MAT554 - FRACTIONAL DIFFERENTIAL EQUATIONS Il - Fen Bilimleri Enstitlisti - Matematik Ana Bilim Dali
General Info

Objectives of the Course

The aim of this course is to provide students with the fundamental concepts of fractional calculus and fractional differential equations, to introduce the Riemann—
Liouville, Caputo, and Griinwald-Letnikov definitions, and to develop an understanding of their properties. The course also aims to enable students to use the basic
properties of fractional integrals, to solve linear fractional differential equations, to interpret initial and boundary value problems, and to apply Laplace transforms at an
introductory level. In this way, students will acquire a solid foundation of fractional differential equations and prepare for applications in engineering and physical
sciences.

Course Contents

(1) Introduction to fractional differential equations and their historical development (2) Fundamentals of fractional integrals and derivatives (3) Riemann-Liouville
definition and properties (4) Caputo definition and properties (5) Grinwald-Letnikov definition and properties (6) Comparison of different definitions (7) Fractional
integral inequalities and fundamental theorems (8) Linear fractional differential equations and sample solutions (9) Initial and boundary value problems (10) Applications
of Laplace transforms in fractional differential equations (introductory level) (11) Introduction to basic numerical methods for fractional differential equations (12) Simple
examples from physical and engineering applications

Recommended or Required Reading

1 K. S. Miller, B. Ross, An Introduction to the Fractional Calculus and Fractional Differential Equations, John Wiley & Sons, Inc., 1993. 2 I. Podlubny, Fractional Differential
Equations, Academic Pres, 1999 3 K. B. Oldham and J. Spanier, The Fractional Calculus, Academic Press, 1974

Planned Learning Activities and Teaching Methods

(1) Theoretical lectures (2) In-class discussions and question-answer activities (3) Problem-solving and sample applications (4) Individual assignments and report writing
(5) Presentations and short projects (6) Literature reviews and discussions of recent articles

Recommended Optional Programme Components

(1) Students are advised to attend classes regularly and participate actively. (2) Reviewing knowledge from Analysis I-1V, Linear Algebra, and Differential Equations is
beneficial. (3) Following supplementary textbooks, articles, and lecture notes provided during the course is recommended. (4) Solving additional problems and
examining examples from the literature are encouraged.

Instructor's Assistants

There is no teaching assistant teaching the course.

Presentation Of Course

(1) The course is delivered face-to-face in the classroom environment. (2) Students first learn the fundamental concepts theoretically from the instructor. (3) Theoretical
lectures are reinforced through problem-solving and in-class discussions. (4) Students’ individual learning is supported by assignments and short projects outside the
classroom. (5) Current articles from the literature are reviewed to encourage students’ research orientation.

Dersi Veren Ogretim Elemanlari

Assoc. Prof. Dr. Mehmet Senol

Program Outcomes

Can write the Riemann-Liouville and Caputo definitions of fractional derivatives.

Can compare the definitions of Riemann-Liouville, Caputo, and conformable fractional derivatives.

Can define the concepts of conformable fractional derivatives and integrals and explain their fundamental properties.
Can utilize conformable fractional power series expansions and Laplace transforms in solution methods.

Can solve conformable fractional differential equations using the sub-equation method

Can apply the tanh method in solving conformable fractional differential equations.

Can obtain exact solutions of conformable fractional differential equations using the exponential function method.
Can solve fractional differential equations using the auxiliary equation method

Can follow and interpret current research and literature related to conformable fractional differential equations.
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Weekly Contents
Order Preparationinfo Laboratory TeachingMethods Theoretical Practise
1 For this course, students are expected to have a The course is conducted through theoretical ~ Introduction Introduction

fundamental background in Analysis I-IV, Linear lectures and applied problem-solving to fractional to fractional
Algebra, and Differential Equations. Familiarity methods. Students first learn the fundamental differential  differential
with functions, differentiation and integration, concepts from the instructor and then equations, equations,
matrix operations, and solutions of differential reinforce their knowledge through examples  historical historical
equations will facilitate the understanding of and in-class discussions. Individual development, development,
concepts related to fractional differential assignments, short projects, and literature and basic and basic
equations. reviews support self-learning skills and concepts concepts

encourage research orientation.



Order Preparationinfo Laboratory TeachingMethods Theoretical Practise

2 For this course, students are expected to have a The course is conducted through theoretical ~ Definitions of Definitions of
fundamental background in Analysis I-IV, Linear lectures and applied problem-solving fractional fractional
Algebra, and Differential Equations. Familiarity methods. Students first learn the fundamental integrals and integrals and
with functions, differentiation and integration, concepts from the instructor and then fundamental fundamental
matrix operations, and solutions of differential reinforce their knowledge through examples  properties properties
equations will facilitate the understanding of and in-class discussions. Individual
concepts related to fractional differential assignments, short projects, and literature
equations. reviews support self-learning skills and

encourage research orientation.

3 For this course, students are expected to have a The course is conducted through theoretical ~ Riemann- Riemann—
fundamental background in Analysis I-IV, Linear lectures and applied problem-solving Liouville Liouville
Algebra, and Differential Equations. Familiarity methods. Students first learn the fundamental definition of  definition of
with functions, differentiation and integration, concepts from the instructor and then fractional fractional
matrix operations, and solutions of differential reinforce their knowledge through examples integrals and integrals and
equations will facilitate the understanding of and in-class discussions. Individual derivatives  derivatives
concepts related to fractional differential assignments, short projects, and literature
equations. reviews support self-learning skills and

encourage research orientation.

4  For this course, students are expected to have a The course is conducted through theoretical ~ Properties Properties
fundamental background in Analysis I-IV, Linear lectures and applied problem-solving and and
Algebra, and Differential Equations. Familiarity methods. Students first learn the fundamental examples of examples of
with functions, differentiation and integration, concepts from the instructor and then the the
matrix operations, and solutions of differential reinforce their knowledge through examples ~ Riemann-— Riemann—
equations will facilitate the understanding of and in-class discussions. Individual Liouville Liouville
concepts related to fractional differential assignments, short projects, and literature derivative derivative
equations. reviews support self-learning skills and

encourage research orientation.

5  For this course, students are expected to have a The course is conducted through theoretical ~ Caputo Caputo
fundamental background in Analysis I-IV, Linear lectures and applied problem-solving definition of  definition of
Algebra, and Differential Equations. Familiarity methods. Students first learn the fundamental fractional fractional
with functions, differentiation and integration, concepts from the instructor and then derivatives  derivatives
matrix operations, and solutions of differential reinforce their knowledge through examples  and and
equations will facilitate the understanding of and in-class discussions. Individual properties properties
concepts related to fractional differential assignments, short projects, and literature
equations. reviews support self-learning skills and

encourage research orientation.

6  For this course, students are expected to have a The course is conducted through theoretical ~ Grlinwald-  Grinwald-
fundamental background in Analysis I-IV, Linear lectures and applied problem-solving Letnikov Letnikov
Algebra, and Differential Equations. Familiarity methods. Students first learn the fundamental definition of  definition of
with functions, differentiation and integration, concepts from the instructor and then fractional fractional
matrix operations, and solutions of differential reinforce their knowledge through examples  derivatives  derivatives
equations will facilitate the understanding of and in-class discussions. Individual
concepts related to fractional differential assignments, short projects, and literature
equations. reviews support self-learning skills and

encourage research orientation.

7  For this course, students are expected to have a The course is conducted through theoretical ~ Comparison Comparison
fundamental background in Analysis I-IV, Linear lectures and applied problem-solving of different  of different
Algebra, and Differential Equations. Familiarity methods. Students first learn the fundamental fractional fractional
with functions, differentiation and integration, concepts from the instructor and then derivative derivative
matrix operations, and solutions of differential reinforce their knowledge through examples  definitions  definitions
equations will facilitate the understanding of and in-class discussions. Individual
concepts related to fractional differential assignments, short projects, and literature
equations. reviews support self-learning skills and

encourage research orientation.

8  For this course, students are expected to have a The course is conducted through theoretical Fractional Fractional
fundamental background in Analysis I-IV, Linear lectures and applied problem-solving integral integral
Algebra, and Differential Equations. Familiarity methods. Students first learn the fundamental inequalities  inequalities
with functions, differentiation and integration, concepts from the instructor and then and and
matrix operations, and solutions of differential reinforce their knowledge through examples  fundamental fundamental
equations will facilitate the understanding of and in-class discussions. Individual theorems theorems
concepts related to fractional differential assignments, short projects, and literature
equations. reviews support self-learning skills and

encourage research orientation.
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For this course, students are expected to have a
fundamental background in Analysis I-IV, Linear
Algebra, and Differential Equations. Familiarity
with functions, differentiation and integration,
matrix operations, and solutions of differential
equations will facilitate the understanding of
concepts related to fractional differential
equations.

For this course, students are expected to have a
fundamental background in Analysis I-IV, Linear
Algebra, and Differential Equations. Familiarity
with functions, differentiation and integration,
matrix operations, and solutions of differential
equations will facilitate the understanding of
concepts related to fractional differential
equations.

For this course, students are expected to have a
fundamental background in Analysis I-IV, Linear
Algebra, and Differential Equations. Familiarity
with functions, differentiation and integration,
matrix operations, and solutions of differential
equations will facilitate the understanding of
concepts related to fractional differential
equations.

For this course, students are expected to have a
fundamental background in Analysis I-IV, Linear
Algebra, and Differential Equations. Familiarity
with functions, differentiation and integration,
matrix operations, and solutions of differential
equations will facilitate the understanding of
concepts related to fractional differential
equations.

For this course, students are expected to have a
fundamental background in Analysis I-IV, Linear
Algebra, and Differential Equations. Familiarity
with functions, differentiation and integration,
matrix operations, and solutions of differential
equations will facilitate the understanding of
concepts related to fractional differential
equations.

For this course, students are expected to have a
fundamental background in Analysis I-IV, Linear
Algebra, and Differential Equations. Familiarity
with functions, differentiation and integration,
matrix operations, and solutions of differential
equations will facilitate the understanding of
concepts related to fractional differential
equations.

Laboratory TeachingMethods

The course is conducted through theoretical
lectures and applied problem-solving
methods. Students first learn the fundamental
concepts from the instructor and then
reinforce their knowledge through examples
and in-class discussions. Individual
assignments, short projects, and literature
reviews support self-learning skills and
encourage research orientation.

The course is conducted through theoretical
lectures and applied problem-solving
methods. Students first learn the fundamental
concepts from the instructor and then
reinforce their knowledge through examples
and in-class discussions. Individual
assignments, short projects, and literature
reviews support self-learning skills and
encourage research orientation.

The course is conducted through theoretical
lectures and applied problem-solving
methods. Students first learn the fundamental
concepts from the instructor and then
reinforce their knowledge through examples
and in-class discussions. Individual
assignments, short projects, and literature
reviews support self-learning skills and
encourage research orientation.

The course is conducted through theoretical
lectures and applied problem-solving
methods. Students first learn the fundamental
concepts from the instructor and then
reinforce their knowledge through examples
and in-class discussions. Individual
assignments, short projects, and literature
reviews support self-learning skills and
encourage research orientation.

The course is conducted through theoretical
lectures and applied problem-solving
methods. Students first learn the fundamental
concepts from the instructor and then
reinforce their knowledge through examples
and in-class discussions. Individual
assignments, short projects, and literature
reviews support self-learning skills and
encourage research orientation.

The course is conducted through theoretical
lectures and applied problem-solving
methods. Students first learn the fundamental
concepts from the instructor and then
reinforce their knowledge through examples
and in-class discussions. Individual
assignments, short projects, and literature
reviews support self-learning skills and
encourage research orientation.

Theoretical

Linear
fractional
differential
equations:
introduction
and
examples

Initial and
boundary
value
problems in
fractional
differential
equations

Applications
of Laplace
transforms in
fractional
differential
equations
(introductory
level)

Introduction
to basic
numerical
methods for
fractional
differential
equations

Simple
examples
from physical
and
engineering
applications

General
review and
evaluation

Practise

Linear
fractional
differential
equations:
introduction
and
examples

Initial and
boundary
value
problems in
fractional
differential
equations

Applications
of Laplace
transforms in
fractional
differential
equations
(introductory
level)

Introduction
to basic
numerical
methods for
fractional
differential
equations

Simple
examples
from physical
and
engineering
applications

General
review and
evaluation



Order Preparationinfo Laboratory TeachingMethods Theoretical Practise

15 For this course, students are expected to have a The course is conducted through theoretical ~ General General
fundamental background in Analysis I-IV, Linear lectures and applied problem-solving review and  review and
Algebra, and Differential Equations. Familiarity methods. Students first learn the fundamental evaluation evaluation
with functions, differentiation and integration, concepts from the instructor and then
matrix operations, and solutions of differential reinforce their knowledge through examples
equations will facilitate the understanding of and in-class discussions. Individual
concepts related to fractional differential assignments, short projects, and literature
equations. reviews support self-learning skills and

encourage research orientation.

Workload

Activities Number PLEASE SELECT TWO DISTINCT LANGUAGES
Vize 1 1,00

Derse Katihm 14 4,00

Odev 4 3,00

Ders Oncesi Bireysel Calisma 14 2,00

Ders Sonrasi Bireysel Calisma 14 2,00

Ara Sinav Hazirlik 2 4,00

Final Sinavi Hazirhk 1 1,00

Teorik Ders Anlatim 4 4,00
Problem Cozme 4 4,00
Assesments

Activities Weight (%)
Ara Sinav 40,00

Final 60,00

Matematik Ana Bilim Dali / MATEMATIK ( YUKSEK LISANS - TEZLI ) X Learning Outcome Relation

P.0.1 P.0.2 P.0.3 P.O.4P.0.5P.0.6 P.O.7P.0.8 P.O.9 P.O.10 P.O.11 P.O.12 P.O0.13 P.O0.14 P.O.15 P.0.16 P.0.17 P.O.18
L.O.

-

L.O.
L.O.
L.O.
L.O.
L.O.
L.O.
L.O.

O 00 N o u1 A W N

P.0.1: Analiz, Uygulamali matematigin, Geometri ve Cebirin bazi alt toerileri hakkindaki temel teoremleri yeni problemlere uygulayabilir.
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programciktisi 2

Matematik, fen bilimleri ve kendi dallari ile ilgili konularda yeterli alt yapiya sahiptir ve bu alanlardaki teorik ve uygulamali bilgileri
jmatematik problemlerin ¢ozimleri igin kullanir.

Bilimsel, matematiksel diisinme yetenegi kazanabilme ve ilgili alanlarda bu bilgiyi kullanabilme.
Bilimsel, matematiksel diisinme yetenegi kazanabilme ve ilgili alanlarda bu bilgiyi kullanabilme.

Temel matematiksel beceriler (problem ¢ézme, akil yiritme, iliskilendirme, genelleme) ve bu becerilere dayali yetenekler edinebilme.
(Rasyonel distinme teknigi kazandirabilme)

Bilim ve teknolojideki gelismeleri izleme ve kendini siirekli yenileme becerisi kazanabilme.

Bilgiye erisebilme ve bu amacla kaynak arastirmasi yapabilme, veri tabanlarini ve diger bilgi kaynaklarini kullanabilme becerisine sahip
olabilme.

Calisma hayatinda etik sorumluluklarin gereklerini yerine getirebilme.

Bilim tarihi ve bilimsel bilginin Gretimiyle ilgili bilgi edinebilme.

Elestirel ve yaratici distinmenin ve problem ¢dzme becerilerinin gelisimi icin uygun yontem ve tekniklerle etkinlikler diizenleyebilme.
Calisma hayati ve sosyal yasam ile ilgili konularda bireysel ve takim calismalari yapabilme.

Alant ile ilgili konularda distncelerini ve konulara iliskin ¢6ziim onerilerini yazili ve sozIi olarak aktarabilme.

Matematiksel bilgi birikimlerini teknolojide kullanabilme.

Alanindaki bilgileri izleyebilecek ve meslektaslari ile iletisim kurabilecek diizeyde bir yabanci dili gelistirebilme.

Gercek diinya problemlerinde Matematiksel prensipleri uygulayabilme.

Farkli disiplinlerin yaklasim ve bilgilerini Matematikte kullanabilme.

Matematik alanindaki bir problemi, bagimsiz olarak kurgulayabilme, ¢éziim yontemi gelistirebilme, ¢dzebilme, sonuclari degerlendirebilme

ve gerektiginde uygulayabilme.

Riemann-Liouville ve Caputo kesirli tlirev tanimlarini yazabilir

Riemann-Liouville, Caputo ve uyumlu kesirli tiirev tanimlarini karsilastirabilir.

Uyumlu kesirli tiirev ve integral kavramlarini tanimlayabilir ve temel 6zelliklerini aciklayabilir.
Uyumlu kesirli kuvvet serisi acilimlarini ve Laplace dontstimlerini ¢zim yontemlerinde kullanabilir.
Uyumlu kesirli diferansiyel denklemleri sub-equation yéntemiyle ¢ozebilir. .

Uyumlu kesirli diferansiyel denklemlerin ¢6ziimiinde tanh yéntemini uygulayabilir.

Ustel-fonksiyon yéntemiyle uyumlu kesirli diferansiyel denklemlerin tam ¢éziimlerini elde edebilir.
Yardimcr denklem yontemini kullanarak kesirli diferansiyel denklemleri ¢ozebilir. .

Uyumlu kesirli diferansiyel denklemlerle ilgili glincel arastirmalari ve literattiri takip edebilir ve yorumlayabilir.
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