COURSE OUTLINE

1. GENERAL

SCHOOL | NATURAL SCIENCES

DEPARTMENT | MATHEMATICS

LEVEL OF COURSE | UNDERGRADUATE

COURSE CODE | MAT_AMA467 SEMESTER OF STUDIES | 8

COURSE TITLE | CHAOS AND FRACTALS

INDEPENDENT TEACHING ACTIVITIES

0€ TEPIMTWON TOU OL TILOTWTLKEG LOVASEG ATIOVEOVTAL OE SLAKPLTA EPN TEACHING
Tou padnuarog .. AtaAégelg, Epyaotnplakeg AoKnoeLg KA. Av ot HOURS ECTS CREDITS
TILOTWTLKEG LOVASEG QMOVEHOVTOL EVLALA YL TO CUVOAO TOU paBrpaTog
avaypawte tig efSopadiaieg wpeg SLdaokaAiog Katl To CUVOAO TwV R
TUOTWTLKWVY HLOVASwV
Lectures and Tutorials 4 6

MpocVéate oelpéc av ypetaotel. H opyavwaon Stdackadiog kat ot SI6AKTIKEG
ueédodol mou xpnatuomroLoUvIal TEPLYPAPOVTAL AVAAUTIKE OTO 4.

COURSE TYPE

YrnoBadpou , evikwv Vwoewy,
Emiotnuoviknc Meptoxng, Avamtuéng
Agélottwv

Free Elective course

PREREQUISITE COURSES: | Recommended prerequisite knowledge: INTRODUCTION TO ORDINARY
DIFFERENTIAL EQUATIONS, SECOND COURSE IN ORDINARY DIFFERENTIAL EQUATIONS,
DYNAMICAL SYSTEMS

TEACHING AND ASSESSMENT

LANGUAGE: | °reek
THE COURSE IS OFFEREDTO |
ERASMUS STUDENTS

COURSE WEBPAGE (URL) https://eclass.math.upatras.gr/courses/MATHDEP160/

2. LEARNING OUTCOMES

Learning outcomes
Meptypagovral to odnoLaKd AOTEAECUAT TOU UATUATOG OL CUYKEKPLUEVEG YVWOELG, SEELOTNTEG Kat LKAVOTNTEG KaTtaAArAou emutédou mou Sa
QTTOKTIIOOUV OL QOLTNTEG UETA TNV ETUTUXN OAOKANpwWON TOU LA UaTOG.

JuuBouAeurteite to lMapdaptnua A
o [leptypacr) Tou Enunédou twv Madnaotakwy ATTOTEAECUATWY yLa KAOE Eva KUKAO amoudwv ouupwva e MAaioto Mpoodviwy tou Eupwrnaikou
Xwpou Avwtatng Eknaibeuang
o [leptypapikoi Acikteg Emutédwv 6, 7 & 8 tou EupwriaikoU MAatoiou lNpoadvtwv Awd Biou Madnong
xou Iopaptnua B
o [lepiAnmtikdg O8nyog ouyyparc Madnatakwv AltoteAeoudtwv

In this course the student becomes familiar with the various ways in which discrete and continuous dynamical systems -
which are ubiquitous in the physical environment and our daily lives - can exhibit chaotic behaviour. The realization that
relatively simple nonlinear equations can have extremely complicated solutions and that a deterministic system can
produce unpredictable chaotic behaviour, an insight that has caused a revolution in scientific thinking during the past
five decades, is the main message of this course. As a natural consequence, the student will also become acquainted
with attractors and other objects that have a fractal geometry (characterized by a fractal, non-integer dimension), since
these reflect the complex structure of chaotic systems in phase space.

The specific learning goals are that the student will acquire:
e The ability to determine and interpret the stability properties of equilibrium points and periodic orbits of discrete
nonlinear dynamical systems.
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e A firm understanding of the concept of "chaos" and of the role it plays in the natural sciences, as well as the ability to
recognize the various routes from regular behaviour to chaos.

e A working knowledge of self-similar, fractal structures and the associated notion of fractal dimension. The student
will also be aware of the intimate relation that exists between fractal structures and chaotic dynamics.

e Familiarity with a number of well-known fractal structures, and the associated chaotic dynamical systems, and the
ability to describe them in mathematical terms.

General Abilities
AauBavovtag urtoYn TIG YEVIKEG LKAVOTNTES TTOU TIPETIEL VA EXEL ATTOKTIOEL O TITUXLOUXOG (OlTWG QUTES avaypdpovtatl ato Mapaptnua AUTAWUATOS Kot
napatidevrat akoAoUvdwe) o€ moLa / OLEG QTG AUTEG AITOOKOTEL TO puadnua;.

Avairitnaon, avaAvon kat oOvdeon Sedougvwy Kat Jxeblaouog kot Staxeiplan Epywv

TIANPOWOPLWY, UE TN XPION KOl TWV QIapaitnTwy 28006 0N SLOPOPETIKOTNTA KOl OTNV TTOAUTIOALTIOUIKOTNTA

TeXVOAoyLWV 2eBaoudg oto puolko meptBaAlov

lMpocapuoyr O€ VEEG KATAOTHOELG Entibelén KowwvIKriG, emayyeAUQTIKG Ko NSKrG UEUBUVOTNTAG KAl EVaLoYNaiag o
AfYn anopdoewv Jéuata pUuAou

Autovoun epyaoia AOKNON KPLTLKIG KOl AUTOKPLTLKIG

Ouadikr epyaoia Mpoaywyn tne eEAeUTEPNG, SNIULOUPYIKIG KAL ETAYWYIKIG OKEYNG

Epyacia oe tedvég neptBailov
Epyacia o€ Slemiotniuoviko neptBaiiov
Mapaywyn VEwV EPELVNTIKWV LEEWV

e Finding, analyzing and combining facts and information using the most suitable technologies.
e Adapting to new situations.

e Working and studying autonomously.

e Working in a team.

e Generating new research ideas.

e Stimulating free, creative and constructive thinking.

3. COURSE CONTENT

Nonlinear dynamical systems, with emphasis on discrete time systems (mappings), in one, two and three dimensions.
The logistic map, models to predict population dynamics. Mechanical systems that show unpredictable behaviour (e.g.
the double pendulum), stability properties and periodic orbits, graphic analysis. Routes from order to chaos via: (1)
period doubling bifurcations, (2) intermittency and (3) the break-up of quasi-periodic orbits. Analysis of the relevant
bifurcation types: pitchfork, transcritical, saddle-node and (in the context of limit cycles) the Hopf bifurcation. The
method of renormalization and the "universal" constants of Feigenbaum. Strange (chaotic) attractors and mappings in
more than one dimension. The models of Hénon and Lorenz. Fractal sets, box-counting dimension and Hausdorff
dimension. The triadic fractal set of Cantor. The fractal triangular set of Sierpinski and its relation to the so-called Chaos
Game. Koch's snowflake. Fractals with multiple scaling factors (multifractals) and the theory of generalized dimensions.
Julia sets, the Mandelbrot set. Invariant sets, symbolic dynamics and the theory of chaos according to Smale. Nonlinear
analysis of chaotic time series, with applications in the natural sciences.
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4. TEACHING AND LEARNING METHODS - ASSESSMENT

TEACHING METHOD
lMpdowrno ue mpoowrno, EE amootaoewg
ekmaideuan KA.

Lectures (face to face)

USE OF INFORMATION AND

COMMUNICATION TECHNOLOGIES
Xprion T.IM.E. otn Abaokadia, otnv
Epyaotnpiakr Eknaibevon, otnv Emkowwvia
LE TOUG QOLTNTES

v" Use of information and communication technologies in the classroom, the
tutorial classes, and for communication with the students

v" Website of the course

v Use of the Department's online platform MyMath

Use of mathematical programs in the classroom: During the lectures, apart from
solving examples and exercises on the blackboard, essential use is also made of
the mathematical programs Maple and Mathematica in order to give the students a
better understanding of the fractal structures and routes to chaos discussed, as
well as for the evaluation of the corresponding fractal dimensions.

TEACHING ORGANIZATION

leplypagovtat  avaAutika o0 TPOmoG  Kal
uédodbol Stbaokaliag.
AaAgéetg, Seuwvapia, Epyaotnpiakn Acknon,
Aogknon  [lebiou, MeAétn &  avdAuon
BiBAoypacpiag, @povriotrplo, Mpaktikn
(Toro9€tnon), KAwwn Aoknon, KaAAtexviko
Epyaotrpto, Awabpaaotikn Sdaokalia,
ExmaubeuTikéG emIOKEYELG, Ekmovnon UEAETNG
(project), Suyypan epyaciac / epyaoiwy,
KaAAwreyvikn énutoupyia, K.AT.

Avaypd@ovtal oL WPeG UEAETNG TOU @oLTNTh
yla kae padnotakrn dpaoctnpiotnta Kadweg Kot
oL WPEG Un kadobnyoUuevns UEAETNG WOTE O
OUVOAIKOG  (pOpTO¢  epyaciac o€ eminebo
eéaurivou va avtiotoel ota standards tou
ECTS

Apaotnpiotnra @oprog Epyaociag Eéaurjvou

Lectures 52

Solving suggested exercises 28

Self-study during the semester 40

Preparation for the final examination 27

Duration of the written final examination 3

Total number of hours for the Course 150

(25 hours of work-load per ECTS credit)

STUDENT ASSESSMENT
Mepypapn e dtadikaoiog aétoAdynong

MNwooa AoAdynong, Médobot a&loAoynong,
Alpoppwtikn) 1 Suunepacuatikn, Aokuaoia
MoAdamAris  Emidoyrig, Epwtrioelg  Z0vtoung
Anavtnong, Epwrtrioeis Avamrtuéng Aokuiwy,
Enmtiduon  MpoBAnudtwv, [panti Epyaoia,
Ex9eon / Avagopd, [pogopwkn Eétaon,
Anuoota Mapouoiaon, Epyactnplakr Epyacia,
KAwvikry  E&€taon Aodevoug,  KaAdtexvikn
Epunveia, AAAn / AMeg

Avagépovtal pnta mpoobSlopLoUEVa KPLTHPLOL
atoAdynong kat eav kat mou eivat mpooBdoua
QIO TOUG (POLTNTEG;

Assessment Language: Greek
Assessment Language for Erasmus students: English

Assessment methods: Written final examination (100%) including:
v" Theory,

v’ Exercises,

v Applications of Chaos and Fractals in the Natural Sciences.

Minimum passing grade: 5
Maximum passing grade: 10

5. RECOMMENDED LITERATURE

(in Greek)

e A. Mmnouvtng, «O Oavpaotog Koopog twv Fractal», Liberal Books, 2004. ISBN: 9607901525. Kwdwkog Euddgou:

50659163

e A. Mmouvtng, «Auvaplkad Juotiuarta Kot Xdog», Ekdooelg Nanacwtnpiou, 1995. ISBN: 978-960-7510-22-8. KwdLkog

Eub0o&ou: 9617
(in English)

e H.O. Peitgen, H. Jirgen & D. Saupe, «Chaos and Fractals», EkS. 2/2004, HEAL-Link Springer ebooks. ISBN:
9780387218236. Kwbikog Eudogou: 73268278

e Feldman David P., «Chaos and Fractals: An Elementary Introduction», Oxford University Press, 2012.

e  Gulick Denny, «Encounters with Chaos and Fractals», 2" ed., CRC Press / Chapman & Hall, 2012.
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