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“Doom and Gloom.” That was our overriding impression after a final proof-reading of this
issue of the Gazette. Coming soon after the demise of Mathematics at Charles Darwin
University, the University of New England has announced several forced redundancies in its
School of Mathematics, Statistics and Computer Science (see page 18). Grant Cairns, in
the Math Matters column, sketches an equally bleak picture for mathematics at La Trobe
University. Grant writes
“This [drop in student numbers] is partly due to a general decline in traditional science enrolments. In part this is a consequence of the drop in
standards of commencing students; as the mathematical abilities drop and
their pass rates fall, their home departments are naturally inclined to drop
or reduce the number of mathematics units that these students must take.”
A drop in standards of commencing students; is there anything that can be done about this?
In such gloomy times it is perhaps fitting to tell the uplifting story of what recently occurred
in the Netherlands. Similar to other western countries, the number of mathematics units
taken by secondary school students in the Netherlands has fallen by 40% in recent years.
Universities have been slow to adapt to the drop in standards of first year students; this
has led to a significant increase in the drop-out rate of mathematics and physics students,
many of whom fail to bridge the widening gap between actual and assumed entry levels in
mathematics.
A group of disgruntled science students, mainly from the “Leidsche Flesch” (a very active
organisation for science students at the University of Leiden) decided that enough was
enough and wrote an open letter to the Dutch Minister of Education, Culture and Science,
Maria van de Hoeven. This letter was quickly picked up by large sections of the Dutch
media, and the initiative became widely known as lievemaria (dearmaria), see http://www.
lievemaria.nl (basic knowledge of the Dutch language is helpful). So strong became the
support for lievemaria that it led to meetings between lievemaria and parliamentarians, and
public correspondence with senior bureaucrats within the ministry. This was then followed
by a special session in parliament, culminating in the recent announcement by the minister
of 15% extra mathematics units plus an extra mathematics stream for prospective science
students.
We probably have all complained about the doom and gloom and lack of support for
mathematics. However, the campaign started by the “Leidsche Flesch” demonstrates that
strong lobbying can be very successful. It is not inconceivable that a dearjulie could happen
in Australia.
And if you thought the conditions for doing mathematics were tough now, then you should
read Hans Lausch’s Historical titled mathematics in detention. Being interned in Australia
as a consequence of the outbreak of WWII, a group of German scientists kept spirits high by
teaching mathematics. To deal with a lack of paper, lecture notes were taken on soup-can
labels!
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In the third issue of the Gazette in 2005, Ian Roberts asked readers to send in their
favourite definition of mathematics. He also challenged the editors to give a two-sentenceline definition. Somewhat ducking the question, here is one from the daughter of one of the
editors. To tell her friends that her father is a mathematician, she explains “That is someone
who invents really big sums, like 19057364 times 89473478245 plus 6.” Quite similar in spirit
to one of Ian’s: “Mathematicians do hard sums”.
That (some) mathematicians do more than just big or hard sums follows from Michael
Anderson’s contribution to My brilliant career. After completing his Ph.D in mathematics
Michael ended up in the visual effects world, working for Rising Sun Research, the company
responsible for the VFX in the Return of the King.
We all know about Hilbert’s twenty three problems, posed in 1900 at the International
Congress of Mathematicians. The third problem was the first to be solved, and in Mathellaneous Norman Do recounts Max Dehn’s discovery of Dehn invariants, proving that not
all polyhedra of equal volume are scissors congruent.
Some positive news from the youngest generation of mathematicians is Daniel Horsley’s
solution — joint with his supervisor Darryn Bryant — of the long-standing Lindner conjecture. You can read about their solution in this Gazette.

Vacancy: Editor(s) for the Gazette
The present Editors of the Gazette, Drs Jan de Gier and S. Ole Warnaar, are sadly stepping
down from their position on 31 December 2006. So the hunt is on for a replacement Editor
or Editors, to carry the Gazette forward from 2007 on. An overlap in the position of a few
months, from about October 2006, is envisaged, to enable a smooth transition.
Anyone interested in the position of Editor is invited to send (via e-mail) a brief resumé
and covering letter to both the President and the Secretary, at President@austms.org.au
and Secretary@austms.org.au.
There is financial assistance available for part-time secretarial help. Knowledge of LATEX
is essential. For further information about what the position entails, please contact the
present Editors at gazette@ms.unimelb.edu.au.
Elizabeth J Billington
Hon. Sec., AustMS

Michael Cowling

The Strategic Review of the Mathematical Sciences took place in February. Three international reviewers—Jean
Pierre Bourguignon from the Institute des
Hautes Études Scientifiques (Paris), Brenda
Dietrich, from IBM (New York), and
Iain Johnstone from Stanford University
(California)—and a variable team of local mathematical scientists flew around the
country and interviewed interested people
from business, industry and government as
well as universities. Everything was organised efficiently, and at least apparently
with a minimum of fuss, by Barry Hughes,
of Melbourne University, and judging on
progress to date, the review will be a fine, if
somewhat depressing, piece of work. Members of the Society owe a huge debt to Barry
for the effort that he has put into the review.
Jan Thomas has begun the task of publicising the findings of the review, and an article
has already appeared in the Higher Education Supplement of the Australian.
One of the findings of the review is (almost certainly) going to be that mathematical scientists need to do more to promote
the study of mathematics, both as a tool
for many and as a career for quite a few.
It is clear that there are lots of mathematical jobs in the real world for the right students. A meeting involving a number of professional groups is being organised for the

near future by AMSI (and ICE-EM) which
will try to coordinate better publicity for
the mathematical sciences. But there will
be more work to do. A major surprise for
me in the interviews that I attended was
the insistence by a broad range of potential
employers of mathematicians that we in universities need to produce graduates with a
wider set of skills. I imagine that the report
will lead to a number of changes in how we
promote our discipline and how we teach
our students.
The Society will hold its fiftieth Annual
Conference at Macquarie University later
this year. This will be a gala occasion. Macquarie University is providing very generous
support for the conference, which will enable it to be bigger than Ben Hur. The Program Committee are getting together an excellent range of speakers, and many stimulating talks are assured. Graeme Cohen has
been working for some six years on a history
of the people, institutions and organisations
in the mathematical sciences in Australia,
and we expect to launch his book at this
meeting. This is a fascinating work, and
will certainly be a discussion point. While
the deadline for early registration (at a reduced price) is still well in the future, accommodation near Macquarie University is
at a premium, and so members of the Society are encouraged to register soon.

Urgent submissions requested on the value of mathematical sciences
The productivity commission, which is an
important independent advisory group on
economic matters to the federal government,
has been asked to report on the (economic)
value of science and innovation. This is a
matter of great significance to all of science
in Australia and the national committees in
each area have been asked to put together
information, which can be used for submissions.
I would like short articles (half to one
page is fine) of projects in any area of mathematical sciences, which have been done recently, where there is some tangible economic benefit. We will, of course, high-

light the contributions of mathematically
and statistically trained people in areas such
as finance, mining, agriculture, medicine,
bioinformatics etc. But it is vital that we
can also stress the value of projects undertaken by professional mathematical scientists working directly with industry.
I would greatly appreciate contributions
by email to rubin@ms.unimelb.edu.au. If
these could be in by mid June, this would
be very helpful in preparing for the July
submission. Contributions will also be invaluable for supporting the report of the
national review of mathematical sciences,
which will be launched in July.

Hyam Rubinstein
Department of Mathematics and Statistics, University of Melbourne, VIC 3010
E-mail: rubin@ms.unimelb.edu.au

Grant Cairns

This “opinion piece” is on how I think
Mathematics is travelling. The Gazette editors’ brief is to be “provocative”. The Australian scene isn’t uniform and the more
modern universities like La Trobe are suffering more than others; in a time of student shortage, the sandstones take their fill
first. It’s possible that our precarious state
is colouring my view of the overall landscape
and that this view is consequently biased;
but that doesn’t seem entirely out of place
in an “opinion piece”.
As I just pre-figured, I do think Mathematics is in trouble. How could I think
otherwise: in my department, total student
enrolments in mathematics units (including
service units) have slowly fallen, more or
less monotonically, for the past 15 years.
Over this same period, funding has plummeted; even though the number of staff has
fallen a good deal faster than the student
enrolment, we now find ourselves with an
annual salary bill some 60% higher than
our teaching income; the immediate future
has its challenges. One critical issue is pass
rates. As student interest in science and IT
falls, faculties chase enrolments down into
unprecedentedly low entrance scores. Combine this with the drop in school mathematics levels and high failure rates are virtually unavoidable. This situation can’t
be easily improved, at least not without
fundamentally compromising a curriculum
that has already been considerably watered
down over the past two decades.
How did we get into this situation: an
unsustainable budgetary situation and students who in many cases simply aren’t properly prepared to study mathematics at university? The drop in student numbers primarily reflects a gradual reduction in mathematics service teaching. This is partly due

to a general decline in traditional science
enrolments. In part it is a consequence of
the drop in standards of commencing students; as their mathematical abilities drop
and their pass rates fall, their home departments are naturally inclined to drop or reduce the number of mathematics units that
these students must take. But the drop in
student numbers is only part of the story.
The key factor in understanding our present
budgetary situation has been the drop in
government funding. Different people like
to look for all sorts of obscure reasons to explain the difficulties of mathematics departments in Australia, but the main reason is
without doubt the drop in government funding. Over the past two decades government
funding of universities has dropped, in real
terms, and has been instead supplemented
by full fee paying overseas students. Mathematics does see some of these full fee paying
students, but in fact, most full fee students
are attracted to vocationally oriented programs, especially professional masters degrees. This change in the profile of university income has resulted in a fundamental
shift in resources away from traditional disciplines like mathematics.
How bad is it? Well, the immediate
future is rather bleak. Very few opportunities for teaching positions exist in our
university mathematics departments; young
mathematicians have precious little opportunity in Australia, and very little expectation that the situation will improve. As the
incumbent teaching generation approaches
retirement age, one has more the impression that the shop is being wound up, rather
than the baton being passed on. An equally
grave prognostic looms over school mathematics: the growing crisis in the provision of
suitably trained mathematics teachers is a

Math matters

major problem, amplified by the problems
at the university level and destined to in
turn further exacerbate the decline in school
standards and the problems at university
entrance; a loop of very negative feedback.
What can we do? I think we’re already
doing it. Generally speaking, departments
are doing the right things: actively engaging with schools, promoting our courses, focusing on careers, dialoguing with industry.
I don’t believe our current predicament is
the mathematical community’s own doing,
despite what some people may claim. There
are plenty of people happy to push their own
barrows and especially in Australia, lots of
moral indignation about the shameful inaction of others. I guess this is not surprising
in a time of shortage. However, the fact
is that departmental initiatives have only
marginal effect. In any business, advertisement and client relations are important and
can’t be ignored, but ultimately you have to
have a product that people want to buy and
a price you can work with. At La Trobe for
example, our department has been active on
many fronts. It is recognized in one of the
university’s 8 areas of research strength. It
has a recognized history of dedication to
teaching. In the latest national teaching
survey, our department was ranked top of
all La Trobe departments in “good teaching” and top amongst all Australian mathematics departments. This (robust) indicator is an honest reflection of the effort that
the department has made: and yet despite
this our student numbers continue to fall,
the failure rates continue to rise, and our
financial situation continues to deteriorate.
There is little we can do against the antimaths tide that we are not already doing
with earnest.
Who can help? The situation differs
from campus to campus, but the underlying
problem is the same. Government support
of mathematics is the only thing that will
sustain our discipline in the coming years. It
is natural to look to the university centres
for assistance, but their pockets have finite
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depth and we are not the only discipline in
difficulty. At La Trobe, our Faculty and our
neighbouring Departments have generously
supported and subsidized us, and I take this
opportunity to thank them. I hope their
unselfish support will continue. But what
we really need is for the federal government
to support mathematics, by adjusting the
cluster funding model, or by some other
means; we need to look to the Australian
government to sustain Australian mathematics through the current lean years.
The longer term future? It will be a long
time before intellectual life is more important in Australia than sport, and the Australian economy is something significantly
more than just retail sales. Mathematics
in the broad Australian community has an
enormous amount of inertia. I am talking
here of the combined interest, appreciation,
knowledge and regard for mathematics held
by society at large, or more pertinently, the
lack there-of. It is not easy to turn this
around. However, the education sector has
been moving ineluctably into the capitalist
sphere. There is no doubt that universities
will be even more demand driven in the future. This is causing big problems in the
short term, but it may be very beneficial in
the long run. It will be if mathematics really
has something to offer. The future of secondary and tertiary mathematics lies in the
way society sees the benefits of mathematical education. Mathematics will only be
engaging and attractive for students when
they see the worth of mathematics and its
impact on society. At present this impact
is diffuse and disorganized. We are all at
pains to explain to students that mathematics careers are broad and diverse. I think
we do a reasonable job with a difficult task;
but we won’t be really successful in recruiting students until the argument is unnecessary. The discipline of mathematics will not
be secure until future applications of mathematics show the general community that
mathematics is important and that a solid
grounding in mathematics is useful for the
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modern citizen and desirable from a career
perspective. I think the long term future
is very promising. It seems inevitable to
me that the world of economics and finance
will eventually see mathematical training as
critical and demand a more serious education of their graduates. After all, numbers
have a way of making themselves heard, especially when they have dollar signs in front.
At present, medical science is strikingly disconnected from mathematics, but the future must surely be otherwise. Engineering departments continue to rely almost entirely on nineteenth century mathematics,
but eventually modern mathematics must
play a role.
There is no point pining for times gone
by. For us, I think the problem is one of
making mathematics more vocationally oriented. At present, mathematics is not a
vocation. People don’t become mathematicians and then get employed as such. The
most we can say is that by studying mathematics, students can improve their employment possibilities. How can we make
mathematics more vocationally significant?
I believe that without compromising the
discipline of pure mathematics, we need
to strengthen and develop applied mathematics. Pure maths is a largely coherent,
well articulated discipline with long established traditions. Applied maths is really
an “emerging discipline”, though it isn’t

usually thought of in this sense. It is comprised of very different parts: traditional interests in light, heat, gas and fluids, modern applications from statistical mechanics,
combinatorics, operations research, statistics, numerical analysis and computational
mathematics, etc. etc., and purely theoretical applications to other disciplines (principally theoretical physics). One could imagine that in the future the various parts of
applied mathematics might crystallise into
separate vibrant disciplines and who knows,
in a period of growth, perhaps even into separate departments. At present, the demarcation between these areas is not yet clear,
and neither is the character of their graduate attributes. We make very little attempt
to connect the training our students receive
with the tasks they will eventually perform
in the workplace. It is in Australia’s interest
that in particular, effective, socially useful
real world mathematics be vigorously promoted; this is important for Australia and
for the health of mathematics as a whole.
But I am getting carried away with speculation here. The problems we are presently
facing are more pressing. Across Australia,
how many more mathematics teaching staff
will be lost in the coming years? Will the
percentage of science students taking any
mathematics continue to fall? Will mathematics pass rates be preserved through the
further erosion of standards?

Department of Mathematical and Statistical Sciences, La Trobe University, VIC 3086
E-mail: G.Cairns@latrobe.edu.au

Norman Do
Scissors congruence and Hilbert’s third problem
What is area?
Despite being such a fundamental notion of geometry, the concept of area is very difficult
to define. As human beings, we have an intuitive grasp of the idea which suffices for our
everyday lives; however, as mathematicians, we have only relatively recently been able to
identify what we actually mean by the word. Efforts to define and generalize the notions of
length, area and volume have led to the development of the branch of mathematics known
today as measure theory.
Part of the difficulty in defining area lies in the fact that subsets of the plane can be quite
wild in comparison to the objects we encounter in the physical world. In particular, there
exist certain sets for which we cannot ascribe an area without disturbing one or more of
the fundamental premises that govern measure theory. These so-called non-measurable sets
make any efforts to characterize area rather complicated. To avoid such intricacies, let us
propose the more modest task defining area for polygons in the plane.
A seemingly elementary approach to the problem is to use the method taught to children
in primary school. This involves drawing the shape on graph paper and then counting the
number of squares which lie within the figure. This, of course, gives a lower bound for the
area, while counting the squares which contain some part of the shape in question will yield
an upper bound. The idea now is to consider finer and finer graph paper, thus giving more
and more accurate lower and upper bounds on the area in the hope that they will converge
to the same number. It is this number which is defined to be the area. It turns out that
this definition of area, although unsatisfactory for more complicated subsets of the plane,
is well-defined for every polygon in the plane. In this way, we have constructed an area
function which, given a polygon P , returns a real number a(P ).
It is quite unfortunate that this definition of area, even for polygons, should involve infinite processes and continuity arguments. Could we perhaps find an alternative definition,
one which requires purely elementary techniques? A common trend in contemporary mathematics is to define an object by the properties which it satisfies. For example, we may like
to extract enough properties of the area function defined above that there can be only one
such function which satisfies them all. In fact, the four properties listed below perform such
a task and we present them as the area axioms.
Area axioms
◦ (Non-negative) If P is a polygon, then a(P ) ≥ 0.
◦ (Additive) If P1 and P2 are polygons with no common interior points, then
a(P1 ∪ P2 ) = a(P1 ) + a(P2 ).
◦ (Invariant) If P1 is a polygon and P2 is the polygon obtained by subjecting P1
to a rigid motion, then a(P1 ) = a(P2 ).
◦ (Normalized) If S is the unit square in the plane, then a(S) = 1.
We say that two polygons are scissors congruent if one can be cut into finitely many
polygons which can be rearranged to give the other. In other words, scissors congruent
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polygons are common solutions to a jigsaw puzzle with the same set of pieces. Let us denote
the fact that polygons P and Q are scissors congruent by P ∼ Q. Also, note that we can
extend the definition to finite unions of polygons with mutually disjoint interiors. In this
case, we denote the union by P1 + P2 + · · · + Pn , where P1 , P2 , . . . , Pn denote the individual
polygons. The notion of scissors congruence, first for polygons, and then for polyhedra, will
be the main topic of investigation in this article.

Scissors congruence in the plane
Our exploration into the areas of polygons has naturally led us to the notion of scissors
congruence. It is a simple consequence of the area axioms that if two polygons are scissors
congruent, then they have the same area. Now it is only natural to ask the converse.
If two polygons have the same area, then are they necessarily scissors congruent?
This question was answered in the affirmative by F. Bolyai in 1832 and independently by
P. Gerwien one year later. Before embarking on the proof, let us begin by presenting a few
important lemmas on scissors congruence.
Lemma: Scissors congruence is an equivalence relation. In other words:
(1) for all polygons P , P ∼ P ;
(2) if P ∼ Q, then Q ∼ P ; and
(3) if P ∼ Q and Q ∼ R, then P ∼ R.
Proof. The first two statements are immediately evident from the definition of scissors congruence. Now suppose that we trace out the cuts required to decompose Q into pieces which
rearrange to give P as well as the cuts required to decompose Q into pieces which rearrange
to give R. Then cutting along all of these lines will yield a finite set of pieces which can be
rearranged to yield either P or R. It follows that P and R are scissors congruent.

Lemma: Every triangle is scissors congruent with some rectangle.
Proof. Cut along the altitude to the longest side of the triangle as well as along the perpendicular bisector of this altitude. This will decompose the triangle into two triangles and two
quadrilaterals which can be rearranged to give a rectangle with the same base and half the
height of the triangle.


Lemma: Any two rectangles with the same area are scissors congruent.
Proof. Place the two rectangles in the plane so that they have one vertex in common, with
two adjacent sides aligned as shown in the diagram. Cutting one of the rectangles along
the lines shown produces a pentagon, a small triangle and a large triangle which can be
rearranged to give the other rectangle.
The astute reader may have noticed that this particular decomposition may not always
work if one of the rectangles is “too long”. More explicitly, suppose that the rectangles
have dimensions `1 × h1 and `2 × h2 where we may assume without loss of generality that

Mathellaneous
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h1 < h2 ≤ `2 < `1 . Then the construction works only when `1 ≤ 2`2 . However, this can be
arranged by repeatedly cutting the longer rectangle in half and stacking the two pieces on
top of each other until the condition `1 ≤ 2`2 is satisfied.


With these three lemmas under our metaphorical belts, we are now ready to prove the
Bolyai-Gerwien Theorem.
Bolyai-Gerwien Theorem: Two polygons are scissors congruent if and only if they have
the same area.
Proof. First, note that any polygon P can be decomposed into finitely many triangles.
Furthermore, each of these triangles is scissors congruent to some rectangle and each of these
rectangles is scissors congruent to a rectangle, one of whose sides has length 1. Therefore,
we can write
P ∼ R1 + R 2 + . . . + R n ,
where each Ri is a rectangle with one side of length 1.
Concatenating these rectangles together produces a single rectangle R which has one side
of length 1. Of necessity, the other side of R must have length equal to the area of P .
Therefore, if P and Q have the same area, they are both scissors congruent to the rectangle
R, so they are scissors congruent to each other.


What is volume?
It is simple enough to develop a theory of volume for polyhedra in an analogous manner to
the theory of area for polygons. The area axioms transform naturally into volume axioms
to give a rigorous definition of the volume of a polyhedron. However, it had been noted
by Gauss that proofs for the volume of a tetrahedron had all used in some way or another
continuity arguments, rather than entirely elementary methods. Such an elementary proof
would require that polyhedra with the same volume be scissors congruent.
If two polyhedra have the same volume, then are they necessarily scissors
congruent?
Hilbert considered this question of such importance that he included it in his famous
address to the International Congress of Mathematicians at Paris in 1900. As is well known,
his address included a list of twenty-three unsolved problems in mathematics which he considered to be of great significance. This question of scissors congruence in three dimensions
was the third on his list.
It is clear from Hilbert’s exposition on the matter that he did not expect the BolyaiGerwien theorem to carry over from polygons in the plane to polyhedra in space — and he
was exactly right.
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Dehn invariants
Hilbert’s third problem was answered by his own student Max Dehn in 1900, the very year
in which Hilbert had given his address at the International Congress of Mathematicians.
The crux of the proof lies in constructing ingenious invariants which since been named after
Dehn. But before we can progress to the definition of Dehn invariants, we need to develop
a little background from linear algebra.
Given a finite set of real numbers X = {x1 , x2 , . . . , xn }, let V (X) denote the set of linear
combinations of numbers in X with rational coefficients.
V (X) = {q1 x1 + q2 x2 + · · · + qn xn : qi ∈ Q}
Note that V (X) is a vector space over Q, so it makes sense to speak of Q-linear functions
f : V (X) → Q. In other words, we are interested in functions f : V (X) → Q which satisfy
◦ f (v1 + v2 ) = f (v1 ) + f (v2 ) for all v1 , v2 ∈ V (X); and
◦ f (qv) = qf (v) for all q ∈ Q and v ∈ V .
In later discussion of Dehn invariants, we will need the following simple lemma.
Lemma: Let X ⊆ Y be finite sets of real numbers. If f : V (X) → Q is a Q-linear function,
then f can be extended to a Q-linear function g : V (Y ) → Q such that f (v) = g(v) for all
v ∈ V (X).
Proof. A Q-linear function f : V (X) → Q is determined by its values on a Q-basis of V (X).
However, we know from the theory of vector spaces that every basis of V (X) can be extended
to a basis of V (Y ).

Given a polyhedron P , let XP denote the set of dihedral angles between adjacent faces
of P , along with the number π. Let X be a finite set of real numbers which contains XP
and consider any Q-linear function f : V (X) → Q which satisfies f (π) = 0. Then we define
the Dehn invariant of P with respect to f to be the real number
X
Df (P ) =
`(e) · f (θ(e)),
e∈P

where the sum extends over all edges e of the polyhedron, `(e) denotes the length of e, and
θ(e) denotes the dihedral angle at e. The reason for this construction will become more
transparent after considering the following crucial theorem.
Dehn-Hadwiger Theorem: Let P and Q be polyhedra and let XP ∪ XQ ⊆ X. If f :
V (X) → Q is a Q-linear function with f (π) = 0 such that
Df (P ) 6= Df (Q),
then P and Q are not scissors congruent.
Proof. Suppose that the polyhedron P can be decomposed into finitely many polyhedra
P1 , P2 , . . . , Pn and let Y = X ∪ XP1 ∪ XP2 ∪ . . . ∪ XPn . Then by the lemma above, we can
extend f : V (X) → Q to a Q-linear function g : V (Y ) → Q. Now we will show that the
Dehn invariants are additive in the sense that
Dg (P ) = Dg (P1 ) + Dg (P2 ) + · · · + Dg (Pn ).
Given a polyhedron Pi in the decomposition of P , let us associate a mass to each edge of
Pi . For the edge e, the mass is given by the real number
`(e) · g(θ(e)),

Mathellaneous
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where `(e) denotes the length of e and θ(e) the dihedral angle at e in the polyhedron Pi .
Now we make the following observation about the masses associated to an edge e in the
decomposition of P .
◦ If e is contained in an edge of P , then the dihedral angles of the pieces add up to
the dihedral angle of P at e, and hence, the masses add up in the required way.
◦ If e is contained in the interior of a face of P , then the dihedral angles of the pieces
add up to π, so the g-values of the angles in the pieces add up to g(π) = 0.
◦ If e is contained in the interior of P , then the dihedral angles of the pieces add up
to 2π, so the g-values of the angles in the pieces add up to g(2π) = 2g(π) = 0.
Further to these observations, note that the Dehn invariants of two congruent polyhedra
must be equal. Hence, if the polyhedra P and Q can be decomposed as P = P1 ∪P2 ∪. . .∪Pn
and Q = Q1 ∪ Q2 ∪ . . . ∪ Qn where Pi is congruent to Qi for each i, then
Dg (P ) = Dg (P1 ) + Dg (P2 ) + · · · + Dg (Pn )
= Dg (Q1 ) + Dg (Q2 ) + · · · + Dg (Qn )
= Dg (Q).
However, since g was an extension of the function f , this yields Df (P ) = Df (Q), as
desired.


Hilbert’s third problem solved
Example (Cube)
Let us consider a cube C of side length s. Since all of the dihedral angles of the cube are
equal to π2 , we have XC = { π2 , π}. Now to form the Dehn invariant for the cube, we need to
consider a Q-linear function f : V (X) → Q satisfying
f (π) = 0, where XC ⊆ X. However,

any such function f necessarily satisfies f π2 = 12 f (π) = 0, so the Dehn invariant is simply
π
Df (C) = 12sf
= 0.
2
Example (Regular tetrahedron)
Let us now consider a regular tetrahedron T of side length `. Again, all of the dihedral
angles of the regular tetrahedron are equal and a simple calculation demonstrates that this
angle is φ = arccos 13 . However, there is no linear dependence between arccos 13 and π with
rational coefficients. This follows from the fact that π1 arccos 13 is irrational, a fact whose
proof we will postpone till later. Therefore, we can consider the function f : V (XT ) → Q
defined on the basis elements
f (φ) = 1 and f (π) = 0.
With this particular choice of f , we can calculate the Dehn invariant to be
Df (T ) = 6`f (φ) = 6` 6= 0.
Solution to Hilbert’s third problem
The function defined above when calculating the Dehn invariant for the regular tetrahedron
is also a valid choice for calculating the Dehn invariant of the cube. We may fix the side
lengths of the cube and regular tetrahedron so that they both have unit volume. We know
that their Dehn invariants satisfy
Df (C) = 0
Df (T ) 6= 0.
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Therefore, by the Dehn-Hadwiger Theorem, the cube and the regular tetrahedron of unit
volume are not scissors congruent.
Fact: The number

1
1
arccos
π
3

is irrational.
Proof. If the number was rational, then we could write
1
p
1
arccos =
π
3
q
where p and q are integers, with q positive. Then
1
1
q arccos = pπ ⇒ cos(q arccos ) = cos(pπ) = ±1.
3
3
However, we will now proceed to show by induction that for φ = arccos 31 , cos nφ = A3nn
where An is an integer not divisible by 3. It follows that cos qφ 6= ±1 and from this
contradiction, we deduce the irrationality of π1 arccos 13 .
We have cos φ = 13 , so the statement is certainly correct for n = 1. We also have
 2
1
7
cos 2φ = 2 cos2 φ − 1 = 2 ×
−1=− ,
3
9
so the statement is also true for n = 2. Now suppose that the statement is true for
some pair of consecutive positive integers k − 1 and k. Then by the sums to products
formula, we can express cos(k + 1)φ as follows.
cos(k + 1)φ = 2 cos kφ cos φ − cos(k − 1)φ
Ak−1
2 Ak
=
− k−1
k
33
3
2Ak − 9Ak−1
=
3k+1
Ak+1
= k+1
3
All that remains is to note that, by the induction hypothesis, Ak+1 = 2Ak − 9Ak−1 is
not divisible by 3.


Further comments
◦ Hilbert’s third problem was actually stated in two parts. More explicitly, he asks to
specify
“two tetrahedra of equal bases and equal altitudes which can in no way be
split up into congruent tetrahedra,”
as well as to specify
“[two tetrahedra] which cannot be combined with congruent tetrahedra
to form two polyhedra which themselves could be split up into congruent
tetrahedra.”
The Dehn-Hadwiger Theorem can in fact be used to show that the tetrahedron
spanned by three mutually orthogonal edges AB, AC, AD of unit length and the
tetrahedron with three consecutive mutually orthogonal edges AB, BC, CD of unit
length are not scissors congruent. This solves the first part of Hilbert’s third problem.
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Now let us call two polyhedra glue congruent if we can glue some finite set of
congruent polyhedra onto both of them to give two polyhedra which are scissors
congruent. A closer inspection of Dehn invariants shows that these two tetrahedra
cannot be glue congruent either, thus solving the second part of Hilbert’s third
problem.
◦ The exposition given here on Dehn invariants considers only finite dimensional Qvector spaces which are subsets of R. However, given the axiom of choice, we can
treat all of R as a Q-vector space with an uncountable basis. Hence, Dehn invariants
can be formed by taking Q-linear functions from R to Q. However, by restricting
ourselves to finite-dimensional vector spaces, the treatment here does not need to
invoke the axiom of choice.
◦ In 1965, Sydler showed that the Dehn invariants form a complete set of invariants for
the scissors congruence problem in three dimensions. In other words, two polyhedra
are scissors congruent if and only if their Dehn invariants are the same for every
suitable choice of the Q-linear function f .
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Creating opportunities
As I visit member academic institutions, I find that many of them have been quite creative
in designing specialist undergraduate and coursework masters programs that will equip students not only with generic skills but also with skills for niche places in the workforce.
However, several undergraduate maths programs, including some long-established ones, are
experiencing lower than usual enrolments. Anecdotal evidence suggests that this stems
partly from a low public perception of the employment prospects of mathematical scientists.
This is happening at a time when there are indications that the world demand for mathematical scientists is likely to escalate over the next few years. There is growing recognition
of this impending shortfall not only in education authorities and in government scientific
agencies such as CSIRO, ABS, DSTO, ANSTO, AIMS, GeoAus and ABARE, but also in
mainstream government administrative departments and in private industry groups. In the
mathematical science discipline, some perceive a serious phase lag between supply and demand that has been experienced before in geoscience, medicine, nursing and engineering.
Workforce planning issues came to the fore at our recent Industry Forum on Mathematical
Opportunities in Healthcare. I came away convinced that healthcare is yet another area
that has a need for more mathematical input. I thank Tom Montague who carried the lion’s
share in organising a successful forum.
Around the country, I am hearing many suggestions that mathematical science departments must now work together more cooperatively to attract more students. Towards this
end, on 23rd May, AMSI will be hosting a one-day “Workshop on Careers and Opportunities”, organized in cooperation with the Australian Mathematical Society and ICE-EM. I
hope that this will initiate a more concerted strategy.
One of the administrative departments that is becoming more interested in the mathematical sciences is the Federal Department of Agriculture, Fisheries and Forestry (DAFF). On
2nd May, the minister, the Hon Peter McGaurin MP has formally opened the new Australian
Centre of Excellence for Risk Analysis (ACERA), based at the University of Melbourne but
with links to all AMSI member institutions. See http://www.maff.gov.au/releases/06/
06035pm.htm.
The ACERA Director, Prof. Mark Burgman FAA of the Dept. of Botany, is a livewire
with a strong appreciation of mathematics. One of the strong selling points of the Melbourne
bid for ACERA was the fact that AMSI could access a vast amount of national expertise in
mathematics and statistics. DAFF recognized from the outset that it needed mathematically
based biosecurity decision support tools to protect its primary industries against ecological
hazards. AMSI will be investing $100,000 per year with a guaranteed return of $250,000 on
project funding; hopefully much more in the future if we can establish our worth. These
projects will progress if our universities rediscover their traditional role of working for the
public good. Too many collaborative projects are stymied by university legal departments
that agonize over protection of wealth-generating IP, which in practice doesn’t exist outside
of Fairyland, given that neither mathematical equations nor algorithms are patentable. As
reported recently in the Gazette and in the popular newspapers, some universities’ mathematics staff are facing even more downsizing to the point that the word “mathematics” no
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longer will rightly appear in the title of any academic unit. We can no longer assume that
university administrators, let alone the general public, will recognize the worth of mathematics. Most mathematical scientists have a primary interest in something esoteric. The
stimulation of an esoteric interest is the essential driver of much of the enthusiasm in our discipline. For their own job security, many academic mathematicians have developed a strong
secondary interest in something applied, such as finance, computer science, ecology, physiology, gene technology, engineering optimisation and materials science. For this purpose,
the new area of risk analysis is well worth a closer look. It will involve statistics of extreme
events, operations research and systems modelling. People with a background in financial
modelling, statistical mechanics, non-normal distributions, stochastic simulation, ecological
modelling and operations research will immediately be at home with it. The chairman of
the ACERA advisory committee will be Emeritus Professor Colin Thompson FAA, whose
research background is in the mathematics of statistical mechanics. I will represent AMSI
on the ACERA board. New tools of risk analysis will apply not only to ecology but also
to investment planning, engineering design, epidemiology, defence, geophysics and disaster
response planning.
I wish to thank Associate Professor Geoff Prince, formerly our Executive Director and
Interim Director who conceived of AMSI’s involvement in a bid for a national centre for risk
analysis. Following the completion of Geoff’s term of office, I am pleased to report that he
remains in close contact as the organiser of the Access Grid Network. His advice on many
issues is invaluable.
Philip Broadbridge
Australian Mathematical Sciences Institute, University of Melbourne, VIC 3010
E-mail phil@amsi.org.au

For current events and developments, see the websites http://www.amsi.org.au and http:
//www.ice-em.org.au.
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Forced redundancies at UNE
Recently the University of New England announced that three members of its mathematics
department will be made redundant. Many in the mathematical community have expressed
their dismay and concern about these forced redundancies and the future of mathematics
at UNE. Below the Gazette has reprinted email correspondence between Hyam Rubinstein
and the Vice-chancellor and CEO of UNE, Alan Pettigrew.

Dear Professor Pettigrew,
I am writing to express my concern at the plans to reduce the size of the mathematics
department at UNE. I am appending a copy of an article written recently about the crisis
in the mathematical sciences around Australia, arising from the ongoing national review of
mathematical sciences. I am currently the chair of the National Committee for Mathematical
Sciences which has the responsibility for this review, which has been funded by the Australian
Research Council, with support also from the various national societies representing different
aspects of mathematics and statistics.
It is very short sighted for universities to slash mathematics and statistics programs, given
the fundamental contributions in economics, social and biological sciences, not to mention
engineering and technology, of the mathematical sciences. It appears that essentially all
universities in Australia are following a similar course and this is alarming from the point
of view of supply of teachers and mathematics and statistics graduates in general.
Clark Kerr, the great chancellor at University of California, Berkeley, wrote in his memoirs
– ‘Mathematics had quality of faculty under the guidance of Griffith Evans but not quantity.
The sciences and engineering had treated it mostly as a ‘service’ department for training their
students. I was convinced, although I was a non-mathematical economist, that mathematics
should and would be as central a department in a great research university of the future, as
philosophy had been in the past.’ He goes on to say that ‘Thus I concluded that if a campus
were to have one preeminent department of modern times, it should be mathematics.’
I note that one of the staff members being made redundant is Gary Bunting. Gary’s
solution of the black hole uniqueness problem is a very significant result in general relativity
and no doubt one could ask people like Stephen Hawkings and Sir Roger Penrose to attest
to the importance of this work. The other two staff members are also hard working productive people and it is certainly the case that Australia’s reputation in general and UNE in
particular will be damaged by these sackings. I think that all academics recognise the very
difficult situation that universities are in but this is not a good solution.
Sincerely
J.H. Rubinstein
Department of Mathematics and Statistics
University of Melbourne VIC 3010
H.Rubinstein@ms.unimelb.edu.au
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Dear Professor Rubinstein,
Thank you for your email regarding Mathematics at UNE. I agree that the current downward trend in mathematics and sciences enrolments is lamentable. As a nation we need
to raise the profile urgently, and UNE is proactive in this task. Nevertheless we cannot
continue to be overstaffed in the hope that our efforts will be successful.
I can assure you that the standing of Mathematics at UNE is in no way compromised by
this action. We find ourselves in the situation that our enrolments are too low to sustain
the current staff profile. In view of this, the integrity of the degree will not be compromised
and students will not be disadvantaged.
As you well know, the financial constraints on Australian universities are both real and
significant. As a responsible Vice-Chancellor I must ensure financial as well as academic
responsibility and best practice in all UNE activities. The decision was made following
careful and exhaustive financial modelling within UNE. There was no alternative.
Thank you again for your concern, and once again I assure you that Mathematics at UNE
is not at risk.
Yours sincerely,
Alan Pettigrew
Vice-Chancellor & CEO
The University of New England
Armidale NSW 2351
vc@une.edu.au

Michael Anderson
Where can a mathematics education lead you? In this series, mathematics
and statistics graduates from Australian university’s write about their
careers, proving that the world is their oyster.

Mathematics has always been in my blood.
My parents tell stories about me as a boy,
wandering the beaches of the South West
on family holidays, trying to determine the
volume of a torus, or looking at the patterns
of eddies formed by rocks. I was interested
in how mathematics related to natural phenomena.
At the same time I was dabbling with
computers. Admittedly, my interest was
mostly in games, but with time, I also became interested in how games worked. To
me these games formed their own worlds,
ones with simplified rules and clear objectives.
While I was in high school, Hollywood
started using computers to fake reality for
the generation of scenes and characters for
films. The results were generated by a combination of artistry, mathematical rendering
equations and raw computing power. The
extent to which “reality” could be faked by
such simulations was driven home to me by
the computer generated special effects in the
film Terminator 2.
In years 11 & 12 I attended the National
Mathematics Summer School (fondly known
to its attendees as NeMeSiS). This summer
school serves to gather together students
with mathematical potential from all over
Australia, and expose them to a variety of
aspects of mathematics not covered in the
high school curriculum. This rekindled my
interest in the more traditional aspects of
mathematics.
These factors shaped my decision to
study both applied and pure mathematics,

and computer science at university. Computer graphics was an emerging discipline
at this stage and unfortunately not particularly well covered by my universities curriculum. This meant that nearly all my attention was focused into mathematics. Here I
learnt the wonders of differential equations,
the basis of most physical simulations, and
met Dr. Neville Fowkes, who would become
my Honours and Ph.D supervisor.
My Honours Thesis and Ph.D in Applied
Mathematics looked at the behaviour of the
Laplace-Young equation, a partial differential equation that models the behaviour of
a fluid meniscus. The plan was to investigate the behaviour of various situations
computationally. I saw this as an opportunity to work on an interesting problem while
obtaining experience in numerical methods,
and as a stepping-stone to further simulation work. However, part way through this
work I spent several months at the University of Texas in Austin as part of the Computational Fluid Dynamics Laboratory and
the Texas Institute for Computational Applied Mathematics, working with Dr. Graham Carey. There I furthered my knowledge of numerical and computational techniques for solving partial differential equations (PDEs).
A year later, I was applying the final
touches to my thesis in preparation to return to Austin to undertake a one year
post-doctoral position. A large amount of
my time in Austin was spent writing numerics code, investigating further aspects of
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the Laplace-Young equations, and other behaviour governed by similar equations, such
as the flow of glaciers.
Throughout my Ph.D and time in Austin
I maintained my interest in computer graphics, spending some of my time on visualisation of the numerical data sets and learning about rendering methods. At my own
expense I managed to attend a SIGGRAPH
conference, the conference for the ACM Special Interest Group in Computer Graphics. I
found that a large number of the computer
graphics pioneers had mathematical backgrounds, and many of the technical papers
in the area required a strong background in
geometry or knowledge of PDEs and numerical methods. It turns out that there remains a strong demand for mathematicians
in the visual effects and computer graphics
industries.
There is a clear division between two
halves of the computer graphics world.
There is the real-time part and the nonreal-time part. The real time part is dealing
with applications like data-visualisation and
computer games. Non-real-time is more focused on postproduction and visual effects
(VFX) for film, TV and advertising. It was
my feeling that the issues arising in simulating reality for the non-real-time applications were given better treatment (both in
terms of rigour and technique). This ability
to look into the simulations in a deeper way
was what drew me towards the non-realtime setting. Recently, more of cross-over
between the two areas has been occurring,
with ideas from real-time rendering coming
into the the non-real-time arena and viceversa, so this distinction is now less clear
than it was three years ago.
There is also another interesting twist
in comparing computer graphics for media,
with scientific visualisation: for media “It’s
all about the look”. By this, I mean it
doesn’t matter how you get the results —
if it looks right it is right. This means you
can take shortcuts and approximations that
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would be frowned upon in the mathematics/engineering world. But it also means
that you come up against artistic directors
saying things like, “I’d like that splash to be
a bit bigger on the left”, asking for things
that in a scientific simulation you would
have no control over. Consequently, the
problems that arise need to be looked at in
a slightly different way.
Having decided that the visual effects
world was something I was interested in and
something that I felt I could contribute to,
I started looking for places to apply to. Not
surprisingly, there aren’t very many places
doing research into visual effects in Australia. Most of the companies doing visual
effects are located in the USA, and many
of these don’t do any research of their own.
The criteria for an Australian company that
I intended to send my resume to was that it
would have to have worked on a big name
movie of some sort, and that they’d be actively doing some kind of research. The list
was very short. As I expected it to be a
long shot to actually get work in Australia,
I sent my resume to every company on that
list, before coming back to Australia from
Austin. The results I got were far better
than I had expected, within a few weeks of
getting back home to Perth, I was packing
my stuff to join an Adelaide company, Rising Sun Research.
Rising Sun Research (RSR) started as
part of Rising Sun Pictures (RSP), a visual
effects company. RSP had just completed
work on “The Last Samurai” and “Return
of the King”, the final movie in the Lord
of the Rings trilogy. RSR was working on
software for accurately previewing visual effects, an area called “colour management”.
This software was being used within RSP
and at several other visual effects companies.
While colour management was not an
area with which I had much experience, I
quickly learnt that it was surprisingly rich
in mathematics, and that there were many
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gaps in the current knowledge. Many of
these we are still investigating.
The software products produced by Rising Sun Research have been motivated by
the difficulties faced by a VFX production
house located in Australia. These difficulties stem from the way the visual effects industry works. Typically, a large film production has several visual effects companies producing effects for it, and these VFX
houses may be distributed throughout the
world. Often the directors and supervisors
are located in Hollywood or somewhere else
in the USA or UK. This means that artistic
decisions have to be made about material
that is being produced in a remote location.
A further complication is that there are differences between the film printing process
and how images are displayed on a computer
monitor. The old way of directors reviewing visual effects was to send the computer
files from the VFX house to the production
company in the USA, who would then get
the film printed, project the film, and finally send information about the required
changes back to the VFX house. RSR’s
software was written to reduce the need for
E-mail: michael.anderson@risingsunresearch.com

media to be printed to film and to increase
the effectiveness and speed of producer feedback, both of which are very costly and time
consuming.
Two years ago, Rising Sun Research and
Rising Sun Pictures were both small companies, numbering around three and 30 employees respectively. Now they have grown
considerably, with RSR having approximately nine full time employees and RSP
over 100. With this growth my role has
changed dramatically. I am now CTO and
one of three managers of RSR, and am responsible for the five other developers. RSR
is continuing to develop new software for the
visual media industry, branching out of the
colour management arena.
While the majority of my time is spent
on RSR development, the proximity of RSR
to RSP, both physically and historically,
means that I am often consulted on any interesting mathematical problems that RSP
may encounter. These have recently included dynamical systems for physics and
data remapping techniques. Who knows
where mathematics will take me next week.

Hans Lausch
Mathematics in detention
Imagine you are an academic, or a university student, or a senior secondary-school
student living in country Γ. Regime change
takes place in Γ, with the result that you
find yourself categorised as second-class citizen. You have to give up any hope for a further career in your own country, where your
existence has come under threat. Somehow
or other, you manage to reach country B,
which offers you refuge. In B, you may apply yourself to work of national importance
as a scientist or as an educator, or you may
continue your studies at school, college or
university. Some time later, Γ and B are at
war with each other, and when the conflict
heats up, the government of B decides that
you, as you are still a citizen of Γ, are a security risk and eventually confines you to a detention camp. Such camps, however, divert
military manpower and drain the country’s
resources. Consequently, the government of
B has you deported to country A. In A, you
spend another year or two as an internee.
What about your career or education now?
In the following account, only a small
part of a much larger story, an attempt
is made to demonstrate that one should
never give up hope and to show how mathematics can play a momentous role in keeping one’s hope alive. The events known
as the Dunera Affair are of incisive significance to Australian history, not least to
intellectual history. Its documentation has
grown during the last three decades [1], albeit certain restrictions of access to source
material [2]. During the first week of September 1940, “one of the greatest cargoes
of talent and intellect ever to enter this
country” [3], reached Melbourne and Sydney after a traumatic passage aboard the

12615-ton hired military transport Dunera
that had begun in Liverpool on 10 July.
Leaving women behind, the vessel carried
more than two thousand five hundred men.
They had lived, and many had worked or
studied, in Britain for some time after the
political developments visiting Central Europe during the early nineteen-thirties had
driven them away from their homes. At
the outbreak of the war, they had been
classified by the aliens tribunals in three
categories. Those deemed to be security
risks and therefore labelled category A, less
than 0.8 percent of all refugees, were interned immediately, while aliens of the other
two categories were viewed as refugees from
Nazi oppression, and generally considered
by the British people sympathetically [4].
After the German armies had invaded Belgium and the Netherlands, orders were issued that all enemy alien males between
sixteen and sixty be interned, irrespective
of their classification. Soon, the deportation to Canada and Australia of more
than 11000 internees succeeded these measures. The internee Hans Eichner, later a
professor of German literature in Canada,
remembers that, aboard the Dunera, Felix
Adalbert Behrend [5] (Dr.phil., Berlin 1933,
Dr.rer.nat., Prague, 1938), a not yet thirtyyear old mathematician, lectured on number theory and on the theory of relativity.
For taking notes of the lectures, soup-can
labels were used [6], but it is not impossible
that Behrend’s audience was dazed by the
bromide added to the food [7].
After the Dunera’s landings, the internees were taken to compounds at Tatura,
Victoria, and at Hay, NSW (Camp 7 and
Camp 8). A wide range of occupations
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was represented by the internees, including university lecturers, schoolteachers, and
younger men with professional aspirations
[8]. Among the internees in Compound 2,
No.7 Camp, Eastern Command, Hay, there
were
30 teachers and lecturers, 42 students (general and specialists), 12 students (technical), 31 mechanical engineers and 27 electrical engineers [9].
As the resumption of the students’ education was an urgent need, senior fellow internees began to organise camp schools [10].
One internee of Hay Camp 7 marked in his
diary on 15 October 1940: “Camp school
opens ... .” [11] The impressive school organisations the internees were building up
is reflected in a report prepared less than
five months later by a representative of the
International Red Cross, Mr G. Morel, who
had visited the Hay camps:
. . . the school of the German camp no.7 has
101 courses, comprising 181 classes and is
attended by 560 students. The studies pertain to languages, sciences, technology, agriculture, arts and religion. The German
camp no.8 has 75 instructors teaching 110
subjects to 380 regular students and 400
listeners. The courses comprise English,
French, Italian, Spanish, Latin, Greek, Hebrew, Esperanto, music, arts, geography,
mathematics, Physics, chemistry, biology,
medicine, psychology, botany, zoology, agriculture, mineralogy, economic and political
sciences, and the civics [12].
Being a driving force in the running of
the school at Hay Camp 7, Behrend convened a meeting at Mess Hut I of twenty-six
teaching staff in his Fachschaft Naturwissenschaften [Science Section] for 10 December 1940. The agenda contains a report on
the current semester and a plan for the next
[13]. It should be noted that three weeks
earlier, Behrend’s release from internment
had been authorised [15] at the instance
of the British mathematicians G.H. Hardy,

J.H.C. Whitehead and other prominent colleagues [16]. Yet Behrend was to remain
interned until being “released on parole” on
9 March 1942 [17].
Mathematics subjects were taught on a
broad scale, and the variation in mathematical background of the students was taken
into account. In Hay, the teaching load
fell largely on Behrend, who lectured to the
more advanced students, and on Stefan Petö
[18] (born 1907), who was mainly looking
after school-mathematics. Eichner remembers:
Apart from numerous courses for beginners
on algebra, mechanics etc., there were lectures on group theory, matrices and tensors,
vector analysis, projective geometry, differential equations, Fourier analysis ... [19] .
Behrend comments that the standard of the
camp school lectures on
infinitesimal calculus, differential equations,
vectors, determinants and matrices, vector
and tensor analysis and on functions of a
complex variable ... would correspond to a
second year university course [14].
Written in pencil by a fellow internee, was
this note:
Infinitesimal Calculus, Inequalities, Rational nrs., Dedekin’s [sic] and Cantor’s Theories of irrational nrs., pts of accumn., limits, sequences, convergence. Real functions, continuity, continuous limits, functions of functions, Inverse functions, Integral as a sum, Riemannian Integral, integrability, mean value theorem, log & exponential trigonometric & hyperbolic functions,
Systematic integer? Differentiation, Differentiability, Leibnitz, The Rolle’s Theorem,
Mean Value theorem, maxima & minima
[14].
Behrend wrote numerous recommendations
for his students that confirm the standard
at which mathematics was taught in his
section. E.g., a letter drafted by Behrend
on behalf of the internee Friederich Ignaz
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Mautner, a budding mathematician [20],
states:
To whom it may concern. I gladly take this
opportunity of confirming that Mr Frederick Mautnerhas been my student in the
subjects of Pure and Applied Mathematics
since September 1940. He attended courses
on Infinitesimal Calculus, Differential Equations, Vectors, Determinants and Matrices,
Vector and Tensor Analysis, Functions of
a Complex Variable, the standard of which
would correspond to a second year university course. In addition he has been studying on his own various mathematical and
physical topics such as ... .During this period I have constantly been in touch with Mr
Mon
30

9

30

− 10

Tue

Differential Vector
analysis
equations

Wed
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Mautner; I have closely followed his studies,
and feel convinced that he is perfectly able
and qualified to enter for ... [14].
On the back of a tin label — the tin
was once filled with 2 lbs., 2ozs. of “enchantment brand, finest quality pineapple
slices” — Behrend drafted plans for a lecturing program in chemistry and medicine.
On similar labels, he ran over a differential equation. Behrend used the back of
a greeting card (bearing the text “President CIGARETTES . . . TO . . . FROM” and
showing wattle and gum flowers) for sketching a timetable of mathematics lectures at
camp school [14]:

Thu

Fri

Calculus

Vector
analysis

Higher
geometry

Higher
geometry
B

Sat
15

Sun
15

8 − 10
Quiet Hut

1030 − 1130
1130 − 1230

Calculus

Matric II
B

430 − 5
5−6
8−9

Matric B
Matric II

B

Choir

Choir

Choir

9 − 10

For the camp schools, a major problem
was the availability of or the access to school
materials. Eichner notes that especially
the humanities suffered from the scarcity of
books, while he argues:
... it was easier in the area of mathematics and its immediate applications. Attractiveness and elegance of the lectures were
enhanced by the circumstance that teachers who, for the first few months, had no
teaching aids at all at their disposal, were
forced to derive everything from the basic
principles, so that the Systematik became
even more lucid [19].

Nonetheless, the book shortage was felt all
over the camp school even though, as Eichner recounts,
many of the internees had brought books
with them and made them available to others, so that the camp library soon had several hundred volumes [21].
A table among Behrend’s notes documents a rather short list of mathematics
books or books about mathematics lent by
internees (name of owner, hut number, book
title, author):
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Fränkel
Freuthal
Praminger
Herbst
Steckelmacher

29
27
27
33
28

Mathematics for the million
Elementary Calculus
Von Pythagoras zu Hilbert
Science in the modern world
Euklid I-VI, XI
The world of science

Lancelot Hogben
Durell
Colerus
Whithead [sic]
Hall, Stevens
Taylor

Behrend kept a pencil-written “book wish
list”, in which its mathematical section, referring to authors, books and specific areas,
reads:

MILNE
HARDY
BAKER
WHITTACKER AND WATSON
WHEATHERBURN

Projective geometry
Pure Math.
Principles of Geometry 3 vol.
Modern Analysis
Differential Geometry

only Melbourne:
MICHEL & BELZ
COURANT-HILBERT
FRENKEL
EDDINGTON

Elements of Mathematical Analysis
Methoden der Math. Physik
Wave-Mechanics
Mathematical Theory of Relativity

Vectoranalysis
Adv.
Calculus
Analysis

(Hardy)
(Whitacker)
Geometry Analytic treatment of proj. geometry
groups of transformations
Principles of axiomatic geometry
Differential geometry Mc(?), Topology, Tensors
Algebra

Advanced Calculus.

Higher algebra (theory of groups, matrices)
Theory of numbers
Theory of probability
Relativity, Courant-Hilbert, Quantum theory
expensive. [14]
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The book issue was first taken up by
the Australian Student Christian Movement
(A.S.C.M.), main mover being its secretary
Miss Margaret Holmes [22]. First, however,
intelligence had to be gathered:
The internees arrived in Australia early
this month and appear to have been distributed between Western Australia, South
Australia, Victoria, and New South Wales
(probably Hay) camps. ... the N.U.A.U.S.
people have the name of one student and
through him we may be able to trace others... [23].
In late October 1940, serious hindrances
continued to occur, as Margaret Holmes reported:
About interned students - a letter is going
(or has gone) from the committee here to
all whose names we have, and a beginning is
being made with collecting books. ... books
etc, might be sent direct from the centre
where they are collected. And I think local committees could deal with the question
of borrowing from libraries better than we
could from there. I don’t really think there
is much hope of that though; Melbourne
University says it is impossible as they don’t
even lend to their own students [24].
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that you will find amongst them several of
use to students [26].
Help by the Commonwealth appears to have
been slower. In an official report of his visit
to Hay on 6 November 1940, Chief Justice
Jordan wrote:
The education of the internees presents a
serious problem. There are a large number of young persons whose general education is not complete, and who have also
at present no opportunity of being trained
in any trade... There is a large number
of young men who were undergraduates at
English Universities at the time of their
internment; and they are anxious to have
an opportunity of continuing their studies...
Assistance to the campschools is asked for
in the supply of such material as blackboards, chalk, writing paper, pencils, pens,
ink, books and periodicals [27].
E. Sydney Morris, President of the European Emergency Committee, Sydney, noticed upon an inspection at Hay on 11 November 1940:
There are no blackboards, chalk, nor even
paper and pencils. Text-books of all kinds
are sadly needed [28].

On 1 November Margaret Holmes summarised:

On 21 January 1941, E. Sydney Morris reported:

In each compound a school has already been
established. The list I sent you the other
day is for Compound I. We now have a much
more detailed list of the needs of Compound
II which I am having copied and will send
next week... The range of books and subjects is so wide that almost any reasonably
modern school or University book will be
acceptable... [25].
And on 22 November she notified an internee at Hay:

... a rigid prison-like attitude now pervades
the whole camp [in Hay]... The conversation takes place in presence of a guard and
one is separated from the internees by smallmesh wire netting... it is understood that
this arrangement now applies to all internment camps in Australia... A considerable
number of books of all kinds has been received and has facilitated the educational
classes in operation. Advanced textbooks
are still needed... [28].

We have just despatched four cases of books
— two cases to Compound 1, and two to
Compound 2. Some of them may be old
and some rather elementary but we trust

The camp schools, however, kept on going
despite all adversity, not least due to selfhelp. Early 1941, Behrend had meticulously
drawn up a budget for his Science Section:
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Camp-School
Science
Budget
Exercise books
Letter pads
Ink
Pencils and rubber
Drawing paper
Sundries
Matric students (material)
pocket money for teacher
borrowing library

£ − .10
−.2
−.2
−.2
−.2
−.2

−.10
−.10
−.10
−.5
£2.5
£9.−
£4.−
£5.−

per week
” month
from camp authorities
remainder that has to be raised
through voluntary contributions.
Not included are extra expenses such as books, compasses, rulers.
A collection will take place each month beginning with March.
Material to be distributed to all teachers and needy students by Herr Solmitz [29] on the basis
of a certification signed by the head of the Section or the teacher, respectively.
Contribution lists to follow [14].

The International Red Cross report of early
March simply states:
The two German camps [at Hay] each have
a library of 1200 to 1400 books of which
approximately 900 are text books... The internees have permission to buy journals and
periodicals of their own choice [30].
Essential for many students’ future careers,
whether they thought of returning to England or of remaining in Australia, was sitting, and passing, the matriculation examinations. On 28 October 1940, a letter to
Chief Justice Jordan was signed in Hay,
Camp 7, by the internees Gerhard Martin
Julius Schmidt (Oxford) and Felix Schwarz
(Manchester). It draws attention to
46 students from various universities in the
UK at present interned in Compound 2, including men from all faculties (Arts, Languages and particularly Natural Sciences,
Engineering and Medicine). Many would

like to continue their studies at Australian
universities [31].
On 26 February 1941 the following letter
was sent to Canberra:
FROM: The Camp School, Matriculation
Course, Camp 7, Eastern Command, c/o
District Censor, 45 Reservoir Street, Sydney
TO: The Under-Secretary of State, Department of Education, CANBERRA
Sir,
A preparation course for the London Matriculation Examination is being held within
the Camp School of the above camp. Some
forty students are at present being prepared
and it is hoped that facilities will be granted
for them to sit for their London Matric in
June next. I am applying to you on behalf
of the teaching staff in order to ascertain
whether the Department of Education is the
official representative of London University
or whether some other educational body has
been charged with this duty.

Historical

We should be obliged if you would supply us with all the information available on
the subject, also if you sent us a syllabus
should one be available and the address or
addresses of further bodies to apply to. A
large number of graduates and undergraduates who all possess the necessary teaching
qualifications have taken charge of the respective courses. Thanking you in advance,
We are, Sir,
Your obedient servants,
(SGD) F. BORINSKI [32]
Principal of the Camp School,
Camp 7
(E40525) K. Reichmann, A.M.J. Inst.E. S.I.
Mech.E.
(Matriculation Course) [33].
On 12 February 1941, at the beginning of
the new semester, matriculation classes in
mathematics were started by Behrend, who
organised them in two groups: Mathematics II and Mathematics R [repetition]. One
of the participants in Mathematics II was
Julius Weingeist, known better to us under his naturalised name Julius Guest, who
later pursued a successful mathematical career at the University of Melbourne and
the RMIT. The “repetition course” was attended by: Hans Eichner, his brother Fritz
Eichner (Francis Oakes), who was to distinguish himself as an engineer in the UK, Kurt
Henle (Keith Henley), who was to become
a gastroenterologist in the USA, Friederich
Mautner, and Mendel Weisser, now best
known as econometrist at the University of
New England [14]. Beside lectures, there
were “home”-work and tests. On 10 April
1941, e.g., the third test in the matriculation course subject Advanced Mathematics,
a two-hour examination, took place. It had
two sections: one headed “Algebra”, the
other “Coordinate Geometry”. Each section consisted of four questions, and students were instructed to attempt not more
than three questions in each section. While
the algebra questions addressed combinatorics and polynomials, the geometry questions were about straight lines and circles.

101

Question 4 of Section 1 reads:
If x and y are two real quantities connected
by the equation
9x2 + 2xy + y 2 − 92x − 20y + 244 = 0 (1)
then will x [sic] lie between 3 and 6, and y
between 1 and 10.
The top mark, scored by Guest in another
such test held during May 1941, was 84/100
[14].
Other internees were being prepared for
the School Leaving Certificate examinations. Here is an excerpt from one of their
tests:
If n Cr denotes the number of combinations
of n things taken r together, prove that
n+2 Cr+1

= n Cr+1 + n Cr−1 + 2n Cr .

(2)

At a meeting of a Debating Society there
were 9 speakers; 5 spoke for the government,
and 4 for the opposition. In how many
ways could the speeches have been made, if
a member of the government always spoke
first and the speeches are alternately for the
government and the opposition?
Form√the quadratic equation whose roots
are 5 ± 6.
If the roots of x2 −px+q = 0 are two consecutive integers, prove that p2 − 4q − 1 = 0
[14].
Whether the student internees would be
allowed to sit the matriculation examinations was not yet clear. On 29 May 1941,
the British Home Office was informed that
Mr [E. Sydney] Morris had
made a rather adverse Report about the
lack of materials & c., for educational purposes in the Camps. A reply from Australia
had been received today: “Your telegram
19th May 2366 Internees. Extensive educational projects have been in operation at
Hay where attendance at classes exceeded
1400 a day. Equipment and books partly
provided by Welfare Society supplemented
by Commonwealth. £200 worth text books
just supplied by Commonwealth. Will take
action to ensure that at their new Camp
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internees are provided with necessary facilities to continue studies” [34].
Indeed, the Hay camps were about to be
cleared. While most of the internees were
moved to Tatura, about 400, including Felix Behrend, were given temporary accommodation at a camp in Orange. One of
his exercise books labelled Second and third
term 1940/41 (Hay, May 1941; Orange,
June-July 1941) shows Behrend’s occupation with the Bessel DE, the wave equation and spherical functions [14]. In August,
the Orange internees joined the others at
Tatura, and the matriculation courses were
resumed. On one of Behrend’s Tatura class
lists, there is Walter Freiberger, who was,

after taking out a BA Hons and an MA degree at the University of Melbourne, to receive a PhD degree from Cambridge; three
years before and three years after his studies at Cambridge he worked as Senior Scientific Research Officer for the CSIR Division
of Aeronautics (later Aeronautical Research
Laboratory, Department of Defence, Melbourne) and as a part-time lecturer at the
University of Melbourne. His subsequent
career at Brown University culminated in
a chair of applied mathematics and another
of community health [35].
In Tatura, one camp school, the Collegium Taturense, had already been in existence since November 1940. But that is a
different story [36].
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Tony Roberts
Clarify this
This second note in a series to encourage
better writing advises us all to use the pronoun ‘this’ unambiguously. Too often ‘this’
is open to misinterpretation. Such misinterpretation hinders effective communication.
As with much of the advice I will describe, this clarification is a small gain. But
good writing is composed of making many
such small improvements.
Tone is important, and tone consists entirely of making these tiny, tiny choices. If
you make enough of them wrong . . . then
you won’t get your maximum readership.
The reader who has to read the stuff will go
on reading it, but with less attention, less
commitment than you want. (Van Leunen)

The word “this” is frequently ambiguous
The word ‘this’ refers to something just
mentioned; but what? You know, but the
reader probably will not. Ensure that your
use of “this” is absolutely clear and unambiguous. Often simply insert an appropriate
noun after the ‘this’ [1, §4.7].
The following examples illustrate the
problem and a remedy. All alternatives in
the parentheses are potentially possible.
Ambiguous: In 6 out of 15 contests,
the shadower appeared stationary
to the other insect. This makes the
insects hard to spot.
Clearer: This (contest | shadowing)
makes the insects hard to spot.
Ambiguous: The disadvantage of this
approach is that there may not be
enough data at each time point. We

overcome this by using a smoothed
covariance or correlation matrix.
Clearer: We overcome this (disadvantage | lack of data) by using a
smoothed covariance or correlation
matrix.
Ambiguous: A correction factor can be
applied and this brings the Mfunctional very close to the quantiles of the original distribution.
Clearer: A correction factor can be applied and this (correction | application) brings the M-functional very
close to the quantiles of the original
distribution.
The pronoun “this” is the most dangerous of all . . . because it is potentially the
most ambiguous. It might or might not refer to the thing last denoted by a noun. It
might refer to the whole of the last page or
even to the whole of the next page. The
cure, very often, is to replace the pronoun
by lucid repetition of a noun or noun phrase.
(Michael McIntyre)
Other pronouns frequently require
clarification
such as ‘these’, ‘those’, ‘it’, ‘its’, ‘they’ and
‘their’. The following example illustrates
the clarification.
Ambiguous: We introduce and explore
an approximate regression quantiles
method. It is based on a new interpretation of M-functionals.
Clearer: We introduce and explore an
approximate regression quantiles
method. The (introduction | exploration | method) is based on a new
interpretation of M-functionals.

The style files

Ambiguous: Various
state-of-the-art
spatial and temporal discretisation
methods employed to solve Maxwell
equations on multi-dimensional
structured grid networks are investigated and the dispersive and
dissipative errors inherent in those
examined.
Clearer: Various state-of-the-art spatial
and temporal discretisation methods employed to solve Maxwell
equations on multi-dimensional
structured grid networks are investigated and the dispersive and
dissipative errors inherent in those
(methods | grids | equations) examined.
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Summary:
How many times have you read a Reviewer’s
comments and wondered how the Reviewer
could possibly have misunderstood you that
way? I suspect a lot of times. I know I
despair of Reviewers many times. Yet often the Reviewer has misunderstood you because you have allowed him/her to misunderstand. Work with Reviewers to eliminate
such misunderstandings. Clarify your pronouns, especially ‘this’.
One should not aim at being possible to
understand, but at being impossible to misunderstand. (Quintillion)
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What is mathematics?
Ian Roberts

In the AustMS Gazette 32 (2005), 146–147,
the question above was included in a letter
to the Editor. Readers were asked for their
responses in one or two sentences. Below
is the set of responses, pseudo-randomly ordered and without comment. Respondents
sometimes included extra information about
themselves or their perspectives and some of
these have been included. The respondents
were readers of the Gazette who identified
themselves as mathematicians or users of
mathematics, and a group of people involved
in the mathematics education of teachers.

Some more thoughts
Subsequent to the reader submissions, and
various matters relating to the current review of mathematics in Australia, the question below has become another question of
interest to me to ponder, but not to answer. The question has become pertinent
for a number of reasons. This includes the
fact that as our numbers become less, or we
are distributed amongst other departments,
then there is a trend for “non- mathematicians” to be speaking as though they are
authorities on the discipline. We also lose
our ability to represent our disciplines on
academic boards, research committees, appointment committees and so on.
The question is “What is a mathematician?”
I have had discussions on this with a few
in the context of the “mathematics staff”
of a university. A similar question may
be asked of “mathematicians” in industry.
Who do we count?
• Only staff members of a mathematics
department or faculty? What if we are
submerged in a Department run by a
person from another discipline?
• Staff actively involved in Mathematics
research? Does mathematics research

include the application of known mathematics to other disciplines, or is it
purely the development of new mathematics, or is it the original blending of
known mathematical ideas for use in either mathematics or its application areas? Do we count only those that publish in ”mathematics” journals?
• Staff with a UG degree, a masters, a
PhD in mathematics? Do we count an
engineer with a UG degree in mathematics who uses mathematics in engineering? Do we count the staff who are
no longer doing original research, but
are involved in the teaching and learning of mathematics?
• Staff of other disciplines which may
have some reasonable mathematics content: physicists, chemists, engineers,
computer scientists, business studies, ...
In this case the total mathematics content (in terms of subjects called mathematics) may be less than the equivalent of a full-time UG year, whilst my
own Bachelor of Mathematics contained
the equivalent of 2 1/4 full-time years
of mathematics. Other discipline staff
may extend their mathematical skills
by applying mathematics, whilst we
might deepen our understanding by our
research degrees and subsequent work
within the mathematics discipline.
Can this last group of staff be expected to
appropriately manage and advise on mathematics in a university department? Issues arise when there are differences in the
paradigms of the disciplines. When does one
get to the stage of understanding the mathematical paradigm? Have I reached that
stage?
A major pragmatic example is the issue
of support for attending conferences. Mathematics has very few refereed conferences.
Refereed conference papers are common in

Ian Roberts

107

many disciplines and often represent the
major formal output of staff in those disciplines. The result has been that mathematicians do not get conference funding support
“as there is no DEST recognised publication
attached”. This is a sorry state of affairs for
the mathematicians and their research students.
Issues arise when the narrow mathematics exposure in another discipline hinders
the ability of the department heads to make
informed judgements about the need for
mathematics or mathematicians. How does
one deal with “academic leaders” from outside any discipline who know but a small
part of the discipline. Consider managers of
mathematics who have never heard of convergence, or an Abelian group, or managers
of computer science, who have never heard
of the notion of NP-hard problems or backtracking algorithms?
Some of the previous sentence is based
upon real cases and some are not. The major point is that this is the way that we are
tending to regard mathematics (and some
other disciplines) in many Australian Universities. The mathematics discipline is often slipping into a situation in which its 2500
year old culturally rich history and evolving
modern form is reduced to a set of narrow
tools to satisfy increasingly narrow needs in
other disciplines, and keeping students in
the system!
It seems to me that this is a certain way
to continue the strangulation of mathematics in Australia, and the informed structured
approach to the world that is embodied in
the discipline, and it makes the question
“What is a mathematician (and so do we
need them)?” much more pertinent.

“Mathematics is a way of ‘looking’ at the
world and asking questions about the world
that involves, numerical, spatial (for example) concepts as frameworks for ’looking’ in
logical ways that also aim for articulating
abstractions and patterns in what we are
looking at”.

What is mathematics?
Your replies

“Mathematics is the symbolic expression
of relationships that can parallel any depth
that the interpreter possesses”.

“Mathematics is exploring and investigating quantitative inter-relationships and developing a language to communicate findings”.

“Mathematics is a reasoning activity employing abstraction and generalisation to
identify, describe and apply patterns and relationships”.
“Mathematics is generalisation”.
“Mathematics is a formalised language”.
“Mathematics is a truncated way of
thinking, with its own patterns of procedure, language and ideas. It is a social construct — the answer to your question varies
with people’s experience”.
“Pure mathematics is the science of detecting patterns and proving that they hold,
with the view to forming a general theory that explains these patterns. Applied
mathematics is the science of applying pure
mathematical theories to model, predict and
utilize both natural and man-made phenomena”.
“Mathematics is ... finding pretty shortcuts”.
“Mathematics is the act of abstracting essential elements and finding rules between
them”.

“Mathematics is the study of those properties of abstracted natural patterns that
can be deduced through formal reasoning
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based on the barest possible assumptions”.
“Mathematics is the study of pattern,
form and structure using a specialised language”.
“Engineering is blessed with an excellent
identity. It dates from 1824, when Thomas
Tredgold used it at the foundation of British
Institution of Civil Engineers. According to
him, Engineering is ‘the art of directing the
great Sources of Power in Nature for the use
and convenience on Man.’ As engineering
is ‘actively striving to do something better’
than previously done, it needs mathematics,
for ‘better’ is comparative and lends itself to
quantitative measures.
Unlike engineering, though, mathematics
is not an action. Nor is it active of itself.
It is practised, like music. So what is my
one sentence definition? I am not poetic, so
cannot phrase it better than this: ‘Mathematics is a body of shared thoughts that
describe quantitatively the relationships between abstractions, while being conscious of
their assumptions.’ It is this final qualifying
clause that identifies the distinctive characteristic of mathematical thought. Applying
(practising) mathematics, then — what we
do as an engineer, a scientist, an accountant, an actuary or simply a parent dividing a birthday cake — is merely establishing some ‘real-world’ correspondences to the
abstractions. Mathematics is characterised
by rigor, precision and logic. This stern face
is both its fascination and its terror”.
“I note, too, that mathematics appears to
be unique as a practice, being the discipline
wherein some people take pride in having no
accomplishment whatsoever”.
“You may be interested, too, in a lay definition (not mine, from ‘teenage’): ‘Mathematicians do hard sums.’ Compare this with
‘accountants do money sums’.”

“Mathematics is the science of numbers
and figures in which we believe in, and
search for, simplicity; in particular, there is
nothing to remember”.
“The first response for me is: does it matter?”
“I find so many mathematicians these
days trying to defend mathematics, per se,
rather than what they contribute to society,
intelligence, knowledge, the world, etc..”.
“Personally, I do go with the answer:
‘The study of abstract structure’.
But then I am a logician by training :-)
Mathematics is a way of looking at the world
around us — it is the tint in my glasses that
colours the way that I see the world.”
“Mathematics is a way of thinking about
the world focussing on pattern and order”.
“I have been disappointed by articles in
the Gazette that have been narrowly inward
looking. To me mathematics is part of a
much wider picture. Just how large a part
it plays changes over the centuries. It will
certainly not disappear because it is fundamental in so much of what we do.
Over recent years mathematicians have
been under threat, certainly. But a better
reaction than putting up the shutters is to
show how useful we are. I feel that what
would benefit mathematics and mathematicians most would be for mathematicians
to engage much more with the rest of the
world, to help people solve their problems
by bringing the tremendous power of mathematics to bear. And in this endeavour I
mean all branches of mathematics, pure, applied, financial and statistics. The thought
patterns that mathematicians possess far
outstrip many (but not all) of those of many
other scientists academics and thoughtful
people”.

Ian Roberts

“Background. With a DPhil in mathematics, I am now employed in information technology and currently researching
software evolution on the one hand and
thirteenth century musicology (with some
mathematics) on the other. In the latter,
the mix of skills that our team brings to the
project makes it an exciting and stimulating one. Is that really mathematics? Does
it matter?
I believe the important thing is using
my brain and my skills to advance human
knowledge and insight”.
“The self-contained logical and aesthetic
study of number, shape, form and pattern
which also enables the solution of quantitative problems of science, art and the world
and universe generally”.

109

James Franklin at UNSW has kindly sent
me to include the following references for
those who wish to consider a philosophical
side of the question.
For the “Sydney School in the philosophy of mathematics”: http://www.maths.
unsw.edu.au/~jim/structmath.html.
Philosophers are sceptical about the
value of asking mathematicians “what is
mathematics”, which is a question of philosophy, not of mathematics. See the abusive
comment at the end of the article in The
Australian: http://web.maths.unsw.edu.
au/~jim/highered.html.
The reference to the following article was
sent to me, but I have not seen the article.
[1] A. Reid, P. Petocz, G.H. Smith, L.N.
Wood and E. Dortins, Mathematics students’ conception of mathematics, NZ J.
Math. 32 (2003), 163–172.

“Mathematics is the science of structure.”

School of Engineering and Logistics, Charles Darwin University, Darwin NT 0909
E-mail: Ian.Roberts@cdu.edu.au
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Australian Academy of Science fellow
Eighteen of Australia’s leading scientists were recently honoured by election to the Australian Academy of Science, see http: // www. science. org. au/ academy/ fellows/ 2006.
htm . Among the new fellows is AustMS member Igor Shparlinski.

Igor Shparlinski works as an Associate Professor at the Department of Computing, Macquarie University. His speciality is number theory. Igor Shparlinski has solved several well-known problems including an Erdös problem,
which had remained unsolved for decades. He applied advanced methods
of analytical number theory to computer science and cryptography, leading
to a series of remarkable results, notably a recent rigorously proved attack
on the Digital Signature Algorithm, and establishing the bit security of the
Diffie-Hellman protocol.

ARC Federation Fellows
The following scientists have received an ARC Federation Fellowship in 2006 for their work
in mathematics:
• Professor Peter Hall: Nonparametric statistical methods - new directions, theory and
applications. Current institution: The Australian National University. Host institution:
The University of Melbourne. Primary research field: Statistics.
• Professor David Karoly: Improving understanding of climate change and its impacts in
Australia. Current institution: University of Oklahoma. Host institution: The University of Melbourne. Primary research field: Atmospheric sciences.
• Professor Pascal Van Hentenryck: Adaptive and integrated resource allocation. Current
institution: Brown University. Host institution: Monash University. Primary research
field: Mathematics.
• Professor Guifré Vidal: Quantum information and entanglement: A new framework for
science and technology with quantum many-body systems. Current institution: The
University of Queensland. Host institution: The University of Queensland. Primary
research field: Information, computing and communication sciences.
For the complete list of ARC Federation Fellows, visit http://www.arc.gov.au/info_
users/fedfellows_media_att_06.htm.
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Late last year several news-items appeared announcing the solution of the 30 year old Lindner’s conjecture by UoQ Graduate student Daniel Horsley and his supervisor Darryn Bryant,
see e.g.,
http://www.uq.edu.au/news/?article=8359,
http://www.epsa.uq.edu.au/?page=40325&pid=7452,
http://www.questnews.com.au/article/2005/11/30/5392_wn_news.html.
The next article by Darryn and Daniel provides an introduction to the Lindner conjecture
and its solution.

The embedding problem for partial Steiner triple
systems
Darryn Bryant and Daniel Horsley

1

Introduction

This article describes Lindner’s embedding problem for partial Steiner triple systems [13],
surveys some of the history of the problem, and briefly discusses its recent solution [3].
Consider the following system of seven 3-element subsets of V = {1, 2, 3, 4, 5, 6, 7}.
{1, 2, 3}

{1, 4, 5} {1, 6, 7}

{2, 4, 6} {2, 5, 7}

{3, 4, 7}

{3, 5, 6}

The system has the nice property that any pair of distinct elements of V occurs in exactly one
of the subsets. This makes it an example of a Steiner triple system. Steiner triple systems
first appeared in the mathematical literature in the mid-nineteenth century but the concept
must surely have been thought of long before then. An excellent historical introduction
appears in [7]. As pointed out there, it is interesting that “triple systems find their origins
in studies of cubic curves, rather than in recreational problems as is often thought”.
A Steiner triple system is more formally defined as a pair (V, B) where V is a finite set
and B is a set of 3-element subsets of V such that each 2-element subset of V is a subset of
exactly one of the 3-element subsets in B. The elements of B are called triples and |V | is
the order of the system. If there is a Steiner triple system of order v then simple counting
establishes that it contains v(v − 1)/6 triples, and each element of v occurs in (v − 1)/2
triples. It follows that if there is a Steiner triple system of order v, then v ≡ 1 or 3 (mod 6).
Such integers are called admissible. In 1847 Kirkman [11] proved the existence of Steiner
triple systems of all admissible orders. Steiner triple systems of orders 1 and 3 are trivial.
Up to isomorphism, the number N (v) of Steiner triple systems of order v for v =
7, 9, 13, 15, 19 is given in the following table, see [7, 10]. For v > 19 the exact value of
N (v) is unknown.
v
N (v)

7 9 13
1 1 2

15
19
80 11, 084, 874, 829

The Steiner triple of order 7 was given above and is equivalent to the Fano plane or projective
plane of order 2 (see the figure below left). The Steiner triple system of order 9 is equivalent
to the affine plane of order 3 and can be presented as the rows, columns, diagonals and
reverse diagonals of the matrix M shown below right.

112

Darryn Bryant and Daniel Horsley

4



1
7

5

3

1
M = 4
7

2

6


2 3
5 6 
8 9

{1, 2, 3} {1, 4, 7} {1, 5, 9} {1, 6, 8}
{4, 5, 6} {2, 5, 8} {2, 6, 7} {2, 4, 9}
{7, 8, 9} {3, 6, 9} {3, 4, 8} {3, 5, 7}

Steiner triple systems and their generalisations have been the focus of over 1000 research
articles and there are now many different methods for constructing them. They are used
in cryptography, coding theory, group testing, experimental design et cetera, see [6, 14] for
example.

2

Partial Systems and Embedding

Given the well-established existence results for Steiner triple systems, it is natural to ask
about systems where some triples are specified in advance. That is, to ask for an embedding of the specified triples in a Steiner triple system. For example, can the three triples
{1, 2, 3}, {1, 4, 5} and {2, 4, 6} be embedded in a Steiner triple system of order 7? What
about the two triples {1, 2, 3} and {4, 5, 6}? The answer to the first question is “yes”. The
three triples are embedded in the Steiner triple system of order 7 given at the beginning of
the article. The answer to the second question is “no”. It is a simple exercise to check this
directly, but it also follows from the fact that (up to isomorphism) there is only one Steiner
triple system of order 7, and it has the property that every pair of distinct triples intersects
in exactly one element. However, {1, 2, 3} and {4, 5, 6} can be embedded in a Steiner triple
system of order 9, for example the one given above.
Clearly if two distinct triples intersecting in more than one element are specified, then no
embedding is possible. A partial Steiner triple system is thus defined as a set of triples with
the property that any two distinct triples intersect in at most one element. The number of
distinct elements occurring in the triples is the order of the partial system.
An obvious question is whether or not every partial Steiner triple system has an embedding. This question was answered in the affirmative by Treash in 1971 [15]. At this point
it is worth remarking that Steiner triple systems are equivalent to idempotent commutative
quasigroups in which x · y = x/y (multiplication and division are the same). In [13] it is
noted that one motivation for studying embedding problems is that the word problem is
solvable for any finitely presented algebra in a variety V if and only if there is an algorithm
for deciding whether a finite partial algebra in V can be embedded in an algebra in V.
The embeddings constructed by Treash are quite large. The order of the containing
Steiner triple system is exponential in the order of the embedded partial system. In 1975,
Lindner remedied this situation by proving that any partial Steiner triple system of order u
can be embedded in a Steiner triple system of order 6u + 3 [12]. He also made the following
conjecture [13].
Conjecture. (Lindner) Any partial Steiner triple system of order u can be embedded in a
Steiner triple system of order v provided v is admissible and v ≥ 2u + 1.
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Obviously some partial Steiner triple systems of order u have embeddings of order v <
2u + 1, but Lindner’s Conjecture is best possible in the following sense. For every u ≥ 9,
there exists a partial Steiner triple system of order u which cannot be embedded in any
Steiner triple of order v < 2u + 1 [7]. To see this, consider a (complete) Steiner triple system
(U, A) of admissible order u and suppose we wish to embed it in a Steiner triple system
(U ∪ W, B) of order v = u + w (where |W | = w). Then any x ∈ W must occur in a triple in
B with each y ∈ U . However, since no two elements of U can occur together in a triple with
x (as they already occur in a triple in A) we require w ≥ u + 1 and hence v ≥ 2u + 1. It is
easy to see that this lower bound on v remains even when the number of pairs not occurring
in the triples of A is non-zero, provided it is small. Such partial Steiner triple systems are
known to exist, see [7].
It is worth mentioning that Colbourn [4] has shown that for some values of v < 2u + 1,
it is NP-complete to decide if an arbitrary partial Steiner triple system of order u can be
embedded in a Steiner triple system of order v. This sheds some light on why settling
Lindner’s Conjecture is not easy.
Prior to the recent resolution of Lindner’s Conjecture, considerable work had been done
on embeddings of partial Steiner triple systems with many partial results on the conjecture
being obtained. In 1980 Andersen et al [1] proved that Lindner’s Conjecture holds for a
large family of partial Steiner triple systems, and that it holds when v ≥ 4u + 1. This lower
bound was recently reduced to 3u − 2 in [2]. In [8] it was shown that a (complete) Steiner
triple system of order u can be embedded in a Steiner triple system of order v if and only if
v = u or v ≥ 2u + 1 and is admissible, whilst in [5] and [9] embeddings for certain classes of
partial Steiner triple systems were constructed. A survey of results on embeddings can be
found in [7].

3

A Solution to Lindner’s Embedding Problem

Lindner’s embedding problem for partial Steiner triple systems was recently solved [3], and
we give here a very brief outline of the solution. The full proof is quite lengthy. An essential
ingredient is the notion of repacking which we illustrate with a simple example.
Let (V, B) be a partial Steiner triple system of odd order and suppose there is some pair
{a, b} of elements of V which occurs in no triple of B. We wish to construct a new partial
Steiner triple system (V, B0 ) where B0 has more triples than B. Since the system has odd
order, it follows that there is a c ∈ V such that the pair {b, c} occurs in no triple. If there is
also no triple containing the pair {a, c}, then we can add the new triple {a, b, c} and we are
finished. If not, then it follows (from the fact that the system has odd order) that there is
an element d ∈ V , where a, b, c and d are pairwise distinct, such that the pair {c, d} occurs
in no triple.
Now let x1 = c and construct the sequence x1 , x2 , . . . , xn where for i = 1, 2, . . . , n − 1,
{a, xi , xi+1 } ∈ B for i odd, and {d, xi , xi+1 } ∈ B for i even. This sequence eventually
terminates, at xn , where the pair {a, xn } occurs in no triple (in which case n is odd), or
where the pair {d, xn } occurs in no triple (in which case n is even). This is illustrated for
the cases n = 5 and n = 6 at left in the figure below. The triples are represented by solid
triangles, whilst dotted lines join pairs occurring in no triple.
If we let (V, B† ) be the partial Steiner triple system obtained by interchanging a with d
in these n − 1 triples, then we can add the new triple {a, b, c} to obtain a new partial Steiner
triple system with an extra triple. This procedure, called path switching and illustrated in
the figure above, is a simple example of repacking and was first used in [1]. In general,
repacking involves rearranging or repacking an existing set of triples so that a new system
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with more triples is obtained. Note that the above path switch only alters triples involving
a or d. This means the technique can be used for embedding whenever a and d do not occur
in specified triples.

Unfortunately, this path switching method only produces a new triple if xn 6= b. Otherwise embedding partial Steiner triple systems would be much easier. The solution of
Lindner’s embedding problem is based on several new repacking techniques which involve
complicated combinations of path switches. Roughly speaking, these new repacking techniques are used to construct partial Steiner triple systems which are “close” to complete
embeddings and have certain desirable properties. The embeddings are then completed via
a combination of graph colouring methods and further repacking.
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Product constructions for transitive decompositions of
graphs
Geoffrey Pearce
Abstract
A decomposition of a graph is a partition of the edge set, giving a set of subgraphs. A
transitive decomposition is a decomposition which is highly symmetrical, in the sense
that the subgraphs are preserved and transitively permuted by a group of automorphisms of the graph. This paper describes some ‘product’ constructions for transitive
decompositions of graphs, and shows how these may be used to characterise transitive
decompositions where the group has a particular type of rank 3 action on the graph.

1

Introduction

Any graph can be broken down into subgraphs by partitioning the edge set, giving what
is known as a graph decomposition. This idea originated in the work of Julius Petersen
and others in the early 1900s, and since then has developed into a broad and elaborate
branch of graph theory, with applications in areas such as coding theory, experimental
design, crystallography and the design of communications networks. In the last few decades
there has been increasing interest in the study of graph decompositions from an algebraic
point of view. Examples of this approach can be found in the theory of homogeneous
factorisations of graphs [8, 3], and also in research devoted to classifying and characterising
certain families of graph decompositions (see for example [9], [6] and [7]). All of these
examples have an important feature in common: namely, that the decompositions in question
are ‘highly symmetrical’ in a well-defined group-theoretical sense. It is this observation that
gave rise to the general notion of a transitive decomposition. Essentially, this refers to a
graph decomposition whose subgraphs are ‘preserved’ as a set and permuted transitively by
a group of graph automorphisms.
Formally, a decomposition of a graph Γ is expressed as a partition P of the edge set of
Γ, where each part P in the partition corresponds to a subgraph ΓP whose edge set is P
and whose vertex set consists of those vertices of Γ incident with edges in P . A transitive
decomposition is defined with respect to a group G of automorphisms of Γ (in other words, a
group of permutations of the vertex set of Γ which leave the edge set invariant). In particular,
we require that the following two conditions hold (note that in general a permutation group
is transitive on a set Ω if for all ω, ω 0 ∈ Ω, there is a permutation in the group mapping ω
to ω 0 ):
(i) given any subgraph in the decomposition and any automorphism in G, the subgraph
is mapped by the automorphism either wholly to itself or wholly to a different
subgraph in the decomposition (in other words, G preserves P); and
(ii) given any pair of subgraphs in the decomposition, there is an automorphism in G
mapping the first wholly to the second (in other words, G is transitive on P).
Geoffrey Pearce was the winner of the B.H. Neumann Prize for best student talk at the Annual General
Meeting of the AustMS, held in Perth in September 2005.

Product constructions for transitive decompositions of graphs

117

When these conditions hold, we call the triple (G, Γ, P) a transitive decomposition. A more
general definition allows P to be a partition of the arcs (ordered pairs of adjacent vertices)
of Γ; however for simplicity we will focus on the case where P is an edge partition.

Γ

P1

P2

Figure 1. A graph Γ and two different partitions P1 and P2 of its edge set. Each of the
partitions breaks Γ into three subgraphs: one with solid edges, one with dotted edges,
and one with zigzag edges.

Let G denote the full automorphism group of the graph Γ in Figure 1. The automorphisms
in G can be thought of as ‘symmetries’ of Γ, and each can be represented by one of the
following:
• a flip about an axis through opposite vertices; or
• a rotation clockwise by 0, 2 or 4 vertices.
With this in mind, it is not hard to check that condition (i) above holds for the decomposition
P1 in the middle of Figure 1: for example, the flip about the axis through the vertices 1 and 4
leaves the solid subgraph where it is, and swaps the dotted subgraph wholly with the zigzag
subgraph – and any other automorphism in G preserves the set of subgraphs in a similar
way. It is also easy to see that for any pair of subgraphs, there is an automorphism mapping
the first to the second: if we choose, for example, the solid and the dotted subgraphs, then
a rotation by 2 vertices clockwise is such an automorphism. Since conditions (i) and (ii) are
satisfied, the triple (G, Γ, P1 ) is a transitive decomposition.
On the other hand, (G, Γ, P2 ) is not a transitive decomposition. This can be checked
easily by noting that, in the picture on the far right of Figure 1, no automorphism in G will
map (for example) the dotted subgraph to the solid subgraph, and so condition (ii) does not
hold.
One of the most interesting reasons for studying transitive decompositions is the large
number of connections they have with other structures in combinatorics and geometry. For
example, a partial linear space consists of a set of points together with a set of lines (subsets
of points) with the property that every pair of points is in at most one line. It turns out that
every partial linear space whose automorphism group acts transitively on lines is equivalent
to a transitive decomposition of a graph into complete subgraphs (in other words, subgraphs
in which every pair of vertices is an edge). The points of the partial linear space correspond
to the vertices of the graph, and the lines correspond to the vertex sets of the subgraphs. A
proof of this correspondence appears in [2], and Figure 2 shows an example.
Transitive decompositions also have an interesting application in the colouring of modular
origami models, described in [2].
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Figure 2. A line transitive partial linear space (on the left), and the corresponding graph
(on the right). The partial linear space has 3 lines: a solid line, a dotted line and a zigzag
line, and these correspond respectively to the solid, dotted and zigzag subgraphs on the
right, giving a transitive decomposition of the graph. Note that each such subgraph in
the decomposition is a complete graph with 3 vertices.

2

Product Constructions

In this section we give an overview of some product constructions for transitive decompositions. These constructions are described in more detail in [1], where they are used in an
application to rank 3 transitive decompositions (outlined in Section 3 of this paper).
There are several well-known methods of constructing graphs as ‘products’ of smaller
graphs. For example, given a graph ∆ (with vertex set V ∆ and edge set E∆), the Cartesian
product ∆∆ has a ‘grid’ structure consisting of flattened ‘horizontal’ copies of ∆ overlayed
on flattened ‘vertical’ copies, as shown in Figure 3. The vertex set of ∆∆ is V ∆ × V ∆,
and the edges {(α1 , α2 ), (β1 , β2 )} are of two types:
• those with {α2 , β2 } ∈ E∆ and α1 = β1 (‘horizontal’ edges); and
• those with {α1 , β1 } ∈ E∆ and α2 = β2 (‘vertical’ edges).

∆

∆∆

Figure 3. A graph ∆ and the Cartesian product ∆∆, drawn to show the flattened
‘horizontal’ and ‘vertical’ copies of ∆.

At this point we ask an obvious question: can we use a transitive decomposition of ∆ to
construct a transitive decomposition of ∆∆? In fact (assuming certain conditions hold)
there are several construction methods which achieve this, and we describe a couple of them
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below. First note that if H is a group of automorphisms of ∆, then the wreath product
H o S2 (acting in product action, where S2 denotes the symmetric group of degree 2) is a
group of automorphisms of ∆∆. Essentially, this group consists of combinations of three
different types of automorphisms of ∆∆: automorphisms in H acting synchronously on
the horizontal copies of ∆, automorphisms in H acting synchronously on the vertical copies,
and a ‘flip about the diagonal’ which interchanges the horizontal copies with the vertical
copies.
Now, let (H, ∆, Q) be a transitive decomposition. We construct a partition of the edge
set of ∆∆ as follows. First, we partition the edges of each of the horizontal copies of ∆
according to the partition Q. Second, we partition the edges of the vertical copies according
to Q but using a different ‘colour’ scheme from that used for the horizontal copies. This
gives a partition P in which each part is, for a given Q ∈ Q, either a union of the copies of
Q from each of the horizontal copies of ∆, or a union of the copies of Q from each of the
vertical copies of ∆ (see Figure 4). Construction 1 gives a formal description.
Construction 1 Let (H, ∆, Q) be a transitive decomposition. For each Q ∈ Q define a subset
1 Q of E(∆∆) consisting of all edges {(α1 , α2 ), (β1 , β2 )} with {α1 , β1 } ∈ Q and α2 = β2 ;
and define also a subset 2 Q consisting of all edges {(α1 , α2 ), (β1 , β2 )} with {α2 , β2 } ∈ Q
and α1 = β1 . Let P be the set of all subsets 1 Q and 2 Q for all Q ∈ Q.
With P as in Construction 1, (H o S2 , ∆∆, P) is a transitive decomposition. A more
general version of this result is proved in [1].

Q

P

Figure 4. An edge partition Q of K4 and the edge partition P of K4 K4 obtained using
Construction 1. Edges coloured grey are in different parts from those coloured black.
Note that (S4 , K4 , Q) is a transitive decomposition (where S4 is the automorphism group
of K4 ); and so by the comment following Construction 1, (S4 o S2 , K4 K4 , P) is also a
transitive decomposition.

Another similar construction involves partitioning the edges of the copies of ∆ according
to Q, but in this case using a different ‘colour’ scheme for each horizontal and each vertical
copy of ∆. So each part in the partition of E(∆∆) is, for some Q ∈ Q, the copy of Q
from either a single horizontal or a single vertical copy of ∆. Construction 2 gives a formal
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description.
Construction 2 Let (H, ∆, Q) be a transitive decomposition. For each Q ∈ Q and each
δ ∈ V ∆ define a subset 1,δ Q of ∆∆ consisting of all edges {(α1 , α2 ), (β1 , β2 )} with
{α1 , β1 } ∈ Q and α2 = β2 = δ; and define also a subset 2,δ Q consisting of all edges
{(α1 , α2 ), (β1 , β2 )} with {α2 , β2 } ∈ Q and α1 = β1 = δ. Let P be the set of all subsets 1,δ Q
and 2,δ Q for all Q ∈ Q and all δ ∈ V ∆.
With P as in Construction 2, (H o S2 , ∆∆, P) is a transitive decomposition if and only
if H acts transitively on the vertices of ∆. Again, a more general version of this result is
proved in [1].

3

An application to rank 3 transitive decompositions

A permutation group G acting on a set Ω is said to have rank 3 if G has exactly 3 orbits
in its induced action on Ω × Ω (that is, in the action given by (α, β)g = (αg , β g ) for all
(α, β) ∈ Ω × Ω and g ∈ G). This idea can be understood very naturally in the context of
graph theory: given a graph Γ (which is non-complete and which has a non-empty arc set),
a group G of automorphisms of Γ has rank 3 on the vertices of Γ if and only if
(i) G is transitive on the vertices of Γ;
(ii) G is transitive on the arcs of Γ (ordered pairs of adjacent vertices); and
(iii) G is transitive on the ‘non-arcs’ of Γ (ordered pairs of non-adjacent vertices).
Permutation groups with a primitive rank 3 action are well-understood as a result of classifications carried out by Liebeck and Saxl in the 1980s (see [10] and [11]), and this has
stimulated a number of authors to study and classify mathematical structures preserved by
a rank 3 group. Some of these structures have close connections with transitive decompositions (such as line transitive partial linear spaces, as explained earlier). Consequently, the
study of transitive decompositions with a rank 3 group can often yield useful information
about these other rank 3 structures.
Primitive rank 3 groups come in three different types: almost simple type, affine type
and product action type. It is mainly when studying transitive decompositions with a group
in the last case that the product constructions in Section 2 are useful. A primitive rank 3
group of product action type can act as a group of automorphisms of the Cartesian product
Km Km (where Km is the complete graph with m vertices) or of the complement of Km Km
(which may be expressed as a different kind of graph product – see [1]). The problem of
characterising the associated transitive decompositions is then as follows: given a transitive
decomposition (G, Γ, P) where G is a primitive rank 3 group of product action type, and
where Γ is either Km Km or its complement, what are the possibilities for P? As it turns
out, P can be characterised in this case using product constructions similar to the ones given
in Section 2. This is explained in detail in [1], leading to the following theorem.
Theorem 1 Suppose that (G, Γ, P) is a transitive decomposition where G is a primitive rank
3 group of product action type. Then there exists a transitive decomposition (H, Km , Q),
where H is transitive on the arcs of Km , such that P arises from Q by one of five explicit
‘product’ constructions.
This result states that all methods for constructing the partitions for the transitive decompositions in the statement are known. The input for each of the constructions in this
case is a particular type of transitive decomposition (H, Km , Q) where H acts transitively
on the arcs of Km . These transitive decompositions have been classified by Thomas Sibley
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in [7]. Consequently, all transitive decompositions (G, Γ, P) where G is a primitive rank 3
group of product action type are well understood.
Theorem 1 has some interesting implications for the combinatorial and geometrical structures related to these rank 3 transitive decompositions. For example, the following corollary
arises as a consequence of the connection between transitive decompositions and line transitive partial linear spaces outlined at the end of Section 1. An equivalent result is proved
using different methods by Devillers in [4].
Corollary 1 Suppose that a partial linear space L is preserved by a primitive rank 3 group
of product action type. Then L may be constructed from a 2-transitive linear space (all
examples of which are classified in [5]).
There is a family of primitive rank 3 groups of affine type which can also act as automorphism groups of Km Km and its complement. At present it appears that most transitive
decompositions with such a rank 3 group can be characterised in a similar way to those
where the group is of product action type; however the constructions and proofs involved
are more complicated.
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The inheritance problem and monotone systems
Vilmos Totik

1

The inheritance problem and its mathematical formulation

To divide an inheritance three brothers turn to a judge. Secretly however, each of them
bribes the judge. What a given brother inherits depends continuously and monotonically
on the bribes: it is monotone increasing in his own bribe and it is monotone decreasing in
everybody else’s bribe. Show that if the eldest brother does not give too much to the judge,
then the others can choose their bribes so that the decision will be fair, i.e., each of them
gets equal share.
To deal with problems like this, one needs to translate them into the language of mathematics. We have to get to the bare bone of the statement without such expressions as “secretly,
however” or “eldest brother”.
Let the brothers be I, II and III, the last being the eldest. To mathematically formulate
the problem first of all we do not deal with real money (dollars or pennies), and we assume
that a bribe (or a share) can be any nonnegative number. Thus, the bribe of I is some
number x1 , and likewise let x2 and x3 be the bribes of brothers II and III. When talking
about the share of each brother we only have to specify the proportion that each of them
gets from the total inheritance. Let this proportion for I be g1 . Of course, this proportion
depends on the bribes x1 , x2 , x3 , so we are dealing here with a function g1 (x1 , x2 , x3 ) of
three variables. Likewise, the proportion that the second and third brothers get are some
functions g2 (x1 , x2 , x3 ) and g3 (x1 , x2 , x3 ), and at this moment there is no reason to assume
that these functions are the same (actually, we shall see that they are not!), or one of them
can be obtained from another by permuting x1 , x2 ad x3 .
The “continuity” in the problem translates as the continuity of the functions g1 , g2 , g3
of three variables (which is not the same as continuity separately in each variable!). The
monotonicity condition is that g1 increases as x1 increases, and decreases as x2 or x3 increases (which are the bribes of the other brothers). Likewise, g2 resp. g3 are increasing in
the variable x2 resp. x3 and decreases in every other variable. Here and in what follows
“increasing” and “decreasing” means strict increase and decrease.
It is implicitly assumed that originally the judge was impartial, which means that if
nobody gives any bribe, then each brother gets 1/3 of the heritage, i.e. gj (0, 0, 0) = 1/3 for
all j = 1, 2, 3. Finally, the conclusion is that if x3 , the bribe of the eldest brother, is not
too large, then x1 and x2 can be chosen so that the decision will be fair again. This means
that there is a number, say α > 0, such that if 0 ≤ x3 ≤ α, then there are x1 , x2 ≥ 0 so
that gj (x1 , x2 , x3 ) = 1/3 for all j, but it will be more convenient to rewrite this in the form
gj (x1 , x2 , x3 ) = gj (0, 0, 0) for all j.
One final word: the bribes should not be arbitrary large numbers, so we shall assume
that they are all restricted to the range 0 ≤ xj ≤ a with some number a > 0. Then [0, a]3
is the domain of the functions g1 , g2 , g3 .
In summary, we have for these three functions:
(A) g1 , g2 , g3 are continuous functions on a cube [0, a]3 ,
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(B) gj (x1 , x2 , x3 ) is strictly monotone increasing in xj and strictly monotone decreasing
in every xi with i 6= j and
(C) g1 (x1 , x2 , x3 ) + g2 (x1 , x2 , x3 ) + g3 (x1 , x2 , x3 ) is constant.
Actually, in this example the constant in (C) is 1, and property (C) expresses the fact that
the three brothers get the whole inheritance.
This is the mathematical model we had in mind. Anything we prove in connection
with the inheritance problem that uses only properties (A)–(C) will remain valid in other
situations the mathematical formulation of which is given by three functions with properties
(A)–(C). Below we shall list several systems that have properties (A)–(C), and from now on
we shall call each such system a monotone system.

2

The case of more than three brothers

The problem is not restricted to three brothers, in fact, the same formulation holds for any
number of brothers :
To divide an inheritance n brothers turn to a judge. Secretly however, . . .
This was one of the problems of the 1991 Miklós Schweitzer Mathematical Contest1 organized
by the János Bolyai Mathematical Society in Hungary (see [3, p. 46]).
In this case we have n bribes, say x1 , . . . , xn , and if the proportion that the j-th brother
gets when the bribes are x1 , . . . , xn is gj (x1 , . . . , xn ), then these n functions g1 (x1 , . . . , xn ),
. . . , gn (x1 , . . . , xn ) of n variables satisfy:
(A) gj is a continuous function on a cube [0, a]n ,
(B) gj (x1 , . . . , xn ) is strictly monotone increasing in xj and strictly monotone decreasing
in
Pnevery xi with i 6= j and
(C)
j=1 gj (x1 , . . . , xn ) is constant.
The claim is that there is an α > 0 with the property that if 0 ≤ xn ≤ α, then there are
x1 , . . . , xn−1 ∈ [0, a] such that each gj (x1 , . . . , xn ) equals 1/n. Since the judge was originally
impartial, the same is true of the values gj (0) = gj (0, . . . , 0), therefore the problem can
again be reformulated by saying that if 0 ≤ xn ≤ α, then there are x1 , . . . , xn−1 ∈ [0, a]
such that gj (x1 , . . . , xn ) = gj (0) for all j. In this formulation it is irrelevant if originally the
judge is impartial of biased, gj (x1 , . . . , xn ) = gj (0) can be achieved provided xn is not too
large.
In what follows we shall call any system g1 (x), . . . , gn (x), x = (x1 , . . . , xn ) with the
properties (A),(B) and (C) a monotone system.
Although in the inheritance problem all the functions gj are nonnegative, this will not be
required in what follows when we talk about monotone systems.
The clause “If the eldest brother does not give too much to the judge” in the conclusion
is important, i.e. for every monotone system there is an α > 0 such that the conclusion
holds if 0 ≤ xn ≤ α. It may not be true for larger values of xn (i.e. if the eldest brother
gives more than α). Here is a simple example (for the original n = 3 case) showing that if
β > 0 is given, and the eldest brother gives at least β bribe, then fair decision cannot be
achieved: let
1
βx1
g1 (x1 , x2 , x3 ) = + x1 +
− x2 − x3 ,
3
x1 + 1
1This is a unique mathematical contest for university students organized since 1949. There are no age
groups; each year about ten problems are proposed for ten days, and the students can use any literature
they want. Accordingly, the problems are more challenging than on usual sit-in competitions. The problems
and solutions from the period 1949–1961 can be found in [2], and from the period 1962–1992 in [3].
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g2 (x1 , x2 , x3 ) =

1
βx2
+ x2 +
− x1 − x3
3
x2 + 1

and

1
βx1
βx2
+ 2x3 −
−
.
3
x1 + 1 x2 + 1
In fact, properties (A)–(C) are easily established, but if x3 ≥ β, then, since
x2
x2 +1 < 1, we have
g3 (x1 , x2 , x3 ) =

x1
x1 +1

< 1 and

1
βx1
βx2
1
+ 2β −
−
> ,
3
x1 + 1 x2 + 1
3
i.e. the eldest brother gets more than 1/3 of the total inheritance regardless of the values
x1 , x2 .
A similar example, namely
1
βxj
gj (x1 , ..., xn ) = + (n − 2)xj +
− x1 − · · · − xj−1 − xj+1 − · · · − xn
n
xj + 1
g3 (x1 , x2 , x3 ) ≥

if j = 1, 2, ..., n − 1, and
1
βx1
βx2
βxn−1
+ (n − 1)xn −
−
−···−
,
n
x1 + 1 x2 + 1
xn−1 + 1
works for the case of n brothers.
It is also easy to show that in condition (B) the strict monotonicity cannot be relaxed to
non-strict monotonicity.
gn (x1 , ..., xn ) =

3

Some monotone systems

In this section we list a few monotone systems. These examples show that monotone systems
appear in quite different situations. As is the case with any properly formulated mathematical models, the conclusions one draws from the assumptions in the model are valid in every
concrete case that follows the model. Thus, in each of the following examples the equal
share conclusion gj (x1 , . . . , xn ) = gj (0), j = 1, 2, . . . , n is true (but has a different meaning), because it will be proven in the next section solely from the assumptions (A)–(C) of
monotone systems.
The following observation helps in verifying the monotonicity property (B). Since the sum
of the functions is constant, for the monotonicity property it is enough to require that each
gi is strictly monotone decreasing in P
every xj with j 6= i. In fact,
Pthen if xj increases then
every other gi decreases, and so does i6=j gi . But then gj = 1 − i6=j gi increases, and this
proves that the increase of gj in xj automatically follows.
Market share
Suppose that n companies are producing the same product. Let xj be the investment of
the j-th company and gj (x1 , . . . , xn ) its market share. It is reasonable to assume that if
another, say i-th company with i 6= j, increases its investment, then the market share of the
j-th company decreases, thus we have a monotone system.
System of connected pipes
Suppose that we have a system of n connected pipes (see Figure 1), xj is the diameter of
the j-th pipe and gj (x) is the amount of liquid in the j-th pipe. If xi with i 6= j increases,
then the liquid level decreases, and so is the amount of the liquid in the j-th pipe, i.e. gj (x)
decreases. Therefore, this is a monotone system.
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System of connected pipes

Resistors in series
Let the resistors R1 , . . . , Rn be connected in series in a circuit (see Figure 2), let xj be the
resistance of Rj and gj (x) the potential drop on Rj . If xi increases then the cumulative
resistance R = x1 + · · · + xn increases, hence the current I = U/R decreases. Now if i 6= j,
then this implies that the potential drop xj I on Rj decreases, hence we have a monotone
system.
Capacitors in parallel
Let the capacitors C1 , . . . , Cn be connected in parallel in a circuit, let xj be the capacity of Cj
and gj (x) the total charge on Cj . If xi increases then the cumulative capacity C = x1 +· · · xn
increases, hence the potential U = Q/C decreases. Now for i 6= j this implies that the charge
xj U on Cj decreases, and we have again a monotone system.
Conservation laws of physics
Physics is abundant in monotone systems; conservation laws easily give rise to such systems.
Consider for example a rotating disk on which there are n point masses m1 , . .P
. , mn . Let
xj be the distance of mj from the center of rotation. The angular momentum j mj x2j ω,
where ω is the angular speed, is invariant, thus if xi increases, then ω must decrease. Hence,
if gj (x) = mj x2j ω denotes the angular momentum of the j-th mass, then for j 6= i this will
decrease, and so the system {gj (x)}, j = 1, . . . , n is a monotone system.

Figure 2.

Resistors in series
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Figure 3.

Supporting a pontoon bridge

Supporting a pontoon bridge
If n pontoons support a bridge (c.f. Figure 3), xj is the size of the j-th pontoon and gj (x)
is the weight force on it, then it is easy to see that we have a monotone system.
Scheduling jobs on a mainframe computer
Suppose n jobs with priorities x1 , . . . , xn are to be run on a computer, and let gj (x) be the
time needed to finish the j-th job. If xi increases then for j 6= i the time gj (x) increases, so
in this case {−gj (x)}nj=1 will form a monotone system.
Arteries and organs
Suppose that n arteries supply blood to n organs. Let xj be the diameter of the j-th artery
and gj (x) the amount of blood reaching the j-th organ (say in unit time). If xi increases
then blood pressure decreases, hence in unit time less blood will flow through the j-th artery
for j 6= i.
Equilibrium measures
Suppose that we put a unit charge on a conductor E consisting of n plates E1 , . . . , En . The
charge can move freely on the conductor, and it will distribute itself in a way that minimizes
its inner energy. Let µE denote this so called equilibrium distribution. What happens if one
of the plates, say the i-th one shrinks, e.g. we cut off a part K of it (c.f. Figure 4, where
the plates are the triangle, the quadruple and the hexagon, and we cut off one corner of the
triangle)? To maintain equilibrium, the charge sitting originally on K has to move to the
rest of the conductor (on Figure 4 this is indicated by the arrows), which means that the
total charge on a different plate Ej , j 6= i will increase. Thus, if we measure the size of the
j-th plate with some parameter xj , and gj (x) = µE (Ej ) denotes the total amount of the
equilibrium mass on Ej , then we get a monotone system.
This example is actually closely related to the 4-th example above on capacitors in parallel.

4

Solution to the inheritance problem

We shall use induction to solve the inheritance problem. This is one of the most basic
reasonings in mathematics. The induction not only proves the general n-brother problem,
but it also needs this formulation, for it goes like this: verify the statement for n = 1 (which
is the empty case, for there is only one brother, and the decision is always fair regardless
how much bribe he gives), then using this verify it to n = 2, then using this case verify it to
n = 3, etc. The original problem stops at n = 3, but the general case is obtained practically
free, for we will prove the induction steps 1 → 2, 2 → 3, 3 → 4 in a unified manner (and
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Moving charge

this is the heart of proof by induction), and it takes the same effort to prove the case n = 3
from the case n = 2 as to prove the general case of n brothers from that of n − 1 brothers.
We can consider gj (x)−gj (0) instead of gj (x) (these also have properties (A)–(C)), hence
we may suppose gj (0) = 0 for all j. Then property (C) takes the form
n
X

gj (x) = 0.

(1)

j=1

We have to show that there exists α > 0 such that for every 0 ≤ xn ≤ α there are values
x1 , . . . , xn with gj (x1 , . . . , xn ) = 0 for all j. Here each of x1 , . . . , xn−1 may (and generally
will) depend on the choice of xn , so we write x1 = x1 (xn ), . . . , xn−1 = xn−1 (xn ) to show
this dependence.
If n = 1, there is nothing to prove. Assume that the assertion holds for n − 1 functions.
We claim that there is a number b > 0 such that if 0 ≤ x2 , . . . , xn ≤ b are arbitrary, then
there exists one and only one y = y(x2 , . . . , xn ) satisfying g1 (y, x2 , . . . , xn ) = 0, and this y is
a continuous, strictly increasing function of the variables x2 , . . . , xn . In fact, the uniqueness
of y follows from g1 being strictly increasing in its first variable. If x2 = x3 = . . . = xn = 0
then we choose y = 0, while for other values the existence of y can be seen as follows. Since
g1 (a, 0, . . . , 0) > 0, continuity yields the existence of a b > 0 such that for 0 ≤ x2 , . . . , xn ≤ b
we have
g1 (a, x2 , . . . , xn ) > 0.
On the other hand, property (B) shows
g1 (0, x2 , . . . , xn ) < 0
(note not all of x2 , . . . , xn is zero), hence, again by continuity, y must exist. Here, and in what
follows, we use the fact that continuous functions have the intermediate value property, i.e.
if f is a continuous function on an interval, it assumes the values R < S there (i.e. R = f (r)
and S = f (s) for some r, s) and R < T < S, then it also assumes the value T (i.e. T = f (t)
for some t).
Next we show the monotonicity of y(x2 , . . . , xn ). If x0j > xj , j 6= 1, then
g1 (y(x2 , . . . , x0j , . . . , xn ), x2 , . . . , x0j , . . . , xn ) = 0
= g1 (y(x2 , . . . , xj , . . . , xn ), x2 , . . . , xj , . . . , xn )
> g1 (y(x2 , . . . , xj , . . . , xn ), x2 , . . . , x0j , . . . , xn ),
so we must have
y(x2 , . . . , x0j , . . . , xn ) > y(x2 , . . . , xj , . . . , xn )
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since g1 is monotone increasing in its first coordinate. This shows that indeed, y(x2 , . . . , xj , . . . , xn )
is an increasing function of xj .
Finally, we verify the continuity of y. Let η > 0 be arbitrary. Since
g1 (y(x2 , . . . , xn ) − η, x2 , . . . , xn ) < 0 < g1 (y(x2 , . . . , xn ) + η, x2 , . . . , xn ),
there is a δ > 0 such that for |xj − x0j | ≤ δ, j = 2, 3, . . . , n, we have
g1 (y(x2 , . . . , xn ) − η, x02 , . . . , x0n ) < 0 < g1 (y(x2 , . . . , xn ) + η, x02 , . . . , x0n ).
Thus, for |xj − x0j | ≤ δ we must have (use again that g1 is increasing in x1 )
y(x2 , . . . , xn ) − η < y(x02 , . . . , x0n ) < y(x2 , . . . , xn ) + η,
and this is the stated continuity.
After these preparations we make the induction step. Consider the n − 1 functions
hj (x2 , . . . , xn ) = gj (y(x2 , . . . , xn ), x2 , . . . , xn ),

j = 2, . . . , n

n−1

defined on [0, b]
(where b is the constant used during the preparation). They are
continuous, they have sum 0 (recall (1) and the fact that by the choice of y we have
g1 (y(x2 , . . . , xn ), x2 , . . . , xn ) = 0), and satisfy the relations hj (0, . . . , 0) = 0 for all j. They
are also strictly monotone in the required sense: if i 6= j and xi increases, then so does
y(x2 , . . . , xn ), and therefore hj decreases because gj (x1 , . . . , xn ) is a decreasing function
in both x1 and xi . Thus, h2 (x2 , . . . , xn ), . . . , h2 (x2 , . . . , xn ) form a monotone system of
(n − 1) functions. By the induction hypothesis there exists 0 < α0 < b such that for any
0 ≤ xn ≤ α0 there are x2 = x2 (xn ), . . . , xn−1 = xn−1 (xn ) in the interval [0, b] satisfying
hj (x2 , . . . , xn ) = 0 for all j ≥ 2. Now with the values
x1 = x1 (xn ) := y(x2 (xn ), . . . , xn−1 (xn ), xn ),
x2 = x2 (xn ), . . . , xn−1 = xn−1 (xn ),
we have gj (x1 , . . . , xn ) = 0 for all j = 1. . . . , n (for j > 1 this follows from the corresponding
relation for the hj ’s, while for j = 1 this is a consequence of the choice of y).
As this verifies the induction step, the proof is complete.

5

Rational decisions and the open mapping property

It turns out that the following variant of the inheritance problem has important applications
in mathematical analysis (see e.g. [1],[5] or [6] where the rationality of the equilibrium
measure carried by each plates in the last example of Section 3 is of fundamental importance).
In it the judge may be biased, the decision still will be ”rational”.
No matter what the eldest brother gives to the judge, the others can choose arbitrarily
small bribes so that the decision will be “rational” in the sense that each brother gets a
rational fraction of the heritage.
Let G(x) = (g1 (x), g2 (x), g3 (x)), x = (x1 , x2 , x3 ) be our monotone system, and recall
that we have g1 (x) + g2 (x) + g3 (x) ≡ 1. Now the rational decision problem asks us to show
that for any fixed x3 there are as small x1 , x2 as we wish such that with x = (x1 , x2 , x3 )
each of the values g1 (x), g2 (x), g3 (x) is a rational number. Note that this is not automatic,
since the point (g1 (x), g2 (x), g3 (x)) in three-space lies on the plane
L = {(y1 , y2 , y3 )| y1 + y2 + y3 = 1}.
But note also that for g3 (x) the rationality automatically follows once we know it for
g1 (x) and g2 (x), for g3 (x) = 1 − g1 (x) − g2 (x). Thus, since x3 is fixed, we have to consider
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now only two functions g1 (x1 , x2 , x3 ) and g2 (x1 , x2 , x3 ), and in these two functions only two
variables, namely x1 and x2 can change.
For fixed x3 therefore we consider the (so called vector valued) function
G(x1 , x2 ) = (G1 (x1 , x2 ), G2 (x1 , x2 )) = (g1 (x1 , x2 , x3 ), g2 (x1 , x2 , x3 ))
which maps from (a subset of) the plane into the plane. Suppose that the gj ’s have continuous partial derivatives, and consider the Jacobian
J=

∂G1
∂x1

∂G2
∂x1

∂G1
∂x2

∂G2
∂x2

.

The monotonicity properties give that here the diagonal elements are nonnegative and the
off-diagonal elements are non-positive. Furthermore, since
g1 (x) + g2 (x) + g3 (x) ≡ 1
we also have

∂g2
∂g3
∂g1
+
+
=0
∂x1
∂x1
∂x1
(the derivative of a constant function is 0), therefore
∂G1
∂G2
∂g3
+
=−
≥ 0,
∂x1
∂x1
∂x1
again by the monotonicity property (B). It follows, that
∂G1
∂G2
≥−
,
(2)
∂x1
∂x1
and similar reasoning gives
∂G2
∂G1
≥−
,
(3)
∂x2
∂x2
and hence the determinant
∂G1 ∂G2
∂G1 ∂G2
·
−
·
J=
∂x1 ∂x2
∂x2 ∂x1
is nonnegative. If it is actually positive (which is the case if there is strict inequality in (2)
and (3)), then it follows that the Jacobian of the mapping (x1 , x2 ) → (G1 (x1 , x2 ), G1 (x1 , x2 ))
is non-zero. Now there is a basic result in mathematical analysis, called the inverse mapping
theorem ([7, Theorem 9.24]), which claims that if the Jacobian of a (continuously differentiable) mapping is not zero at some point (x∗1 , x∗2 ), then there is a neighborhood U of (x∗1 , x∗2 )
(i.e. an open set U containing the point (x∗1 , x∗2 )) and a neighborhood V of the image point
(G1 (x∗1 , x∗2 ), G1 (x∗1 , x∗2 )) such that (x1 , x2 ) → (G1 (x1 , x2 ), G1 (x1 , x2 )) is a one-to-one mapping between U and V (recall, that a subset E of R2 is open if with every point P in E there
is a disk around P which is also contained in E). In particular, if the Jacobian is strictly
positive, then (x1 , x2 ) → (G1 (x1 , x2 ), G1 (x1 , x2 )) maps (0, a)2 onto an open subset of R2 .
But then clearly, there are points with rational coordinates in the image set (in every disk
there are points with rational coordinates), i.e. there are x1 , x2 (actually, they are dense
in (0, a)) such that G1 (x1 , x2 ) and G2 (x1 , x2 )) are both rational, and this is precisely the
rational decision problem.
The property that the image of (0, a)2 under
(x1 , x2 ) → (G1 (x1 , x2 ), G1 (x1 , x2 ))
2

(4)

is an open subset of R actually holds for all monotone systems (without any assumptions on
partial derivatives). In fact, we show that (x1 , x2 ) → (G1 (x1 , x2 ), G1 (x1 , x2 )) is a so called
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homeomorphism, i.e. it is a continuous and one-to-one mapping (it maps different points
into different points). There is a deep theorem in topology, called “invariance of domains”,
which says that the image of an open set under a continuous one-to-one mapping is open
(see e.g. [4, Proposition 7.4, p. 79]).
That (x1 , x2 ) → (G1 (x1 , x2 ), G1 (x1 , x2 )) is continuous follows from assumption (A) for
monotone systems. Thus, it is left to show that if (x1 , x2 ) 6= (x01 , x02 ), i.e. either x1 6= x01 or
x2 6= x02 , then (G1 (x1 , x2 ), G1 (x1 , x2 )) 6= (G1 (x01 , x02 ), G1 (x01 , x02 )). By interchanging the role
of (x1 , x2 ) and (x01 , x02 ) we may assume that x1 ≥ x01 . If x2 < x02 , then using the monotonicity
property (B) as well as property (C) (where now the constant is 1), we can write
G1 (x1 , x2 ) = g1 (x1 , x2 , x3 ) > g1 (x1 , x02 , x3 )
= 1 − g2 (x1 , x02 , x3 ) − g3 (x1 , x02 , x3 )
≥ 1 − g2 (x01 , x02 , x3 ) − g3 (x01 , x02 , x3 )
= g1 (x01 , x02 , x3 ) = G1 (x01 , x02 ).
On the other hand, if x2 ≥ x02 , then
G1 (x1 , x2 ) + G1 (x1 , x2 ) = 1 − g3 (x1 , x2 , x3 )
> 1 − g3 (x01 , x02 , x3 ) = G1 (x01 , x02 ) + G1 (x01 , x02 ), (5)
where we used again the monotonicity property (B) for g3 and (separately) for the variables x1 ≥ x01 and x2 ≥ x02 (note that here we cannot have equality in both places,
therefore, the strict inequality holds in the second step of (5)). This again shows that
(G1 (x1 , x2 ), G1 (x1 , x2 )) 6= (G1 (x01 , x02 ), G1 (x01 , x02 )), and hence we have established that the
mapping (4) is a homeomorphism.
Analogous formulation and proofs hold for the rational decision problem when there are
n brothers.
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Mathematical Illustrations:
A Manual of Geometry
and Postscript
B. Casselman
Cambridge University Press
ISBN: 0521547881
I am recommending this book as a book on PostScript, which raises the question: why
bother? Bill Casselman’s view (and mine) is that compared to the alternatives: “once you
have made a small initial investment of effort, by far the best thing to do is to write a program
in the graphics programming language, PostScript”. The code for the book, and thus for its
illustrations, is available from: http://www.math.ubc.ca/~cass/graphics/manual. Other
examples can been seen in the author’s spectacular graphics on the covers of AMS notices:
http://www.ams.org/notices.
Chapter 1 covers getting started with PostScript, including the use of the GhostScript
viewer to display PostScript files, although surprisingly it makes no mention of the GhostView
interface. Other ways of using PostScript files are covered in appendices.
Even at level 1 [1], PostScript is a rich language with 230 commands of which about
30% are graphics-specific (level 2 which is what is used in the book is a slight expansion,
and level 3 includes direct support for PDF). PostScript follows the ‘reverse polish’ stackoriented syntax of the FORTH programming language [2]. An important feature is that the
language is interpreted rather than compiled, allowing dynamic redefinition of operations.
The book is sprinkled with hints on programming practice, some specific to PostScript, and
some applicable to many programming languages.
The recommendation for modularity is important, but it leads to longer files than can
be accommodated in this review and so the examples in this review are stripped-down
illustrations of my own. In the C tradition of ‘hello world’, the 6 lines of code on the left
produce the output on the right, embedded as a graphic (after conversion to PDF to meet
the production requirement of the Gazette).
%!PS-Adobe-3.0 EPSF-3.0
%%BoundingBox: 200 200 420 230
/Helvetica findfont 20 scalefont setfont
205 205 moveto
(Greetings to the Galaxy) show
showpage

Greetings to the Galaxy

Using PostScript gives you something that is (a) more general than the LATEX PStricks
package [5] and (b) usable in a wider range of environments. Among the ways of using
PostScript are: printing, either directly or via GhostScript/GhostView, conversion to other
graphics via GIMP etc, or importing into TEX/LATEX.
Chapter 2 covers coordinates and geometry. While this review is really about the Manual
of . . . PostScript bit, for the author, the Geometry and . . . bit is at least as important.
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Indeed he notes an ‘almost recursive’ aspect: a book that teaches you how to make a book
on geometry. The author uses PostScript graphics for teaching geometry, in particular
geometry related to a parallel course in computer graphics. He reports finding one or two
students in each class responding with a previously unrealised enthusiasm for mathematics.
On the basis of zero personal experience, I find this convincing. It may not be a priority
of many readers of this review, but it is something interesting to consider if you are in a
position to use it that way.
The author proclaims that the ideal (geometric) proof has no words, and no labels on
diagrams. As an example, he demonstrates the principle that the area of a parallelogram
is base × height, and that this is (by definition and illustration) invariant under shear
transformations. He then uses this to ‘prove’ Pythagoras’ theorem by a sequence of shear
transformations that map the area of the square on the hypotenuse onto areas of squares
whose lengths are those of the other two sides.
The graphic below differs from the book in using an alternative construction, and also
in giving more emphasis to the steps in the construction than to the shear transformations.
In particular, my version uses linestyle (and colour if you are reading the on-line version of
the Gazette) to identify lengths that are equal by construction. For greater completeness,
identical and complementary angles should be identified, since the key step (and the one
that only works for right-angled triangles) is that the two line segments forming each of the
upper boundaries are co-linear, thus allowing the second pair of shear transformations.
The PostScript file is 124 lines (too long to include) but is easy to write, using a lot of
cut-and paste as the lines for each stage are copied (and augmented) for the next stage.

Chapter 3 describes procedures. The PostScript syntax has procedures as operators and
operands within braces, assigned to a name (identified by an initial /) with the def command
and then used by invoking the name without the /.
The example below, created for this review, plots a self-avoiding walk (on the triangular
lattice to make it a little harder):
%!PS-Adobe-3.0 EPSF-3.0
%%BoundingBox: 170 190 290 290
/STEP 10 def /NS STEP neg def
/HS STEP 2 div def /NHS HS neg def
/DS HS 3 sqrt mul def /NDS DS neg def
/A {STEP 0 rlineto} def /D {NS 0 rlineto} def
/B {HS DS rlineto} def /E {NHS NDS rlineto} def
/C {NHS DS rlineto} def /F {HS NDS rlineto} def
newpath 200 200 moveto
A B C A A E A B B C B D D E D B C B A B C
A A B F E F F E A A E D F E D B
stroke showpage
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Chapter 4 describes coordinate transformations, including both the inbuilt PostScript capabilities and the transformations required to work with a 3-D representation to produce 2-D
graphics.
Chapter 5 introduces loops, allowing the real power of PostScript as a programming language to be harnessed. The asymmetric simple exclusion process (ASEP), an example near
to the editor’s heart [3, and references therein], is illustrated by the code and graphic below,
although the random boundary conditions differ slightly from those in [3]. In Wolfram’s
nomenclature, this is Cellular Automaton number 184. Other Cellular Automata can be
displayed by replacing the code for func with an encoding of the relevant rule from Table 1
in the appendix of [6].
This code also demonstrates PostScript documentation convention (in my examples preceded by %USAGE:) of:
initial state of stack operator final state of stack
%!PS-Adobe-3.0 EPSF-3.0
%%BoundingBox: 60 90 300 400
%%Title: File asep.eps
/xdef {exch def} def
/unitrand { rand 65536 div 32768 div } def
%USAGE: prob setpsin ‘0 or 1’
/setspin {unitrand le {0} {1} ifelse } def
% Define sizes and positions
/yc 100 def /x0 100 def /xc x0 def
/dx 5 def dx setlinewidth
/nsize 30 def /nlim nsize 2 sub def
% Rendering of states
/A { 0.8 1 0.8 setrgbcolor block} def
/B { 1 0 0 setrgbcolor block} def
/LF { /xc x0 def yc dx add /yc exch def} def
/block {newpath xc yc moveto dx 0 rlineto stroke xc dx add /xc exch def} def
%USAGE: array Print
--- output states at single time step
/Print { { 0 eq {A} {B} ifelse } forall LF} def
% Set ASEP probabilities: ‘entry’ and ‘loss’
/alpha 0.4 def /beta 0.5 def
% USAGE: vp, vc, vn func vnew
/func { exch /tc exch def tc mul exch 1 tc sub mul add
%
/ycalc {/nc exch def
nc 1 sub xx exch get nc xx exch get
nc 1 add xx exch get func yy exch nc exch put } def
%
/xcalc {/nc exch def
nc 1 sub yy exch get nc yy exch get
nc 1 add yy exch get func xx exch nc exch put } def
%
/xcalcn {yy nlim 1 add get dup 0 eq
{pop yy nlim get /vn xdef}

} def % RULE 184
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{ 1 beta sub setspin mul /vn xdef}
ifelse
xx nlim 1 add vn put } def
/ycalcn {xx nlim 1 add get dup 0 eq
{pop xx nlim get /vn xdef}
{ 1 beta sub setspin mul /vn xdef}
ifelse
yy nlim 1 add vn put } def
% starting configuration,
/xx [ 0 1 0 0 0 0 1 0 0 1 0 0 0 1 0 1 0 1 0 1 0 1 1 1 0 0 1 1 1 0 ] def
% yy is just a placeholder
/yy [ 0 1 1 0 0 0 1 0 0 1 1 1 0 1 0 1 1 1 0 1 0 1 1 1 1 1 1 1 1 0 ] def
% Random states (Pr = \alpha)
/xcalc0 {xx 0 alpha setspin
/ycalc0 {yy 0 alpha setspin
%
/Loop { xx Print
1 1 nlim {ycalc} for
yy Print
1 1 nlim {xcalc} for
1 1 25 {Loop} for
%
showpage

at left boundary
put } def
put } def

ycalc0 ycalcn
xcalc0 xcalcn} def

One aspect that is noted, but not illustrated in the book, is the use of programs in other
languages to write output as PostScript. Perhaps a simpler approach is to write fragments.
My example is from statistical physics:
%!PS-Adobe-3.0 EPSF-3.0
%%BoundingBox: 90 90 565 560
% File monte.ps1 Plot Ising simulation
/dx 5 def
/yc 100 def
/x0 100 def
/xc x0 def
dx setlinewidth
/A { 1 0 0 setrgbcolor block} def
/B {0 1 0 setrgbcolor block} def
/LF { /xc x0 def yc dx add /yc exch def} def
/block {newpath xc yc moveto dx 0 rlineto
stroke xc dx add /xc exch def} def
% End of file monte.ps1
% File monte0.psd: Dummy test data
A B A A B LF A B A B B LF B A A A B
showpage
% end of file monte0.psd

The file on the left produces the upper graphic on the right. Replacing the ‘A B . . . ’
sequence by output from a larger simulation (the Ising model at criticality) leads to plots
like the lower graphic on the right. This allows another form of modularity. The sequence of
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choices is detached from how the cases are rendered, so that, for example, A and B could be
redefined to produce + and −, or ↑ and ↓ while using the same program output. The book
gives Perl scripts for combining modules, but simple cat (Unix) or copy (DOS) commands
will take you a long way.
An important possibility not mentioned in Casselman’s book is the ability to produce
conditional graphics. The idea is to have one file that, with a single binary choice, can
produce either a graphic for Nature, Journal of Geophysical Research etc, vs. one for New
Scientist, Scientific American or even (shock horror!!) just readable overheads. The main
choices are black-and white vs colour, thin vs. thick lines, many vs. few tick marks etc.
Keeping code for both options is an example of the power of modularisation.
The book includes examples for some quite complex constructs. These include projections,
text-morphing, and tools (like bubble-sort and the recursive quick-sort) that are needed for
hidden surface analysis in rendering 3-D objects. However, what I found awe-inspiring was
the detailed maps of world coastlines, used in part to illustrate projections. I have written a
book [4] where I could (and did) use hand-coded PostScript to produce all diagrams except
maps. Consequently, for me, the ability to use PostScript to produce world coastline maps
like those in the book was eloquent testimony to the power of well-designed modularity, the
capabilities of the language and the author’s vision and creativity.
Producing maps may be taking PostScript programming into the realm of extreme sports,
but for lesser tasks, PostScript programming is fun and effective, and Bill Casselman’s book
is an excellent way to get started.
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Completed PhDs
Monash University:
• Dr Wasyl Drosdowsky, Intra-seasonal variability of Australian rainfall and the Australian summer monsoon, supervisor: Michael Reeder.
• Dr Raymond Burston, 3 + 1 Perturbation Formalism for General Relativity, supervisor: Anthony Lun.
Swinburne University:
• Dr Tristan Barnett, Mathematical modelling in hierarchical games with specific reference to tennis, supervisors: Stephen Clarke and Alan Brown.
University of Melbourne:
• Dr Yao-ban Chan, Selected problems in lattice statistical mechanics, supervisors:
Tony Guttmann and Andrew Rechnitzer
• Dr Damian Heard, Computation of hyperbolic structure on 3-dimensional orbifolds,
supervisor: Craig Hodgson
• Dr Sally Kuhlmann, Geodesic knots in hyperbolic 3-manifolds, supervisor: Craig
Hodgson
• Dr Stuart Walsh, A thermomechanical approach for micomechanical continuum models of granular media, supervisor: Antoinette Tordesillas
University of Sydney:
• Dr Faisal Ababneh, Models and estimation for phylogenetic trees , supervisor: John
Robinson.
• Dr James East, On monoids related to braid groups and transformation semigroups,
supervisor: David Easdown.
• Dr Hai Trung Ho, On Hilbert modular forms, supervisor: King Lai.
• Dr Krishnasamy Muraleedaran, Investigation of normalizers of parabolic subgroups
of irreducible unitary reflection groups, supervisor: Don Taylor.
• Dr Benjamin Smith, Explicit endomorphisms and correspondences, supervisor: David
Kohel.
University of Western Australia:
• Dr Sophie Ambrose, Matrix Groups: Theory, Algorithms and Applications, supervisors: Cheryl Praeger, Alice Niemeyer and Csaba Schneider
• Dr Jing Xu, On closures of finite permutation groups, supervisors: Cheryl Praeger,
Cai Heng Li and Michael Giudici
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Appointments
Monash University:
• Professor John Lattanzio has been promoted to Professor of Astrophysics.
• Dr Boris Miller has been appointed as Senior Lecturer in Statistics and Probability.
• Dr Penzio Miao has been appointed as Lecturer in Pure Mathematics.
University of Melbourne:
• Dr Guoqi Qian has been appointed as Senior Lecturer in Statistics.
University of Southern Queensland:
• Dr Chris Harman has retired after many years at USQ where he served as the Head of
Department of Mathematics and Computing and the Mathematics Coordinator for
several terms. In recognition of his contribution to the development and promotion
of the Mathematics Discipline at USQ Associate Professor Chris Harman has been
appointed the Honorary Associate Professor at the Department of Mathematics and
Computing at USQ.
University of Western Australia:
• Dr Berwin Turlach has been promoted to Senior Lecturer.

Peter Kloeden wins W. T. and Idalia Reid Prize
Professor Peter Kloeden, a member of the Society, presently working at the University
of Frankfurt, will be the 2006 recipient of the W. T. and Idalia Reid Prize, awarded by
SIAM. The Prize, which was established in 1985 to recognise outstanding contributions to
differential equations, control theory and related fields, will be conferred at the 2006 SIAM
Annual Meeting in Boston on 11th July. Previous recipients include Wendell H. Fleming
and Jacques-Louis Lions. The prize includes an engraved medal, a cash prize of USD 10,000,
and an all-expenses-paid trip to Boston to receive this honour. Peter had posts at Murdoch
University and Deakin University before he left in the late 90s to work in Germany. He was
the Director of the 1997 ANZIAM meeting, held in Lorne.

Conferences
Workshop on Differential Geometry & Applications
13–16 June 2006, La Trobe University, Bundoora (Victoria)
Organisers: Geoff Prince (LTU) and Peter Vassiliou (UCB)
E-mail : G.Prince@latrobe.edu.au, Peter.Vassiliou@canberra.edu.au
Web: http://www.latrobe.edu.au/mathstats/maths/conferences/workshop
difgeometry 06
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2006 International Conference on Time Series Econometrics, Finance and Risk
29 June–1 July 2006, University of Western Australia, Perth
Web: http://www.tsefarperth.org
The 8th Australasian Conference on Mathematics and Computers in Sport
3–5 July, 2006, Greenmount Resort, Coolangatta, Queensland
Organisers: John Hammond (SCU) and Neville de Mestre (Bond)
E-mail : jhammond@scu.edu.au
Web: http://www.anziam.org.au/MathSport/8M&CS.html
31st Australasian Conference on Combinatorial Mathematics and Combinatorial
Computing (31ACCMCC)
8–12 July 2006, Alice Springs, Northern Territory
Enquiries: Ian Roberts
E-mail : Ian.Roberts@cdu.edu.au
Web: http://www.cdu.edu.au/engineering/31ACCMCC.html
Invited speakers:
Sergei Bezrukov - University of Wisconsin
Charlie Colbourn - Arizona State University
Gyula O. H. Katona - Renyi Institute
Barbara Maenhaut - University of Queensland
Gordon Royle - University of Western Australia
Jozef Siran - University of Auckland
Billy Duckworth - Australian National University
Kathy Horadam - RMIT
Neil J.A. Sloane - AT&T Shannon Lab
Contributed talks in all areas of combinatorics are welcome. Participants are also
invited to stay on for Dry and Discrete (see announcement below)
Dry and Discrete (D&D)
13–15 July 2006, Uluru, and 16–18 July 2006, King’s Canyon, Northern Territory
Enquiries: Ian Roberts
E-mail : Ian.Roberts@cdu.edu.au
Web: http://www.cdu.edu.au/engineering/DandD.html
This workshop will be aimed at cracking some unsolved problems in Graphs, Hypergraphs and Designs.
17th Australasian Workshop on Combinatorial Algorithms (AWOCA 2006)
13–19 July 2006, Uluru and King’s Canyon, Northern Territory
Organisers: Mirka Miller & Joe Ryan (Ballarat), Ian Roberts (CDU) and Ian Wanless (Monash)
E-mail : Ian.Roberts@cdu.edu.au
Web: http://www.ballarat.edu.au/conferences/awoca2006/
This workshop will run parallel to Dry and Discrete, to allow people to participate
in both should they be interested in doing so.
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Recent Advances in Nonlinear Partial Differential Equations: A celebration of
Norman Dancer’s 60th birthday
16–21 July 2006, University of New England, Armidale, NSW
Organisers: Daniel Daners (USN), Yihong Du, Chris Radford and Shusen Yan
(UNE).
E-mail : ydu@turing.une.edu.au
Web: http://www.maths.usyd.edu.au/u/daners/une2006/
50th Annual Meeting of the Australian Mathematical Society
25–29 September 2006, Macquarie University, Sydney
Director: William Chen
Enquiries: William Chen, Xuan Duong and Ross Street
E-mail : wchen@maths.mq.edu.au, duong@maths.mq.edu.au,
street@maths.mq.edu.au
Web: http://www.maths.mq.edu.au/austms06/
The 50th Annual Meeting of the Australian Mathematical Society will take place at
Macquarie University in the last week of September 2006. For this landmark Annual
Meeting of the Society, the academic program will span five working days instead of
the usual four for most Annual Meetings. The first session of the meeting will start
at 9 am on Monday 25 September, and the last session will end at approximately 3
pm on Friday 29 September.
Invited plenary speakers:
Pascal Auscher - Université de Paris-Sud
Robert Bartnik - Monash University
Michael Batanin - Macquarie University
Steven Evans - University of California at Berkeley
Peter Forrester - University of Melbourne
Andrew Hassell - Australian National University
Frank de Hoog - Commonwealth Scientific and Industrial Organization
Adrian Lewis - Cornell University
Ngaiming Mok - University of Hong Kong
Christopher Skinner - University of Michigan
Terence Tao - University of California at Los Angeles
Katrin Tent - Universität Bielefeld
Claire Voisin - Centre National de la Recherche Scientifique
Xu-Jia Wang - Australian National University
There will be special sessions in the following areas: Algebraic Geometry, Category
Theory, Combinatorics and Geometry, Differential Geometry, Functional Analysis,
Future Impact of Applications on Mathematics, Geometry and Topology, Group
Theory, Harmonic Analysis, Mathematical Physics, Number Theory, Partial Differential Equations, Probability and Statistics, Representation Theory, Variational
Analysis and Optimization.
The B H Neumann Prize will be awarded to the eligible student who gives the best
presentation at the meeting.
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For further details of the academic program, registration, accommodation and financial support for research students, please visit the conference website.
5th Ballarat workshop on Global and Non-Smooth Optimization: Theory, Methods and Applications
4–5 December 2006, University of Ballarat, Victoria
Conference Co-ordinator: Maxine Kingston
Enquiries: Maxine Kingston, Adil Bagirov
E-mail : m.kingston@ballarat.edu.au, a.bagirov@ballarat.edu.au
Web: http://www.ballarat.edu.au/ard/itms/CIAO/Workshops/OTMA3.shtml
This workshop aims at bringing together experts from Australia, the Pacific region
and around the world in the area of optimization theory, methods and applications
to meet and exchange their recent research findings and to discuss possible joint
projects.
The topics of the workshop include all areas of optimization, optimal control and
their applications, however the emphasis of this workshop is on theory, numerical
methods and applications of global and non-smooth optimization.
Workshop organizers are Dr Adil Bagirov and Professor Alexander Rubinov.
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Visiting mathematicians
Visitors are listed in the order of the last date of their visit and details of each visitor are
presented in the following format: name of visitor; home institution; dates of visit; principal
field of interest; principal host institution; contact for enquiries.
Dr Yanming Wang; Zhong shan University; 10 May to 31 May 2006; –; UWA; Song Wang
Dr Kris Wysocki; Pennsylvania State University; 22 May to 6 June 2006; –; UMB;
Prof. Jon Carlson; University of Georgia; 15 May to 12 June 2006; Computational tools for
constructive module theory; USN; J.J. Cannon
Prof. Zhengyan Lin; Zhejiang University; 13 march to 12 June 2006: Asymptotic Theory in
Probability and Statistics; UWA; Jiti Gao
Prof. Valentin V Petrov; Steklov Mathematical Institute; 7 January to 30 June 2006; Limit
results and asymptotic methods; USN; Dr J. Robinson
Dr Zhishui Hu; University of Science and Technology, China; 1 July 2005 to 30 June 2006;
Limit theorems; USN; J. Robinson
Kim Lund Larsen; Aarhus University Denmark; 24 January to 1 July 2006; Analytic Number
Theory; MQU; Prof. W. Chen
Prof. Dag Tjostheim; University of Bergen, Norway; 26 June to 2 July 2006; Nonlinear and
non-stationary time series; UWA; Jiti Gao
Prof. Lynne Billard; University of Georgia; 6 June to 4 July 2006; –; UMB;
Prof. Xiao Zhang; Academy of Mathematics and System Sciences; 5 February to 10 July
2006; Representation theory of supersymmetry algebras in de Sitter spacetime; USN;
R. Zhang
Dr George Hanson; University of Wisconsin-Milwaukee; 21 May to 14 July 2006; Mathematical modeling of electromagnetic interactions in nanostructures; MQU; V. Benning
Dr Yuly Billig; Carlton University; 16 July 2005 to 16 July 2006; Quantum algebras; USN;
Dr A.I. Molev
Dr Rognvalder Moller; University of Iceland; 16 July to 23 July 2006; –; Cheryl Praeger
Prof. Peiwang Gao; Jinan University; 29 August 2005 to 31 July 2006; Financial Mathematics; UWG; Dr Songping Shu
Prof. Mikael Passare; University of Stockholm; July 2006; Algebraic geometry; UNE; G.
Schmalz
Prof. Biswa Datta; Northern Illinois University; 24 July to 4 August 2006; –; UWA; Song
Wang
Prof. Thomas Bartsch; Universität Gießen; 22 July to 10 August 2006; Variational Methods
for Elliptic Partial Differential Equations; USN; E.N. Dancer
Dr Raimundos Vidunas; Fukuoka University; 15 May to 15 August 2006; Painlevé equations
and special functions; USN; N. Joshi
Dr Philippe Cara; Vrije Universiteit Brussels; 10 July to 15 August 2006; –; UWA; Cheryl
Praeger
Prof. Stephan Morgenthaler; Swiss Federal Institute of Technology; 17 July to 18 August
2006; –; UMB;
Prof. Ronald Warren Butler; Colorado State University; 1 June to 20 August 2006; Saddlepoint approximations in statistics; USN; J. Robinson
Dr Shiqing Ling; Hong Kong University of Science and Technology; 26 June to 25 August
2006; Time Series Econometrics; UWA; Jiti Gao
Prof Shigeyuki Hibbi; National Defense Academy, Japan; 21 to 29 August 2006; Fluid dynamics of sloshing tanks; MNU; Prof. Joseph Monaghan
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Dr Paul Yip; University of Hong Kong; 1 July to 31 August 2006; –; UMB;
Dr Xiang-Gui Li; Beijing Information Technology Institute; 1 July to 31 August 2006; –;
UWA; Song Wang
Dr Mohammadali Iranmanesh; Yazd University; 15 July to 1 September 2006; –; UWA;
Cheryl Praeger
Prof. Jun Hu; Beijing Institute; 5 August to 5 September 2006; Hecke Algebras; USN; A.P.
Mathas
Prof. Ruth J. Williams; University of California; 25 August to 13 September 2006; –; UMB;
Dr Satoshi Koike; –; 1 August to 29 September 2006; Equisingularity problems; USN; L.
Paunescu
Dr Bartosz Trojan; Université d’Orleans; 28 July to 29 September 2006; Lattice subgroups
of p-adic groups: USN; D.I. Cartwright
Dr Robert Coquereaux; Centre International de Rencontre Mathematiques (CIRM); 20 July
to 30 September 2006; Theoretical Physics, Non-Commutative Geometry, Monoidal
Categories; MQU; V. Benning
Dr Lenny Jones; Shippensburg University, Pennsylvania; 23 September to 5 November 2006;
Hecke algebras, number theory; UWS; A. Francis
Prof. Dan Schafer; Oregon State University; 1 February to 31 December 2006; –; UWA; Dr
Berwin Turlach
Dr Alex Kitaev; Steklov Institute; 5 April to 5 August 2006 and 7 September to 31 December
2006; Singularities; USN; N. Joshi
Dr Jesse Johnson; University of California Davis; 1 August to 31 December 2006; –; UMB;
Dr Damien Stehle; French Ministry of Education; 29 January 2006 to 28 January 2007; Lattice reduction; USN; J.J. Cannon
Prof. Buyung-Moo Kim; Chungju National; 31 July 2006 to 31 July 2007; Integral Theory;
USN; D.E. Taylor

AustMS Accreditation
The secretary has announced the accreditation of Dr Peter R. Johnston, Griffith University
as an Accredited Fellow (FAustMS).

Election of officers and ordinary members of Council
Officers of Council
Nominations are invited for the following Officer for the Session commencing after the Annual
General Meeting to be held in September 2006:
One Vice-President
Note: According to Paragraph 34 (i) of the AustMS Constitution, Professor M.G. Cowling will continue in office as the Immediate-Past-President, and Professor P.G. Hall will
move from President-Elect to President, after the AGM in September 2006.
According to Paragraph 34 (iii), the positions of Secretary and Treasurer will be appointed
by Council at its September 2006 meeting; nominations for these positions are no longer
being called for on an annual basis.
The present Officers of the Society are:
• President: M.G. Cowling
• President-Elect: P.G. Hall
• Vice-President: N. Joshi
• Secretary: E.J. Billington
• Treasurer: A. Howe

Ordinary Members of Council
The present elected Ordinary Members of Council are:
• Members whose term of office expires after the AGM in 2006
• B. Davey
• H. Lausch
• I. Roberts
• Members whose term of office expires after the AGM in 2007
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• J. Denier
• P. Trotter
• Members whose term of office expires after the AGM in 2008
• P. Cerone
• L. Jennings
• A.J. van der Poorten AM
Accordingly, nominations are invited for three positions as Ordinary Members of Council, who shall be elected for a term of three consecutive sessions. Note that according to
Paragraph 34(iv) of the Constitution, B. Davey, H. Lausch and I. Roberts are not eligible for
re-election at this time as Ordinary Members. Paragraph 35 of the Constitution is already
satisfied: the continuing elected Officers and elected members of Council include residents
from all the States and the ACT.
To comply with the Constitution (see Paragraphs 61 and 64), all nominations should be
signed by two members of the Society and by the nominee who shall also be a Member of
the Society.
Nominations should reach the Secretary (whose name and address appear inside the back
cover of the Gazette) no later than Friday 30 June 2006.
For the information of members, the following persons are currently ex-officio members
of Council for the Session 2005–2006.
Vice President (Chair of ANZIAM):
Vice President (Annual Conferences):
Incoming Vice President (Annual Conferences):
Representative of ANZIAM:
Public Officer of AustMS and AMPAI:
Chair, Standing Committee on Mathematics Education:
AustMS member elected to Steering Committee:
Editors: J. de Gier/O. Warnaar (Gazette)
A.S. Jones (Bulletin)
R. Moore (Electronic Site)
C.F. Miller (Journal of AustMS)
M.K. Murray (Lecture Series)
C.E.M. Pearce (ANZIAM Journal)
A.J. Roberts (ANZIAM Journal Supplement)

P.G. Taylor
P.G. Bouwknegt
M. Varghese
W. Summerfield
P.J. Cossey
F. Barrington
J.H. Rubinstein

The Constitution is available from the Society’s web pages, at http://www.austms.org.
au/AMSInfo/Const/amsconst.html
Elizabeth J. Billington
Hon. Sec., AustMS

The Australian Mathematical Society
President:

Prof. M. Cowling

School of Mathematics
University of New South Wales
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President@austms.org.au

Secretary:

Dr E.J. Billington

Department of Mathematics
University of Queensland
QLD 4072, Australia.
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Department of Mathematics
Australian National University
ACT 0200, Australia.
algy.howe@maths.anu.edu.au

Business Manager:

Ms May Truong

Department of Mathematics
Australian National University
ACT 0200, Australia.
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Membership and Correspondence
Applications for membership, notices of change of address or title or position, members’ subscriptions, correspondence related to accounts, correspondence about the distribution of the
Society’s publications, and orders for back numbers, should be sent to the Treasurer. All other
correspondence should be sent to the Secretary. Membership rates and other details can be
found at the Society web site: http://www.austms.org.au.
Local Correspondents
ANU:
Aust. Catholic Univ.:
Aust. Defence Force:
Bond Univ.:
Central Queensland Univ.:
Charles Darwin Univ.:
Charles Sturt Univ.:
CSIRO:
Curtin Univ.:
Deakin Univ.:
Edith Cowan Univ.:
Flinders Univ.:
Griffith Univ.:
James Cook Univ.:
La Trobe Univ. (Bundoora):
La Trobe Univ. (Bendigo):
Macquarie Univ.:
Monash Univ.:
Murdoch Univ.:
Queensland Univ. Techn.:
RMIT Univ.:

J. Cossey
B. Franzsen
R. Weber
N. de Mestre
R. Stonier
I. Roberts
J. Louis
T. McGinnes
J. Simpson
L. Batten
L. Bloom
R.S. Booth
H.P.W. Gottlieb
S. Belward
P. Stacey
J. Schutz
R. Street
S. Clarke
M. Lukas
G. Pettet
Y. Ding

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

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

Univ. Canterbury:
Univ. Waikato:

C. Price
W. Moors

Publications
The Journal of the Australian Mathematical Society
Editor: Prof. C.F. Miller
Department of Mathematics and Statistics
The University of Melbourne
VIC 3010
Australia

The ANZIAM Journal
Editor: Prof. C.E.M. Pearce
Department of Applied Mathematics
The University of Adelaide
SA 5005
Australia

Bulletin of the Australian Mathematical Society
Editor: Dr A.S. Jones
Bulletin of the Australian Mathematical Society
Department of Mathematics
The University of Queensland
QLD 4072
Australia

The Bulletin of the Australian Mathematical Society aims at
quick publication of original research in all branches of mathematics. Two volumes of three numbers are published annually.
The Australian Mathematical Society Lecture Series
Editor: Prof. M. Murray
Department of Pure Mathematics
The University of Adelaide
SA 5005
Australia

The lecture series is a series of books, published by Cambridge
University Press, containing both research monographs and
textbooks suitable for graduate and undergraduate students.
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