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DERSIN KATEGORISi

Temel Meslek Dersleri
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Matematik Boliimii

DERSIN KOORDINATORU

Salim YUCE

ASISTAN(LAR)

Hamide Feyza AYKUT

DERSIN AMACI

Bu dersin amaci, dgrencilerin lineer doniisiimler, matris teorisi, ¢oklu-lineer (n-lineer) ve
alterne doniisiimler ¢ergevesinde determinant fonksiyonu, lineer denklem sistemleri,
Ozdegerler, ozvektorler ve kosegenlestirme gibi ileri diizey lineer cebir kavramlarini
derinlemesine kavramalarma ve uygulamalarina yardimci olmaktir. Ders ayni zamanda,
Ogrencilerin soyut matematiksel yapilari temel 6zelliklerini anlamalarina yardimer olarak,
ogrencilere, lineer doniisiimlerle matris temsilleri arasindaki iligskiyi kurma; bu iligkiyi teorik
ve uygulamali problemlerde kullanabilme ve ozdeger kavrami kullanilarak konik ve
kuadratiklerin merkezil hale getirilmesi, yilizeylerin karakterizasyonu vb. uygulamalari ve bu
kavramin disiplinlerarast uygulamalarini  gergeklestirebilme becerileri kazandirmay1
amaglamaktadir.

DERSIN ICERIGi

Lineer doniisiimler, lineer doniisiim ve matris iligkisi; lineer denklem sistemleri; 6zdegerler,
ozvektorler, kosegenlestirme ve Cayley-Hamilton Teoremi.

DERS KiTABI / MALZEMESI /

ONERILEN KAYNAKLAR
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Ders Kitabi:

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

Zorunlu Kaynaklar:

[1] Thomas, George. B., Weir, Maurice D., Hass, Joel ve Giordano Frank R. Thomas’
Calculus. (Ceviren: Recep Korkmaz). 11. baskidan ¢eviri, Beta Yaymecilik, 2009.

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

[3] Yiice, Salim. Sayilar ve Geometri. 1. baski, Pegem Akademi Yayncilik, 2020.

[4] https://www.geogebra.org/materials.
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Onerilen Kaynaklar:

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

Kolman, Bernard, Hill, David R. Uygulamali Lineer Cebir. (Ceviri Editérii: Omer Akin). 9.
baskidan ¢eviri, Palme Yayincilik, 2010.

Bu dersi basartyla tamamlayan 6grenciler,

1. Lineer doniisiim ve izomorfizm gibi temel kavramlar1 tanimlayarak bu kavramlarin
temel 6zelliklerini siniflandirabileceklerdir.

Boyut teoremi, ¢ekirdek ve goriintii kavramlarini kullanarak lineer doniisiimlerin
yapisini analiz edebileceklerdir.

Soyut vektoér uzaylarinda HOM(V,W), dual uzay ve benzerlik kavramlarin
yorumlayabileceklerdir.

Matrisler ile lineer doniisiimler arasindaki iliskiyi agiklayarak doniisim
matrislerini farkli bazlar altinda ifade edebileceklerdir.

Ders Ogrenim Ciktilar:

Determinant fonksiyonunu n-lineer ve alterne doniisiim ¢ercevesinde tanimlayarak
bu fonksiyonun temel dzelliklerini uygulayabileceklerdir.

Lineer denklem sistemlerini matris yontemleri ve determinant temelli yontemlerle
¢Ozebileceklerdir.

Ozdeger, ozvektdr ve Kkarakteristik polinom kavramlarini kullanarak lineer
doniisiimlerin ve matrislerin kdsegenlestirilebilirligini degerlendirebileceklerdir.

Cayley-Hamilton Teoremi’nin uygulamalarini yapabileceklerdir.

Soyut matematiksel diisinme yetkinligi gelistirerek teorik kavramlari problem
¢oziimiine uygulayabileceklerdir.

DEGERLENDIRME SiSTEMI

Etkinlikler Say1 Katki Pay1

Devam/Katilm:
e icerik: Ogrencilerin derse devam etmeleri ve katilmalar

e Detayh Degerlendirme Kriterleri:

14 %S5
- Derse aktif katilim ve soru sorma
- Smif-i¢i tartigmalara ve problem ¢ozme siireclerine katki
saglayabilme
Laboratuvar H H
Uygulama (So6zlii Sinav):
e icerik: Ogrencilerden lineer cebir dersinin temel kavramlarini
aciklamalarmin ve uygulamali bir soruya ¢6ziim 6nerisi sunmalarinin
istenmesi
e  Format: Ogrenci ile bireysel olarak gerceklestirilecek sozlii sinav (5-
10 dakika) 1 %15

e  Detayh Degerlendirme Kriterleri:

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

| Arazi Cahismasi H

Derse Ozgii Staj
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Kisa Smavlar/Stiidyo Kritigi (Zorunlu):

e Icerik: Smav haftasina kadar islenen konularin tiimiinii kapsayan
kapsamli sorularin sorulmasi
e  Format: Yiiz yiize. Coktan segmeli kisa smav (5-10 dakika) %20
e Detayh Degerlendirme Kriterleri:
-Derste islenen teorik konular ile ilgili problemleri ¢ozebilme
Odev:
e  icerik: Derste islenen temel kavramlarin elestirel bigimde
yorumlanmasini ve ilgili kavramlarin disiplin-i¢i ve disiplinlerarasi
alanlarda 6rneklerinin bulunmasini igeren haftalik 6devlerin verilmesi
e  Format: Yazili raporlar ve grup sunumlari
e  Detayh Degerlendirme Kriterleri:
- Bir problemin ¢6ziim siirecini mantikli ve dogru bir sekilde
yazabilme
- Kavramlarm uygulamadaki 6rneklerini bulabilme
- Uygulamal1 diigiinebilme, yorumlama ve gerek¢elendirme
stireclerinin yiiriitiilebilmesi
Sunum/Jiiri:
e icerik: Ogrencilerin kendi 6grenme siireclerini degerlendirmelerinin
ve grup sunumlari yapmalarinin istenmesi
e  Format: Grup sunumlari
e  Detayh Degerlendirme Kriterleri:
-Ogrenilen konularin dogru bir sekilde agiklanabilmesi
-Sunum tekniklerinin dogru kullanilmasi
Proje:
e icerik: Ogrencilerden akademik dénem sonunda teslim edilecek bir
proje 6nerisi (TUBITAK 2209 A/B) yazmalarinin istenmesi
e Format: Yazili raporlar ve grup sunumlari
e  Detayh Degerlendirme Kriterleri:
-Ozgiin bir arastirma konusunun bulunabilmesi
-Bir arastirma onerisinin bilimsel ilkeler ve ilgili kilavuzlar
dogrultusunda yazilabilmesi
Seminer/Workshop | l
Ara Smavlar:
e icerik: Smav haftasma kadar islenen konularin tiimiinii kapsayan
kapsamli sorular
e  Format: Yiiz yiize. Sinav (90 dakika)
%20
e Detayh Degerlendirme Kriterleri:
-Dersin temel kavramlarinin anlasildiginin gosterilmesi
-Teorik konularla ilgili problemlerin ¢dziilebilmesi
-Teorik diislinme siire¢lerinin yiiriitiilmesi
Final:
e cerik: Dersin tiim icerigini kapsayan kapsamli sorular %40
(Form No: FR-0315; Revizyon Tarihi: 02.07.2015; Revizyon No:04) Sayfa: 3/17



e  Format: Yiiz yiize. Sinav (90 dakika)
e  Detayl Degerlendirme Kriterleri:
-Derste islenen tiim konularin derinlemesine kavranmig
oldugunun gosterilmesi
-Ileri diizey problem ¢dzme becerilerinin kullanilabilmesi
| Dénem ici Cahsmalarin Basari Notuna Katkis H %60
| Final Sinavinin Basar1 Notuna Katkisi H %40
| TOPLAM H %100
HAFTALIK KONULAR VE ILGILI ON HAZIRLIK CALISMALARI
HAFTALAR KONULAR On Hazirhik
Konu Anlatimi: Lineer doniigiimler: &6zel lineer doniisiimler
(endomorfizm, epimorfizm, izomorfizm, otomorfizm) Vektor uzay1 ve alt vektor uzay: kavramlari
ve fonksiyonlarda 1-1 ve Orten tanimlarina
Simif-i¢ci Uygulama (5 dk.): Vektor uzay: ve alt vektdr uzayi iliskin 6n bilgilerin hatirlanmas1  ve
lkavramlar1 ve fonksiyonlarda 1-1 ve rten tanimlaria iligkin basit etkinlestirilmesi. Kaynak: Ders Kitabi, 26
1 ornekleme yaptirilmast 34; 38-40.
Lineer doniisiimler: 6zel lineer doniigiimle
Smif-ici Tartisma (5 dk.): Lineer doniisim kavraminin (endomorfizm, epimorfizm, izomorfizm,
Matematik i¢inde ve diger disiplinlerde kullanim alaniyla ilgili otomorfizm) konularini igeren boliimleri
tartismanin yapilmasi okunmasi. Kaynak: Ders Kitabi, 140-143.
IKonu Anlatimi: Lineer doniisiimiin ranki ve c¢ekirdegi, Boyut
Teoremi Vektor uzaylarinda baz boyut kavramlarina
iliskin 6n bilgilerin hatirlanmast  ve|
Smif-ici Uygulama (5 dk.): Baz-boyut kavramlarinin| etkinlestirilmesi. Kaynak: Ders Kitabi, 73-
orneklemelerinin yaptirtlmasi 86.
Lineer doniisiimiin ranki ve ¢ekirdegi,|
2 Smif-ici Tartisma (5 dk.): Baz-boyut kavramlarinin giinliik| Boyut Teoremi konularmi igeren|
hayattaki uygulamalar1 ve bunlarin karsilastirilmasina iligkin| boliimlerin okunmasi. Kaynak: Ders Kitabu,|
tartismanin yapilmast 143-150.
Kisa Smav 1: (lineer doniisiimiin ranki ve
Kisa Smav 1 (15 dk.): Ders sonunda, derste islenen konulary ¢ekirdegi, Boyut Teoremi) Kaynak: Ders|
liceren bir kisa simavin yapilmasi Kitabi, 143-150.
IKonu Anlatimi: Lineer izomorfizm, HOM(V,W) uzayi, dual uzay HOM(V,W) uzay1 ve V* uzaymm bazi
kavramlarma  iliskin  6n  bilgileri
Sinif-ici Uygulama (5 dk): Dual uzay kavraminimn disiplinlerarasi hatirlanmasi ve etkinlestirilmesi. Kaynak:
3 uygulamasinin yaptirilmasi Ders Kitabi, 162-164; 169-171.
Lineer izomorfizm, HOM(V,W) uzay1, dual
Simif-i¢i Tartisma (5 dk.): Dual uzaymn disiplinlerarasi yapisinin| uzay  konularmi  igeren  boliimlerin|
tartisilmasi okunmasi. Kaynak: Ders Kitab1, 151-172.
IKonu Anlatimi: Matrisler ve lineer doniistimler, lineer doniistim- Matris . 11ne§r. . donl}sum . 111$k1§1n1
e kavranabilmesi i¢in matrisler, 6zel matrisle
matris iliskisi U T
ve ilgili tiim teoriye iliskin 6n bilgilerin
.. L S hatirlanmasi ve etkinlestirilmesi. Kaynak:
Slnltf:ﬁln I,]Tygulama (5 dk): Ozel matrislerin uygulamasinin| Ders Kitabt, 111-117.
4 yap as Matrisler ve lineer doniisiimler, Linee
Simf-ici Tartisma (5 dk.): Ozel matrislerin  geometrik d?njugum.-matrls iliskisi konularin lgeren
boliimlerin okunmasi. Kaynak: Ders Kitabz,
uygulamalarinin tartigilmast 178-189
Kisa Smav 2 (15 dk.): Ders sonunda, derste islenen konulari Klsa . Slnav. % .(.m.f.ittlsler Ve .lm.e ¢
iceren bir kisa sinavin yapilmasi doniigiimler, lmger doniistim-matris iliskisi)
¢ Kaynak: Ders Kitabi, 178-189.
IKonu Anlatimi: Lineer doniisiim matris iligkisinin uygulamalari: Matrisin ranki, iki baz arasindaki gegis
bir lineer doniisiimiin ranki, bazlarin degisimi; benzerlik matrisi kavramlarina iligkin 6n bilgileri
hatirlanmasi ve etkinlestirilmesi. Kaynak:
Smmif-i¢ci Uygulama (5 dk.): Matrisin rankmm hesaplanmasi Ders Kitabi, 125-127; 132,133.
5 lizerine uygulamanin yaptirilmasi; bazlar arasindaki gegis| Lineer  donlisim  matris  iliskisinin|

matrisinin kinematik yorumunun yapilmasi

Siif-i¢ci Tartisma (5 dk.): Lineer doniisiimiin farkli bazlara gore

karsilik gelen matrislerinin benzer olmasinin disiplinleraras: bakig

uygulamalari: bir lineer doéniistimiin ranki,
bazlarin degisimi; benzerlik konularini
iceren boliimlerin okunmasi. Kaynak: Ders
Kitabi, 194-208.
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lac1st ile tartigilmasi

Konu Anlatimi: Permiitasyonlar, n-lineer fonksiyonlar,
determinant fonksiyonu ve 6zellikleri

Smif-ici Uygulama (5 dk.): Permiitasyon iizerine bir
uygulamanin yaptirilmasi

Siif-i¢i Tartisma (5 dk.): Matematik boliimlerinde determinant]
kavraminin neden n-lineer fonksiyon olarak tanimlanmasi
gerektigi izerine tartigmanin yapilmast

Kisa Smav 3 (15 dk.): Ters yiiz edilmis 6grenme (flipped
learning) yontemi g¢ergevesinde, ders basinda, Ggrenciye verilen|
6n hazirlik gorevinde yer alan konulari igeren bir kisa sinavin|
lyapilmasi

Permiitasyon fonksiyonu ve ozelliklerini
ve ¢ok lineer fonksiyonunun tanim ve
ozelliklerinin  6nceden okunulmasi vej
ogrenilmesi. Kaynak: Ders Kitabi, 212-218;|
226-232.

Kisa Smav 3: (permiitasyonlar, n-linee
fonksiyonlar, determinant fonksiyonu ve|
ozellikleri) Kaynak: Ders Kitabi, 212-218;|
226-232.

Konu Anlatimi: Bir matrisin determinantinin  hesaplanmasi
(Sarrus kurali, Laplace agilimlari); bir matrisin adjointi (eki) vel
tersi

Simif-i¢ci Uygulama (5 dk.): Bir matrisin tersinin, tanim ve|
elementer operasyonlar yardimiyla hesaplamasinin yaptirilmast

Simif-ici Tartisma (5 dk.): Matematik boliimlerinde Sarrus kurali
ile determinant tanimiin neden yapilmadiginin tartisilmasi

Bir matrisin tersinin, tanim ve elemente
operasyonlar  yardimiyla  bulunmasin
iliskin 6n bilgilerin hatirlanmas1  ve
etkinlestirilmesi. Kaynak: Ders Kitabi, 1074
110; 124, 125.

Bir matrisin determinantinin hesaplanmasi
(Sarrus kurali, Laplace acilimlart); bi
matrisin adjointi (eki) ve tersi konularini
igeren boliimlerin okunmasi. Kaynak: Ders|
Kitabi, 233-238.

\Ara Smav 1

Smav haftasina kadar islenen konularn
tiimiiniin tekrar edilmesi

Konu Anlatimi: Determinant uygulamalart (lineer bagimsizlik,|
matrisin ranki, vektdrel c¢arpim, karma c¢arpim); bir lineer
doniisiimiin determinant1 ve izi

Simf-ici Uygulama (5 dk.): Ucgenin ve paralelkenarin alaninn|
hesaplamalarinin yaptirilmasi

Simif-i¢i Tartisma (5 dk.): Determinant ve iz kavramlarinin, basta|
lineer cebir, analitik geometri ve diferansiyel geometri olmak]
lizere tiim matematik bolimii derslerindeki ve disiplinlerarasi
alanlardaki 6neminin ve uygulamalarmin tartigilmasi

Lineer bagmmsizlik ile ilgili teoremler,
matrisin ranki, diizlemsel bir {iggenin ve
paralelkenarin alanlarmin farkls
yontemlerle  bulunmasina  iliskin 0|
bilgilerin hatirlanmasi ve etkinlestirilmesi.
Kaynaklar: Ders Kitab1, 70-80; 125-127,
[1], EK-30, 31.

Determinant uygulamalar1 ve bir linee
doniigiimiin determinant1 ve izi konularini
igeren boliimlerin okunmasi. Kaynak: Ders
Kitabi, 239-252.

10

IKonu Anlatimi: Lineer denklem sistemleri ve lineer denklem
sistemlerinin elementer operasyonlar yardimiyla ¢éziimi

Smif-ici Uygulama (5 dk.): Basit diizeyde denklemlerin|
cOztimlerinin nasil bulundugu {izerine uygulamanin yaptirilmast

Sinif-ici Tartisma (5 dk.): Mevcut yontemlerin karmasik lineer|
denklem sistemlerinin ¢oziimiinde neden kullanilmayacaginin|
tartisilmasi

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

Lise diizeyindeki 2 veya 3 bilinmeyenli
lineer denklem sistemlerinin ¢dziimlering
iligkin 6n bilgilerin hatirlanmast  ve

etkinlestirilmesi.
Lineer denklem sistemleri ve linee
denklem sistemlerinin elemente

operasyonlar yardimiyla ¢oziimii konularini
iceren boliimlerin okunmasi. Kaynak: Ders
Kitabi, 258-276.

Kisa Sinav 4: (lineer denklem sistemleri ve
lineer denklem sistemlerinin elemente
operasyonlar yardimiyla ¢oziimil) Kaynak:
Ders Kitabi, 258-276.

11

Konu Anlatimi: Lineer denklem sistemlerinin determinant]
yardimiyla ¢6ziimii (Cramer metodu ve Cramer olmayan lineer
denklem sistemleri) ve Lineer denklem sistemlerinin ¢6ziimiiniin|
igeometrik uygulamalari

Simif-i¢ci Uygulama (5 dk.): Diizlem ve diizlemde dogryl
kavramlarinin geometrik olarak uygulamasinin yaptirilmasi

Smif-ici Tartisma (5 dk.): Lineer denklem sistemlerinin
cozlimlerinin disiplin i¢i ve disiplinlerarasi uygulamalarina iliskin|
tartismanin yapilmasi

Diizlem ve diizlemde dogru kavramlarin
iliskin 6n bilgilerin hatirlanmas1  ve
etkinlestirilmesi ~ ve  diizlemlerin v
dogrularin birbirlerine gore durumlarini
GeoGebra ile gorsellestirmesini
yapilmasi. Kaynaklar: Ders Kitabi, 54-55
[2], 86-92; 116-119; 120-130. [4].

Lineer denklem sistemlerinin determinan
yardimiyla ¢oziimii ve Lineer denklem|
sistemlerinin ¢Ozlimiiniin geometrik]
uygulamalar1 konularini iceren bdliimlerin
okunmasi. Kaynak: Ders Kitabi, 264-276.

12

Konu Anlatimi: Lineer doniisiimlerin 6zdeger ve dzvektorleri;,
lineer doniisiimlerin kosegenlestirilmesi

Simif-i¢ci Uygulama (5 dk.): 2. ve 3. dereceden polinomlarin|

2. ve 3. dereceden polinomlarin temel
Ozellikleri ile bunlarin koklerini bulma ve
vektér uzaylarinda baz, boyut, linee
doniisiim kavramlarina iligkin 6n bilgileri
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koklerinin bulmast iizerine uygulama yaptirilmasi hatirlanmasi ve etkinlestirilmesi. Kaynak:
Ders Kitabi, 73-86.
Smif-ici Tartisma (5 dk.): Matris-lineer doniisiim iliskisinin 2. Lineer doniisiimlerin Ozdeger ve
tartismasinin yapilmasi ozvektorleri lineer doniigiimleri
kosegenlestirilmesi ~ konularmi  igere
Kisa Smav 5 (15 dk.): Ders sonunda, derste islenen konulari boliimlerin okunmasi. Kaynak: Ders Kitabu,)
liceren bir kisa smavin yapilmasi 284-290.
3. Kisa Smav 5: (lineer doniistimleri
Ozdeger ve ozvektorleri; linee:
doniisiimlerin kosegenlestirilmesi) Kaynak:
Ders Kitabi, 284-290.
IKonu Anlatimi: Matrislerin 6zdeger ve 6zvektorleri 1. Kompleks sayilar, kompleks vektorler,
kompleks sayilarda i¢ carpim ile no
Simif-i¢ci Uygulama (5 dk.): Kompleks vektdr uzay: iizerinde] kavramlarma  iliskin  6n  bilgileri
13 tanimlanan i¢ ¢arpimlarin fonksiyonlarinin belirlenmesi hatirlanmasi ve etkinlestirilmesi. Kaynak:
[3], 24-31.
Smif-i¢ci Tartisma (5 dk.): Matrislerin 6zdeger ve 6zvektorlerin| 2. Matrislerin ~ 6zdeger ve  Ozvektorleri
disiplinleraras1 alanlarda uygulamalarinin tartigmasinin yapilmasi konularin1 igeren bdliimlerin okunmasi.
Kaynak: Ders Kitabi, 294-310.
1. Herhangi bir matrisin veya 6zel matrisi
kuvvetinin = bulunmasma ve matrisi
IKonu Anlatimi: Késegenlestirme, Cayley- Hamilton Teoremi tersinin farkli yontemlerle elde edilmesine]
iliskin 6n bilgilerin hatirlanmas1  ve
Smif-i¢ci Uygulama (5 dk.): Bir matrisin tersinin ders haftasinal etkinlestirilmesi. Kaynak: Ders Kitabi, 1074
kadar Ogrenilen yontemlerle bulunmasinin = Srneklemesinin| 110; 124, 239.
lyaptirilmasi 2. Matrislerin = 6zdeger ve  Ozvektorleri
14 konularmi igeren boliimlerin okunmasi.
Sinif-ici Tartisma (5 dk.): K&segenlestirme sayesinde koniklerin| Kaynak: Ders Kitabi, 294-310.
veya kuadratiklerin standart hale getirilmesinin tartigmasinin| 3. Cayley-Hamilton Teoremi Vel
lyapilmasi kosegenlestirme konularimni igeren
bolimlerin okunmasi. Kaynak: Ders Kitabu,)
Kisa Smav 6 (15 dk.): Ders sonunda, derste islenen konulari 311-327.
liceren bir kisa sinavin yapilmasi 4. Kisa Smav 6: (kdsegenlestirme, Cayley-
Hamilton Teoremi) Kaynak: Ders Kitabu,|
311-327.
Ogrenci sunumlarinin dinlenmesi
1. Matlab, Maple, Mathematica veya Python|
Simif-i¢i Uygulama (15 dk.): Programlama dillerinin tanitilmasi dillerinin birinde 6zdeger ve ozvektorle
15 iizerine  yapilacak bir uygulamant
Sinif-ici Tartisma (5 dk.): Programlama dillerinin bilinmesinin| kodlarinin hazirlanmasi vel
Oneminin tartigilmasi orneklendirilmesi.
16 IFinal Islenen konularin tiimiiniin tekrar edilmesi

AKTS iSYUKU TABLOSU

Etkinlikler Toplam fsyiikii

Ders Saati 56

Laboratuar

Uygulama (Sozlii Sinav)

Arazi Calismasi

Sinif Dis1 Ders Calismasi

Derse Ozgii Staj

Odev

Kiiciik Sinavlar/Stiidyo Kritigi

Projeler

Sunum / Seminer

Ara Smavlar (Simav Siiresi + Smav
Hazirhik Siiresi)
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Final (Sinav Siiresi + Sinav
Hazirhk Siiresi)

Toplam s yiikii:

Toplam s yiikii / 30(s):

AKTS Kredisi:
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PRACTICAL HOUR / WEEK

LABORATORY HOUR / WEEK

PREREQUISITE

None

SEMESTER

Spring

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

COURSE OBJECTIVES

This course aims to help students develop a deep understanding of advanced linear
algebra concepts, including linear transformations, matrix theory, the determinant
function within the frame of multilinear (n-linear) and alternating transformations,
systems of linear equations, eigenvalues, eigenvectors, and diagonalisation, as well as the
ability to apply these concepts effectively. It also aims to help students understand the
fundamental properties of abstract mathematical structures and thus develop the ability to
establish the relationship between linear transformations and their matrix representations,
to use this relationship in both theoretical and applied problems, and to perform
applications such as centralizing conic sections and quadratics and characterizing surfaces
using the concept of eigenvalues and various interdisciplinary applications of the concept.

COURSE CONTENT

Linear transformations; the relationship between linear transformations and matrices;
systems of linear equations; eigenvalues, eigenvectors, diagonalisation, and the Cayley-
Hamilton Theorem.

RECOMMENDED OR REQUIRED
READINGS

Coursebook:
Yiice, Salim. Lineer Cebir. 8th ed., Pegem Akademi Publishing, 2025.
Required Readings:

[1] Thomas, George. B., Weir, Maurice D., Hass, Joel and Giordano Frank R. Thomas’

Calculus. (Translator: Recep Korkmaz). Translated from the 11th ed., Beta Publishing,
2009.
[2] Yiice, Salim. Analitik Geometri. 8th ed., Pegem Akademi Publishing, 2023.
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[3] Yiice, Salim. Sayilar ve Geometri. 1st ed, Pegem Akademi Publishing, 2020.

[4] 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.

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

1. Classify the fundamental properties of the concepts such as linear
transformation and isomorphism by defining them.

Analyse the structure of linear transformations using the dimension theorem,
kernel, and image concepts.

Interpret concepts such as HOM(V, W), the dual space, and similarity in
abstract vector spaces.

Express transformation matrices in different bases by explaining the

. relationship between matrices and linear transformations.
Course Learning Outcomes

Apply the fundamental properties of the determinant function by defining it
within the framework of n-linear and alternating transformations.

Solve systems of linear equations using matrix methods and determinant-based
techniques.

Evaluate the diagonalizability of linear transformations and matrices using the
concepts of eigenvalues, eigenvectors, and characteristic polynomials.

Apply the Cayley-Hamilton Theorem in practice.

Apply theoretical concepts to problem solving by developing competence in
abstract mathematical thinking.

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  Content: 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

| Field Work H

| Special Course Internship (Work Placement)
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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)

%20

e  Detailed Assessment Criteria:

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

e  Content: Weekly assignments requiring critical analysis of
fundamental concepts covered in class and identification of examples
of these concepts within both intra-disciplinary and interdisciplinary
contexts

e  Format: Written reports and group presentations

e  Detailed Assessment Criteria:

-Ability to logically and accurately demonstrate the problem-solving
process
-Ability to find practical examples of the concepts
-Ability to carry out processes of applied thinking, interpretation, and
justification

Presentations/Jury:

e  Content: Students will be asked to evaluate their own learning
processes and deliver group presentations

e  Format: Group presentations

e  Detailed Assessment Criteria:

-Ability to accurately explain the topics learned
-Proper use of presentation techniques
Project:

e  Content: Students will be asked to write a project proposal
(TUBITAK 2209 A/B) to be submitted at the end of the academic
term.

e  Format: Written reports and group presentations

e  Detailed Assessment Criteria:

-Ability to identify an original research topic
-Ability to write a research proposal in accordance with scientific
principles and relevant guidelines

Seminar/Workshop

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: %20

-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

WEEKS COURSE OUTLINE

Related Preparation

[Lecture: Linear transformations: special types of linea
transformations (endomorphism, epimorphism,
isomorphism, automorphism)

Quick Practice (5 minutes): Students will worl

through simple examples illustrating the concepts of
1 vector space and subspace, and the definitions of one-
to-one and onto functions

In-Class Discussion (5 minutes): Discussion on the
use of the concept of linear transformation withi
mathematics and across other disciplines

Recollection and activation of prior knowledge on the
concepts of vector space and subspace, and the
definitions of one-to-one and onto functions. Source:
Coursebook, 26-34; 38-40.

Reading the sections covering linear transformations:
special types of linear transformations (endomorphism,
epimorphism, isomorphism, automorphism). Source:
Coursebook, 140-143.

[Lecture: Rank and kernel of a linear transformation;
[Dimension Theorem

Quick Practice (5 minutes): Students will wor
through simple examples illustrating the concepts of]
basis and dimension

Recollection and activation of prior knowledge on the
concepts of basis and dimension in vector spaces.
Source: Coursebook, 73-86.

Reading the sections covering the rank and kernel of
linear transformations and the Dimension Theorem.
Source: Coursebook, 143-150.

Quiz 1: (rank and kernel of a linear transformation;
Dimension Theorem) Source: Coursebook, 143-150.

Recollection and activation of prior knowledge on the
concepts related to the bases of the space HOM(V, W)
and the space V*. Source: Coursebook, 162-164; 169-
171.

Reading the sections covering linear isomorphism, the
space HOM(V, W), and the dual space. Source:
Coursebook, 151-172.

2 In-Class Discussion (5 minutes): Discussion on real
life applications of basis and dimension concepts and a
comparison of these applications
Quiz 1 (15 dk.): A quiz at the end of the class covering]
the topics taught during the session
Lecture: Linear isomorphism, the space HOM (V, W),
and the dual space
Quick Practice (5 minutes): Guided practice applying

3 the concept of the dual space in an interdisciplinary
context
In-Class Discussion (5 minutes): Discussion of thel
interdisciplinary structure of the dual space
Lecture: Matrices and linear transformations; the
relationship between linear transformations and
matrices

4 Quick Practice (5 minutes): Guided practice i

applying special matrices
In-Class Discussion (5 minutes): Discussion of]
lgeometric applications of special matrices

Quiz 2 (15 minutes): A quiz at the end of the class|

Recollection and activation of prior knowledge on
matrices, special matrices, and all related theory to
understand the relationship between matrices and linear
transformations. Source: Coursebook, 111-117.
Reading the sections covering matrices and linear
transformations, and the relationship between linear
transformations and matrices. Source: Coursebook,
178-189.

Quiz 2: (matrices and linear transformations; the
relationship between linear transformations and
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covering the topics taught during the session

matrices) Source: Coursebook, 178-189.

Lecture: Applications of the relationship between
linear transformations and matrices: the rank of a linea
transformation, change of basis, and similarity

Quick Practice (5 minutes): Guided practice i
calculating the rank of a matrix; kinematic
interpretation of the change-of-basis matrix

In-Class Discussion (5 minutes): A discussion, fro
an interdisciplinary perspective, of the similarity of the
matrices corresponding to a linear transformation with
respect to different bases

Recollection and activation of prior knowledge on the
concepts of matrix rank and the change-of-basis matrix
between two bases. Source: Coursebook, 125-127;
132,133.

Reading the sections covering applications of the
relationship between linear transformations and
matrices: the rank of a linear transformation, change of
basis, and similarity. Source: Coursebook, 194-208.

Lecture: Permutations, n-linear functions, th
determinant function and its properties

Quick Practice (5 minutes): Guided practice o
[permutations

In-Class Discussion (5 minutes): Discussion on wh
the determinant should be defined as an n-linea
function in Mathematics Departments

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

Reading the sections covering permutation function
and its properties, as well as the definition and
properties of the multilinear function. Source:
Coursebook, 212-218; 226-232.

Quiz 3: (permutations, n-linear functions, the
determinant function and its properties) Source:
Coursebook, 212-218; 226-232.

Lecture: Calculation of a matrix determinant (Sarrus’
rule, Laplace expansions); the adjoint and inverse of
matrix

—-

Quick Practice (5 minutes): Guided practice
calculating the inverse of a matrix using the definition
and elementary operations.

In-Class Discussion (5 minutes): Discussion on wh;
the determinant is not defined using Sarrus’ Rule in|
[Mathematics Departments

Recollection and activation of prior knowledge on
finding the inverse of a matrix using the definition and
elementary operations. Source: Coursebook, 107-110;
124, 125.

Reading the sections covering the calculation of a
matrix determinant (Sarrus’ rule, Laplace expansions),
the adjoint of a matrix, and its inverse. Source:
Coursebook, 233-238.

Midterm 1

Review of all topics covered up to the exam week.

Lecture: Applications of determinants (lineai
independence, matrix rank, vector product, scalar triple]
product); determinant and trace of a lineas
transformation

Quick Practice (5 minutes): Calculations of the areas|
of triangles and parallelograms

In-Class Discussion (5 minutes): Discussion of th
importance and applications of the concepts o
determinant and trace in mathematics departmen
courses -particularly linear algebra, analytic geometry,|
and differential geometry- and in interdisciplina
fields.

Recollection and activation of prior knowledge on
theorems related to linear independence, matrix rank,
and various methods for calculating the areas of planar
triangles and parallelograms. Sources: Coursebook, 70-
80; 125-127. [1], EK-30, 31.

Reading the sections covering applications of
determinants, and the determinant and trace of a linear
transformation. Source: Coursebook, 239-252.

10

Lecture: Linear equation systems and their solutio
using elementary operations

Quick Practice (5 minutes): Guided practice in|
solving simple linear equations

In-Class Discussion (5 minutes): Discussion on whyj
current methods are not suitable for solving complex]
linear systems

Quiz 4 (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
solutions of high school level linear systems with two
or three unknowns.

Reading the sections covering linear systems of
equations and their solutions using elementary
operations. Source: Coursebook, 258-276.

Quiz 4: (linear equation systems and their solution
using elementary operations) Source: Coursebook,
258-276.
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11

Lecture: Solving linear equation systems usin
determinants (Cramer’s method and non-Cramer lineas
systems) and geometric applications of solutions to
linear systems

Quick Practice (5 minutes): Guided practice in the]
geometric application of the concepts of planes and]
lines in the plane

In-Class Discussion (5 minutes): Discussion on th
disciplinary and interdisciplinary applications o
solutions to linear systems

Recollection and activation of prior knowledge on the
concepts of planes and lines in the plane, and
visualisation of the relative positions of planes and
lines using GeoGebra. Sources: Coursebook, 54-55.
[2], 86-92; 116-119; 120-130. [4].

Reading the sections covering the solution of linear
equation systems using determinants and the geometric
applications of these solutions. Source: Coursebook,
264-276.

12

Lecture: Eigenvalues and eigenvectors of linea
transformations; diagonalisation of linea
transformations

Quick Practice (5 minutes): Guided practice i
finding roots of second- and third-degree polynomials

In-Class Discussion (5 minutes): Discussion on th
relationship between  matrices and lineas
transformations

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

Recollection and activation of prior knowledge on the
fundamental properties of second- and third-degree
polynomials and finding their roots, as well as on the
concepts of basis, dimension, and linear transformation
in vector spaces. Source: Coursebook, 73-86.

Reading the sections covering eigenvalues and
eigenvectors of linear transformations, and the
diagonalisation of linear transformations. Source:
Coursebook, 284-290.

Quiz 5: (eigenvalues and eigenvectors of linear
transformations; diagonalisation of linear
transformations) Source: Coursebook, 284-290.

13

Lecture: Eigenvalues and eigenvectors of matrices

Quick Practice (5 minutes): Guided practice i
identifying the functions of inner products defined o
complex vector spaces.

In-Class Discussion (5 minutes): Discussion on th
interdisciplinary applications of eigenvalues an
eigenvectors of matrices

Recollection and activation of prior knowledge on the
concepts of complex numbers, complex vectors, inner
products and norm in complex numbers. Source: [3],
24-31.

Reading the sections covering eigenvalues and
eigenvectors of matrices. Source: Coursebook, 294-
310.

14

Lecture: Diagonalisation, Cayley-Hamilton Theorem

Quick Practice (5 minutes): Guided practice i
finding the inverse of a matrix using methods learne
up to the current week

In-Class Discussion (5 minutes): Discussion on ho
diagonalisation enables bringing conics or quadratics|
into standard form

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

Recollection and activation of prior knowledge on
finding powers of any matrix or special matrices and
obtaining the inverse of a matrix using different
methods. Source: Coursebook, 107-110; 124, 239.
Reading the sections covering eigenvalues and
eigenvectors of matrices. Source: Coursebook, 294-
310.

Reading the sections covering the Cayley-Hamilton
theorem and diagonalisation. Source: Coursebook,
311-327.

Quiz 6: (Diagonalisation, Cayley-Hamilton Theorem)
Source: Coursebook, 311-327.

15

Student Presentations

In-Class Activity (15 minutes): Introducin
[programming languages

In-Class Discussion (5 minutes): Discussion on th
importance of knowing programming languages

Preparation of code and examples for an application on
eigenvalues and eigenvectors using one of the
following programming languages: Matlab, Maple,
Mathematica, or Python

16

[Final

Review of all topics covered.

ECTS WORKLOAD TABLE

Activities

Total Workload

Course Hours

Number Duration
(Hour)
I

4 56

Laboratory

Application (Oral Examination):
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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):
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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.

PS‘-4 Disiplinleraras1  bir

yaklagimla, farkli alanlarda

[°N
1w
[°N
[°N
[°N
I~
I~
[°N
[[93)

19)]
I
I
I
I
1))
1))
[°N
L93)

19)]
[93)
[93)
[93)
[98)
I~
19
[93)
L)
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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 yoOnetim
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.

19}

[°N

[°N

[°N

I

19}

19}

19)]
(5N

PS‘-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~

)}

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
faaliyetlerini yiriitiirken
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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.

[°N

[°N

[°N

[°N

I

I~

I~

I

I~
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