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Abstract
In this paper the project for 15-year-old studenmith the title Ancient Greece and Rome and the sub-titlés the
Legacy of Ancient Greece and Rome really the Cradle of European Civilization? is introduced. It shows how to
connect mathematics with art, history, physics,ggaphy and philosophy by studying ancient Greekraists
and their achievements. Collaborative teachingnisoduced. The major aim of the project was to show
mathematics as a part of human civilization andottow its development through history. Some topiicsm
theory of numbers and geometry were studied. Omeqgfahe project was also a theatre performandgchy
should make the students aware of the difficutbeshany dedicated mathematicians to find the anstesome
problems from the ancient times.
Introduction
In this presentation we will describe a cross-cuttim project work, which was done with the firs-
year students from the secondary school calledrigiija’. In Slovenia the secondary school lasts for
four years and ends with an external examinatidtervards most students continue their education
at university. According to the syllabus studerasehfour lessons of mathematics per week for four
years. Last year we started with a new syllabus¢hvimcludes project work and team teaching as a
new teaching method. For this project the topic whesen which was interesting for different
subjects, with mathematics as the central subJdn.title wasAncient Greece and Rome and the sub-
title Isthe Legacy of Ancient Greece and Rome really the Cradle of European Civilization?
The project lasted for three days. During the fitay the students were introduced into the science,
especially mathematics, of the ancient times. Théhematics teacher taught in a team together with
teachers of art, history, physics, geography anldgdphy. During the second day students worked in
different workshops. In one group they learned altloe cuisine in the Roman time and they made
“‘Roman” bread. Some groups studied and represemted disciplines in the Olympic games from
the ancient time and from the modern world. Onaignrgsited Greek and Roman remains in our town
and the other compared the speech of Periclesthdtispeeches of different modern politicians. We
offered three different mathematical workshops,thatmost attractive one was a theatre performance
which made the students aware of the difficulti€smany dedicated mathematicians to find the
answers to some problems from ancient times. Ornaiteday the students introduced the project to
their parents.
Mathematics as the central subject
“Arhimedes will be remembered when Aishilus is fottgn, because languages die and mathematical
ideas do not. “Immortality” may be a silly word,thprobably a mathematician has the best chance of
whatever it may mean.” (G. H. Hardy, A mathematicigology)
Maybe that's why we chose mathematics as the destigject. Naturally, all the teachers of
mathematics liked it, because we do not have entoghfor teaching history of mathematics during
our regular lessons. The major aim of the projeas wo show mathematics as a part of human
civilization and to follow its development throughe history. 15-year-old students have enough
knowledge to understand the development of thedrgumbers and geometry, at the appropriate
level, of course. But in the project we also found timeddditional topics, especially in the theory aftbers.
The project gave us the opportunity for collabeatieaching. This was very useful when learning
about ancient scientists, because they were noy omhthematicians but also philosophers,
astronomers, etc. In the previous years our stadesdrd about Pythagoras and his theorem, about
Thales, when they discussed similarity and abouli@Euwhen Euclidean algorithm was treated. But
nothing more. Consequently, one of our aims was @gresent some other mathematicians, which
the students had to arrange in the chronologichdror
Mathematics and art
The art teacher opened our session. She compagednitient painting and architecture with the
modern art. The connection between mathematics ahdvas the golden ratio. The first clear
definition of it was given 300 B.C. by Euclid, Gumust have been known at least 200 years before i
the Pythagorean time. The golden ratio is the bastver to our heading questitsithe Legacy of
Ancient Greece and Rome really the Cradle of European Civilization. The golden ratio presents
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aesthetically pleasing qualities in art from theiant to the modern times. The mathematics teacher
then explained the golden ratio and the art teaghee some examples like Parthenon (432 B.C.), of
course, and the painting Modulator (1948) by LelDerer.

The art teacher finished the lesson with a veryolasnpainting The school of Athens (1511) by the
renaissance painter Raphael. This painting anfighees in it was a starting-point for our furtheork.
Mathematics and history

The history teacher was indispensable in studyirgjoty of mathematics. She described the
government of Polycrates, which was so tyrannitelt tPythagoras escaped from Samos. She
presented the position of woman in the ancient.tiByeknowing their role in society we can better
understand the importance of Pythagoreans, whavetlovomen to function on equal terms in their
organization.

The history teacher reminded our students of theidPwar, because it was fatal for Archimedes,
whose last words were "Do not disturb my circlegfdbe he was killed by Romans. There was
another murder of a mathematician some centurtes, kvhich was described by the history teacher.
Hypathia, the first notable woman in mathematicas &illed by Christian fanatics.

In the painting The school of Athens, we can alad fAlexander the Great. He was known to the
students from history lessons, but they did nowkitwat Aristotle was his teacher. This is the exiamp
of team teaching. Teachers, who are together icl#gsroom, can supplement each other.
Mathematics and philosophy

Mathematics was closely connected with philosophyhie ancient time, so the philosophy teacher
was very helpful in our project. However, profoypttilosophical questions can be very difficult for
15-year-old students. In this case the teachetdadbstitute the theory with the anecdotes androth
stories. But the teachers warned the studentsthieete stories are based on poorly documented
historical records. The mathematics and philosogachers explained together Plato’s philosophy
and Platonic solids, because both topics are coedhett is the same with Zeno of Elea and his
paradox “Achilles and the tortoise”. We can conrtbit paradox with modern mathematics because
of the infinite process. In the #&entury it was shown that the infinite convergseties can have
finite limit, which is the sum of the series.

Platonic solids also had influence on later mattiiams and physicists. In the 1@entury Kepler
used them in his solid model of the solar systemthe 18 century Leonhard Euler proved that the
numbers of vertices minus numbers of edges plusbeurof faces of polyhedra (Platonic solids are
included) is 2. In the dcentury the symmetry groups of Platonic solidsensttidied. The statement
from the 28 century, that minerals and viruses have the shapegular polygons, helps scientists to
study their nature.

Mathematics and geography

During the project the geography teacher helpedesttis to mark the birth places and other important
places of the ancient scientists on the map. Thengswve a short illustration of ancient geography
with stress on Ptolemy. Ptolemy for geographets&ésEuclid for mathematicians. Together with the
physics teacher they explained Eratosthenes' merasut of the Earth's circumference.

Mathematics and physics

The physics teacher added explanations of phystug@ements. When talking about Archimedes, for

example, we mentioned his excellent approximati@ns7z and\/L_%, his proof that the volume and
surface area of the sphere is two thirds of thendgl of the same height and diameter. The physics
teacher added the information on many Archimedegitions. We explained Heron’s Formula for
the area of a triangle and the physics teachea@qal his inventions and achievements.

Students’ activities

We have mentioned some students’ activities alredtyey formed the timeline and marked the
important places on the map. They got handouts thiglpresentation and with the tasks that they did
on their own:

- Archimedes: To estimate his approximations foand \/§

- Diophantus: To find one integer solution of tgiation12x + 42y = 6

- Eratosthenes: To write the Sieve of Eratosthémesumbers up to hundred

- Euclid: To find the first seven numbers of thenfoN , = 2"t EQZ” —1). Which of them are perfect numbers
(the number which is equal to the sum of its prajeisors)?
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- Hero of Alexandria: Water flows to the reserviom four different pipes. The first pipe shouldl fip the
reservoir in one day, the second in two days, liirel in three and the fourth in four days. How lomguld it
take to fill up the reservoir if all pipes are sstied on?

- Plato: To check the Euler’s formula on the exaamgfl Platonic solids

- Pythagoras: To prove, that 1184 and 1210 areabl@cmumbers (the sum of the proper divisors oframaber
is equal to the other)

- Thales: To prove the Thales’ theorem (the diameta circle always subtends a right angle to aoipt on the circle).

- To arrange all mathematicians and other mentioezhtists in to the chronological order

More difficult tasks, like different proofs of Pyagoras’ theorem, were solved with the help of m&ghshers.

Influence of ancient Greek mathematics on modern nthematics

Not only Greek letters, in modern mathematics wso alse many Greek words, like hypotenuse,
ellipse, hyperbola and parabola. We know that Rydhes found the name for the longest side of a
right triangle. The conics got the name by Apolleniof Perga. We can find many mathematical
terms, which have their origin in Greek languageiom, arithmetic, asymptote, diameter,
dodecahedron, graph, orthogonality, polynomial esphtrapezium, etc.

For every topic discovered in time of ancient mathtcs we can find its impact in modern
mathematics. For example in theory of numberseédinss that perfect numbers and amicable numbers
are unuseful, but for Pythagoras they were veryoimamt. In the 28 century it was discovered that
these numbers are important for the assessmerdpeafcity of computers. An other example can be
found in geometry. Euclid gave five postulates. hataticians until 19century tried to modify the
fifth one, because it seemed less obvious thanothers. So the Non-Euclidian geometries were
discovered. The influence of ancient mathematiosatso be found in music. In ancient Greek times it
was recognized that consonant musical sounds telaienple number ratios and the oldest system of
the scale construction is the Pythagorean scals.dtbase for the equally-tempered scale we use in
European music today.

“There is no doubt that anybody who grew up in ate or mideastern civilization is a pupil of the
ancient Greeks, when it comes to mathematics, sejgrhilosophy, art and literature. The phrase of
the German poet Goethe-“of all peoples the Greek® ireamt the dream the best’-is only a small
tribute to the pioneering efforts of the Greeksbimanches of knowledge that they invented and
denominated™

Workshop

One of the workshops was maths theater. Studesrfermed a play with the titte THE LAST
FERMAT THEOREM. Of course, we did not prove it, larly showed its history and some other
problems from Theory of numbers that interestedaheient Greeks and are still open now. Three
groups of students were simultaneously on the giégeissing mathematics. The students from the
first group presented Pythagoras and other matheara from 300 B.C. (dressed in white sheets), in
the second group there were Fermat, DescartesasudiRvith white collars and wigs and in the third
group there were mathematicians from Princeton &fsity at the end of 30century, admiring
Andrew Wiles. The ancient mathematicians introdusedhe problems like Pythagorean triples,
perfect and amicable numbers, twin primes. Thethematicians” in other groups added the
knowledge achieved during their time, Fermat wa®kilny for the solutions of the

equatiorx" + y" = z" | Wiles was proud of his proof, the others comygdi that certain problems

have not been solved yet. The students wrote dbrasio by themselves, they also included some
non-mathematical content. The aim of this perforoeawas to develop the awareness of mathematics
as a science, which is constantly developing, hewsweme things that were once proved, will always
be true. We think that some other topics like gaoynealculating the values oft or trigopnometric
functions, could also be presented in such a way.

Students did not learn a lot of mathematics bugihewas certainly achieved.
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