FAKULTE / ENSTITU ADI

DERS BiLGi FORMU

Fen Edebiyat Fakiiltesi

BOLUM / PROGRAM /
ANABILIiM DALI ADI

Matematik

DERSIN ADI

Lineer Operatorlere Giris

DERSIN KODU

MAT4510

YEREL KREDISi

3

AKTS KREDISi

HAFTALIK DERS SAATI

HAFTALIK UYGULAMA SAATI

HAFTALIK LABORATUVAR

SAATI

ONKOSULLAR

Yok

YARIYIL

Giiz/Bahar

DERSIN DiLi

Ingilizce, Tiirkce

DERSIN SEVIYESi

Lisans

DERSIN TURU

Secmeli @Matematik Lisans Programi

DERSIN KATEGORISi

Uzmanlik/Alan Dersleri

DERSIN VERILIS SEKLI

Yiiz Yiize

DERSi SUNAN AKADEMIK
BiRiM

Matematik Boliimii

DERSIN KOORDINATORU

Erdal GUL

ASISTAN(LAR)

DERSIN AMACI

Bu dersin amaci, 6grencilerin siirekli lineer doniigiimler, smirlt lineer operatdriin normu,
operatorler uzayi, ters operatdr, dual uzay ve Hilbert uzayinda lineer operatdrler gibi
fonksiyonel analiz kavramlarimi derinlemesine anlamalarma ve uygulamalarma yardimei
olmaktir. Ozellikle, dgrenciler Hilbert uzayindaki operatdrlerin tersinirliginin daha basit bir
karakterizasyonu olan "adjoint" kavramini taniyacak ve nasil elde edilecegini 6grenecektir.
Yine dgrenciler, lic 6nemli operatdr tiiriinii (normal, kendine eslenik ve iiniter operatdrler)
taniyacak ve adjointin bu operatorlerin 6zelliklerini vermek igin nasil kullanildiklarmi
goreceklerdir. Ayrica bir matrisin 6zdeger kiimesinin sonlu boyutlu uygulamalardaki
kullanimlarinda oldugu gibi sonsuz boyutlu uzaylardaki operatorler icin de benzer
kullanimlarin oldugunu dgreneceklerdir.

DERSIN ICERIGi

Lineer vektdr uzaylari; stirekli lineer doniisiimler, sinirh lineer operatdriin normu; sinirli
operatorlerin uzayi; operatorlerin tersleri; dual uzaylar; Hilbert uzaylarda lineer operatorler,
operatoriin adjointi; normal, kendine eslenik ve iiniter operatorler; bir operatoriin spektrumu;
pozitif operatorler; izdiigiimler.

DERS KiTABI / MALZEMESI /

ONERILEN KAYNAKLAR
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Ders Kitabi:

Rynne, Bryan P., Youngson, Martin A. Linear Functonal Analysis. Springer, 2008
Zorunlu Kaynaklar:

[1] Gok, Omer. Fonksiyonel Analize Giris. YTU Basim-Yayim Merkezi, 2021.

[2] Kreyszig, Erwin. Introductory Functional Analysis with Applications. J. Wiley S., New
York, Singapore, 1978
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Onerilen Kaynaklar:

Maddox, 1. J. Elements of Functional Analysis. Camb. Univ. Press, New York, Sydney,
1988.

Giil, Erdal. Topolojiye Giris. Papatya Yayincilik Egitim, Istanbul, 2018.

Suhubi, Erdogan S. Fonksiyonel Analiz, ITU Vakfi Yayinlari, istanbul.

Bu dersi basartyla tamamlayan 6grenciler,
1. Analitik diisiinme yetenegi kazanabileceklerdir.
Lineer operator kavramini ifade edebileceklerdir.
Ters operatdrleri ve 6zelliklerini agiklayabileceklerdir.
Dual uzaylar hakkinda yorum yapabileceklerdir.

Bir operat6riin adjointinin nasil bulundugunu gosterebileceklerdir.

Ders Ogrenim Ciktilar:

Tersinirligin karakterizasyonunun elde edilmesi agisindan 6nemli bir sonug
kesfedeceklerdir.

Hilbert uzaylarinda operatorlerin 6zel bir siniflandirilmasini analiz
edebileceklerdir.

Bir operatériin spektrumu hakkinda yorum yapabileceklerdir.

Pozitif operatorleri analiz edebileceklerdir.

DEGERLENDIRME SiSTEMIi

| Etkinlikler Say1 Katki Payr

Devam/Katihm

‘ Laboratuvar H H

| Uygulama H H

‘ Arazi Cahismasi H H

Derse Ozgii Staj

Kisa Sinavlar/Stiidyo Kritigi (Zorunlu):
e icerik: Smav haftasina kadar islenen konularin tiimiinii kapsayan
kapsamli sorularin sorulmasi

e  Format: Yiiz yiize. Coktan se¢meli kisa smav (10-15 dakika) 4 2420

e Detayh Degerlendirme Kriterleri:

-Derste iglenen teorik konular ile ilgili problemleri ¢dzebilme

[Odev | |

‘ Sunum/Jiiri H H

| Proie | |

‘ Seminer/Workshop H H

Ara Simavlar:
e icerik: Smav haftasma kadar islenen konularin tiimiinii kapsayan
kapsamli sorular

. 1 %40
e  Format: Yiiz yiize. Sinav (90 dakika)

e Detayh Degerlendirme Kriterleri:
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-Dersin temel kavramlarinin anlasildiginin gosterilmesi
-Teorik konularla ilgili problemlerin ¢dziilebilmesi
-Teorik diisiinme siire¢lerinin yiiriitiilmesi

Final:

e Icerik: Dersin tiim ierigini kapsayan kapsamli sorular
e  Format: Yiiz yiize. Sinav (90 dakika)

e  Detayh Degerlendirme Kriterleri:

-Derste iglenen tiim konularin derinlemesine kavranmig
oldugunun gosterilmesi
-ileri diizey problem ¢dzme becerilerinin kullanilabilmesi

1 %40

Dénem ici Cahsmalarin Basar1 Notuna Katkis H %60
Final Sinavinin Basar1 Notuna Katkisi H %40
TOPLAM H %100

HAFTALIK KONULAR VE iLGILi ON HAZIRLIK CALISMALARI

HAFTALAR

KONULAR

On Hazirhk

IKonu Anlatimi: Lineer vektor uzaylari: vektor uzayi ve alt-vektor
uzay1, lineer doniisiimler ve 6zellikleri

Smif-ici Uygulama (5 dk.): Vektdr uzayir ve alt vektdr uzayi
kavramlari1 ve fonksiyonlarda 1-1 ve 6rten tanimlarina iliskin basit]

Kiime, bagmnt1 ve fonksiyon kavramlarinin
hatirlanmasi ve etkinlestirilmesi.
Kaynaklar: [1], 2-9. [2], 9-22.

1 6rneklemelerin yaptirilmast Vektdr uzayr ve alt-vektdr uzayi, linee
doniisiimler ve  ozelliklerini  igere
Simf-ici Tartisma (5 dk.): Lineer doniisim kavraminin] boliimlerin okunmasi. Kaynak: Ders Kitabu,)
matematik ig¢inde ve diger disiplinlerde kullanim alanryla ilgili 2-9.
tartismanin yapilmasi
IKonu Anlatimi: Lineer operatdrler: siirekli lineer operatorler,)
sinirlt lineer operatdrler Normlu uzaylar ve orneklerini
hatirlanmas1 ve etkinlestirilmesi. Kaynak|
Sinif-ici Uygulama (5 dk.): Siirekli ve smirli lineer operatorlerin| Ders Kitabi, 31-39.
2 esdegerligine dair 6rneklemelerin yaptiriimast Stirekli lineer operatérler, smirli linee
operatér kavramlarini igeren boliimlerin|
Smif-i¢ci Tartisma (5 dk.): Smirli lineer operatdriin sonlu ve okunmasi. Kaynak: Ders Kitabi, 87-95.
sonsuz boyutlarda karsilastirilmasina iliskin tartigmanin yapilmasi
IKonu Anlatimi: Sinirli bir lineer operatoriin normu
Simif-i¢ci Uygulama (5 dk): Farkli uzaylar {izerinde normlarin| Normlu uzaylarda dizilerin ve Hilbert
olusturulmasi uygulamasinin yaptirilmasi uzaylarinin hatirlanmas: S
’ etkinlestirilmesi. Kaynaklar: Ders Kitab,
3 Simif-i¢ci Tartisma (5 dk.): Normu “1” olan her lineer operatériin| 31-39; 61-54. [1], 49-52; 127-136.
bir izometri olub olmavacaginn tartisilma Sinirlt bir lineer operatdriin normunu igeren|
T rrolup yacagi 1timast bolimlerin okunmasi. Kaynak: Ders Kitabu,)
. 97-103.
Klsa Slpav 1 (15 dk.): Ders sonunda, derste islenen konulart Kisa Smav 1: Kaynak: Ders Kitabt, 2-103.
liceren bir kisa simavin yapilmasi
IKonu Anlatimi: Sinirli operatdrler uzayi Metrik uzay ve Banach uzay: tanimlarinin
hatirlanmasi ve etkinlestirilmesi. Kaynak|
Simif-i¢ci Uygulama (5 dk): Smirli operatdriin  normunun| Ders Kitabi, 31-39; 61-54.
4 uygulamasinin yaptirilmasi Sinirlt operatorler uzayini iceren
boliimlerin okunmasi. Kaynak: Ders Kitabi,
Simif-i¢i Tartisma (5 dk.): Operator ¢arpimlarinin tartigilmast 104-108.
IKonu Anlatimi: Operatérlerin tersleri VEktO.r uzaylart ar.a.tsmda tanimls
fonksiyonlarda 1-1 ve oOrten tanimlarina
- A s iliskin 6n bilgilerin hatirlanmas1  ve
Slnlf-lcl' Uygulama  (§ dk.): Tersinirligin ~ farkly etkinlestirilmesi. Kaynak: Ders Kitabi, 2-9
5 karakterizasyonlarinin kullanilmasinin yaptirilmas.

Simif-ici Tartisma (5 dk.): Tersinir olmayan operatdr drneginin
tartigiimasi.

Operatorlerin tersleri, izomorfizma, agik
tasvir teoremi, kapali grafik teoremi
konularmni igeren bdliimlerin  okunmasi.
Kaynak: Ders Kitabi, 108-119.
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Konu Anlatimi: Dual uzaylar

Smif-ici Uygulama (5 dk.): Dual uzayin elde edilmesinin|
uygulamasinin yaptirtlmasi

Simif-i¢i Tartiyma (5 dk.): Ayrilabilir uzay yapisinin tartisiimasi

Kisa Smav 2 (15 dk.): Ders sonunda, son {i¢ hafta derste islenen|
konulari iceren bir kisa sinavin yapilmasi

Sonlu boyutlu normlu lineer uzaylar, linee
doniisiimiin ~ ¢ekirdegi ve  ortogonall
timleyen kavramlarinin hatirlanmasi  ve
etkinlestirilmesi. Kaynak: Ders Kitabi, 2-9;|
32;65.

Dual uzaylar igeren boliimlerin okunmasi|
Kaynak: Ders Kitabi, 121-126.

Kisa Smav 2: Kaynak: Ders Kitabi, 1044
126.

IKonu Anlatimi: Hahn Banach Teoremi

Smif-ici Uygulama (5 dk.): Bir fonksiyonun genislemesinin|
bulunmasinin yaptirilmasi

Smif-i¢ci Tartisma (5 dk.): Hangi kosullar altinda genislemenin|
mevcut oldugunun tartisilmasi

Altlineer  fonksiyonel ve  yari-nor
kavramlarinin hatirlanmasi v
etkinlestirilmesi. Kaynak: Ders Kitab1, 127-
129.
Normlu uzaylar i¢cin Hahn Banach Teoremil
ve teoremin sonuglarini igeren boliimleri
okunmasi. Kaynak: Ders Kitab1, 127-138.

\Ara Smav 1

Siav haftasina kadar islenen konulart
tiimiiniin tekrar edilmesi

IKonu Anlatimi: Operatoriin adjointi

Smif-ici Uygulama (5 dk.): Bir operatoriin adjointinin|
bulunmasina dair 6rnek yaptirilmasi

Simif-i¢ci Tartisma (5 dk.): Bir operatdriin ¢ekirdeginin adjoint
operatori ile iligkisinin tartigilmasi

I¢ carpim ve Cauchy-Schwarz Esitsizligi
kavramlarinin hatirlanmasi ve etkinlestiril
mesi. Kaynak: Ders Kitabi, 51-58.
Operatériin - adjointini igeren bdliimleri
okunmasi. Kaynak: Ders Kitabi, 167-175.

10

IKonu Anlatimi: Normal, kendine eslenik operatorler
Simif-i¢i Uygulama (5 dk.): Normal matris testinin yaptirilmasi

Smif-i¢ci Tartisma (5 dk.): Kendine eslenik operatoriin Hilbert]
uzaylart diginda tanimlanabilirliginin tartigilmasi

Kompleks Hilbert uzaylar1 {izerinde sinirly
lineer operatorlerin  hatirlanmasi1  ve
etkinlestirilmesi. Kaynak: Ders Kitabi, 96;
104; 127.

Normal ve kendine eslenik operatorleri
igeren boliimlerin okunmasi. Kaynak: Ders
Kitabi, 176-180.

11

Konu Anlatimi: Uniter operatorler

Smmif-i¢ci Uygulama (5 dk.): Diizlem ve diizlemde dogry]
kavramlarinin geometrik olarak uygulamasinin yaptirilmast

Simif-ici Tartisma (5 dk.): Lineer denklem sistemlerinin
coztimlerinin disiplin i¢i ve disiplinleraras1 uygulamalarina iligkin|
tartismanin yapilmasi

Kisa Smav 3 (15 dk.): Ders sonunda, derste islenen konulari
iceren bir kisa siavin yapilmasi

Kendine eslenik operatér ve izometri
kavramlarinin hatirlanmasi Y
etkinlestirilmesi. Kaynak: Ders Kitabi, 179,
100

Uniter operatorleri igeren  boliimleri
okunmasi. Kaynak: Ders Kitabi, 180-183.
Kisa Sinav 3: Kaynak: Ders Kitabi, 183.

12

IKonu Anlatimi: Bir operatdriin spektrumu

Simif-i¢ci Uygulama (5 dk.): Matrislerin normlarinm bulunmasi
lizerine uygulama yaptirilmast

Smmif-i¢ci Tartisma (5 dk.): Tek noktadan olusan kendine eg
operatoriin formuna iliskin tartigmasinin yapilmasi

Ozdeger ve tersinirlik kavramlarmin
hatirlanmasi ve etkinlestirilmesi. Kaynak!|
Ders Kitaba, 8, 109.

Bir operatdriin spektrumunun tanimlanmasi
ve  bulunmasint  iceren  bdliimlerin
okunmasi. Kaynak: Ders Kitab1, 183-191.

13

Konu Anlatimi: Pozitif operatorler

Simif-i¢ci Uygulama (5 dk.): Hilbert uzay1 iizerinde tanimlanan|
siirl, tersinir ve pozitif operatérden bir pozitif operatoriin elde
edilmesi

Smif-ici Tartisma (5 dk.): Ortoganal operatdrlerin ¢arpiminin|
ortogonal olup olmayacag: tartismasinin yapilmasi

Kendine eslenik operatdr ve spektru
kavramlarinin hatirlanmasi \Y
etkinlestirilmesi. Kaynak: Ders Kitab1,179,
184.

Pozitif operatorleri igeren boliimlerin
okunmast. Kaynak: Ders Kitab1,192-197.

14

IKonu Anlatimi: Pozitif operatorler ve izdiistimler

Simif-i¢ci Uygulama (5 dk.): Ortogonal izdiisimlerinin esdeger]
6zelliklerinin belirlenmesine dair 6rnek yaptirilmasi

Pozitif operatorlerin  hatirlanmas1  ve]
etkinlestirilmesi. Kaynak: Ders Kitabi, 192.
Pozitif operatorleri ve izdiistimleri igeren|
boliimlerin okunmasi. Kaynak: Ders Kitabi,
195-203
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Simf-i¢ci Tartisma (5 dk.): Bir matrisin pozitif karekokij| 3. Kisa Smav 4: Kaynak: Ders Kitabi, 203-
hakkindaki tartigmanin yapilmasi 204.

Kisa Smav 4 (15 dk.): Ders sonunda, derste islenen konulari
iceren bir kisa sinavin yapilmasi

IKonu Anlatimi: Genel tekrar ve bir uygulama

1. Gegmis konularin  hatirlanmasi  ve

Smmif-i¢ci Uygulama (15 dk.): Kutupsal ayrisimla ilgili bin etkinlestirilmesi.

uygulamanin yaptirilmasi.

15 2. Bir B matrisinin kutupsal ayrisgimini igere
Simif-i¢ci Tartisma (5 dk.): Kutupsal ayrisimin bilinmesinin| gggiggzrm okunmast. Kaynak: Ders Kitabr,
Oneminin tartigilmasi ’
16 [Final Islenen konularim tiimiiniin tekrar edilmesi
AKTS iSYUKU TABLOSU
Etkinlikler Siiresi Toplam fsyiikii
(Saat)
Ders Saati H 14 H 3 H 42
Laboratuar H H H
Uygulama H H H

Arazi Calismasi H ‘ ‘ ‘ ‘

Smmif Dis1 Ders Calismasi H 14 H 4 H 56

Derse Ozgii Staj H H H

Odev | |

Kiiciik Smavlar/Stiidyo Kritigi H 4 H 3 H 12

Projeler H H H

Sunum / Seminer H H H

Ara Siavlar (Sinav Siiresi + Sinav 1 10 10
Hazirhk Siiresi)
Toplam {s yiikii: H 135
Toplam s yiikii / 30(s): H 4.5
AKTS Kredisi: 5

(Form No: FR-0315; Revizyon Tarihi: 02.07.2015; Revizyon No:04) Sayfa: 5/13



FACULTY / GRADUATE SCHOOL

COURSE INFORMATION FORM

Faculty of Arts and Sciences

DEPARTMENT / PROGRAMME

Mathematics

TITLE OF COURSE

Introduction to Linear Operators

CODE

MAT4510

LOCAL CREDIT

3

ECTS

LECTURE HOUR / WEEK

PRACTICAL HOUR / WEEK

LABORATORY HOUR / WEEK

PREREQUISITE

None

SEMESTER

Spring/Fall

COURSE LANGUAGE

English, Turkish

LEVEL OF COURSE

First Cycle

COURSE TYPE

Elective@ Bachelor Programme in Mathematics

COURSE CATEGORY

Core Courses

MODE OF DELIVERY

Face-to-Face

OWNER ACADEMIC UNIT

Department of Mathematics

COURSE COORDINATOR

Erdal GUL

ASSISTANT(S)

COURSE OBJECTIVES

This course aims to help students develop a deep understanding and application of
functional analysis concepts such as continuous linear transformations, the norm of a
bounded linear operator, the space of operators, the inverse operator, the dual space, and
linear operators in Hilbert space. Specifically, students will be introduced to the concept
of an "adjoint," a simpler characterization of the invertibility of operators in a Hilbert
space, and will learn how to obtain it. Students will also be introduced to three important
types of operators (normal, self-adjoint, and unitary operators) and will see how adjoints
are used to describe these operators. They will also learn that the set of eigenvalues of a
matrix has similar uses for operators in infinite-dimensional spaces as it does for
applications in finite-dimensional spaces.

COURSE CONTENT

Linear vector spaces; continuous linear transformations, norm of a bounded linear
operator; space of bounded operators, inverses of operators, dual spaces; linear operators
in Hilbert spaces, adjoint of an operator, normal, self-adjoint and unitary operators,
spectrum of an operator; positive operators, projections.

RECOMMENDED OR REQUIRED
READINGS

Coursebook:

Rynne, Bryan P., Youngson, Martin A. Linear Functonal Analysis. Springer, 2008

Required Readings:

[1] Gok, Omer. Fonksiyonel Analize Giris. YTU Basim-Yayimn Merkezi, 2021.

[2] Kreyszig, Erwin. Introductory Functional Analysis with Applications. J. Wiley S.,
New York, Singapore, 1978.
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Recommended Readings:

Maddox, 1. J. Elements of Functional Analysis. Camb. Univ. Press, New York, Sydney,
1988

Giil, Erdal. Topolojive Giris, Papatya Yayincilik Egitim,Istanbul, 2025.

Suhubi, Erdogan S. Fonksiyonel Analiz, ITU Vakfi Yaynlari, Istanbul,

Upon successful completion of the course, students will be able to

1. Develop analytical thinking skills.

2. Express the concept of linear operators.

Explain inverse operators and their properties.

Course Learning Outcomes . Interpret dual spaces.
Demonstrate how the adjoint of an operator is obtained.
Discover an important result concerning the characterization of invertibility.
Analyze a special classification of operators in Hilbert spaces.

Interpret the spectrum of an operator.

Analyze positive operators.

EVALUATION SYSTEM

‘ Activities Number Percentage of Grade

‘ Attendance/Participation: H ‘ ‘

‘ Laboratory H H

‘ Field Work H H

‘ Application H ‘ ‘ ‘

‘ Special Course Internship (Work Placement) H H

Quizzes/Studio Critics:
e  Content: Comprehensive questions covering all topics addressed up
to the exam week

e  Format: Face-to-face multiple-choice quiz (5-10 minutes) 4 %20

e  Detailed Assessment Criteria:

-Ability to solve problems related to the theoretical topics covered in
the course

‘ Homework Assignments H H

‘ Project H H

‘ Presentations/Jury H H ‘

‘ Seminar/Workshop H H

Midterms:
e  Content: Comprehensive questions covering all topics addressed up
to the exam week

e  Format: Face-to-face written exam. (90 minutes).

e Detailed Assessment Criteria: 1 %40
-Demonstration of understanding of the fundamental concepts of the
course

-Ability to solve problems related to theoretical topics

-Ability to carry out theoretical reasoning processes
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Content: Comprehensive questions covering the entire content of the
course

Format: Face-to-face written exam. (90 minutes).

Detailed Assessment Criteria:

-Ability to apply advanced problem-solving skills
-Demonstration of a thorough understanding of all topics
covered in the course

Percentage of In-Term Studies

Percentage of Final Examination

TOTAL

Related Preparation

Recollection and activation of the concepts of set,
relation and function. Sources: [1], 2-9. [2], 9-22.
Reading the sections containing vector spaces and
subvector spaces, linear transformations and their
properties. Source: Coursebook, 2-9.

Recollection and activation of normed spaces and their
examples. Source: Coursebook, 31-39.

Reading the sections containing the concepts of
continuous linear operators and bounded linear
operators. Source: Coursebook, 87-95.

. Recollection and activation of the sequences and

Hilbert spaces in normed spaces. Source: Coursebook,
31-39; 61-54. [1], 49-52; 127-136.

. Reading the sections containing the norm of a bounded

linear operator. Source: Coursebook, 97-103.

. Quiz 1: Source: Coursebook, 103.

Recollection and activation of the definitions of metric
space and Banach space. Source: Coursebook, 31-39;
61-54.

Reading the sections containing the space of bounded
operators. Source: Coursebook, 104-108.

WEEKS COURSE OUTLINE
Lecture: Linear vector spaces: Vector spaces and]
subvector spaces, linear transformations and their
[properties
Quick Practice (5 minutes): Students will work 1.
through simple examples of the concepts of vector

1 space and subvector space and the definitions of 1-1 2.
land onto functions
In-Class Discussion (5 minutes): Discussion on thel
use of the concept of linear transformation in|
[Mathematics and other disciplines
[Lecture: Linear operators: continuous linear operators,|
lbounded linear operator
Quick Practice (5 minutes): Students will work I
through simple examples of the equivalence of]

2 continuous and bounded linear operators 5
In-Class Discussion (5 minutes): Discussion on the
comparison of bounded linear operators in finite and
infinite dimensions
Lecture: Norm of a bounded linear operator
Quick Practice (5 minutes): Implementation of the] 1
creation of norms on different spaces

3 In-Class Discussion (5 minutes): Discussing whether] 2
every linear operator with norm 1 is an isometry
Quiz 1 (15 dk.): A quiz at the end of the class covering 3
the topics taught during the session
Lecture: Space of bounded operators
Quick Practice (5 minutes): Implementation of the I

4 bounded operator norm
In-Class Discussion (5 minutes): Discussion of 2.
operator multiplications
Lecture: Inverses of operators 1.

S Quick Practice (5 minutes): Making use of different
characterizations of inversibility 2.

Recollection and activation of prior knowledge of the
1-1 and onto definitions of functions defined between
vector spaces. Source: Coursebook, 2-9.

Reading the sections containing the inverses of
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In-Class Discussion (5 minutes): Discuss the non-
invertible operator example

operators, isomorphism, the open mapping theorem,
and the closed graph theorem. Source: Coursebook,
108-119.

Lecture: Dual spaces

Quick Practice (5 minutes): Guided practice on duall
space acquisition.

Recollection and activation of the concepts of finite-
dimensional normed linear spaces, the kernel of linear
transformation, and orthogonal complements. Source:
Coursebook, 2-9; 32; 65

6 [n-Class Discussion (5 minutes): Discussion of] Reading the sections containing dual spaces. Source:
separable space structure. Coursebook, 121-126.
Quiz 2: Source: Coursebook, 104-126.
Quiz 2 (15 minutes): A quiz at the end of the class
covering the topics taught during the session.
Lecture: Hahn Banach Theorem
Recollection and activation of the concepts of sublinear
Quick Practice (5 minutes): Guided practice in| functionals and semi-norms. Source: Coursebook, 127-
7 finding the extension of a function 129.
Reading the sections containing the Hahn-Banach
[n-Class Discussion (5 minutes): Discuss the] Theorem for normed spaces and its consequences.
conditions under which extension is possible Source: Coursebook, 127-138.
8 Midterm 1 Review of all topics covered up to the exam week.
Lecture: Adjoint operator
Quick Practice (5 minutes): Finding the adjoint of an| Recollection and activation of the concepts of the inner
operator product and the Cauchy-Schwarz inequality. Source:
9 Coursebook, 51-58.
In-Class Discussion (5 minutes): Discuss the Reading the sections containing the operator adjoint.
relationship between the kernel of an operator and the Source: Coursebook, 167-175.
adjoint operator
Lecture: Normal, self-adjoint operators
Quick Practice (5 minutes): Guided practice in a Recollection an_d activation of bound.ed linear operators
. on complex Hilbert spaces. Source: Coursebook, 96,
normal matrix test.
10 104, 127.
In-Class Discussion (5 minutes): Discussion of the Eezf;?ogr Sthgossrczle?rgo(;orzggﬁg ??gj%loand self-adjoint
definability of self-adjoint operators outside Hilbert P ’ ’ ’ ’
spaces.
Lecture: Uniter operators
g::cll; ;;?;tllce es (5 minutes): Guided practice in thq Recollection and activation of the concepts of self-
P p adjoint operators and isometry. Source: Coursebook,
11 In-Class Discussion (5 minutes): Discussion on the 179, .100' . . .
usage of uniter operators Reading the sections containing unitary operators.
Source: Coursebook, 180-183.
Quiz 3 (15 minutes): A quiz at the end of the class Quiz 3: Source: Coursebook, 183.
covering the topics taught during the session
Lecture: Spectrum of an operator
Quick Practice (5 minutes): Application of finding Recollectlon anq aCt}V?t.lon of the concepts of
) eigenvalues and invertibility. Source: Coursebook, §,
12 the norms of matrices 109,
In-Class Discussion (5 minutes): Discussion of the Reading the sections containing the spectrum of an
. . . operator. Source: Coursebook, 183-191.
single point self-adjoint operator form
[Lecture: Positive operators
Quick Practice (5 minutes): Obtaining a positive Recollection and activation of the concepts of self-
operator from a bounded, invertible, and positive] adjoint operators and spectrum. Source: Coursebook,
13 operator defined on a Hilbert space 179, 184.
Reading the sections containing positive operators.
In-Class Discussion (5 minutes): Discussing whether Source: Coursebook, 192- 197
the product of orthogonal operators will be orthogonal
14 Lecture: Positive operators and projections Recollection and activation of positive operators.

Source: Coursebook, 192.
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Quick Practice (5 minutes): Determination of 2. Reading the sections containing positive operators and
lequivalent properties of orthogonal projections projections. Source: Coursebook, 195-203.
3. Quiz 4: Source: Coursebook, 203-204.
In-Class Discussion (5 minutes): Discussion about the
[positive square root of a matrix

Quiz 4 (15 minutes) A quiz at the end of the class
covering the topics taught during the session

Lecture: General review and an application

In-Class Activity (5 minutes): Making an application 1. Recollection and activation of previous topics..

e 2. Reading the sections containing the polar
15 related to polar decomposition. . .
P P decomposition of a matrix B. Source: Coursebook,
In-Class Discussion (5 minutes): Discussing the 203-204.
importance of knowing polar separation.
16 Final Review of all topics covered.

ECTS WORKLOAD TABLE

Activities Number Duration Total Workload
(Hour)

Course Hours 3 42

Laboratory

Application

Field Work

Study Hours Out of Class

Special Course Internship (Work Placement)

Homework Assignments

Quizzes/Studio Critics

Project

Presentations / Seminar

Mid-Terms (Examination Duration + Examination Prep. Duration) 10

Final (Examination Duration + Examination Prep. Duration) 15

Total Workload:

Total Workload / 30(h):

ECTS Credit:
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Pg-l Geometri, analiz,

lineer cebir, soyut matematik,
cebir ve diferansiyel
denklemler gibi matematigin
temel alanlarindaki tanimlari
ve teoremleri ifade
edebilecek, bunlar arasinda
iligki kurabilecek ve
teoremlerin  uygulamalarini
aciklayabileceklerdir. / State
the definitions and theorems
in fundamental areas of
mathematics such as
geometry, analysis, linear
algebra, abstract mathematics,
and differential equations,
establish connections between
them and explain their
applications.

19)]
[°N
19)]
19)]
19)]
1
1
19)]
(5N

PQ-Z Matematik alanindaki
teorik ve uygulamali
bilgilerini ve matematiksel
diigiinme becerilerini
kullanarak standart ve
karmagik matematiksel
problemleri tanimlayabilecek
ve analitik ve/veya sayisal
yontemlerle ¢odzebilecek ve
matematiksel bir Onermenin
gegerliligini  farkli  ispat
yontemleri ile
ispatlayabileceklerdir. /
Identify standard and complex
mathematical problems, solve
these problems with analytical
and/or numerical methods and
prove the wvalidity of a
mathematical proposition
through various proof
techniques using their
theoretical and applied
knowledge of mathematics
and mathematical thinking
skills.

Pg-3 Matematik alanindaki

teorik ve uygulamali
bilgilerini ve matematiksel
disiinme becerilerini
kullanarak gergek hayattaki
problemlerin ~ matematiksel
modellerini gelistirebilecek ve
bu  modelleri  kullanarak
problemlere gecerli ¢oziimler
tiretebileceklerdir. / Develop
mathematical models for real-
life problems and generate
valid solutions based on these
models using their theoretical
and applied knowledge of
mathematics and
mathematical thinking skills.

I
1w
I
I
I
I~
I~
£
1w

1
I
I
I
I
1
1
I
1w
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PS:-4 Disiplinleraras1 bir

yaklagimla, farkli alanlarda
edinmis olduklar1 bilgileri
sentezleyebileceklerdir. /
Synthesise knowledge
acquired  from  different
disciplines through an
interdisciplinary approach.

19)]
1w
1w
1w
1w
I~
19)]
[L9%)
1

PQ-S Matematik alaninda
edindikleri bilgi birikimlerini
ve matematiksel diigiinme
becerilerini, teorik matematik,
yazilhm, finans ve ydnetim
matematigi, biyomatematik,
veri bilimi ve finansal
istatistik ~ yontemleri  gibi
disiplin-i¢i ve disiplinlerarast
uzmanlik alanlarinda
gelistirebileceklerdir. /
Advance  their  acquired
knowledge in mathematics
and mathematical thinking
skills in both disciplinary and
interdisciplinary  areas  of
specialisation such as pure
mathematics, software,
financial and  managerial
mathematics, biomathematics,
data science, and financial
statistical methods.

10)]
[N
[N
[N
[N
10)]
10)]
[0)]
I~

PQ-6 Matematik alaninda

yaygin olarak kullanilan en az
bir programlama dili ile
bilgisayar ve yapay zeka
teknolojilerini,  problemleri
¢ozmek, veri analizi yapmak
ve simiilasyonlar - - - = - - - - z
gerceklestirmek i¢in
kullanabileceklerdir. / Use at
least one  programming
language and computer and
artificial intelligence
technologies widely employed
in mathematics for problem-
solving, data analysis, and
simulations.

PC-7 Matematik ve ilgili

alanlardaki  bilimsel ve
teknolojik geligsmeleri
izleyebilecek, kariyer
firsatlarini degerlendirerek
kisisel ve mesleki gelisim
hedeflerini belirleyebilecek ve
bu hedeflere ulasmak icin
hayat boyu 6grenme
stratejilerini
kullanabileceklerdir. / Follow - - - - - - - - -
scientific and technological
developments in mathematics
and related fields, assess
career opportunities, identify
personal and professional
development goals, and adopt
lifelong learning strategies to
achieve these goals.
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PS:-S Bilimsel
aragtirmalarini  ve  mesleki
faaliyetlerini yiiriitiirken
dogabilecek hukuksal

sonuglar1 ve toplumsal etkileri
dikkate alarak mesleki etik
ilkeler, kalite standartlar1 ile
evrensel degerler
dogrultusunda  ve  sosyal
sorumluluk bilinci ve adalet
duygusuyla hareket
edebileceklerdir. / Act with a
sense of social responsibility
and justice and in accordance
with  professional ethical
principles, quality standards,
and universal values by taking
into account potential legal
and societal consequences of
their scientific research and
professional activities.

PS:-9 Bireysel olarak ya da
takimlarda  etkin  bigimde
calisabileceklerdir. /  Work
effectively both independently
and as part of a team.

1

1

1

1

1

1

1

1

1

PS ‘-10 Matematik alaninda

giivenilir bilgi kaynaklarina
ulasarak literatlir taramasi
yapabilecek ve akademik
aragtirma tasarlayip
ylriitebileceklerdir. / Access
reliable sources of
information, conduct literature
reviews, and design and carry
out academic research in the
field of mathematics.

[[°N

[[°N

[[°N

19}

I

I~

19}

I

I~

PS ;- 11 Matematiksel

konulari, teorileri, ispatlari,
aragtirmalart  ve  problem
¢Oziimlerini, matematik
terminolojisi kullanarak tim
paydaslara Tiirkce ve
Ingilizcede soézlii ve yazili
olarak etkili bigimde
aktarabileceklerdir. /
Effectively communicate
mathematical topics, theories,
proofs, research, and problem
solutions to all relevant
stakeholders using appropriate
mathematical  terminology,
both orally and in writing, in
Turkish and in English.

I

I

I

I

(F°N

I~

I~

(IS

I~

(Form No: FR-0315; Revizyon Tarihi: 02.07.2015; Revizyon No:04)

Sayfa: 13/13




