a>

Mathematics: the
missing link...

athematics is, apart from
art, the only universal
language that has been

historically present in all civilisations
and, as a consequence, it has found
its place in school curricula all over
the world from first grade up to the
university level. While applications of
mathematical theories are interwoven
into social fabric of our culture to the
point that a proper functioning of
modern society is unthinkable without
explicit or implicit use of mathematics,
society as a whole still holds a
somewhat distorted view of what
mathematics really is.

The usual reaction a mathematician
gets from most people when revealing
one’s own profession is a mixture of
surprise and awe bordering on terror
and concluding with the admission
that mathematics had been their
worst subject in school. The same
people, proudly claiming that in
mathematics 1+1 always equals 2
never 3, do not hesitate to use
mathematics as a synonym for
preciseness. Only on rare occasions
do they manage to break the habit of
superficially equating mathematics
with counting and dig a layer or two
deeper into mathematical realm. But
they usually get it all wrong, a typical
example being their understanding that
‘squaring the circle’ means ‘to solve
an unusually difficult problem’ (rather
than ‘trying to solve an unsolvable
problem’). It is hard to say whether
this ‘interested in everything but caring
about nothing’ mentality is just the
way things are meant to be in a world
where form has long ago won over
content, or is perhaps a simple
consequence of a poor educational
system within which teaching of math-
ematics rarely transcend arithmetic
drill and dry formulae memorisations.

Out of painful but inspirational
memories of Jerry Garcia and
Andrej Marusic who have shown
me a path to unity between art
and science.

This mentality goes all the way to the
top. Policy-makers are, sadly, not
excluded. Mathematicians react in
their own introverted way, retreating
into their world, where everything is
in order and well defined, but not
necessarily resolvable, perhaps
sometimes firing off a joke at their
own expense. Jokes lighten our spirit
but they rarely solve anything. It's fair
to say that a proper functioning of our
increasingly technologically evolved
society requires its people to be
more proficient in mathematics, the
very basic premise on which our
society rests.

The road travelled by mathematics
through history has always been a
two way street. On the one hand, it
has provided solutions to problems
originating outside mathematics by
developing theories designed
specifically to tackle these problems.
On the other hand, it has lived a
parallel life in its own virtual world
following its own creative logic and
inherent artistic ‘raison d’étre’.
Nevertheless, many mathematical
theories sprouting out of this virtual
universe have often found their way
into applications albeit only decades
or centuries later.

Whereas mathematics has always
served as the optimal communication
vessel in natural sciences, recent
decades have seen an ever-increasing
spread of abstract mathematical
tools and theories in other sciences
t00. Researchers coming across from
different scientific fields and working
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on problems in areas of human
activity that are essential to 21st
Century living - decoding the human
genome, understanding the functions
of the human brain, internet safety
and world of finance and economy -
can no longer do without serious
mathematical theories. The tools of
mathematical analysis, differential
geometry and mathematical statistics,
which have long been the core
applications of mathematics, are
nowadays no longer adequate. For
example, a biologist trying to under-
stand the genetic code will need
graph-theoretic and combinatorial
tools because the genetic code is
discrete. The same is true for a
physicist working with discrete
systems, such as elementary particles.
The fact that we are living in an
interconnected computer-based
society has given an additionally
strong impetus to discrete mathematics
pushing it to the cutting edge of
modern mathematical applications.
Many of its almost entirely abstract
theories have received a concrete
realisation with a slow but stormy
entering of computers into our lives.

But the importance of mathematics
to science is neither surprising nor
questionable as mathematics is the
very language of science. Of much
more interest, at least for the purpose




of this article, are sometimes hidden
references to mathematics in art. In
fact, mathematics has a long historical
relationship with art, be it when we
think of intrinsic artistic qualities of
mathematics or when we point to
mathematical elements in works of
art. Starting perhaps with ancient
Egyptians and Greeks who knew of
the golden ratio, and continuing
through the Renaissance with many
mathematical references, such as for
example, the Duerer's controversial
engraving ‘Melencolia I'.

Modern times are no less abundant
with clear connections between art
and mathematics that can be found
in works of M.C. Escher, Salvador Dali
and many others. But it is probably
the words of Helaman Ferguson,
American sculptor and mathematician,
author of the famous sculpture ‘The
EightfoldWay’ (at the Mathematical
Sciences Research Institute, Berkeley,
California) based on the projective
special linear group PSL(2,7), that
capture it all: “I refuse to be diminished
by being just a mathematician, by
being just a sculptor: | persist in both.”
Mathematics is, in form and content,
both art and science.

No serious discussion about art and
mathematics, however, can miss the
many connections between music and
mathematics. The following is a short
overview of some of Andrew Duncan’s
lucid applications of combinatorial and
algebraic tools to study the treasures
of the diatonic pattern in music
theory. By imbedding the diatonic
(major/minor) musical scale into a
12 tone equally tempered scale, it
may be seen that the diatonic scale
and the pentatonic scale are, first,
complementary to each other within
this 12 tone scale, and, second, they
are the scales possessing optimal
interval spectrum richness among all
possible 7 tone and 5 tone scales.
The combination of melodic and
harmonic motions is the life and
breath of music, and may be viewed
with mathematical eyes in the
following way.

Considering the
above imbedding of
the diatonic scale
into a 12 tone
scale, within the
toroidal topology of
the fingerboard ofa = natting
fretted string instru-
ment, moves along
a string (in a
melodic or chro-
matic circle) and
moves across the
neck (in a harmonic
circle) correspond, respectively, to
jumps by 1 (or -1), and to jumps by
5 (or -5) in the 12 tone scale.
Translating these facts into mathe-
matical language gives rise to a ‘very
symmetric’ mathematical object, the
most symmetric of all similar mathe-
matical objects, that may be
associated with the cyclic group of
order 12. This amazing fact that
musical harmony is in such an elegant
way reflected through the universally
understood, but intrinsically mathe-
matical concept of symmetry, says it
all. Mathematics is the key to unity of
art and science, thus bridging the
right and left sides of the brain, the
rational and the emotional, the
unmanifest and the manifest forms
of nature. Those people holding deci-
sion-making positions, be it capital
owners, politicians or educators, who
cannot see the powers of mathe-
matics as a healing agent in these
tumultuous times of numerous
contradictions, are missing the
opportunity to make this world a
better place.

The Faculty of Mathematics, Natural
Sciences and Information Technologies,
University of Primorska, Koper (UP
Famnit), founded in 2007, is very
well aware of the precious role of
mathematics in our society. Following
the words of the Nobel prize winning
physicist Norman Ramsey that “if you
had only one science department at
a university, it would be mathematics,
and you build from there”, we are
making room for collaborative research
across traditional academic fields,
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ensuring creative interaction of
mathematicians, artists and scientists.
All our study programmes (Applied
Kinesiology, Biodiversity, Bioinformatics,
Biopsychology, Computer Science,
Mathematics, Mathematics of Finance
and Mediterranean Agriculture) are
designed so as to allow a substantial
broadening of knowledge of, and skills
in, mathematics. While mathematics
in Slovenia has traditionally been
centred around analysis, with algebra
and topology showing promising
developments over recent years, it is,
undoubtedly, discrete mathematics,
particularly combinatorics and graph
theory, that has made the greatest
leap forward. Discrete mathematics
is the driving force behind the
Mathematics Department at UP Famnit,
with its Algebraic and Topological
Graph Theory School being one of
the few top research centres in the
field worldwide.
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