FAKULTE / ENSTITU ADI

DERS BiLGi FORMU

Fen Edebiyat Fakiiltesi

BOLUM / PROGRAM /
ANABILIiM DALI ADI

Matematik

DERSIN ADI

Lineer Cebir 1

DERSIN KODU

MATI1151

YEREL KREDISi

4

AKTS KREDISi

HAFTALIK DERS SAATI

HAFTALIK UYGULAMA SAATI

HAFTALIK LABORATUVAR
SAATI

ONKOSULLAR

Yok

YARIYIL

Giiz

DERSIN DiLi

Ingilizce, Tiirkce

DERSIN SEVIYESi

Lisans

DERSIN TURU

Zorunlu @Matematik Lisans Program

DERSIN KATEGORISi

Temel Meslek Dersleri

DERSIN VERILIS SEKLI

Yiiz Yiize

DERSi SUNAN AKADEMIK
BiRiM

Matematik Boliimii

DERSIN KOORDINATORU

Salim YUCE

ASISTAN(LAR)

Hamide Feyza AYKUT

DERSIN AMACI

Bu dersin amaci, 6grencilerin grup, halka, cisim, vektor uzayi, alt uzay ve i¢ ¢arpim uzay1
basta olmak {izere, lineer cebirin temel kavramlarini teorik temelleriyle ele alarak
ogrencilerin bu kavramlar1 anlama, ilgili cebirsel ve geometrik uygulamalar1 kavrama
becerilerini ve matematiksel teoremleri ispat edebilme yetkinliklerini gelistirmeye yardimct
olmaktir. Ayrica, matrisler ve matris islemleri iizerine temel bilgiler sunarak, 6grencilerin
disiplinler arasi uygulamalar1 gerceklestirebilme becerisi kazanmalar1 hedeflenmektedir.

DERSIN iCERiGi

Grup, halka, halka i¢in elementer 6zellikler; cisim, vektorler ve vektdr uzayi, vektor uzayi
aksiyomlarindan ¢ikan sonuglar; alt vektdr uzayi, i¢ carpim fonksiyonu, i¢ ¢arpim uzaysi,
Oklid uzaymin metrik dzellikleri; Cauchy-Schwartz esitsizligi; ortonormal vektor sistemleri,
Pisagor teoremi, Bessel esitsizligi; lineer bagimsizlik, baz ve boyut; baza tamamlama
teoremi, alt uzaylarin boyutlari, Gram-Schmidt metodu; direkt toplam uzayi: ortogonal
kompleman (tiimleyen); matrisler ve matrislerde cebirsel islemler, bir matrisin tersi ve
transpozu; O6zel matrisler; matris uzaylari ve matris uzaylarinda baz-boyut; bir matrisin
eselon formu ve elementer operasyonlar; elementer islemlerin uygulamalari; bir matrisin izi
ve ozellikleri; vektor uzaylarinda koordinatlar ve gegis matrisi.

DERS KiTABI / MALZEMESI /
ONERILEN KAYNAKLAR
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Ders Kitabi:

Yiice, Salim. Lineer Cebir. 8. baski, Pegem Akademi Yayincilik, 2025.

Zorunlu Kaynaklar:

[1] Lucas, John F. Introduction to Abstract Mathematics. 1. baski, Ardsley House
Publishing, ABD, 1989.
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[2] Yiice, Salim. Sayilar ve Geometri. 1. baski, Pegem Akademi Yayncilik, 2020.

[3] https://www.geogebra.org/materials

Onerilen Kaynaklar:

Hacisalihoglu, H. Hilmi. Lineer Cebir. Ankara, 1985.

Kolman, Bernard ve Hill, David R. Uygulamali Lineer Cebir. (Ceviri Editorii: Omer Akin).
9. baskidan geviri, Palme Yayincilik, 2010.

Yiice, Salim. Analitik Geometri. 9. baski, Pegem Akademi Yayincilik, 2024.

Bu dersi basartyla tamamlayan 6grenciler,

Grup, halka, cisim, vektdr uzay1 yapilarini ve vektor uzayi aksiyomlarindan ¢ikan
sonuglar1 analiz edebileceklerdir.

Alt vektér uzayr ve i¢ garpim uzayini tanimlayarak i¢ carpim fonksiyonunun
geometrisi yardimiyla metrik kavramlar: analiz edebileceklerdir.

Ortonormal vektor sistemini taniyarak Cauchy-Schwarz Esitsizligi’ni, Pisagor
Teoremi’ni ve Bessel Esitsizligi’ni ispat edebileceklerdir.

Bir vektor uzayinin bazini ve boyutunu tespit ederek Baza Tamamlama Teoremi’ni
ispat edebileceklerdir.

Ders Ogrenim Ciktilar: . Lineer bagimsiz bir vektor sistemini Gram-Schmidt yontemi ile ortonormal bir
sistem haline getirebileceklerdir.

Direkt toplam uzay1 ve ortogonal kompleman kavramlarini tanimlayarak alt vektor
uzaylarmdan yeni bir vektor uzay: tiiretebileceklerdir.

Matrisler iizerinde cebirsel iglemler, elementer operasyonlar ve elementer
operasyonlarin uygulamalarim gergeklestirebileceklerdir.

Ozel matrisler ile matrislerde iz ve izinin ozelliklerini igeren uygulamalari
¢Ozebileceklerdir.

Vektor uzaylarinda bazlar aras1 gegis matrisini ve bir vektoriin farkli bazlara gore
koordinatlarint hesaplayarak disiplinler arast uygulamalari
gerceklestirebileceklerdir.

DEGERLENDIRME SiSTEMI
Etkinlikler Say1 Katki Pay1

Devam/Katihm:
e icerik: Ogrencilerin derse devam etmeleri ve katilmalari

e  Detayh Degerlendirme Kriterleri:

14 %5
- Derse aktif katilim ve soru sorma
- Sinif-i¢i tartigmalara ve problem ¢ézme siireclerine katki
saglayabilme
Laboratuvar: H H
Uygulama (Sozlii Sinav):
e icerik: Ogrencilerden lineer cebir dersinin temel kavramlarii
aciklamalariin ve uygulamali bir soruya ¢dziim 6nerisi sunmalarinin
istenmesi
e  Format: Ogrenci ile bireysel olarak gerceklestirilecek sozlii sinav (5-
o
10 dakika) 1 %15

e Detayh Degerlendirme Kriterleri:

-Kavramlar agiklayabilme
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-Problem ¢6zebilme
-Problem ¢6ziimlerini anlatabilme

| Arazi Caliymasi

Derse Ozgii Staj

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

HAFTALIK KONULAR VE ILGILI ON HAZIRLIK CALISMALARI

HAFTALAR KONULAR

On Hazirhk

IKonu Anlatimi: Grup, halka, halka i¢in elementer &zellikler

Siif-ici Uygulama (5 dk.): Halkanin elementer o6zelliklerinin|
kompleks sayilar kiimesi iizerinde uygulanmasi

Kompleks ve dual uzaylar hakkinda gene
bilgi edinilmesi. Kaynaklar: [2] 24-28; 122
126.

1 Grup, halka ve halka icin elemente
Simf-i¢ci Tartisma (5 dk.): Verilen kiimelerin grup ve halka ozellikler konularint iceren bdliimlerin
yapist olusturup olusturmamasi ile ilgili tartismanin yapilmasi okunmasi. Kaynak: Ders Kitabi, 2-8.
IKonu Anlatimi: Cisim, vektorler ve vektdr uzayi, vektor uzayi Bagintt ve denklik sinifi kavramlary
2 aksiyomlarindan ¢ikan sonuglar hakkinda 6n bilgi edinilmesi. Kaynak: [1],

163-187.

e  Format: Yiiz yiize. Coktan segmeli kisa smav (5-10 dakika) 6 %20
e Detayh Degerlendirme Kriterleri:
-Derste islenen teorik konular ile ilgili problemleri ¢dzebilme
| Odev | | |
| Sunum/Jiiri H H | .
| Proje | | |
| Seminer/Workshop H H | .
Ara Smavlar:
e icerik: Sinav haftasma kadar islenen konularm timiinii kapsayan
kapsaml1 sorular
e  Format: Yiiz ylize. Smav (90 dakika)
1 %20
e  Detayh Degerlendirme Kriterleri:
-Dersin temel kavramlarinin anlasildiginin gosterilmesi
-Teorik konularla ilgili problemlerin ¢dziilebilmesi
-Teorik diisiinme siireclerinin yiiriitiilmesi
Final:
e icerik: Dersin tiim ierigini kapsayan kapsamli sorular
e  Format: Yiiz yiize. Smav (90 dakika)
e Detayh Degerlendirme Kriterleri: 1 %40
-Derste islenen tiim konularin derinlemesine kavranmis
oldugunun gosterilmesi
-ileri diizey problem ¢6zme becerilerinin kullanilabilmesi
‘ Dénem ici Cahsmalarin Basar1 Notuna Katkisi H %60 | .
| Final Smmavinin Basar1 Notuna Katkisi H %40 | l
‘ TOPLAM %100 | .

(Form No: FR-0315; Revizyon Tarihi: 02.07.2015; Revizyon No:04)
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Simif-ici Uygulama (5 dk.): Cisim ve vektor uzay1 6rnekleri, byl
Ornekler igin vektdr uzayir aksiyomlarindan ¢ikan sonuglarin|
gecerliliginin gosterilmesi

Smif-i¢ci Tartisma (5 dk.): Her cismin, tanimli islemlerle kendisi
lizerinde vektdr uzay yapist kurabilme durumunun sezgisel olarakl
tartisilmast

Kisa Smav 1 (15 dk.): Ders sonunda, derste islenen konulari
liceren bir kisa smavin yapilmasi

Cisim, vektor ve vektor uzayr kavramlarini
iceren boliimlerin okunmasi. Kaynak: Ders|
Kitabi, 9-34.

Kisa Smav 1: (vektdr uzayr ornekleri)
Kaynak: Ders Kitabi, 26-34.

Konu Anlatimi: Alt vektér uzayi, i¢ carpim fonksiyonu, ig
carpim uzayi, Oklid uzaymmn metrik 6zellikleri: bir vektoriin
uzunlugu (boyu veya normu), iki nokta arasindaki uzaklik, bir
skaler ile bir vektoriin ¢arpimi, aci, diklik, i¢ ¢arpimin geometrik]
iyorumu; Cauchy- Schwartz Esitsizligi

Smif-ici Uygulama (5 dk): I¢ carpim fonksiyonu ile izdiisiim|
vektoriiniin bulunmasi

Sinif-ici Tartisma (5 dk.): Metrik kavramlarin vektér uzayindal
islevselliginin tartisilmasi

Vektdr uzayr tamiminin hatirlanmasi  ve
etkinlestirilmesi. Kaynak: Ders Kitabi, 26.

Alt vektor uzayi, i¢ carpim fonksiyonu, ig
carpim uzayi, Oklid uzaymmn metri

ozellikleri: bir vektoriin uzunlugu (boyuyl
veya normu), iki nokta arasindaki uzaklik,|
bir skaler ile bir vektoriin carpimi, agi,
diklik, i¢ carpimin geometrik yorumu,
Cauchy- Schwartz Esitsizligi kavramlarini
igeren boliimlerin okunmasi Kaynak: Ders
Kitabi, 38-42; 46-53; 56-61.

IKonu Anlatimi: Ortonormal vektor sistemleri, Pisagor Teoremi,|
Bessel Esitsizligi

Sinif-ici Uygulama (5 dk): n- boyutlu kompleks ortogonal vektor|
sistemi i¢in Genellestirilmis Pisagor teoreminin uygulanmasi

Smif-i¢ci Tartisma (5 dk.): Bessel esitsizliginden yararlanilarak]
Cauchy-Schwartz esitsizliginin elde edilip edilemeyeceginin|
tartisilmast

Kisa Smav 2 (15 dk.): Ders sonunda, derste islenen konulari
liceren bir kisa sinavin yapilmasi

Ortonormal vektor sistemleri, Pisago
Teoremi ve Bessel Esitsizligi konularmi
igeren boliimlerin okunmasi. Kaynak: Ders
Kitab1, 62-64.

Kisa Smav 2: (ortonormal vektd
sistemleri, Pisagor Teoremi, Bessel
Esitsizligi) Kaynak: Ders Kitabi, 62-64.

IKonu Anlatimi: Lineer bagimsizlik, baz ve boyut

Sinif-ici Uygulama (5 dk.): Verilen bir vektdr uzayinda lineer|
bagimsiz olan ve uzay1 geren bir kiimeye iliskin 6rnek ¢oztimii

Smif-ici Tartisjma (5 dk.): Bir vektér uzaymnin ortonormal
bazinin varliginin sagladigi avantajlar ile ortonormal baz
kavraminin uygulamadaki kolayliginin uzaklik kavrami iizerinden|
tartisilmasi

Vektorlerin lineer birlesiminin hatirlanmasi
ve etkinlestirilmesi, Kaynak: Ders Kitabu,|
41-42.

Ortonormal vektor sisteminin
disiplinlerarasi uygulamasinin arastirtlmasi.
Lineer bagimsizlik, germe aksiyomu,
vektor uzayinda baz ve boyut kavramlarini
igeren boliimlerin okunmasi. Kaynak: Ders|
Kitab1, 70-79.

Konu Anlatimi: Baza Tamamlama Teoremi, alt uzaylarin|
boyutlari, Gram-Schmidt metodu

Simif-i¢i Uygulama (5 dk.): Bir vektor uzayinin verilen bir lineer
bagimsiz kiimesinden bir ortonormal bir bazini elde etmek igin|
(Gram-Schmidt metodunun uygulanmast

Siif-ici Tartisma (5 dk.): Bir vektor uzaymin farkli boyutlu alt
uzaylar1 ile ilgili ve Gram-Schmidt uygulanamayan vektor
kiimeleri ile ilgili tartisma

Kisa Smav 3 (15 dk.): Ters yiiz edilmis 6grenme (flipped|
learning) yontemi cergevesinde, ders basinda, 6grenciye verilen|
on hazirhik gorevinde yer alan konulari igeren bir kisa sinavin|
lyapilmasi

I¢ carpim ve ortonormal vektor sistemi
kavramlariin hatirlanmasi. Kaynak: Ders|
Kitabi, 46-53; 62-64.

Vektor uzayi, alt uzay, lineer bagimsizlik,|
baz ve boyut kavramlarinin hatirlanmas.
Kaynak: Ders Kitab1: 26-34; 38-42; 70-79.

Baza tamamlama teoremi, alt uzaylarin
boyutlar1 ve Gram Schmidt metodunun|
onceden okunmasi ve dgrenilmesi, Kaynak:
Ders Kitab1, 79-86.

Kisa Sinav 3: (Baza Tamamlama Teoremi,
alt uzaylarm boyutlar1 ve Gram Schmid
metodu) Kaynak: Ders Kitabi, 79-86.

Konu Anlatimi: Direkt toplam uzayi: ortogonal kompleman
(tiimleyen)

Simif-i¢ci Uygulama (5 dk.): Alt vektdr uzayindan yeni vektorn
uzay tiiretilmesine {izerine 6rnek ¢ozimii

Smmf-i¢ci Tartisma (5 dk.): Bir alt uzayin farkli i¢ carpim|
fonksiyonlar1 ile elde edilen ortogonal komplemanlarinm ayni

olup olmadigmin tartisiimasi

Direkt toplam uzay tanimi ve ortogona
kompleman igeren boliimlerin okunmasi.
Kaynak: Ders Kitabi, 90-95.

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

Sayfa: 4/15



|Ara Sinav 1

Siav haftasina kadar islenen konularmn
tiimiiniin tekrar edilmesi

Konu Anlatimi: Matrisler ve matrislerde cebirsel iglemler, bir
matrisin tersi ve transpozu

Simif-ici Uygulama (5 dk.): Matrislerde cebirsel islemler ile bir
matrisin tersinin ve transpozunun bulunmast {izerine Ornek
cOzumul

Smif-ici Tartisma (5 dk.): Bir matrisin terslenebilir olmasinn|
matris teorisine katkilar1 ile ters ve transpoz isleminin
6zelliklerinin tartigilmasi

Matrislerde cebirsel islemler, bir matrisin
tersi ve transpozu konularini igere
boliimlerin okunmasi. Kaynak: Ders Kitabi,
98-110.

10

Konu Anlatimi: Ozel matrisler

Smif-ici Uygulama (5 dk.): Verilen matrislerin tiplerinin
belirlenmesi ile ilgili 6rnek ¢oziimii

Simif-i¢i Tartisma (5 dk.): Baz1 6zel matrislerin geometrik agidan|
degerlendirilmesi ve terslenebilirliginin tartigilmasi

Kisa Smav 4 (15 dk.): Ters yiiz edilmis 6grenme (flipped
learning) yontemi ¢er¢evesinde, ders basinda, 6grenciye verilen|
6n hazirhik gorevinde yer alan konulari igeren bir kisa sinavin|
lyapilmasi

Matrislerde cebirsel iglemler, bir matrisin|
transpozu ve kuvveti konular1 hakkinda 6
bilgilerin hatirlanmas1 ve etkinlestirilmesi.
Kaynak: Ders Kitabi, 98-110.

Ozel matrisler konusunu igeren boliimlerin
okunmasi. Kaynak: Ders Kitabi, 111-117.
Kisa Smav 4: (6zel matrisler) Kaynak:
Ders Kitabi, 98-117.

11

IKonu Anlatimi: Matris uzaylari1 ve matris uzaylarinda baz-boyut

Smmif-i¢ci Uygulama (5 dk.): Matrisler kiimesinin cebirsel
lyapisinin tespiti ile baz ve boyutunun hesaplanmasi

Simif-ici Tartisma (5 dk.): Farkli cisimler iizerinde matrisler|
kiimesinin boyutlarinin tartigilmast

Vektéor uzaymda baz ve  boyu
kavramlarinin hatirlanmast v
etkinlestirilmesi. Kaynak: Ders Kitabi, 70
79.

Matris uzaylar1 ve matris uzaylarinda ba:
ve boyut konularini igeren bolimiin
okunmasi. Kaynak: Ders Kitabi, 102-103.

12

IKonu Anlatimi: Bir matrisin eselon formu ve elementer
operasyonlar

Sinif-ici Uygulama (5 dk.): Bir matrisin eselon forma getirilmesi
ile satir veya siitun uzay1 hakkinda yorum yapilmasi

Smif-i¢i Tartisma (5 dk.): Satirca ve siitunca indirgenmis eselon
formun matris teorisindeki yerinin ve avantajlarimnin tartigilmasi

Kisa Smav 5 (15 dk.): Ders sonunda, derste islenen konulari
iceren bir kisa sinavin yapilmasi

Bir matrisin eselon formu ve elemente
operasyonlar  boliimlerinin  okunmasi.
Kaynak: Ders Kitab1, 117-122.

Kisa Smav 5: (bir matrisin esolon form
ve elementer operasyonlar) Kaynak: Ders
Kitab, 117-122.

13

Konu Anlatimi: Elementer islemlerin uygulamalari (garpanlara
layirma teoremi, matrisin tersi ve ranki, lineer bagimsizlik)

Smif-ici Uygulama: (5 dk) Matrisin rankinin, tersinin veyal
carpanlara ayrilmis halinin hesaplanmasi iizerine uygulamanin|
lyaptirilmasi

Simif-i¢i Tartisma: (5 dk.) Bir matrisin carpanlara ayrilisinin tek
olup olmadiginin tartigilmasi

Matrislerde cebirsel islemler, bir matrisin|
tersi ve transpozu, bir matrisin eselo
formu ve  elementer  operasyonla;
konularmin hatirlanarak etkinlestirilmesi.
Kaynak: Ders Kitabi, 98-122.

Elementer operasyonlarm uygulamalarini
iceren boliimlerin okunmasi. Kaynak: Ders
Kitabi, 123-127.

14

Konu Anlatimi: Bir matrisin izi ve 6zellikleri; vektor uzaylarindal
koordinatlar ve gegis matrisi

Simif-i¢i Uygulama: (5 dk) Bir vektor uzaymin farkli iki bazi igin
bazlar arasi gecis matrisinin bulunmas: ile ilgili soru ¢oziimii vel
kinematik geometrinin dogusu

Smif-ici Tartisma: (5 dk.) Matrisin izi ve diferansiyel
geometrideki uygulamalar1 hakkinda kisa tartigma yapilmasi,
bazlar arasindaki gecis matrisinin analiz edilmesi, vekton
koordinatlarmimn bazlar ile iliskisinin yorumlanmast,

Kisa Smav 6 (15 dk.) Ders sonunda, derste islenen konulari

liceren bir kisa sinavin yapilmasi

R? uzaymin iki farkli ortonormal bazini el
alarak bir vektoriin her iki baza gor
koordinatlarinin  GeoGebra yardimi ile
hesaplanmasi. Kaynak: [3].

Matrisin izi, vektdr uzayinda koordinatla;
ve gecis matrisi konularinin okunmasi.
Kaynak: Ders Kitab1, 128-133.

Kisa Smmav 6: (matrisin izi, vekto
uzaymda koordinatlar ve gegis matrisi)
Kaynak: Ders Kitabi, 128-133.
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Ogrenci sunumlarinin dinlenmesi

Siif-i¢ci Uygulama (15 dk.): Programlama dillerinin tanitilmasi

Matlab, Maple, Mathematica veya Pytho
dillerinin  birinde = matrisler  lizerine

s Smif-ici Tartisma (5 dk.): Program dillerinin bilinmesinin| yapilacak  bir .. uygulam'a mn 'kodlarml
oneminin tartisiimast hazirlanmas1 ve drneklendirilmesi.
16 [Final
AKTS iSYUKU TABLOSU
Etkinlikler H Say1 H Siiresi H Toplam lsyiikii
(Saat)
Ders Saati “ 14 H 4 H 56
Laboratuar H H H
Uygulama (Sozlii Sinav) H 1 H 4 H 4 ‘
Arazi Calismasi H ‘ ‘ ‘ ‘
Sinif Dis1 Ders Calismasi H 14 H 4 H 56
Derse Ozgii Staj H H H
1 |
Kiiciik Simavlar/Stiidyo Kritigi H 6 H 2 H 12
Projeler H H H
Sunum / Seminer H H H ‘
Ara Sinavlar (Sinav Siiresi + Sinav 1 10 10
Hazirhk Siiresi)
Toplam s yiikii: H 153
Toplam s yiikii / 30(s): H 5.1
AKTS Kredisi: 5
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COURSE INFORMATION FORM

I FACULTY / GRADUATE SCHOOL Faculty of Arts and Sciences I

Mathematics

Linear Algebra 1

MATI1151

4

LECTURE HOUR / WEEK

PRACTICAL HOUR / WEEK

LABORATORY HOUR / WEEK

PREREQUISITE None

SEMESTER Fall

COURSE LANGUAGE English, Turkish

LEVEL OF COURSE First Cycle

COURSE TYPE Required @ Bachelor Programme in Mathematics

COURSE CATEGORY Core Courses

MODE OF DELIVERY Face-to-Face

OWNER ACADEMIC UNIT Department of Mathematics

COURSE COORDINATOR Salim YUCE

ASSISTANT(S) Hamide Feyza AYKUT

This course aims to help students examine the fundamental concepts of Linear Algebra
primarily groups, rings, fields, vector spaces, subspaces, and inner product space through
their theoretical foundations; enhance students' ability to understand these concepts, grasp
related algebraic and geometric applications and develop proficiency in proving
mathematical theorems. Additionally, the course aims to provide fundamental knowledge
of matrices and matrix operations, enabling students to acquire the skills necessary to
carry out interdisciplinary applications.

COURSE OBJECTIVES

Groups, ring, elementary properties of a ring; field, vectors and vector spaces, results
derived from vector space axioms; subspaces, inner product function, inner product
space, metric properties of Euclidean space; Cauchy—Schwarz Inequality; orthonormal
vector systems, Pythagorean theorem, Bessel’s Inequality; linear independence, basis and
dimension; Basis Extension Theorem, dimensions of subspaces, Gram—Schmidt method;
COURSE CONTENT direct sum space: orthogonal complement; matrices and algebraic operations on matrices,
inverse and transpose of a matrix; special matrices; matrix spaces and basis—dimension in
matrix spaces; echelon form of a matrix and elementary operations; applications of
elementary operations; trace of a matrix and its properties; coordinates in vector spaces
and change-of-basis matrix.

Coursebook:

RECOMMENDED OR REQUIRED Yiice, Salim. Lineer Cebir. 8th ed., Pegem Akademi Publishing, 2025.
READINGS Required Readings:

[1] Lucas, John F. Introduction to Abstract Mathematics. 1st ed., Ardsley House
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Publishing, ABD, 1989.
[2] Yiice, Salim. Sayilar ve Geometri. 1st ed., Pegem Akademi Publishing, 2020.

[3] https://www.geogebra.org/materials

Recommended Readings:
Hacisalihoglu, H. Hilmi. Lineer Cebir. Ankara, 1985.

Kolman, Bernard ve Hill, David R. Uygulamali Lineer Cebir. Translated from the 9th
edition (Translation Editor: Omer Akin), Palme Publishing, Ankara, 2010.
Yiice, Salim. Analitik Geometri. 9th ed., Pegem Akademi Publishing, 2024.

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

1. Analyze the structures of groups, rings, fields, and vector spaces, along with the
results derived from vector space axioms.

Analyze metric concepts with the help of the geometry of the inner product
function by defining subspaces and inner product spaces.

Prove the Cauchy—Schwarz inequality, the Pythagorean theorem, and Bessel’s
inequality by recognizing orthonormal vector systems.

Prove the Basis Extension Theorem after determining the basis and dimension
of a vector space.

Course Learning Outcomes ] ) )
Transform a linearly independent vector system into an orthonormal system

using the Gram—Schmidt method.

Construct a new vector space from subspaces by defining direct sum spaces and
orthogonal complements.

Perform algebraic operations, elementary operations, and applications of
elementary operations on matrices.

Solve applications involving special matrices, the trace of a matrix, and its
properties.

Perform interdisciplinary applications by computing change-of-basis matrices
and the coordinates of a vector relative to different bases in vector spaces.

EVALUATION SYSTEM

Activities Number Percentage of Grade

Attendance/Participation:
e  Content: Student attendance and participation in the course.

o  Detailed Assessment Criteria:

14 %5
-Active participation in lessons and asking questions
-Ability to contribute to in-class discussions and problem-solving
processes
Laboratory H H
Application (Oral Examination):
e icerik: Students will be asked to explain fundamental concepts of
linear algebra and to propose a solution to a practical problem.
e  Format: Individual oral examination with each student (5-10
minutes).
1 %15

o  Detailed Assessment Criteria:

-Ability to explain concepts
-Ability to solve problems
-Ability to articulate problem solutions
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| Field Work

| Special

Course Internship (Work Placement)

Quizzes/Studio Critics (Required):

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

Format: Face-to-face multiple-choice quiz (5-10 minutes)

Detailed Assessment Criteria:

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

| Homework Assignments

| Presentations/Jury

| Project

Midterms:

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

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

Detailed Assessment Criteria:

-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

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 H

Percentage of Final Examination H

TOTAL H

WEEKS COURSE OUTLINE

Related Preparation

Lecture: Group, ring, elementary properties for a ring

Quick Practice (5 minutes): The application of the]
elementary properties of a ring to the set of complex
1 Inumbers

In-Class Discussion (5 minutes): Discussing whethe
given sets form group and ring

Acquiring general information about complex and dual
spaces. Sources: [2], 24-28; 122-126.

Reading the sections on the concepts of group, ring,
and elementary properties for a ring. Source:
Coursebook, 2-8.

Lecture: Field, vectors and vector spaces, and results
derived from vector space axioms

Recollection and activation of prior knowledge on the
concepts of relation and equivalence class. Source: [1],
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Quick Practice (5 minutes): Examples of field an
Ivector spaces, demonstration of the validity of results|
derived from vector space axioms for these examples

In-Class Discussion (5 minutes): Intuitivel
discussing how every field can construct a vector space
structure on itself using defined operations

Quiz 1 (15 minutes.): A quiz at the end of the class|
covering the topics taught during the session

163-187.

Reading the sections covering the concepts of field,
vector and vector space. Source: Coursebook, 9-34.
Quiz 1: (on the vector space examples) Source:
Coursebook, 26-34.

Lecture: Subspace, inner product function, inne
product space, metric properties of Euclidean space:
the length (magnitude or norm) of a vector, the distance
between two points, the product of a scalar and
vector, angle, orthogonality, geometric interpretation o
the inner product; Cauchy—Schwarz inequality.

Quick Practice (5 minutes): Finding the projectio
vector using the inner product function.

In-Class Discussion (5 minutes): Discussing th
functionality of metric concepts in vector spaces.

Recollection and activation of prior knowledge on the
concept of a vector space. Source: Coursebook, 26.
Reading the sections on the concepts of Subspace,
inner product function, inner product space, metric
properties of Euclidean space: the length (magnitude or
norm) of a vector, the distance between two points, the
product of a scalar and a vector, angle, orthogonality,
geometric interpretation of the inner product, Cauchy—
Schwarz inequality. Source: Coursebook, 38-42; 46-
53;56-61.

Lecture: Orthonormal vector systems, Pythagoreas
Theorem, Bessel's Inequality

Quick Practice (5 minutes): Application of the
Generalized Pythagorean theorem to an n-dimensional
complex orthogonal vector system

In-Class Discussion (5 minutes): Discussion o
whether the Cauchy-Schwartz inequality can be
obtained using Bessel's inequality

Quiz 2 (15 minutes): A quiz at the end of the class
covering the topics taught during the session

Reading the sections covering the concepts on
orthonormal vector systems, the Pythagorean theorem,
and Bessel's inequality. Source: Coursebook, 62-64.

Quiz 2: (on the orthonormal vector systems, the
Pythagorean theorem, and Bessel's Inequality) Source:
Coursebook, 62-64.

Lecture: Linear independence, basis, and dimension

Quick Practice (5 minutes): Example solution for
set that is linearly independent and spans a given vecto
space.

In-Class Discussion (5 minutes): Discussion of th
advantages provided by the existence of an|
orthonormal basis in a vector space and the practical
convenience of the orthonormal basis concept,
particularly in relation to the notion of distance.

Recollection and activation of prior knowledge on the
linear combination of vectors. Source: Coursebook, 41-
42.

Investigation of interdisciplinary applications of
orthonormal vector systems.

Reading the sections covering the concepts of linear
independence, the span axiom, and basis and
dimension of a vector spaces. Source: Coursebook, 70-
79.

Lecture: The basis extension theorem, dimensions o
subspaces, Gram-Schmidt method

Quick Practice (5 minutes): Application of the Gram-|
Schmidt method to obtain an orthonormal basis of
vector space from a given linearly independent set

In-Class Discussion (5 minutes): Discussion o
different dimensional subspaces of a vector space an
on vector sets for which Gram-Schmidt is no
applicable

Quiz 3 (15 minutes): A short quiz at the beginning o
the lesson, covering topics assigned as pre-class
preparation within the flipped learning framework

Recollection and activation of prior knowledge on the
concept of inner product and orthonormal vector
systems. Source: Coursebook, 46-53; 62-64.
Recollection of the concepts of vector spaces,
subspaces, basis and dimension. Source: Coursebook:
26-34; 38-42; 70-79.

Pre-reading and learning of the Basis Completion
Theorem, dimensions of subspaces, and the Gram-
Schmidt method. Source: Coursebook, 79-86.

Quiz 3: (orthonormal vector systems, basis and
dimension) Source: Coursebook, 79-86.

Lecture: Direct sum space: orthogonal complement

Quick Practice (5 minutes): An example solution on|
deriving a new vector space from a subspace

Reading the sections covering the definition of a direct
sum space and orthogonal complement. Source:
Coursebook, 90-95.
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In-Class Discussion (5 minutes): Discussion o
whether the orthogonal complements of a subspace
obtained by different inner product functions are the
same

Midterm 1

Review of all topics covered up to the exam week.

Lecture: Matrices and algebraic operations on
matrices, inverse and transpose of a matrix

Quick Practice (5 minutes): Example solution fo
finding the inverse and transpose of a matrix using
algebraic operations on matrices.

In-Class Discussion (5 minutes): Discussion of th
contributions of the invertibility of a matrix to matrix
theory and the properties of inverse and transpose
operations.

Reading the sections covering the algebraic operations
on matrices, inverses, and transposes of matrices.
Source: Coursebook, 98-110.

10

Lecture: Special Matrices

Quick Practice (5 minutes): Example solution fo
determining the types of given matrices.

In-Class Discussion (5 minutes): Geometric
evaluation of some special matrices and discussion o
their invertibility.

Quiz 4 (15 minutes): A short quiz at the beginning o
the lesson, covering topics assigned as pre-class|
reparation within the flipped learning framework

Recollection and activation of prior knowledge on the
algebraic operations on matrices, the concept of
transposes, and powers of matrices. Source:
Coursebook, 98-110.

Reading the chapters that include special matrices.
Source: Coursebook, 111-117.

Quiz 4: (special matrices) Source: Coursebook, 98-
117.

11

Lecture: Matrix spaces and basis-dimension in matri

spaces
Quick Practice (5 minutes): Determine the algebraic]
structure of a matrix set and calculate its basis and
dimension

In-Class Discussion (5 minutes): Discuss the]
dimensions of a matrix set on different fields

Recollection and activation of prior knowledge on the
concepts of basis and dimension in vector spaces.
Source: Coursebook, 70-79.

Reading the section covering the matrix spaces and the
concepts of basis and dimension in matrix spaces.
Source: Coursebook, 102-103.

12

[Lecture: The echelon form of a matrix and elementaryj
operations

Quick Practice (5 minutes): Transforming a matrix toj
echelon form and interpration on the row or column|
space

In-Class Discussion (5 minutes): Discuss the place]
and advantages of reduced row and column echelon]
forms in matrix theory

Quiz 5 (15 minutes): A quiz at the end of the class|
covering the topics taught during the session

Reading the sections covering on the echelon form of a
matrix ~ and  elementary  operations.  Source:
Coursebook, 117-122.

Quiz 5: (on echelon form of a matrix and elementary
operations) Source: Coursebook, 117-122.

13

Lecture: Applications of elementary operations|
(Factorization Theorem, inverse and rank of a matrix,
linear independence)

Quick Practice (5 minutes): Practice on calculatin
the rank, inverse, or factorization of a matrix

In-Class Discussion (5 minutes): Discuss whether the]
factorization of a matrix is unique

Recollection and activation of prior knowledge on the
concepts of algebraic operations on matrices, the
inverse and transpose of a matrix, echelon forms, and
elementary row operations. Source: Coursebook, 98-
122.

Reading the sections covering the applications of
elementary operations. Source: Coursebook, 123-127.

14

[Lecture: Trace and properties of trace of a matrix;|
Coordinates and transition matrix in vector spaces.

Quick Practice (5 minutes): Problem solution relate

to finding the transition matrix between two differen
bases of a vector space and the emergence of kinematic
lgeometry.

In-Class Discussion (5 minutes): A brief discussio:

Calculating the coordinates of a vector with respect to
both bases by considering two different orthonormal
bases of R? space using Geogebra. Source: [3].
Reading the sections covering the concept of the trace
of a matrix, coordinates in a vector space, and
transition matrix. Source: Coursebook, 128-133.

Quiz 6: (on trace of a matrix, coordinates in a vector
space, and transition matrix) Source: Coursebook, 128-
133.
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on the trace of a matrix and its applications i
differential geometry, an analysis of the change o
basis matrix, and an interpretation of the relationship
between vector coordinates and bases.

Quiz 6 (15 minutes) A quiz at the end of the class|
covering the topics taught during the session.

Student Presentations

In-Class Activity (15 minutes): Introducin 1. Preparation of code and examples for an application on

15 orogramming languages matrices using one of the following programming
In-Class Discussion (5 minutes): Discussion on th languages: Matlab, Maple, Mathematica, or Python.
importance of knowing programming languages

16 Final

ECTS WORKLOAD TABLE

Activities Duration Total Workload

Course Hours 56

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)

Final (Examination Duration + Examination Prep. Duration)

Total Workload:

Total Workload / 30(h):

ECTS Credit:
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Ders Odrenim Ciktis1 & Program Ciktis1 Matrisi

PS:-I Geometri, analiz,

lineer cebir, soyut matematik,
cebir ve diferansiyel
denklemler gibi matematigin
temel alanlarindaki tanimlari
ve teoremleri ifade
edebilecek, bunlar arasinda
iliski 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.

1)
[*N
1)
1)
1)
1)
1)
19)]
I~

PS :-2 Matematik alanindaki
teorik ve uygulamali
bilgilerini ve matematiksel
diisiinme becerilerini
kullanarak standart ve
karmagik matematiksel
problemleri tanimlayabilecek
ve analitik ve/veya sayisal
yontemlerle ¢ozebilecek ve
matematiksel bir Snermenin
gecerliligini  farklt  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.

PQ-3 Matematik alanindaki

teorik ve uygulamali
bilgilerini ve matematiksel
diigiinme becerilerini
kullanarak gercek hayattaki
problemlerin ~ matematiksel
modellerini gelistirebilecek ve
bu  modelleri  kullanarak
problemlere gegerli ¢oziimler
iiretebileceklerdir. / 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.

[°N
1w
[°N
[°N
[°N
I~
I~
[°N
[[93)

1
I
I
I
I
1
1
I
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PS‘-4 Disiplinleraras1  bir

19
1w
1w
1w
1w
I~
I
1w
1w
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yaklagimla, farkli alanlarda
edinmis olduklar1 bilgileri
sentezleyebileceklerdir. /
Synthesise knowledge
acquired  from  different
disciplines through an
interdisciplinary approach.

PS:-S Matematik alaninda
edindikleri bilgi birikimlerini
ve matematiksel diisiinme
becerilerini, teorik matematik,
yazilim, finans ve yOnetim
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.

1

[N

[N

[N

I~

1

1

[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
gerceklestirmek igin
kullanabileceklerdir. / Use at
least one  programming
language and computer and
artificial intelligence
technologies widely employed
in mathematics for problem-
solving, data analysis, and
simulations.

[°N

[°N

[°N

I

I

I~
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1
I~

PC-7 Matematik ve ilgili

alanlardaki  bilimsel ve
teknolojik geligsmeleri
izleyebilecek, kariyer
firsatlarini degerlendirerek
kisisel ve mesleki gelisim
hedeflerini belirleyebilecek ve
bu hedeflere ulagsmak igin
hayat boyu 0grenme
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.

PC-8 Bilimsel

aragtirmalarint  ve  mesleki
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faaliyetlerini yiiriitiirken
dogabilecek hukuksal
sonuglari ve toplumsal etkileri
dikkate alarak mesleki etik
ilkeler, kalite standartlari 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.

1w
1w
1w
1w
1w
1w
1w
1

1@

Pg -10 Matematik alaninda

giivenilir bilgi kaynaklarina
ulasarak literatlir taramasi
yapabilecek ve akademik

arastirma tasarlayip
yiiriitebileceklerdir. /  Access - - - - - - - -
reliable sources of

information, conduct literature
reviews, and design and carry
out academic research in the
field of mathematics.

PS ;- 11 Matematiksel

konulari, teorileri, ispatlari,
aragtirmalart  ve  problem
¢Oziimlerini, matematik
terminolojisi kullanarak tiim
paydaslara Tiirkge ve
Ingilizcede sozlii 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.
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