’
Assuming they are all speaking the truth, do you know what the numbers are?
Bonus: Assume everything else was kept the same, but the second apprentice had
instead said, ‘From your remark, I’m certain that we all have diﬀerent numbers.’
Would that make any diﬀerence?
Serious summation
Express
9800

n=1



n+

1
√

n2 − 1

√
in the form of a + b c where a, b and c are integers.
Reality television
For a particularly bizarre reality television program, the contestants are arbitrarily
divided into 11 teams. Each contestant is also assigned to live inside one of eight
huge bedrooms constructed for the show. Prove that there exist three contestants,
each of whom has more roommates than teammates.
Scissors and shapes
1. Edward has four large congruent right-angled triangles. Each move he chooses
a triangle in front of him, and cuts it into two smaller right-angled triangles
with a single straight cut. Is it possible to get to a stage where no two
triangles in front of Edward are congruent?
2. Each move, Edward is allowed to cut a polygon in front of him into two pieces
by a straight cut. Then he must turn over one piece and join it back to the
other piece, along the edge created by the initial cut. This results in a new
polygon. Starting with a square, can Edward transform it into a triangle
using these moves?
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Solutions to Puzzle Corner 17
The $50 book voucher for the best submission to Puzzle Corner 17 is awarded to
Ross Atkins. Congratulations!
Railway repairs
Solution by: Alan Jones
If the current trip takes 4 units of time, then repairing either section will shorten
the trip by one unit of time. Repairing both sections will therefore halve the trip
time and double the average speed.
Circles and tangents
Solution by: Robert Tang
Rotate the equilateral triangle by 60◦ about its
centre to form a new triangle, which also inscribes
the unit circle. In particular, one side must be
the common tangent of the two circles. Furthermore, six smaller congruent equilateral triangles are formed, with one of them inscribing the
smaller circle. By simply comparing side lengths,
the small triangle is a third of the size of the
original triangle. Hence the smaller circle has radius 1/3.

Peaceful pairing
Solution by: Joe Kupka
Let |AB| denote the length of line segment AB. Label the red points by R1 , R2 ,
. . . , Rn and the blue points by B1 , B2 , . . . , Bn .
Out of all possible red-blue pairings, choose the one which minimises
n


|Ri Bi |.

i=1

The minimum exists because the number of possible pairings is ﬁnite. Under the
minimal pairing, if two segments, say R1 B1 and R2 B2 , intersect at X, by the
triangle inequality,
|R1 B2 | + |R2 B1 | < |R1 X| + |B2 X| + |R2 X| + |B1 X| = |R1 B1 | + |R2 B2 |.
This contradicts the minimal assumption. So there are no intersections in this
pairing, as required.
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Chessboard parity
Solution by: Pratik Poddar

8
7
6
5
4
3
2
1
a

b

c

d

e

f

g

h

Let the number of pieces in columns a, c, e and g be X and the number of pieces
in rows 2, 4, 6 and 8 be Y . Furthermore, let the number of pieces on black squares
be Z and the number of pieces in the 16 indicated white squares be W . Then we
have
X + Y = Z + 2W.
From the question, X and Y are both even since the number of pieces in each
column or row is even. Hence Z, the number of pieces on black squares, is also
even.
Bonus: If each column or row has an odd number instead, X and Y are still both
even as they are sums of four odd numbers. Hence the number of pieces on black
squares is still even.
Tip the balance
Solution by: Ross Atkins
First, we can redeﬁne the question so that all weights are on the right side, but
some weights may be negative. Let there be n students in the class, so there
are 2n diﬀerent options for the teacher, including choosing the empty set. If the
probability of each option is exactly 1/2n , we can compute the average weight on
the right side of the scales.
Take any weight and say there are k names on it. The probability that it will
remain on the right side, is equal to the probability that the teacher will choose
an even number of these k names. This equals
 k  n−k
k n−k k n−k
2
+ 2 2
+ · · · + 2l
2k−1 2n−k
1
0 2
=
= ,
n
2
2n
2
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where 2l is the largest even number no greater than k. Hence each weight has
equal chance of being on the left or the right side. On average, the scales will
balance.
Since the scales are tipping to the right when the teacher chooses the empty set,
there must exist a set of students that makes the scales tip to the left.
Digital dilemmas
Solution by: Alan Reynolds
1. There are 1010 − 1 positive integers with 10 digits or fewer. Meanwhile, there
are 105 − 1 positive integers with ﬁve digits or fewer. Count the number of
diﬀerent ways of selecting two factors with ﬁve digits or fewer. If the factors
are the same, there are 105 − 1 ways. If the factors are diﬀerent there are
 5

10 − 1
(105 − 1)(105 − 2)
=
2
2
ways. This gives a total of
T =

1010 − 1
1010 − 105
(105 − 1)(105 − 2)
+ (105 − 1) =
<
2
2
2

diﬀerent possible products.
Note that the same products may be counted more than once, for example
24 = 4 × 6 = 2 × 12. But the number of products is strictly less than T ,
which is less than half of the number of positive integers with 10 digits or
less. Therefore set B is larger than set A.
2. To simplify the solution, we allow numbers to start with leading zeroes. So
when we refer to ten-digit numbers, we include 0000000001, 0000000002, etc.
Furthermore, we include zero, that is, 0000000000, since 05 contributes nothing to either x or y. Let Si be the set of i digit numbers (including those
with leading zeroes). Let Ai be the subset with odd-digit sums and Bi be the
subset with even-digit sums. First deﬁne f10 (a) = a5 . We need to determine
whether the diﬀerence


D =y−x=
f10 (i) −
f10 (i)
i∈B10

i∈A10

is positive, negative or zero.
Start by calculating, for each initial sequence of nine digits, the contribution
made to D. For any nine-digit number a, deﬁne
f9 (a) = f10 (10a) − f10 (10a + 1) + f10 (10a + 2) − f10 (10a + 3)
+ f10 (10a + 4) − f10 (10a + 5) + f10 (10a + 6)
− f10 (10a + 7) + f10 (10a + 8) − f10 (10a + 9).
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If a has an even-digit sum, f9 (a) contributes positively to D. If a has an
odd-digit sum, f9 (a) contributes negatively to D, so


D=
f9 (i) −
f9 (i).
i∈B9

i∈A9

This may not seem to be a great step forward, since f9 is a more complicated
function than f10 . However, note that f10 is a ﬁfth degree polynomial. When
substituted into the deﬁnition of f9 , the leading term is multiplied by a constant, then added and subtracted the same number of times. This results in
f9 being a fourth degree polynomial.
Now deﬁne f8 , f7 , f6 and f5 recursively in using
fk (a) = fk+1 (10a) − fk+1 (10a + 1) + fk+1 (10a + 2) − fk+1 (10a + 3)
+ fk+1 (10a + 4) − fk+1 (10a + 5) + fk+1 (10a + 6)
− fk+1 (10a + 7) + fk+1 (10a + 8) − fk+1 (10a + 9).
Applying the same argument, we have


D=
fk (i) −
fk (i),
i∈Bk

k = 8, 7, 6, 5

i∈Ak

and fk is a polynomial of degree k − 5. In particular


f5 (i) −
f5 (i),
D=
i∈B5

i∈A5

where f5 is a constant. But now we note that the number of ﬁve-digit numbers with even digit sum is equal to the number of ﬁve-digit numbers with
odd digit sum. Therefore D = y − x = 0, that is, y = x.
This is a rather surprising result and it generalises to larger values. For example, we could use numbers up to 100 digits and take them to the power
of 99, and the two corresponding sums will still be equal!

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

Natashia Boland∗

Gazette: When did your interest in mathematics begin?
Boland: I ﬁnd it hard to remember a time when I wasn’t interested in maths. It
was always my favourite subject at school, but even before that I know I liked
it. My mother claims it was the early coaching she gave me involving chocolate
‘Smarties’ ! I think subtraction meant I got to eat some . . . .
Gazette: Were you encouraged to do and did you enjoy mathematics at school?
Boland: Yes and yes. I had a series of motivated and supportive teachers, although
to be fair, I enjoyed English, literature and music very much also. But mathematics was always my favourite. The teachers I had at high school, especially Janet
Hunt, who is something of a national ﬁgure, played a huge role in sustaining that
and making sure I could develop my interest and abilities in mathematics.
Gazette: Did your parents encourage you to become a mathematician?
Boland: They encouraged my interest in mathematics, and to some extent did
encourage me to become a mathematician, a decision I made around age 6. I
had earlier expressed a desire to be an engineer — I played constantly with lego,
meccano and so on — but my mother told me that being an engineer was boring!
So since maths was my favourite subject, I asked if I could ‘just do maths’. When
told ‘yes’, the decision was made. (Of course I now know that being an engineer
can be very interesting too.)
Gazette: What did you study at university? And why?
Boland: I studied maths because I loved it, and computer science because I was
worried maths might not get me a job! It turns out that these areas converge,
and I have a hard time saying deﬁnitively about many ﬁelds of study whether
they should be classed as ‘computer science’ or ‘maths’. My research is still at the
junction of the two, and I continue to enjoy close collaborations with computer
scientists. From a practical point of view, I now know that maths skills are highly
valued in the job market, and that maths can lead to a wide variety of careers.
But I would also say that, in my view, doing maths without computer science is
like buying a car with a great engine but no wheels — you can’t go anywhere very
exciting! Having strong computer programming skills and a good understanding
of computer science is an essential adjunct to my area of research.

∗ School of Mathematics and Physical Sciences, University of Newcastle, Callaghan, NSW 2308.
E-mail: Natashia.Boland@newcastle.edu.au
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Gazette: On the subject of your research, in which areas of mathematics do you
work?
Boland: I work in operations research. It applies mathematics to solving problems
in the real world involving decision-making, trying to make best decisions in the
face of limited resources or other constraints. Many situations in transportation,
scheduling, planning are well addressed with operations research. It is also about
the study of mathematical structures motivated by such problems. So it embraces
both mathematics per se, and applications. It is embedded in valuable and pervasive software packages used routinely by companies, for example, to plan airline
crew and aircraft movements, to schedule production in factories, or to route vehicles for deliveries. It is increasingly being used for making complex decisions in
environmental management, and healthcare.
Gazette: What led you to a PhD?
Boland: Intellectual curiosity, and love of my subject. By the end of honours,
I could clearly see how much mathematics lay still to be discovered — and still
does. I think I am an explorer at heart, and doing research is very much about
exploring the unknown. As well as simply loving doing maths and wanting to
do more of it, I know that I also felt I would be very bored in a regular job. I
had had a couple of good vacation jobs at companies, and even though they were
on the more technical, challenging end of the spectrum, I could well see that if I
tried to keep doing that I would be bored. I like variety, the opportunity to think
creatively, and as I said before, to explore — doing research oﬀers all of this, and
more.
Gazette: What was your career path from PhD to Professor? Were there challenges
to overcome along the way?
Boland: After a brief stint working with a Melbourne-based company on airline
planning software, I took up postdoctoral research fellowships in Canada and the
US, one year each respectively. I then returned to Australia to take up a permanent academic position at the University of Melbourne, where I remained for
13 years, ultimately promoted through to Associate Professor. For the last ﬁve
years I was at Melbourne Uni, with the support of Professor Peter Taylor, the
Head of the Department of Mathematics and Statistics, I founded and directed
Melbourne Operations Research, a consulting and contract research practice operating on behalf of the University (and the Department). This practice undertook
mathematical modelling and developed solutions for a variety of business and industry clients. Just over two years ago I left to take up a role as Professor of
Applied Mathematics at the University of Newcastle, taking the opportunity to
build up an academic group working in operations research.
I would say that there were signiﬁcant challenges along the way. Managing the
diverse and demanding workload of an academic is never easy. In my ﬁeld of
research, it is also diﬃcult to make progress without substantial and specialised
computer programming assistance, which is too time-consuming to ﬁt into a normal academic workload. Thus capable PhD students or research staﬀ are critical
for developing one’s research ideas. This requires both good luck in attracting
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PhD students with the right skills, and research funding. I found the latter diﬃcult to obtain in my early years as an academic — grant funding is always scarce
and highly competitive — and I owe my ultimate success in that to the great mentors I had at the University of Melbourne, (most especially Peter Taylor), and to
the industry partners willing to invest in my research program.
Gazette: What led you back from North America to Australia?
Boland: Gum trees! I was deeply homesick when out of Australia, and it was primarily the landscape, the bush, the culture of Australia — multiculturalism and
egalitarianism — that I came back for. Lower salaries in academia, greater administrative and teaching workloads and lack of infrastructure and research support
compared to the options I might have had in the US seemed to be the price I had
to pay to live in Australia, and I have so far been willing to pay it.
Gazette: You’ve worked on a range of successful industry projects. Have you considered moving from academia to industry?
Boland: I have on several occasions considered that, and also considered moving
to the CSIRO, which also has a strong research focus plus strong industrial links.
My reasons for not moving were complex, and varied in each case. I think the key
factors keeping me in academia have been the ability, to a large extent, to set my
own agenda, and my enjoyment of teaching and research supervision. I like very
much seeing people develop their abilities and skills, and facilitating that. I ﬁnd
it very rewarding. And university life oﬀers a lot of opportunity for that.
Gazette: You were mentored during part of your career by George Nemhauser, a
world leader in discrete optimisation. What do you value from this relationship?
How did this shape your career?
Boland: My PhD had been in the continuous side of optimisation. While I was
in the ﬁnal stages of completing it, I attended a workshop that George gave at
an international conference on discrete optimisation, or rather integer programming. I loved it immediately — the power of the applications in the real world, the
discrete and combinatorial ﬂavour to the mathematics — and decided to change
my research ﬁeld as a result. Making the transition from continuous to discrete
took some time — the two areas rely on quite diﬀerent types of mathematics — and
George further supported me in doing that by giving me a postdoc to work with
him and his group at Georgia Tech in the US, which I did in 1994. I learned
many valuable things from working with George, too many to list. He is still an
inspiration and if I can accomplish even a small portion of what he has, I will be
grateful.
Gazette: What is the best career advice you have ever received?
Boland: I’ve had probably four clear pieces of career advice given to me.
The ﬁrst was to go overseas for postdoctoral research after my PhD ﬁnished, which
my PhD supervisor Alistair Mees strongly encouraged me in. Doing so had signiﬁcant personal costs, and I wouldn’t necessarily recommend it for everyone, nor
do I believe it is as important now as it was 15 years ago. Nevertheless I would
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recommend that all young academics gain some international experience, in whatever form they can manage. The conﬁdence that comes from knowing you can
mix with the best, from all over the world, and make a contribution at that level,
and the contacts and collaborations that follow, are priceless for a rich and happy
academic career.
The second was to ﬁnd a niche — specialise in one key area, technique, or application and become the world’s best in that. I have not been able to follow that
advice — it is excellent advice, and a perfect recipe for academic success. But I
don’t have the constitution for it. I love variety too much, and enjoy exploring
new things too much.
The third was to apply for promotion. I hate the process, and delayed going for
promotion for much too long. But one of my mentors at Melbourne Uni, Professor
Rachel Webster, continued to pester me to look after my career in this way — and
I am ever grateful to her for that.
The fourth was to continue to apply for grants, even in the face of the ongoing
lack of success I was experiencing. Professor Peter Taylor was instrumental in
encouraging me to keep doing this, and in suggesting diﬀerent ways of going about
it.
Gazette: Of what achievements are you most proud?
Boland: I am proud of the PhD students I have supervised, of the results they
achieved in their research and the growth they experienced in the process. I am
also pleased at having been able to do work that makes a diﬀerence in the world,
of the tools, concepts and insights I’ve been able to give to business and industry
over the years. I’m particularly happy that I’ve been able to build the group that
I now have at the University of Newcastle, in operations research, and I am looking forward to seeing all the members of it blossom. In terms of speciﬁc research
results, probably the work that has been ongoing over a number of years in constrained shortest paths has made the most signiﬁcant contribution to international
research. But I am pleased to have been at the forefront of development in a number of diﬀerent areas at various times, including column generation stabilisation,
optimisation in mining, and aspects of stochastic programming. It is exciting to
be active in unfolding a new area of activity and starting to see its potential.
Gazette: In which direction is your research heading?
Boland: Since coming to Newcastle, the importance of integrated, complex logistics planning and scheduling activities has been highlighted by the local coal
export supply chain. Newcastle is home to the world’s largest coal export terminal, and the logistics planning group for the operation is a major supporter of the
current and ongoing research of my group. The logistics challenges in the coal
chain have thrown up many fascinating and diﬃcult mathematical questions that
I am looking forward to answering in coming years.
Newcastle is also a major centre for energy generation, and this has led to my involvement in research involving power networks, electricity distribution networks,
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and renewable energy network design. Power ﬂow is highly nonlinear and continuous, whilst infrastructure design choices, such as the number of generators of each
type to install at each location, and network structures, are discrete. This interplay presents interesting mathematical challenges and there is now an up-swell of
international research in this area.
These practical motivations are highlighting the importance of robust optimisation — planning so as to hedge against uncertainty — and of scheduling, and the
challenges of working properly with continuous time in an eﬀectively discrete setting. Quite a few of my current research interests are in this latter direction,
thinking about how to identify the important times to schedule things, without
exhaustively searching through all possible times.
Gazette: Why do you do mathematics?
Boland: That is a very hard question to answer. Why does a ﬁsh swim in water?
It seems very natural to me to do it, and I know I would miss it terribly if I didn’t.
Gazette: Do you have obsessions or interests outside of mathematics?
Boland: The thing I probably spend most time on outside of academic life is bushwalking. I enjoy that very much and try to get in a good walk of some kind at least
once a week. For a number of years I did quite a lot of yoga, but a recent injury has
set that back for the last year. I have a long-standing interest in psychology, and
in Eastern philosophy, and especially the junction of the two. But as in maths, I
like variety in everything, and from time to time enjoy a range of diﬀerent things,
including good food — both eating and cooking, good books, art, music, travel.
Last but not least, I am very happily married and enjoy, above all, time spent
with my husband. This sometimes overlaps with my mathematical interests, as he
is in exactly the same ﬁeld as I am!

Natashia L. Boland received her BSc (Hons) in Mathematics and Computer Science and her PhD in Mathematics from the University of Western Australia in 1988
and 1992 respectively. After six months working on airline applications of operations research for a Melbourne
software company, she took up research fellowships at the
University of Waterloo (1993) and Georgia Institute of
Technology (1994), before joining the University of Melbourne in 1995. Moving to the University of Newcastle to
take up the position of Professor of Applied Mathematics in 2008, Natashia continues to develop her research
program in operations research and its applications.

Charles Pearce
Erstwhile Editor of The ANZIAM Journal
Phil Howlett∗

Charles Pearce is one of the ﬁnest applied mathematicians in Australia. He is not
only a scholar but also a gentleman. I have worked closely with Charles for the
past 15 years and I must say it is hard to imagine a more agreeable and unﬂappable
colleague. Charles has an enormous appetite for work — it is not unusual at any
hour of the day or night to ﬁnd him at work in his oﬃce — but it would be a
mistake to think that his interests are restricted to mathematics. His interests
include history, culture, the arts and language — indeed there is no end to his
personal quest for knowledge.
As with his interests in all things Charles has a very broad range of interests
in mathematics. My joint research with Charles has included optimal control,
stochastic processes, modelling of realistic systems and inversion of singularly perturbed operators. But I am only one of 60 with whom Charles has undertaken
joint research. Number theory, operations research, telecommunications, inequalities, measure theory, military strategy and many more topics come readily to
mind and with a little thought I could go on and on. Charles has had a distinguished research career for which he was justly rewarded with the ANZIAM Medal
in 2001 and the ASOR Ren Potts Award in 2007. He was promoted to Professor
of Applied Mathematics at the University of Adelaide in 2003 and subsequently
appointed to the Thomas Elder Chair of Mathematics in 2004. Charles Pearce has
been a Fellow of the Australian Mathematical Society since 1995 and was granted
life membership in 2009.
The main reason for this tribute to Charles is, however, his service to The ANZIAM
Journal of the Australian Mathematical Society. When Ernie Tuck became Editorin-Chief of The Journal of the Australian Mathematical Society Series B (JAMS B )
in 1985 the local support team comprised Ren Potts, Charles Pearce and Peter
Gill. Charles became a member of the Editorial Board in 1987, was acting Editorin-Chief in 1989 and 1992 while Ernie was on study leave, and was appointed
Editor-in-Chief when Ernie resigned in 1993. Charles then set out to develop a

Phil Howlett is the immediate past Chair of ANZIAM.
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more explicit international proﬁle for JAMS B. To this end he extended the Editorial Board from 10 in 1993 to 19 in 2000, and in so doing included several prominent
overseas members. In 2000 JAMS B became The ANZIAM Journal with an explicit aim of representing the interests of the Australia and New Zealand Industrial
and Applied Mathematics (ANZIAM) Division of the Australian Mathematical Society. Charles Pearce was the Foundation Editor and Emma Hunt was appointed
as the Executive Editor. Emma has helped Charles to streamline many of the
editorial tasks and has also acted as an assistant editor when Charles has been
away.
Charles served as editor of JAMS B and The ANZIAM Journal for nigh on 20 years
and made his own indelible mark. I noted earlier that his mathematical interests
are eclectic — I know of no one who is more widely read. Indeed when I describe
him as an applied mathematician that could be seen as misleading. Charles is
primarily a mathematician. Thus, under his guidance, The ANZIAM Journal has
become a very broadly based journal — something that does not always sit comfortably with the whole of the applied mathematics community. Mathematics can
be useful — and traditionally The ANZIAM Journal has published articles where
the connection to a speciﬁc application is clearly described — and it can be beautiful. I think the beauty of mathematics is the primary motivation for Charles.
That appeals to me.
The ANZIAM Journal has been, and must remain, an important channel of communication for applied mathematicians from Australia and New Zealand. The
modern world demands that we publish in highly ranked journals and we need to
understand what that means for our ANZIAM Journal. If we want the journal to
survive then we have to support it with many of our best articles. As editor of the
journal Charles followed his own course — not a course dictated by rankings or by
fashion and certainly not a course that pandered to particular interest groups. His
legacy is a journal that stands on its own two feet but nevertheless a journal that
needs our support.
In closing, I want to thank Charles for his many years of distinguished service
to ANZIAM and the Australian Mathematical Society and in particular for his
service to The ANZIAM Journal.
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Aboriginal and Islander Mathematics:
Comments on one aspect of
the proposed National Curriculum
Michael A.B. Deakin∗

The draft [1] of the recently announced National Curriculum for Years K–10 contains the following passage.
Intercultural understanding can be enhanced if students are exposed to other
cultures’ view of mathematics, for example, through examining Aboriginal
and Torres Strait Islander peoples’ perceptions of time and weather patterns,
the networks embedded in family relationships and the algebraic concepts
inherent in storytelling.

A little later, we ﬁnd:
Cross-curriculum dimensions are not explicitly tagged in the content descriptions.
Aboriginal and Torres Strait Islander dimensions are included in the elaborations. It is imperative that all Australian students learn from the wisdom
of the ﬁrst Australians. For example, when considering the idea of seasons
in measurement and geometry, the European tradition of four seasons can
be compared and contrasted with the diﬀerent constructs used by Aboriginal
and Torres Strait Islander people in diﬀerent parts of the country.
The idea of using symbols as a way of generalising relationships can be enhanced by drawing on the perspectives of Indigenous Australians.

This means that detailed syllabuses are not provided, but that suggestions will
follow. However, I will argue here that these passages envisage the introduction
into the National Mathematics Curriculum of a topic (Indigenous Mathematics)
which, strictly speaking, does not exist. It is no derogation of Aboriginal or Islander culture to recognise this fact. Indigenous Australians did not build Gothic
cathedrals either. We all know this and no-one thinks any the worse of them on
this account. Attempts to discover an Indigenous Mathematics are undoubtedly
well-intentioned, but ultimately ill-directed. It is neither useful nor beneﬁcent to
bestow on aspects of Aboriginal and Islander cultures a signiﬁcance that they do
not, in fact, possess.
The inclusion of Indigenous Mathematics in the National Curriculum raises the
obvious question of quite what mathematics could be taught in such a context.
Despite the claims of a few enthusiasts (to be detailed and discussed below), there is
really no indigenous tradition of mathematics, properly so-called, in this country.
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When Graeme Cohen was writing his history of mathematics in Australia [5], he
and I had some correspondence on precisely this issue, and eventually Cohen, who
was keen to detail as much as he could in this area, settled on the three paragraphs
that span his pp. 19–20. Here he is concerned to note that some earlier accounts of
Aboriginal numeration (such as [2], [6]) were oversimpliﬁed and indeed incorrect.
He lists among ‘other concepts that may be described as mathematical’, familial relationships and some temporal, physical and geometric notions. Even so,
his passage concludes: ‘There were no written languages, however, and probably
for that reason there was no systematic development of mathematics’. There is
reference in the relevant endnotes (1–5 of Chapter 1) to six further studies that
may perhaps not be the best he could have chosen, but are nonetheless typical of
writing in this area. Speciﬁcally, he lists:
• a brief popular book by Rudder [17],
• a paper by Harris [9] (who has also written further on this topic elsewhere
[10]),
• an early account of kinship systems [13],
• a more recent discussion of kinship systems [7],
• a technical paper relating to Groote Eylandt [19], and
• a discussion mainly concerned with the teaching of mathematics to Indigenous Australians [21].
He evidently chose not to make reference to further papers (including [10]) in the
collections [8], [18] in which much of this work appeared.
When we speak of a national curriculum, we necessarily refer to those elements
of learning that are to be presented to all students, in other words, core material.
This, of course, does not and should not preclude the use of more speciﬁc material
that may be apt in some particular classroom context. Thus, the introduction
of specialist material when the class comprises a large proportion of Indigenous
Australians, or even of other pupils who regularly interact with them, is quite
appropriate, and this, I take it, is what Wood [21] is saying. But this is a far cry
from making it part of the overall National Curriculum.
What most of the authors listed above do is to highlight aspects of Aboriginal or
Islander lore that either have, or else can be given, a mathematical ‘ﬂavour’: what
we might term ‘proto-mathematics’ rather than mathematics proper. The point
is even conceded explicitly by Rudder [17], whose overall stance is most sympathetic to Aboriginal culture and who shows a very great respect for it throughout.
But still he has this to say: ‘They do it [classiﬁcation] almost completely without
numbers’ (his p. 5, and cf. his p. 40). And on one attempt to translate Aboriginal proto-numerals into precise arithmetic terms: ‘This was a good try, but it
really shows that relationship mathematics and number mathematics don’t have
the same meaning’. (The example is based on ‘turtle egg mathematics’ and seeks
to identify the number 20 with an expression whose literal meaning is “3 ‘rulu’
and a ‘rulu’ that doesn’t matter”. This can hardly stand as a precise translation
of the number twenty; moreover the expression is clumsy in the extreme.) In
other words, these concepts are not precise enough to lend themselves even to the
simplest arithmetic manipulation; they are not mathematics.
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Rudder also brieﬂy adverts to notions of time in the sense of both calendric time
and time of day. Again, such material is mathematical in only the very broadest
sense of that word.
Harris [9], [10] is concerned to rebut some rather denigratory statements made by
earlier linguists like Blake [2] and Dixon [6] on the questions of Aboriginal numeral
systems. His work is thus a welcome and indeed much-needed correction of earlier
erroneous pronouncements. The papers by Geytenbeek [7] and Stokes [19] may
be placed in this same context. Nonetheless the existence of a coherent system
of numerals can hardly be said to constitute mathematics (except again in the
most basic of senses), even in the (rare) cases adduced where the system is highly
elaborated.
When we come to ‘the networks embedded in family relationships and the algebraic concepts inherent in storytelling’, we are on rather uncertain ground. It is
true that a structuralist tradition deriving from the anthropological work of LéviStrauss has analysed kinship rules (incest taboos) in group-theoretical terms. The
best account I know of this material is provided by my colleague Hans Lausch in
the school mathematics journal Function [12]. Many, perhaps even most, other
expositions are plain wrong, including the oft-cited one in the text Finite Mathematics [11] by Kemeny, Snell and Thompson. Error in another account has been
pointed out in a recent review [16]. However, Lausch [12], Cargal [3], [4], and
Pekonen [16] all provide accurate accounts of the mathematics that has been used
to analyse the kinship rules. Even so, doubt has been expressed [3], [4] over how
well the mathematics captures the underlying ethnology. Furthermore, Mathews [13] lists various exceptions to the underlying rules and, although his account
predates the mathematical analysis, it may be read as implicitly concurring with
such doubts.
Although Lausch’s exposition [12] was published in a journal of school mathematics, the aim of that journal was never to rehash syllabus content, but rather to
provide enrichment material for extra-syllabus study. It is nowhere envisaged that
a study of group theory should form part of the school curriculum, especially in the
years K–10. Furthermore, there is an important distinction to be made here. It
is not asserted that, for example, the Kariera, one of the groups Lausch discusses
in this context, engage in group-theoretical discourse; this aspect was provided by
the mathematician André Weil and elaborated by other mathematicians such as
Lausch. In other words, the mathematics involved is not a product of Aboriginal
culture; its referent is, but that is not the same thing. The group theory comes
from mainstream western tradition.
The discussion of the algebraic concepts inherent in storytelling, that is, myth, is
even more fraught. Probably the best account available is that oﬀered by Pekonen
in the course of his review [16] of material deriving from the writings of LéviStrauss. Having given a precise sense to a vague pseudo-mathematical formula
announced by that author, Pekonen proceeds to use it to analyse a Jivaro myth
(from Ecuador) via quaternions. He succeeds in this particular case, but expresses
doubt as to the generality of his study. Again, even supposing that some Aboriginal story could be found which lent itself to successful discussion in such or
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similar terms, this would hardly be material to form part of a core curriculum in
mathematics. And again the point is there to be made that the mathematics here
is not a creation of the Jivaro themselves; it has been supplied by Pekonen, and
(at a distance) by Lévi-Strauss and his mathematical mentor Weil.
The draft curriculum [1] suggests: ‘Aboriginal and Torres Strait Islander peoples’
perceptions of time and weather patterns’ as a suitable topic for mathematical
exploration. It is nowhere indicated how this might be done. Western culture has
developed elaborate means to measure time and it remains a matter of great ongoing research eﬀort to understand weather patterns. The mathematics involved
in both these enterprises is intricate, involved and (in the latter case) at times
controversial. We would be foolish in the extreme to attempt to teach this material in any detail at the school level. It would be even less useful to introduce at
this same level less precise notions of these phenomena. Our mainstream culture,
the culture that all Australians will inherit, needs the precision of modern science.
Earlier cultures did indeed develop accounts of such matters, and these served
them well through many millennia; however, they are nowadays superseded.
The draft curriculum [1] goes on to say:
. . . when considering the idea of seasons in measurement and geometry, the
European tradition of four seasons can be compared and contrasted with the
diﬀerent constructs used by Aboriginal and Torres Strait Islander people in
diﬀerent parts of the country.

Again, counting seasons is not mathematics, and quite how it relates to measurement and geometry is anybody’s guess! (It was, in fact, a commonplace in the
geography lessons of my own primary education in Tasmania to note that other
parts of the world — including Australia’s tropical north — conformed to diﬀerent
seasonal patterns from our own.)
The further suggestion [1] that ‘The idea of using symbols as a way of generalizing relationships can be enhanced by drawing on the perspectives of Indigenous
Australians’ is so vague as to be quite meaningless.
It surprised me that neither Cohen [5] nor the draft curriculum [1] gave any notice
to Aboriginal astronomy. This has recently found a strident champion in Norris [14], [15] (and see also [20]). Once again the case, though forcibly presented,
remains less than convincing. For example, Norris claims [14] that the Aboriginal understanding of eclipses indicates strong mathematical underpinning, but in
fact his evidence for this assertion is weak in the extreme. All he produces is the
Aboriginal recognition that solar eclipses result from a conjunction of the sun and
the moon. This is really glaringly obvious and furthermore involves no mathematics. Were there an Aboriginal method of predicting eclipses, then his case would
surely be made, but he avoids this issue. Astronomy has historically been seen as
a branch of mathematics, but this classiﬁcation refers to quantitative astronomy,
not to the mere naming of constellations and the elaboration of stories concerning
them.
In summary, therefore, the passages under comment seek to introduce into the National Mathematics Curriculum a topic (Indigenous Mathematics) which strictly
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speaking does not exist. Although the intention is well-meant and laudable, it is
misdirected. Aboriginal and Islander cultures are not well-served by seeking to
bestow upon them qualities that they do not in fact possess.
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Ricci curvature and the mechanics of solids
Michael Eastwood∗

Abstract
We discuss some diﬀerential geometry pertaining to continuum mechanics
and the route recently taken by D.N. Arnold, R.S. Falk, and R. Winther in
deriving new improved ﬁnite element schemes in linear elasticity from constructions in projective geometry.

Some vector analysis
We start with some basics from vector analysis [5]. Let us write
∂1 ≡ ∂/∂x1

∂2 ≡ ∂/∂x2

∂3 ≡ ∂/∂x3

for the partial derivatives in R . The gradient of a smooth function f deﬁned on
U open ⊆ R3 is the vector ﬁeld
3

grad f ≡ (∂1 f, ∂2 f, ∂3 f )
on U . If X = (X1 , X2 , X3 ) is a smooth vector ﬁeld on U , then
curl X ≡ (∂2 X3 − ∂3 X2 , ∂3 X1 − ∂1 X3 , ∂1 X2 − ∂2 X1 ).
It is readily veriﬁed that curl ◦ grad = 0. Indeed, if U is a suﬃciently simple set,
such as a ball, then
X = grad f, for some f ⇐⇒ curl X = 0.

(1)

In eﬀect, the curl of a vector ﬁeld is the skew part of the 3 × 3 matrix (∂i Xj ) of
partial derivatives. Let us instead consider the symmetric part
Σ = (Σij ) ≡ ( 12 [∂i Xj + ∂j Xi ])
and ask for conditions that a given symmetric tensor ﬁeld Σ = (Σij ) be of this form.
The answer is that Σ should satisfy the Saint-Venant equations curl curl Σ = 0,
where curl curl Σ is the symmetric matrix obtained by
• ﬁrstly regarding Σ as a row vector (whose entries just happen to be column
vectors) to form curl Σ,
• then regarding curl Σ as a column vector (whose entries just happen to be
row vectors) to form curl(curl Σ).
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The statement (1) has a useful counterpart as follows.
Σij = 12 [∂i Xj + ∂j Xi ], for some X ⇐⇒ curl curl Σ = 0.

(2)

Indeed, we shall see that (2) can be deduced from (1). This, in turn, has consequences in the design of ﬁnite element schemes concerned with elasticity.

Ricci curvature in three dimensions
Readers unfamiliar with diﬀerential geometry might omit this section on ﬁrst reading. There is also a close link between (2) and Ricci curvature in three dimensions.
Using the Einstein summation convention, if gij is a Riemannian metric with inverse g ij , then the Ricci tensor Rij is the symmetric tensor given by
∂k Γij k − ∂i Γjk k + Γij m Γmk k − Γik m Γjm k ,

where Γij k ≡ 12 g kl [∂i gjl ∂j gil − ∂l gij ].

In three dimensions Rij = 0 if and only if gij is ﬂat, meaning that there is a local
change of coordinates that transforms gij as a tensor into the ﬂat metric δij (more
speciﬁcally, there is a change of coordinates with Jacobian matrix J such that
(gij ) = J t J). The inﬁnitesimal version of this statement is essentially (2). More
precisely, if Σij is an arbitrary symmetric tensor on U open ⊆ R3 and we consider


the metric gij
= δij + Σij where  is suﬃciently small that gij
is positive deﬁnite,
then
d
(curl curl Σ)ij = Gij |=0 ,
d
where Gij is the Einstein tensor Rgij − 2Rij for R = g kl Rkl . The Einstein tensor
carries the same information as the Ricci tensor but has the advantage that the
Bianchi identity simply says that Gij is divergence-free ∇i Gij = 0. Sure enough,
one can readily verify that ∂ i (curl curl Σ)ij = 0.

Translation from (1) to (2)
Firstly, some convenient notation in three dimensions. Let us write ijk for the
totally skew tensor with 123 = 1. It allows us to write (curl X)i = i jk ∂j Xk . Now
consider a pair F = (X , Y ) of vector ﬁelds on U open ⊆ R3 , regarded as a function
with values in the vector space W ≡ R3 ⊕ R3 . If we deﬁne the gradient of F by


X
∂j X − j m Ym
grad
=
(3)
Y
∂j Y
and use this deﬁnition naively to compute the curl of a vector ﬁeld with values in
W, then we obtain



Σj
i jk ∂j Σk − i jk j m Ξkm
i jk ∂j Σk − Ξi + δi Ξm m
curl
=
=
.
Ξj
i jk ∂j Ξk
i jk ∂j Ξk
It is readily veriﬁed that curl ◦ grad = 0. This says precisely that (3) deﬁnes a ﬂat
connection, which enables one to deduce that if U is a suﬃciently simple set, such
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as a ball, then
Ψ = grad F, for some F ⇐⇒ curl Ψ = 0.

(4)

To deduce (2), let us suppose that Σij is symmetric and set



Σj
0
Σj
=
, so that curl Ψ =
.
Ψ=
im
(curl curl Σ)i
Ξj
 ∂i Σmj
If curl curl Σ = 0, we immediately infer the existence of vector ﬁelds X and Y on
U such that



X
∂j X − j m Ym
Σj
grad
= Ψ, i.e.
=
.
im
Y
∂j Y
 ∂i Σmj
In particular, Σj = 12 [∂j X + ∂ Xj ], as required.

Continuum mechanics
Although diﬀerent words are used, Riemannian diﬀerential geometry in three dimensions is exactly what is needed to set up the mechanics of solids [4]. The metric tensor is known as the strain in continuum mechanics. The Einstein tensor is
known as the stress. The Bianchi identity says that the stress tensor is divergencefree, interpreted as a conservation law in mechanics. Linearising around the ﬂat
metric gives the following complex of tensors on R3
Xi
displacement

→
→

1
2 [∂j Xj

+ ∂j Xi ]
Sij
strain
→
stress
Σij
→ i km j n ∂k ∂ Σmn

→ ∂ i Sij
→ load ,

(5)

where the displacement and load are vector ﬁelds whilst the stress and strain are
symmetric 2-tensors.

Finite element schemes
We have already seen that the ﬂat connection (3) somehow embodies the operator
Σ → curl curl Σ relating strain and stress in (5). More generally and precisely, the
whole complex (5) may be derived from the connection (3). To do this, recall that
the gradient operator (3) concerned functions with values in W = R3 ⊕ R3 . Thus,
we may write
W
R3
⊕
R3

grad

−→

R3 ⊗ W



R3 ⊕ S2 R3
⊕
R3 ⊗ R3

curl

−→

R3 ⊗ W



R3 ⊗ R3
⊕
S2 R3 ⊕ R3

div

−→

W



R3
⊕

(6)

R3

where S2 R2 denotes symmetric 3-tensors whilst skew 3-tensors are identiﬁed with
R3 using i jk . In this diagram, the spaces indicated by
are joined by isomorphisms indicated by . A simple diagram chase cancels these spaces and
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results in the linear elasticity complex (5). In [1], Arnold, Falk, and Winther use
a halfway-house complex
R3
⊕
R3

−→ R ⊕ S R
3

2

3

−→ S R ⊕ R
2

3

3

R3
−→ ⊕
R3

obtained by cancelling only R3 ⊗ R3  R3 ⊗ R3 from (6), to construct new and
stable ﬁnite element schemes for linear elasticity mimicking the previously known
stable ﬁnite element schemes for the grad-curl-div complex.

Projective geometry
The connection (3) may be viewed as follows. Consider the unit three-sphere S 3 ⊂
R4 . There is no diﬃculty in taking the gradient of a function F on S 3 with values
in the skew 2-tensors Λ2 R4 . However, each point on S 3 is also a vector v ∈ R4 ,
which may be used to decompose these skew 2-tensors:
Λ2 R4 = {ω s.t. v ∧ ω = 0} ⊕ {ω s.t. v ω = 0} ∼
= R3 ⊕ R 3 .
This decomposition does not see the sign of v and so descends to the quotient
of S 3 under antipodal identiﬁcation, namely real projective 3-space RP3 . The
upshot is that the gradient of F may be written in terms of the intrinsic calculus
on RP3 and viewed in a standard aﬃne coordinate patch R3 → RP3 . The result
is (3). The construction of (5) from (6) is due to Calabi [2]. It may also be viewed
as a geometric realisation of the Jantzen–Zuckerman translation principle from
representation theory [6] and, as such, admits vast generalisation in the newly
developed ﬁeld of parabolic geometry [3].
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Using statistical data to improve weather
forecasting: a variance-constraining
Kalman ﬁlter for data assimilation
Lewis Mitchell∗
An important problem in numerical weather prediction is how to optimally estimate the full state of the atmosphere at any one time given noisy observations
and an imperfect model. Data assimilation aims to solve the problem of ﬁnding
this optimal atmospheric state, called the analysis. The process is complicated by
the fact that the dimension of the system is generally orders of magnitude higher
than the number of observations available, meaning that the problem is drastically
underdetermined. Furthermore, the chaotic dynamics of both the atmosphere and
the model can lead to a situation in which the analysis moves far away from the
truth over time, or an ensemble of initial approximations of the state become
unbounded in ﬁnite time. This problem is called ﬁlter divergence.
One of the standard tools for doing data assimilation is the ensemble Kalman ﬁlter
(EnKF). Using this technique, one propagates an ensemble of initial conditions
forward in time, and then uses the mean and variance of this ensemble to solve
a least-squares minimisation problem to ﬁnd the optimum state estimate which
combines information from the forecast and the observations into the analysis [1].
We consider the case when the state space can be split into observables, for which
observations are available, and pseudo-observables, for which only climatic information of a statistical nature is a priori known. Such a situation arises in practical
applications when observations are only sparsely available, as well as in the mesosphere, where no direct observations are available. However, it is known that
dynamically active gravity waves propagate [3]. These fast waves are spread over
a large frequency range, and so the analysis may beneﬁt from added information
on the statistical behaviour of the gravity waves in the mesosphere.
In [2] we derive a variance-constraining Kalman ﬁlter (VCKF) which incorporates
information from both observables and pseudo-observables to improve the forecast.
We apply the ﬁlter to a pair of noisy coupled linear oscillators, which allows us
to analytically study the VCKF and show under what conditions it outperforms a
standard EnKF. The analysis shows that if the time scale of the pseudo-observables
is much shorter than that of the observed variables, meaning if pseudo-observables
have relaxed towards equilibrium and acquired the climatic covariance within a
short enough time, then the variance constraint is beneﬁcial. Thus, observing only
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the ‘slow’ dynamics of the system and using averaged statistics only for the ‘fast’
dynamics may be suﬃcient for accurate assimilation. We then apply the VCKF
to a more complicated nonlinear system, the Lorenz-96 model, a standard toy
model for midlatitude atmospheric dynamics. Numerical simulations show that
the VCKF analysis skill is better than that of the EnKF for both the observed
and unobserved variables, and that the VCKF helps to stabilise the ﬁlter and
avoids catastrophic ﬁlter divergence.
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Modifying Möbius
Peter G. Brown∗

Abstract
The Möbius function μ(n) arises naturally in number theory when one inverts
the classical Riemann zeta function.
In this paper, we modify the deﬁnition of the classical Möbius function and
see what results this produces.
I will prove, amongst other things, as special cases:
 ∞

4
  (−i)(n) 2

 = π ,


2
105
n
n=1

where Ω(n) counts, with multiplicity, the number of prime factors of n and

 ∞
  (1 + i)ω(n) 2
 = 35 ,



2
12
n
n=1

where ω(n) counts the number of distinct prime factors of n.

Beginning with the canonical prime factorisation of a positive integer n > 1 as
r

n=

α

pj j ,

j=1

we deﬁne ω(n) to be r, the number of distinct prime factors of n and Ω(n) to be
r
j=1 αj , the number of prime factors of n (counting multiplicity). Further, we
set ω(1) = Ω(1) = 0.
The classical Möbius function, μ(n), is deﬁned by
μ(n) =

0
(−1)ω(n)

if n has a square factor (except 1)
otherwise .

The modiﬁed Möbius function, μ1 (n), is deﬁned exactly as above, except that the
number −1 is replaced by i. That is:
μ1 (n) =

0
i ω(n)

if n has a square factor (except 1)
otherwise .

It is obvious that μ1 (n) is multiplicative, but not completely multiplicative.
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Recall that the Dirichlet product, f ∗ g, of two arithmetic functions, f, g is given
by
    

n
n
(f ∗ g)(n) =
=
g(d) .
f (d)g
f
d
d
d|n

d|n

The function g is called the Dirichlet inverse of f if f ∗ g = I.

1. Arithmetic properties of μ1
Theorem 1. For n > 1,



μ1 (d) = (1 + i)ω(n) .

d|n

Proof. Ignoring the zero terms in the sum, we can write:




μ1 (d) = 1 +
μ1 (pj ) +
μ1 (pj pk ) +
μ1 (pj pk p ) + · · · + μ1 (p1 · · · pr )
d|n

j

j=k

j=k=

   
   
r
r
r
r
=1+i
−
−i
+
+ ···
1
2
3
4
= (1 + i)r


= (1 + i)ω(n) .

The function h(n) := (1 + i)ω(n) , which arose in Theorem 1, is of some interest.
The Dirichlet inverse of μ1 is easy to compute.
Lemma 1. The Dirichlet inverse for μ1 is given by
Ω(n)
μ−1
.
1 (n) = (−i)

2. The sum

∞
s
n=1 μ1 (n)/n

and the analogue of the zeta function
∞

Suppose s > 1. Hence the sum n=1 μ1 (n)/ns has modulus less than or equal to
∞
s
n=1 1/n and so converges. Also,
∞

μ1 (n)
i
i
i
1
= 1 + s + s + s − s + ···
s
n
2
3
5
6
n=1




i
i
i
1+ s
1 + s ···
= 1+ s
2
3
5




1
1
1
= 1− s
1− s
1 − s ···
i2
i3
i5


1
=
1− s
ip
p

=
p

1
.
(1 − (1/ips ))−1
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∞

μ1 (n)/n

s

 
∞

μ−1
1 (n)
ns
n=1

n=1



we deﬁne the modiﬁed zeta function, ζ1 (s), by
∞
∞


μ−1
(−i)Ω(n)
1 (n)
ζ1 (s) =
=
,
ns
ns
n=1
n=1
with Euler product

p (1

− 1/ips )−1 . Also, 1/ζ1 (s) =

= 1,

for s > 1,
∞
n=1

μ1 (n)/ns .

These series and products only converge absolutely for s > 1. For s in the region
1
2 < s ≤ 1, numerical evidence suggests that they converge conditionally, but I
have no proof of this. This makes them diﬃcult to deal with in this region.
Now using the Euler product,



|ζ1 (s)|2 =

1+
p

1
p2s

−1

and this product converges absolutely for s > 12 . For 0 ≤ s ≤ 12 the inﬁnite
product diverges to 0. Thus, we can talk about the modulus of ζ1 (s) in the region
1
2 < s ≤ 1 deﬁning this quantity by the product given above.
2.1. The values of |ζ1 (s)|2 for s = 1, 2, . . .
We have the following simple result relating ζ1 to the classical zeta function.
Theorem 2. For s > 12 ,
|ζ1 (s)|2 =
Proof. Using the Euler product,


−1 2


i
2
 =

1− s
|ζ1 (s)| = 

p
p


p

ζ(4s)
.
ζ(2s)

1
1 + 2s
p

−1
=

(1 − 1/p4s )−1
ζ(4s)
.
=
2s
−1
(1 − 1/p )
ζ(2s)

The last equality in the theorem is well known.
Thus, we have

π2
ζ(4)
=
,
|ζ1 (1)|2 =
ζ(2)
15


4
 ∞ (−i)Ω(n) 2
2
 = ζ(8) = π

|ζ1 (2)| = 
n2 
ζ(4)
105
n=1

and so on.
Corollary 1. For s > 12 ,



 ζ1 (2s) 2
ζ(8s)ζ(2s)


 ζ1 (s)  = ζ(4s)2 ,



Modifying Möbius
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2
 ζ1 (2) 2
 =π .

 ζ1 (1) 
7

2.2. Dirichlet series for h(n)
Theorem 3. For s > 1,
∞
∞


h(n)
μ1 (n)
=
ζ(s)
.
s
n
ns
n=1
n=1

Proof. If F and G are the Dirichlet series for f and g respectively, then using
F (s)G(s) = H(s), where H is the Dirichlet series for f ∗ g, we have
 
∞
∞ 
∞
∞

1  μ1 (n) 
(1 + i)ω(n)
d|n μ1 (d)
=
=
.
ns n=1 ns
ns
ns
n=1
n=1
n=1


The result follows.
Theorem 3 can now be written as

 ∞
2
  h(n) 2
 = ζ (s)ζ(2s) ,


ns 
ζ(4s)
n=1

for s > 1. This, in fact, is rational whenever s is an even integer. Hence, for
example,
 ∞

2
 ∞
  h(n) 2  
(1 + i)ω(n) 
35

 =
,
=




2
2
n
n
12
n=1

and

n=1

 ∞

  h(n) 2

 = 17017 .

4 
n
14468
n=1

The case when n is an odd integer is rather intriguing since, for example,
 ∞

2
  h(n) 2

 = ζ (3)ζ(6) = ζ 2 (3) 675675


n3
ζ(12)
691π 6
n=1
and so one may surmise that this number is irrational.
2.3. The analogue of the prime number theorem
We can deﬁne an analogue of the Von Mangoldt function as follows:
Λ1 (n) =

(−i)Ω(n) log p
0

if n = pα
otherwise .

We have analogues of all the standard results, in particular the next theorem.
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Theorem 4. For s > 1,

Modifying Möbius

∞

Λ1 (n)
ζ1 (s)
=−
.
ζ1 (s)
ns
n=1

The classical Chebychev function is deﬁned by

ψ(x) =
Λ(n)
n≤x

and the prime number theorem is equivalent to ψ(x) ∼ x as x → ∞.
Thus, we deﬁne the analogue by
ψ1 (x) =



Λ1 (n) .

n≤x

The second (classical) Chebychev function ϑ(x) is deﬁned by

log p
ϑ(x) =
p≤x

and again, the prime number theorem is equivalent to ϑ(x) ∼ x as x → ∞. We
do not need an analogue of this here.
From the deﬁnition, and noting that Λ1 is zero, except at prime powers, we have

Λ1 (n)
ψ1 (x) =
=

n≤x
∞




Λ1 (pm )

m=1 pm ≤x

=

∞




(−i)m log p

m=1 p≤x1/m

=

∞

m=1

(−i)m



ϑ(x1/m ) .

p≤x1/m

Dividing by x and splitting this sum into real and imaginary parts, we write


ϑ(x)
ϑ(x1/3 ) ϑ(x1/5 ) ϑ(x1/7 )
ψ1 (x)
= −i
+i
−
+
+ ···
x
x
x
x
x


ϑ(x1/2 ) ϑ(x1/4 ) ϑ(x1/8 )
−
−
+
+ ··· .
(*)
x
x
x
Each of these series is, in fact, ﬁnite, since each will terminate at the term ϑ(x1/m )
with x1/m < 2, that is, when m = log x/log 2.
We make use of the following well-known bound on ϑ(x)
ϑ(x) ≤ (log 4)x for x > 1 .
(The derivation may be found in [1, pp. 36, 80].)

Modifying Möbius

Then we have
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 ϑ(x1/3 ) ϑ(x1/5 ) ϑ(x1/7 )
ϑ(x1/m ) 

−
+
+ ··· ±

 x
x
x
x
ϑ(x1/3 ) ϑ(x1/5 ) ϑ(x1/7 )
ϑ(x1/m )
+
+
+ ··· +
x
x
x
x

1
1
1
≤ log 4 2/3 + 4/5 + · · · + (m−1)/m
x
x
x


log x
=O
x2/3
→0
≤

as x → ∞. A similar analysis holds for the series
ϑ(x1/2 ) ϑ(x1/4 ) ϑ(x1/8 )
−
+
+ ···
x
x
x
and thus we have Theorem 5.
Theorem 5. As x → ∞

ψ1 (x)
→ −i .
x

Proof. This follows immediately from the above analysis and by applying the prime
number theorem to the ﬁrst term in (*) for ψ1 (x)/x derived above.
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Gamma: Exploring Euler’s Constant
Julian Havil
Princeton University Press, 2009, ISBN: 978-0-691-09983-5
The gamma constant, γ = 0.577 215 6 . . . , is deﬁned as
γ = lim (H(n) − ln n)
n→∞


n
= lim
f (j) −
n→∞

j=1

n


f (x) dx ,

1

where f (x) = 1/x and H(n) is the nth harmonic number
H(n) =

n

1
j=1

j

=1+

1 1
1
+ + ··· + .
2 3
n

This book poses certain problems to a reviewer for the Gazette such as the fact
that it is an expository account and the readers of the Gazette are professionals —
but that’s OK, as most of them, even those familiar with the gamma function,
haven’t had much to do with this number. So I have not let the boast that the
book has an introduction by the awesome Freeman Dyson intimidate me, as he
would be quite impervious to any problems as to, say, notation or background that
might trouble the general reader.
The Contents indicate that the author rambles over many areas, including the
Benford distribution (nothing to do with gamma) and the Riemann hypothesis
(only connected implicitly through the zeta function). This is acceptable, as many
of us like to come up for some fresh air occasionally, look around and have a ramble
after being conﬁned to the rabbit hole in which we earn brownie points from our
reductive oﬀerings.
The extent of Havil’s rambling is also indicated in the Index which lists only a
small number of pages actually devoted to the constant and, would you believe,
in a book of 254 pages (apart from a throw-away on page 179), the last page that
mentions gamma is page 159. Finally, it did not help to see that the ﬁrst quotation
is from Winston Churchill.
Apart from a one-liner in the Introduction, the deﬁnition of the constant is not
given until page 47 and is preceded by a whole chapter on Napier as an introduction
to logarithms. Napier’s logarithm is Nap y = a ln(a/y), where a is an arbitrary
constant. Napier’s approach also invokes a particle moving at a constant velocity as
detailed in Tognetti [2, pp. 22, 23]. From this it is seen that his approach, although
historically signiﬁcant, represented a dead end from which it was necessary to back
track to develop logarithms as we know them today. Furthermore it crops up again
later in the book.
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x
The result 0 (1/t) dt = ln x is the fundamental relation from which the constant
emerges and thus deserves a detailed proof. But the author has only mentioned
in passing on page 13 that the logarithm might be related to the integral and
then digresses into an historical comment. Havil states the result on page 47,
along with a graphical demonstration that gamma is bounded on the unit interval.
Surprisingly, he does not display the nice trick of horizontally translating the
diﬀerence shapes into the unit square as he does with his note on the zeta function.
However he does get a lower bound of 0.5 for the constant by using trapezia instead
of rectangles — this turns out to be a very good estimate. But we don’t get any
further estimates until page 69 where he goes to a lot of trouble to reproduce an
existence proof that has an upper bound of about 1.65.
Despite these criticisms, Havil has quite nice chapters
on the gamma, harmonic and zeta functions which
prepare us for when he comes to the crunch as
to why the gamma constant is so important: its
underpinning of the number theory associated with
the distribution of prime numbers. There are many
references to this underpinning throughout the book
and inclusion in the Index would have made it much
easier to get an overall picture.
Having lost gamma along the way it was a welcome
surprise to read Chapter 12 ‘Where is Gamma?’. And
yes, at last, he helps us ﬁnd it with more precision
and makes some fascinating connections with other
areas.
The book concludes in Chapter 16 with a large
section on the Riemann hypothesis, replete with an appendix which is supposed
to be a crash course in complex algebra (crash is the key word!).
I am delighted to say that, for me, Chapter 12 brings everything together, and
reading it alone is enough to recommend that you buy the book. This book, and
especially this chapter, has arguably more beautiful formulae than any other you
will read, and if you were just to consider it as a gallery of such formula then the
author has done a masterly job of displaying them, together with proofs — some
of which are not so beautiful. The historical development, especially that of our
Master Euler, is an added bonus. (In case you want to do a literature search, you
should note that until recently, gamma was referred to as ‘Euler’s constant’, as in
the case of [1], one of the best contemporary articles on gamma.)
The book should have been shorter and in three parts:
(i) a preliminary part developing the maths required for the level of exposition
given in the other parts;
(ii) a succinct statement with proofs and reﬁnements of the bounds for
gamma; and
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(iii) the connections with other areas and, in particular, why the constant is so
important in the development of an understanding of prime number distribution.
The material on the Riemann hypothesis and other odds and ends such as the
Benford distribution should have been the subject of a separate book.
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Leonhard Euler and the Bernoullis
M.B.W. Tent
A K Peters Ltd, 2009, ISBN: 978-1-56881-464-3
M.B.W. Tent is a retired high-school maths teacher who has written a number of
popular mathematical biographies aimed at students in Years 9 and 10 in (American) schools. Her latest is on the remarkable Swiss mathematicians who sprang
from the region of Basel between 1650 and 1800.
Tent states explicitly that in order to make a coherent story, she has fabricated
some details of their lives, and, in particular, their dialogues, which are presented
as direct speech. The wisdom of this in a scholarly work is doubtful, but as she
makes clear, this book has no such pretence and is instead an attempt to humanise
the normally dry history of mathematics. I will therefore try to judge this book
on the basis of what the author has tried to accomplish.
There were eight famous mathematical Bernoullis, all descendants of Nicolaus
Bernoulli (1623–1708) and all called Jacob, Johann, Nicolaus or Daniel. Tent does
a good job of distinguishing the ﬁrst ﬁve, and describing their relationships, both
professional and personal. She is also adept at describing the mathematics that
was known at the time of their education, and the texts they probably studied. She
is less successful in explaining their mathematical accomplishments, but, after all,
how can you explain the calculus of variations, diﬀerential equations, the brachistochrone, the Petersburg paradox and so on to a student just beginning to study
algebra, calculus and probability? Even elementary mathematical techniques, well
within the capabilities of the intended audience, are not handled well. For example,
Tent tries to explain the ﬁrst Jacob’s attempt, as a schoolchild, to master the sum
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of a ﬁnite geometric sequence. She gets to a point where a simple sentence, even
without an explicit equation, could have completed the proof, but inexplicably
breaks oﬀ there. I was also unconvinced by the purported reconstructions of
the often acerbic conversations of the ﬁrst Jacob (1654–1705) and his younger
brother, the ﬁrst Johann (1667–1748). We can deduce from their correspondence
and publications how they probably interacted, but the conversations presented
by Tent read more like the script of a television situation comedy.
One noteworthy feature of the careers of the
mathematical Bernoullis is that they all preferred to live in their home town, Basel, on
the outskirts of scholarly Europe, even when
oﬀered prestigious positions elsewhere. Unlike
them, their friend and mathematical colleague,
Leonhard Euler (1707–1783), also born in the
vicinity of Basel, had no desire to return to his
birthplace, even to visit his dying parents. As
he is usually presented in biographies as a caring
family man, the reason for this is unclear.
The second half of the book deals with Euler’s
life and works. An extraordinarily productive
polymath, Euler travelled widely in Europe, and
was highly regarded among mathematicians and
scientists. He had long, and often diﬃcult,
sojourns at the Academies of Peter the Great
in Saint Petersburg and Frederick the Great in
Berlin, and despite his family duties and eventual
blindness, continued his mathematical and scientiﬁc researches and production
of textbooks until the day he died. The author seems to be overwhelmed by
the mathematical accomplishments of Euler. She emphasises several times how
manifold they were, but for the reasons explained above, she fails to clearly explain
any of them.
Tent’s book contains a number of trivial but annoying errors that should have
been picked up by her editor. For example, Leibniz’ visit to London included
conversations with members of the Royal Society, not the Royal Academy. The
high end of Newton’s colour spectrum is red, not magenta. The ﬁfth Fermat prime
is 65 537, not 56 537. To sum up, this is an interesting read, well suited to its
intended audience, but not a serious work of mathematical history.
Phill Schultz
School of Mathematics and Statistics, The University of Western Australia, Nedlands, WA 6009.
E-mail: schultz@maths.uwa.edu.au
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Pythagoras’ Revenge: A Mathematical Mystery
Arturo Sangalli
Princeton University Press, 2009, ISBN: 978-0-691-04955-7

In recent years the genre of historical ﬁction has seen some boom times. Pythagoras’ Revenge is unlikely to achieve the runaway success of The Da Vinci Code, or
the cult following of Bernard Cornwell’s hero Richard Sharpe, but it is a worthwhile
and mathematically aligned oﬀering. It combines elements of mystery, history and
mathematics, with just a hint of the supernatural.
The central theme of the novel is that the famed Pythagoras had, contrary to
popular belief, left a document penned by his own hand. The reader can well
imagine the historical value of such a document, yet Sangalli is not content there.
The contents of the document are alleged to be quite extraordinary, beyond mere
mathematics, and so it turns out to be. This is the reason for the existence of the
society that lurks in the shadows, willing to pay any price to recover the document.
The search for this document, which is in two pieces, takes up most of the book.
The hunt introduces us to several characters, most of whom are well-intentioned
people. There is no truly despicable character in this novel, although there are
a few whose ethics have been overcome by their dreams. In fact, this is one of
the weaknesses of the storyline — that there is insuﬃcient conﬂict between the
characters. There is, frankly, too much goodness for a genuinely enthralling tale.
Nor is there enough action and suspense, especially for younger readers, who may
well have grown up reading Matthew Reilly.
However, the novel does use the enjoyable literary
technique of juxtaposing historical and contemporary narrative. Chapters touching on Pythagoras’
life and death, seen through the eyes of one of his
students, are interspersed throughout the book.
This is done in a sympathetic way, making the
reader almost feel a part of the brotherhood. We
learn more about the people involved, and the
destruction of their group by outside forces. It was
interesting to learn more about the Pythagoreans
and their habits, but I would have liked to have
seen a bit more mathematics in these sections.
Of course, Sangalli has tried to make the whole
book as accessible as possible to mathematically
unsophisticated readers, and has done a ﬁne job.
There is some mathematics, particularly in the
early chapters where odd and even permutations
are discussed. Later there is some discussion of
commensurable and incommensurable quantities, with a segue to how irrational
numbers would have solved the Pythagoreans’ well-known problem with the square
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root of 2. This puts both the ancient and modern viewpoints on this issue quite
well. It also serves as a good motivation for the introduction of the mathematical
genius the secret society has been waiting for. His work is summarised quite nicely,
and is based on historical work by Turing and Chaitin. Unfortunately for him, the
society will stop at nothing to get him into its clutches. The twist in this story,
and it is a good one, is how modern mathematics relates to the ancient, and how
it resolves the dreams of the society members.
There are several appendices discussing mathematical concepts in lay language.
These could provide some interesting seed material for student projects. The
historical information appears largely accurate, and the insights into ﬁelds such as
archaeology and historical research also look reliable. I was particularly amused
by the historical insight into Sam Loyd, the famous puzzler. But in the end
Pythagoras’ Revenge is a novel, and should be read that way. Was it a page
turner? No, but it deserves to be widely read, and it should certainly appear in
every high-school library. Hopefully it will receive the circulation it deserves, and
perhaps even spur the author (or others) on to future eﬀorts. There is certainly no
shortage of material for the imagination in mathematical history — Archimedes,
Newton, Galois, Hypatia, anyone?
Garry Lockwood
School of Mathematics and Statistics, The University of South Australia, Mawson Lakes, SA
5095. E-mail: garry.lockwood@unisa.edu.au
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The AMSI Review
Here is an excerpt from a letter to all AMSI member representatives from Dr Jim
Lewis, Chair of the AMSI Board.
‘Since its inception in 2002 AMSI has not undergone a formal review. Although
it is not a requirement of the current joint venture agreement there is a broad
consensus that such a review will be valuable to the institute. AMSI’s lead agency,
The University of Melbourne, also has its own internal review requirements which
will be satisﬁed by a wide ranging, transparent external review.
I am pleased to be able to inform you that the panel for the independent review
of AMSI has been ﬁnalised and will comprise:
Dr Ron Sandland, ex CSIRO (Chair)
Professor Arvind Gupta, Simon Fraser University, MITACS Director
Professor Celia Hoyles, University of London (by correspondence)
A fourth person will join the panel (to be announced shortly).
The review’s terms of reference are:
1. The role of AMSI as a facilitator of research interaction, both within the Australian Mathematical Sciences community (in academia and industry), and
with other communities/sectors. This includes AMSI’s current and future
roles as the national mathematical sciences research institute.
2. The Institute’s outreach role in the Australian community and its role in all
three education sectors: primary, secondary and tertiary.
3. The role of AMSI as an advocate for the broader mathematical sciences community.
4. The external funding of AMSI from all sources.
5. The management of the Institute and its eﬃcacy in delivery of the core business of AMSI.
6. The performance of the Institute to date against the contractual requirements
of the Joint Venture Agreement, funding agreements and consultancies.
7. The legal status, governance and membership of the Institute. This includes
the subscription model, its equity, transparency and structural implications.
The panel invites submissions from the Institute’s Joint Venture partners, associate
members, Board, management, clients and other interested parties. Please send
submissions to the review secretary, Simi Henderson, at AMSI (simi@amsi.org.au).
The deadline for submissions is 10 September 2010
∗ Australian Mathematical Sciences Institute, 111 Barry Street, c/- The University of Melbourne,
VIC 3010. E-mail:director@amsi.org.au
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In addition to considering written submissions, the panel will hold consultation
hearings in the ﬁrst week of October. Full details of hearings (time and location of
hearings and time available), will be advised in due course when the committee’s
schedule is ﬁnalised.’
Full details of the review can be found at: www.amsi.org.au/amsi review.php.
Welcome to the AMSI Statistician
It’s a pleasure to welcome statistician Dr Kathryn Haskard to AMSI. Kathryn will
be working on AMSI’s behalf with Parks Victoria and also with our membership
to create consultancy opportunities. Kathryn has a PhD in spatial statistics from
the University of Adelaide and has long experience in statistical consultancy with
CSIRO and BiometricsSA amongst others. Most recently she held a postdoctoral
fellowship at Rothamsted Research in the UK working with Professor Murray Lark
on modelling non-stationarity on covariance functions in spatial analysis. Kathryn
can be contacted at Kathryn@amsi.org.au.
AMSI Summer School
The 2011 AMSI Summer School will be held at the University of Adelaide from
Monday 10 January to Friday 4 February. See our ad elsewhere in this issue and
look out for the posters in your department.
Details at http://www.maths.adelaide.edu.au/amsi2011/.
AMSI Vacation Research Scholarships
The closing date for the 2010/2011 AMSI Vacation Research Scholarships is 12
October 2010. See our ad elsewhere in this issue and look out for the posters in
your department. Details at http://www.amsi.org.au/index.php/events/488-vs11.
AMSI Member Bulletin
AMSI is producing an electronic bulletin for staﬀ and students at AMSI member
institutions. You can subscribe online at
http://www.amsi.org.au/index.php/publications/amsi-ice-em-bulletin.

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

Summer 2010/2011

AMSI Vacation Research
Scholarships
Scholarships give intending honours
students the opportunity to undertake
a research project under the guidance
of a supervisor, and at the end of the
project come together with students
around Australia to present their
findings at CSIRO Big Day In.
Scholarships comprise:
• a 6 week award of $380/week
• travel and accommodation to attend
CSIRO’s Big Day In to present the project

Close date: 12th October 2010
For more information on the AMSI
Vacation Research Scholarship email:
simi@amsi.org.au or visit our website:
www.amsi.org.au/VS11.php

“The AMSI Vacation Scholarship gave me a
unique opportunity to experience in‑depth
mathematical research while I was still an
undergraduate. This scheme and the AMSI
Summer School were pivotal in my decision to
pursue further mathematical studies”
Scott Dawson, 2007/08 AMSI Vacation Scholar
(now PhD Student - Monash University)

“The Big Day In was a wonderful experience
where I met many other young mathematicians
and was exposed me to many previously
unseen areas of mathematics. Researching and
presenting my findings to other students and
professionals from around Australia provided an
experience which I would not have gained in an
undergraduate degree.”
Elizabeth Ryan, 2009-2010 AMSI Vacation Scholar

General News

The J.H. Michell Medal: call for nominations
Nominations are now sought for the J.H. Michell Medal, an award given in honour
of John Henry Michell, by ANZIAM, a division of the Australian Mathematical
Society. The award is for outstanding new researchers in applied and/or industrial
mathematics.
Closing date: 30 September 2010.
Nominations for the Award can be made by any member of ANZIAM other than
the nominee. A nomination should consist of a brief CV of the nominee together
with the nominee’s list of publications and no more than a one page resumé of the
signiﬁcance of the nominee’s work. Nominations should be forwarded, in conﬁdence, to the Chair of the Selection Panel, Professor Natashia Boland, University
of Newcastle, at Natashia.Boland@newcastle.edu.au.
Further details of the application process and the award criteria are on the ANZIAM
website: www.anziam.org.au.

Completed PhDs
Australian National University
• Dr Melissa Tacy, Semiclassical Lp estimates for quasimodes on submanifolds,
supervisor: Dr Andrew Hassell.
• Dr Bin Zhou, Calabi’s extremal metrics on toric surfaces and Abreu’s equation, supervisor: Professor Xu-Jia Wang.
University of Adelaide
• Dr Simon Carter, A stochastic Buckley–Leverett model, supervisor: John van
der Hoek (UniSA).
University of Melbourne
• Dr Sandy Clarke, The performance of multiple hypothesis testing procedures
in the presence of dependence, supervisor: Peter Hall.
• Dr Tung Huy Pham, Some problems in high dimensional data analysis, supervisor: Peter Hall.
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University of Queensland
• Dr Christophe Haynes, Continuum diﬀusion on networks, supervisor: Tony
Roberts.
• Dr Joshua Chi-Chun Chan, Advanced Monte Carlo methods with applications
in ﬁnance, principal supervisor: Dirk P. Kroese.
University of South Australia
• Dr Michael Haythorpe, Markov chain based algorithms for the Hamiltonian
cycle problem, supervisors: Jerzy Filar and Walter Murray (Stanford University).
University of Wollongong
• Dr Yue Chan, Some mathematical models arising in nano- and bio-technology,
supervisors: Professor Jim Hill and Dr Ngamta Thamwattana.
• Dr Fatimah Noor Harun, Analytic solutions for linear waves propagating in
an ocean with variable bottom topography and their applications in renewable
wave energy, supervisor: Professor Song Ping Zhu.
• Dr Aaron Thornton, Transport in porous media and crystalline solids, supervisors: Professor Jim Hill and Dr Anita Hill (CSIRO).

Awards and other achievements
Laureate Fellowships
Matthew England (University of New South Wales) and Amnon Neeman (Australian National University) have been awarded Laureate Fellowships for their
projects ‘Future risks associated with ocean surface warming: impacts on climate,
rainfall, carbon, and circulation’ (Matthew England) and ‘Derived categories and
applications’ (Amnon Neeman).
Monash University
The 3D Applied Laboratory for Immersive Visualisation Environments (3D Alive).
The 3D Applied Laboratory for Immersive Visualisation Environments is a joint
project between Monash Geodynamics, AuScope SAM, CSIRO Advanced Scientiﬁc Computing, Monash e-Research Centre, and the Monash Schools of Mathematical Sciences and Geosciences. The project also involves overseas collaboration
with W.M. Keck Center for Active Visualization in the Earth Sciences (KeckCAVES) at the University of California, Davis USA. The laboratory was launched
on 1 July 2010.
The facility consists of both a 3D stereo display plus real-time motion tracking,
the combination of which will provide a virtual reality (VR) work space allowing
real-time interaction with 3D data volumes. The facility is geared towards work
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groups of 2 to 15 people and, in addition to being used by researchers working
with complexly varying 3D data, the facility is open for laboratory style teaching
and for presentations requiring 3D data rendering.
For more information, visit http://geodynamics.monash.edu.au/3d alive/.
Queensland University of Technology
• Professor Ian Turner, Head of the Discipline of Mathematical Sciences, was
awarded a Doctor of Science (DSc) by QUT in July.
Swinburne University
• Dr Birgit Loch received a 2010 ALTC Citation for Outstanding Contributions
to Student Learning for innovation in the use of technologies for mathematics teaching, and leadership in lecturers’ adoption of these technologies to
promote student learning.
University of Queensland
• Associate Professor Joseph Grotowski received a 2010 ALTC Citation for
Outstanding Contributions to Student Learning for sustained leadership in
teaching and learning of mathematics, engaging students and inspiring an
institutional culture around curriculum innovations across the discipline.
• Mr Michael Jennings received a 2010 ALTC Citation for Outstanding Contributions to Student Learning for improving ﬁrst-year students’ mathematical
understanding through enthusiasm, engagement and innovative teaching approaches.
University of South Australia
• Dr Malgorzata Korolkiewicz (School of Mathematics And Statistics) received
a 2010 ALTC Citation for Outstanding Contributions to Student Learning
for sustained commitment to enhancing the overall experience for ﬁrst-year
students in a mathematics service course.
University of Wollongong
• Professor Rod Nilsen received a 2010 ALTC Citation for inspiring students,
extending their conceptual grasp, and encouraging independent thought
through developing new ideas, materials and teaching approaches in mathematics.
• PhD student Glen Wheeler has received a Humboldt fellowship and will take
this up at the University of Magdeburg in Germany.
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Appointments, departures and promotions
Australian Mathematical Sciences Institute
• Dr Dimetre Triadis left AMSI on 30 June 2010 to take up a research fellowship on an ARC Discovery project under Professors Philip Broadbridge and
Geoﬀ Prince.
• Dr Kathryn Haskard from Rothamsted Research Station in the UK joins
AMSI as Statistician from 16 August 2010.
• Edwena Dixon has been appointed as Project Assistant for the AMSI Industry Internship Program.
Australian National University
• Dr Anandam Banerjee has been appointed as a postdoctoral fellow working
with Professor Amnon Neeman.
• Weimin Sheng has been appointed as a research fellow working with Professor
Xu-Jia Wang.
Charles Darwin University
• Dr Ian Roberts is on sabbatical during Semester 2, working in Germany
(Rostock) and the USA (Wisconsin).
Charles Sturt University
• John Louis has retired.
La Trobe University
• Lina Song has joined Reinout Quispel’s research group as a research oﬃcer
from 1 June 2010.
Macquarie University
• Dr Richard Garner from the University of Cambridge has joined the Centre of
Australian Category Theory (CoACT) at Macquarie as a research associate.
• Dr Mark Weber, most recently from the IHES (Paris), has joined CoACT as
a research associate.
Monash University
• Dr Richard Wardle resigned on 30 June 2010 to take up a new role as Manager of the Diploma program at the Bureau of Meteorology. He will continue
with the School of Mathematical Sciences, Monash University as an Adjunct
member.
Swinburne University
• Dr Birgit Loch, formerly of the University of Southern Queensland, commenced on 19 July 2010 as Senior Lecturer in Mathematics Education in the
Mathematics Discipline of the Faculty of Engineering and Industrial Sciences.
University of Adelaide
• Dr Snigdhayan Mahanta from Johns Hopkins University has joined the School
as Postdoctoral Fellow, working with Mathai Varghese.
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University of Melbourne
• Dr Norman Do has joined our department as a research fellow.
• Dr Peter Milley has left our department.
University of Newcastle
• Dr Massoud Talebian has been appointed Lecturer in mathematics. Dr Talebian is a recent graduate of the Columbia University, and works in optimisation.
University of New South Wales
• Dr Thomas Britz has joined the Department of Pure Mathematics as a lecturer after many years as a Postdoctoral Research Fellow.
• Dr Atiya Zaidi has accepted a research position under the supervision of Associate Professor John Roberts. Atiya also has started a Teaching Fellowship
with the Faculty of Science.
• After many years of outstanding service to education, Dr Peter Blennerhassett will step down from his current position as the School’s Director of First
Year Studies. Mr Peter Brown will begin as the School’s Director of First
Year Studies in early 2011.
University of Queensland
• Dr Sangjib Kim has accepted a ﬁve-year position in Mathematics commencing on 1 January 2011. Dr Kim’s research interests include representation
theory and algebraic combinatorics.
University of South Australia
• Dr Davide Farchione (Lecturer) has resigned from the School.
• Dr Sakrapee (Paul) Paisitkriangkrai has been appointed to the Phenomics
and Bioinformatics Group as Research Fellow.
• Dr Jinhai Cai has been appointed to the Phenomics and Bioinformatics Group
as Senior Research Fellow.
• Dr Huwaida Rabie has been appointed to the Phenomics and Bioinformatics
Group as Research Fellow.
University of Wollongong
• Professor Brian Cullis has joined the school as Professor of Biometry. Professor Cullis joins us after more than 30 years with the NSW Department of
Primary Industry, where he was Research Leader, Biometrician and Senior
Principal Research Scientist.
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Gazette News
Juliane Turner is taking over from Jim MacDougall as local correspondent at the
University of Newcastle. The editors of the Gazette thank Jim for his eﬀorts as
correspondent. Current correspondents are listed inside the back cover.

Conferences and Courses
Conferences and courses are listed in order of the ﬁrst day.
International Conference on Electromagnetics
in Advanced Applications 2010
Date: 20–24 September 2010
Venue: Sydney Masonic Centre
Web: http://www.iceaa-oﬀshore.org/
Macquarie Mathematics Department Head, Professor Paul Smith, is chair of the
local organising committee for this conference. This year is the ﬁrst time that the
Conference has left Italy. It will be held at the Sydney Masonic Centre located
in the Sydney CBD. Further information is available at the website. Macquarie
personnel are supporting the organisation.
2010 AustMS Early Career Workshop
Date: 25–26 September 2010
Venue: Rydges Oasis Resort, Caloundra, Queensland
Web: www.maths.uq.edu.au/∼tillmann/austms10
54th Annual Meeting of the Australian Mathematical Society
Date: 27–30 September 2010
Venue: University of Queensland, St Lucia campus
Web: www.smp.uq.edu.au/austms2010
ALTC Workshop:
Eﬀective Learning, Eﬀective Teaching in the Quantitative Disciplines
Date: 30 September – 1 October 2010
Venue: University of Queensland, St Lucia campus
Web: www.austms.org.au/ALTC
Enquiries: Diane Donovan (dmd@maths.uq.edu.au)
Birgit Loch (bloch@swin.edu.au)
To register your attendance or receive updates on plenary speakers and a detailed
program, visit the website.
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CARMA and AMSI Workshop on Functional and Nonlinear Analysis
Date: 2–4 October 2010
Venue: The University of Newcastle
Web: carma.newcastle.edu.au/carmaevents.shtml
Contact: juliane.turner@newcastle.edu.au
Workshop on Discrete Optimisation
with Applications in Transport, Logistics, and Networks
Date: 12–15 October 2010
Venue: School of Mathematics and Statistics, UNSW
Web: http://do10.maths.unsw.edu.au
Contacts: Gary Froyland (g.froyland@unsw.edu.au)
Lyn Forsyth (l.forsyth@unsw.edu.au)
See the website for all the current information on the workshop; updates will be
made progressively.
CTAC2010
Date: 28 November – 1 December 2010
Venue: University of New South Wales
Web: conferences.science.unsw.edu.au/CTAC2010/
AMSI mini-workshop ‘Riemannian and diﬀerential geometry’
Date: 30 November – 2 December 2010
Venue: Department of Mathematics and Statistics, La Trobe University
Organisers: Grant Cairns, Gerd Schmalz, Yuri Nikolayevsky
Contact: Yuri Nikolayevsky (Y.Nikolayevsky@latrobe.edu.au)
34ACCMCC: The 34th Australasian Conference on Combinatorial
Mathematics and Combinatorial Computing
Date: 6–10 December 2010
Venue: The Australian National University, Canberra
Web: http://www.maths.anu.edu.au/events/34accmcc/34accmcc.html
Contact: 34accmcc@anu.edu.au
ACCMCC is the annual conference of the Combinatorial Mathematics Society of
Australasia. It covers all areas of combinatorics in mathematics and computer science. The ﬁrst two days of the conference will run concurrently with the Annual
Australian Statistical Mechanics Meeting.
Invited talks will be given by Emeritus Professor Richard Brualdi (University of
Wisconsin), Dr Darryn Bryant (University of Queensland), Dr Catherine Greenhill (University of New South Wales), Dr Petteri Kaski (University of Helsinki),
Dr Ian Wanless (Monash University) and Professor Catherine Yan (Texas A&M
University).
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Logic Summer School
Date: 6–17 December 2010
Venue: The Australian National University
Web: http://lss.cecs.anu.edu.au
Contact: Professor John Slaney (John.Slaney@anu.edu.au)
Flyer: http://lss.cecs.anu.edu.au/ﬁles/ﬂyer2010.pdf
The Logic Summer School comprises a blend of practical and theoretical short
courses on aspects of pure and applied logic taught by international and national
experts. The school provides a unique learning experience for all participants,
backed up with state-of-the-art computational science facilities at the ANU.
Presenters: Professor John Slaney (ANU), Dr Rajeev Goré (ANU), Dr Peter Baumgartner (NICTA), Dr Jinbo Huang (NICTA), Dr Andreas Bauer (NICTA), Dr Alwen Tiu (NICTA), Dr Sophie Pinchinat (University of Rennes, France), Dr Patrik
Haslum (NICTA) and Ms Susan Rogerson (Monash University).
The Logic Summer School is intended for:
• Students from about the third year of undergraduate studies up to beginning
PhD level who are considering specialising in a logic-related ﬁeld
• Teachers who teach logic in computer science, mathematics or philosophy
• IT professionals who use formal methods or who want to know more about
logic-based technology
• Anyone who ﬁnds the idea of two weeks of wall-to-wall logic enticing!
Fees. Professionals: $1650 per person; discounts are available for multiple registrations from individual companies and institutions. Students in full-time education:
$120 per person; scholarships are available and are assessed on a case-by-case basis.
The website has more details.
Registrations after Friday 5 November 2010 are subject to a 20% surcharge.
2010 New Zealand Mathematical Society Colloquium
Date: 7–9 December (note the change of date)
Venue: University of Otago, Dunedin, NZ
Web: http://nzmathsoc.org.nz/colloquium
Contact: Marguerite Hunter (mhunter@maths.otago.ac.nz)
The annual Colloquium, for the ﬁrst time under the auspices of the New Zealand
Mathematical Society, will be hosted in 2010 by the Department of Mathematics
and Statistics at the University of Otago.
The program consists of ﬁve plenary sessions together with contributed talks representing, a wide range of contemporary pure and applied mathematics and related
areas such as mathematics history and education. The plenary speakers are:
• John Butcher (Auckland), ANZIAM Lecturer
• Michael Eastwood (ANU)
• Helmut Friedrich (Albert Einstein Institute, Golm)
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• Andre Nies (Auckland), NZMS Lecturer
• Jacqui Ramagge (Wollongong), NZIAS Lecturer.
There will be an informal reception on Monday evening to welcome those attending; registration formalities can be completed then or on the following morning.
On Tuesday there will be a second reception at which posters will be exhibited
and informally presented by their authors. ANZIAM has kindly donated a prize
of $200 for the best poster submitted by a student.
An excursion has been arranged for Wednesday afternoon. The Colloquium dinner
will be held on Wednesday evening at the historic and picturesque Larnach Castle
on Otago Peninsula. Transport to and from the dinner will be provided.
The Aitken Prize for the best student talk will be presented at the Colloquium
dinner.
The ﬁnal session is expected to ﬁnish by 3.15pm on Thursday.
Registration and abstract submission can be made online via the conference website. The deadline for abstract submission and early-bird registration is 31 October.
2011 AMSI Summer School
Date: 10 January – 4 February 2011
Venue: School of Mathematical Sciences, University of Adelaide
Web: www.maths.adelaide.edu.au/amsi2011/
Contact: Finnur Larusson (ﬁnnur.larusson@adelaide.edu.au)
The summer school will feature eight courses for honours and postgraduate students, as well as other mathematical and social activities. With the consent of
their home university, students can take summer school courses for credit. This is
an excellent opportunity for students to broaden their mathematical base and to
make useful connections with mathematics and statistics students and staﬀ from
around Australia. Past experience has shown that students ﬁnd the summer school
to be a very enjoyable and enriching experience.
The courses are
• Dr Murray Elder (University of Queensland) ‘Geometric, combinatorial,
asymptotic and statistical group theory’
• Dr Matt Finn (University of Adelaide) ‘Chaotic dynamical systems’
• Dr Bishnu Lamichhane (University of Newcastle) ‘Numerical analysis with
applications’
• Dr Thomas Leistner (University of Adelaide) ‘Lie groups and Lie algebras’
• A/Prof Inge Koch (University of Adelaide) ‘Analysis of multivariate and
high-dimensional data’
• Prof Dirk P. Kroese (University of Queensland) ‘Monte Carlo methods’
• Dr Joshua Ross (University of Adelaide) ‘Mathematical epidemiology: stochastic models and their statistical calibration’
• Dr Marty Ross (ex University of Melbourne) ‘Geometric measure theory’.
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ANZIAM 2011
Date: 30 January – 3 February 2011
Venue: Stamford Grand, Glenelg, South Australia
Web: anziam2011.adelaide.edu.au
Contact: anziam2011@adelaide.edu.au
MISG 2011
Date: 6–11 February 2011
Venue: RMIT University, Melbourne
Web: http://www.rmit.edu.au/maths/misg
The 2011 Mathematics and Statistics in Industry Study Group will be hosted by
RMIT University, Melbourne, from Sunday 6th February to Friday 11th February
2011. Registration (free) will be available later in the year. See the website for
further details.
7th International Congress on Industrial and Applied Mathematics
(ICIAM 2011)
Date: 18–22 July 2011
Venue: Vancouver, British Columbia, Canada
Web: www.iciam2011.com
Email: info@iciam2011.com
12th Asian Logic Conference
Date: 15–20 December 2011
Venue: Victoria University of Wellington
Web: http://msor.victoria.ac.nz/Events/ALC2011/
Registration is now open.
This meeting will be held jointly with a meeting of the Australasian Association for
Logic (AAL). There will be an additional workshop for students on 14 December
featuring the conference tutorial speakers.
The Asian Logic Conference series is sponsored by the Association for Symbolic
Logic, and the meetings are major international events in mathematical logic. The
series features the latest scientiﬁc developments in the ﬁelds of mathematical logic
and its applications, logic in computer science, and philosophical logic.
Tutorial speakers: Zlil Sela (Hebrew University) and Martin Grohe (Humboldt
University, Berlin). Plenary Speakers: Hiroakira Ono (JAIST) (joint AAL), Mic
Detlefsen (Notre Dame) (joint AAL), Akito Tsuboi (University of Tsukuba), Noam
Greenberg (Victoria University Wellington), Greg Hjorth (Melbourne University),
Isaac Goldbring (UCLA), Grigor Sargsyan (UCLA) and Wu Guohua (NTU, Singapore).
Special sessions
• Feng Qi and Hugh Woodin (set theory)
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Geoﬀ Whittle and Daniel Marx (logical aspects of graphs and matroids)
Andre Nies (algorithmic randomness)
Antonio Montalban and Rod Downey (logical aspects of algebraic structures)
Edwin Mares and Rob Goldblatt (modal logic)

Visiting mathematicians
Visitors are listed in alphabetical order and details of each visitor are presented
in the following format: name of visitor; home institution; dates of visit; principal
ﬁeld of interest; principal host institution; contact for enquiries.
A/Prof Naruhiko Aizawa; Osaka Prefecture University, Japan; 30 August to 2 October 2010; –; UQL; Jon Links and Phil Isaac
Prof Dmitri Alekseevskii; University of Edinburgh; November to December 2010;
Riemannian geometry, Lie groups, Lie algebras and homogeneous spaces;
LTU; Yuri Nikolayevsky
Pierre-Olivier Amblard; CNRS, France; 1 August 2010 to 28 February 2013; –;
UMB; Owen Jones
Prof Jianye An; Tianjin University of Commerce, PR China; 1 July 2010 to 15
January 2011; –; UWA; –
Anton Betten; Colorado State University; 10 August to 15 January 2011; –; UWA;
Gordon Royle
A/Prof Zhiqiang Cai; Tianjin University of Commerce, PR China; 1 July 2010 to
15 January 2011; –; UWA; –
Dr Luigi Cantini; LPTMS Universite Paris-Sud, France; 8–28 February 2011; –;
UMB; Jan de Gier
Prof Huai-dong Cao; Lehigh University; 26 August 2010 to 20 September 2010; –;
ANU; Xu-Jia Wang
Prof Ray Carroll; Dept Statistics, Texas A&M University; 19 September to 15
October 2010; –; UMB; Peter Hall
Dr Florica Cirstea; University of Sydney; 14 July 2008 to 14 July 2011; applied
and nonlinear analysis; ANU; Neil Trudinger
Dr Robert Clark; University of Wollongong; 1 July 2008 to 1 July 2011; statistical
science; ANU; Alan Welsh
Mr Kevin Coulembier; Ghent University; 4 October to 4 December 2010; supersymmetry; USY; R. Zhang
Mr Gnanadarsha Dissanayake; Troy State University; 1 March 2010 to 31 December 2010; time series; USN; M.S. Peiris
Dr Timofei Dokchitser; University of Cambridge; 20 August to 27 September 2010;
arithmetic geometry; USY; J.J. Cannon
Dr Vladimir Dokchitser; University of Cambridge; 20 August to 27 September
2010; arithmetic geometry; USY; J.J. Cannon
Prof Ron Douglas; Texas A&M University; 16–30 September 2010; –; ANU; Alan
Carey
Dr Vida Dujmovic; Carleton University, Canada; 1 September 2010 to 1 February
2011; –; UMB; David Wood
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Prof Dan Freed; University of Texas at Austin; Dirac operators in geometry, topology, representation theory and physics; 18–25 October 2010; Mathai Varghese
Prof Yuxia Guo; Tsinghua University; 1 October to 15 November 2010; partial
diﬀerential equations; USY; E.N. Dancer
Prof Alexey Isaev; Bogoliubov Laboratory of Theoretical Physics; 1 October to
30 November 2010; quantum algebras; USY; A.I. Molev
Ik Sung Kim; Korea Maritime University, Busan; 1 March 2010 to 28 February
2011; computational mathematics, image processing; UNSW; Bill McLean
Prof Alexander Kleshchev; University of Oregon, Eugene; 7 July to 14 September
2010; represenatation theory; USN; A.P. Mathas
Dr Satoshi Koike; Hyogo University of Teacher Education; 17 September to 2 October 2010; directional sets; USY; L. Paunescu
Prof Shaoyong Lai; Southwestern University of Finance and Economics, China; 1
August to 31 October 2010; –; CUT; Yong Hong Wu
Dr Guillaume Lecue; Université de Provence, France; 1 June to 30 September 2010;
analysis and geometry; ANU; Shahar Mendelson
Dr Claire Levaillant; France; 10–18 September 2010; –; UMB; Arun Ram
Dr Bin Li; Tsinghua University, China; 3 October to 18 December 2010; representation theory; USY; R. Zhang
Prof Shengjie Li; Chongqin University, China; 9 August to 31 October 2010; –;
CUT; Kok Lay Teo
Mr David Kelly; University of Warwick; 22 June to 12 September 2010; stochastic
PDE theory; USN; G.A. Gottwald
Mr James Maclaurin; Keble College, Oxford; 3 August to 31 October 2010; solid
mechanics, partial diﬀerential equations; USY; N. Joshi
Dr Victoria Martin Marquez; Universidad de Sevilla, Spain; 20 July to 10 October
2010; –; USA; Regina Burachik
Dr Ruy Fabila-Monroy; Heroes de Padierna, Mexico; 1 September 2010 to 31 January 2011; –; UMB; David Wood
A/Prof Kay O’Halloran; Interactive and Digital Media Institute Singapore; 2 August 2010 to 28 January 2011; –; UWA; Kevin Judd
Prof Makato Ozawa; Komazawa University, Japan; 1 April 2009 to 31 March 2011;
–; UMB; Hyam Rubinstein
Prof Yucai Su; University of Science and Technology, China; 7 October to 18 December 2010; noncommutative geometry in representation theory; USY; R.
Zhang
Mr Theo Vo; UNSW; 28 July 2010 to 28 February 2011; complex oscillatory patterns; USN; M. Wechselberger
Prof Zhong Wan; Central South University, Changsha, China; 2 August to 30 October 2010; –; CUT; Kok Lay Teo
Prof Xin-Min Yang; Chongqin Normal University, China; 8 August to 30 September 2010; –; CUT; Kok Lay Teo
Prof Xiaoyan Zhang; Shandong University, China; 16 January 2010 to 16 January
2011; nonlinear analysis; UNE; Yihong Du

AustMS Special Interest Meetings: call for applications
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.
The rules governing the approval of grants and an application form can be found
at http://www.austms.org.au/Special+Interest+Meetings.

Australian Mathematical Society Lift-oﬀ Fellowships
The Australian Mathematical Society Lift-oﬀ Fellowships are designed to help
recent PhD graduates in Mathematics and Statistics jump-start their career by
giving them ﬁnancial support after they submit their PhD thesis, but before they
take up their ﬁrst postdoctoral position. The Lift-oﬀ Fellowships are awarded on
the basis of academic merit. Fellowships can be used for living expenses, to attend
conferences, for travel and to fund visits of collaborators.
Applications can be made at any time. Visit http://www.austms.org.au/Lift-oﬀ
for the rules governing the approval of fellowships and application instructions.
Peter Stacey
AustMS Secretary
E-mail: P.Stacey@latrobe.edu.au

Peter Stacey joined La Trobe as a lecturer in 1975 and retired
as an associate professor at the end of 2008 after many years
as head of department and then associate dean. Retirement
has enabled him to spend more time with his family while
continuing with some research on C*-algebras and some work
on secondary school education. He took over as secretary of
the Society at the start of 2010.
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