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Bu dersin amaci, dgrencilerin Oklid geometrisinin disinda Oklid-dis1 geometriler olarak
isimlendirilen yeni geometrilerin de varligini ve Oklid dis1 geometrilere ait temel dzellikleri
kavramasina yardimci olmaktir. Ders ayrica, 6grencilerin soyut matematiksel yapilarm temel
DERSIN AMACI ozelliklerini anlamalarina yardimc1 olmakta ve metriklerin degistirilmesiyle yeni
geometrilerin tanimlanabilecegini gostermekte, bunlar sayesinde bazi 6zellikleri elde etme
becerileri kazandirmay1 amaglamaktadir.

Oklid geometrisinin postulatlar, Oklid dis1 geometrilerin dogusu ve bu geometriler hakkinda
temel bilgiler; Cayley-Klein dokuz farkli diizlem geometrisi; Cayley-Klein geometrilerine ait
uzaklik ve ag1 Olgiimleri, afin Cayley-Klein diizlem geometrileri, Minkowski (Lorentz)
geometrisine ait temel kavramlar, Galile geometrisine ait temel kavramlar: uzaklik, agi,
iicgenler, dortgenler, afin Cayley-Klein diizlemlerinde temel lineer cebir bilgileri, afin
Cayley-Klein diizlemlerinde egriler, genellestirilmis kompleks diizlem ve geometrisi, diizlem
geometrileri ve say1 geometrileri arasindaki iligki.

DERSIN iCERiGi

Ders Kitabi:
Yaglom, Isaak M. 4 Simple Non-Euclidean Geometry and Its Physical Basis. Springer-

DERS KITABI/ MALZEMESi / | Yeriag New York, 1979.
ONERILEN KAYNAKLAR Zorunlu Kaynaklar:
[1] Coxeter, Harold S. M. Non-Euclidean geometry. 5. baski, University of Toronto Press,

Toronto, Canada, 1978.
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[2] Gans, David. Transformations and geometries. Appleton-Century-Crofts, 1969.

[3] Helzer, Garry. Special relativity with acceleration. The American Mathematical Monthly,
107(3), 219-237, 2000.

[4] Yaglom, Isaak M. Complex Numbers in Geometry. Springer-Verlag, New York, 1968.
[5] Yiice, Salim. Analitik Geometri. 9. baski, Pegem Akademi Yayincilik, 2024.

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

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

[8] Yiice, Salim. Oklid Uzayinda Diferansiyel Geometri. 10. baski, Pegem Akademi
Yayincilik, 2024.

Onerilen Kaynaklar:

Kisil, Vladimir V. Geometry of Mébius Transformations: Eliptic, Parabolic and Hyperbolic
Actions of SL_2(R). Imperial College Press, London, 2012.

Barrett, O’ Neill. Semi Riemanian Geometry. Academic Press, New York 1983.

Ratcliffe, John G. Foundation of Hyperbolic Manifolds. Springer 1994.

Rosenfeld, Brian A. A history of non-Euclidean geometry: evolution of the concept of a

geometrical space. Springer, New York, 1988.
Bu dersi bagariyla tamamlayan dgrenciler,

1. Oklid geometrisinin postulatlar1, Oklid dis1 geometrilerin dogusu ve bu geometriler
hakkindaki temel bilgileri ifade edebileceklerdir.

Cayley-Klein'in dokuz farkli diizlem geometrisini ve bu geometrilere karsilik gelen
ait uzaklik ve ag1 dlglimlerini analiz edebileceklerdir.

Afin Cayley-Klein diizlem geometrileri ve bu geometrilerin 6zelliklerini
aciklayabileceklerdir.

Ders Ogrenim Ciktilar . Minkowski (Lorentz) geometrisine ve Galile geometrisine ait temel kavramlari
ifade edebileceklerdir.

Afin Cayley-Klein diizlemlerinde temel lineer cebir bilgilerini kullanarak
yorumlarda bulunabileceklerdir.

Afin Cayley-Klein diizlemlerinde egrileri analiz edebileceklerdir.

Genellestirilmis kompleks diizlem ile genellestirilmis kompleks sayilar arasindaki
iliski yardimiyla diizlem geometrileri ile say1 geometrileri arasindaki iliskileri ifade
edebileceklerdir.

DEGERLENDIRME SiSTEMI

‘ Etkinlikler Say1 Katki Pay1

Devam/Katilim

| Laboratuvar H H

‘ Uygulama H H

| Arazi Cahismasi H H

Derse Ozgii Staj

Kisa Smavlar/Stiidyo Kritigi (Zorunlu):
e icerik: Sinav haftasina kadar islenen konularim tiimiinii kapsayan
kapsamli sorularin sorulmast 4 %20

e  Format: Yiiz yiize. Coktan segmeli kisa sinav (5-10 dakika)
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e Detayh Degerlendirme Kriterleri:

-Derste islenen teorik konular ile ilgili problemleri ¢dzebilme

| Odev

|

|

| Sunum/Jiiri

| Proje

| Seminer/Workshop

|

|

Ara Smavlar:
e icerik: Smav haftasina kadar islenen konularin tiimiinii kapsayan
kapsaml1 sorular

e  Format: Yiiz yiize. Smav (90 dakika)

-Derste islenen tiim konularin derinlemesine kavranmig
oldugunun gosterilmesi
-Ileri diizey problem ¢zme becerilerinin kullanilabilmesi

1 %40
e Detayh Degerlendirme Kriterleri: %
-Dersin temel kavramlarinin anlagildiginin gosterilmesi
-Teorik konularla ilgili problemlerin ¢oziilebilmesi
-Teorik diistinme siireglerinin yiiriitiilmesi
e lcerik: Dersin tiim icerigini kapsayan kapsamli sorular
e  Format: Yiiz yiize. Sinav (90 dakika)
e Detayh Degerlendirme Kriterleri: 1 %40

Final:

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

HAFTALIK KONULAR VE iLGILi ON HAZIRLIK CALISMALARI

HAFTALAR KONULAR

On Hazirhk

Konu Anlatimi: Oklid geometrisinin postulatlar;, Oklid disi
igeometrilerin dogusu ve bu geometriler hakkinda temel bilgiler

Siif-ici Uygulama (5 dk.): Oklid dis1 geometriye neden ihtiyag
duyuldugunun agiklanmast

Afin uzay ve Oklid uzay1 kavramlarmi
iceren boliimlerin okunmasi. Kaynak: Ders|
Kitabu, 2-7.

Simif-i¢i Tartiysma (5 dk.): Oklid dis1 geometrilerle ilgili temel Oklid Ve Okhd dist g?()fnetrl@er haklinda
. . C . . o temel bilgileri iceren boliimlerin okunmasi.
farklari, paralellik aksiyomunun geometri iizerindeki etkileri vel Kaynaklar: [1], 1-13. [2], 1-5
“Bilim tarihi agisindan Oklid dis1 geometrinin ortaya ¢ikist ve Y B e
etkileri” hakkinda tartisma yapilmasi
Konu Anlatimi: Cayley-Klein dokuz farkl diizlem geometrisi
Simif-i¢ci Uygulama (5 dk.): Cayley-Klein dokuz farkli diizlem|
geometrisinden belirli 6rnekler verilerek dgrencilerin bu Srnekler|
lizerinden hangi geometrinin s6z konusu oldugunu tespit etmeleri
Cayley-Klein  dokuz  farkli  diizlem|
2 Smmif-i¢ci Tartisma (5 dk.): Cayley-Klein dokuz farkli diizlem| geometrisi konularmi igeren boliimlerin|

geometrisini siniflandirarak, her birinin temel &zelliklerinin|
kavranmasi ve bu geometrilerin doga, fizik ve giinlik yasamlal
olast iligkileri izerine tartigma yapilmasi

okunmast. Kaynak: Ders Kitabi, 214-242.
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Konu Anlatimi: Cayley-Klein geometrilerine ait uzaklik (eliptik,|
parabolik, hiperbolik) ve ag1 (eliptik, parabolik, hiperbolik)
Ol¢limleri

Smif-ici Uygulama (5 dk): Eliptik, parabolik ve hiperbolik|
Cayley-Klein geometrilerinde uzaklik ve aci dl¢limiinii formiil ve
model kullanarak hesaplayabilmeleri {izerine uygulamalar
lyaptirilmasi

Smif-ici Tartisma (5 dk.): “Geometriye goére a¢i ve uzaklik]
degisir mi?” konusu {izerine tartisma yapilmasi

Kisa Smav 1 (15 dk.): Ders sonunda, 1. ve 2. hafta derste islenen|
konulari iceren bir kisa sinavin yapilmasi

Oklid uzayinda temel metrik kavramlarin
hatirlanmas1 ve etkinlestirilmesi. Kaynak:
[6], 49-53.

Cayley-Klein geometrilerine ait uzakl
(eliptik, parabolik, hiperbolik) ve aci
(eliptik, parabolik, hiperbolik) 6l¢iimleril
konularii igeren bo6liimlerin okunmasi.
Kaynak: Ders Kitabi, 214-242.

Kisa Smav 1: (1. ve 2. hafta derste islene
konular) Kaynak: Ders Kitabi, 214-242|
[1], 1-13.[2],1-5

IKonu Anlatimi: Afin Cayley-Klein diizlem geometrileri

Smif-ici Uygulama (5 dk): Afin Cayley-Klein diizlem|
lgeometrilerinin tiirleri lizerine uygulama yaptirilmasi

Smif-ici Tartisma (5 dk.): Afin Cayley-Klein diizlem|
geometrilerinin hangisinin gercek diinyaya daha yakin oldugunun|
tartisilmast

Afin Cayley-Klein diizlem geometrilerini
iceren boliimlerin okunmasi. Kaynak: [3],
219-237.

IKonu Anlatimi: Minkowski (Lorentz) geometrisine ait temel]
kavramlar: 6zel dogrular, uzaklik, cember

Simif-ici Uygulama (5 dk.): Ogrencilerin Minkowski diizleminde
verilen vektorlerin tiiriinii (zaman-benzer, uzay-benzer, 151k
benzer) belirleyebilmeleri ve Minkowski metrigini uygulayarak|
temel  hesaplamalar  yapabilmeleri iizerine  uygulamalar
lyaptirtlmasi

Simf-ici Tartisma (5 dk.): Ikizler paradoksunun Minkowskil
uzayinda ¢dzlimii iizerine tartigsma yapilmast

Minkowski uzayr ve temel cebirsel
ozelliklerinin hatirlanmast vej
etkinlestirilmesi. Kaynak: [6], 548-569.
Minkowski (Lorentz) geometrisine aif]
temel  kavramlar  konularmi  igere
bolimlerin okunmasi. Kaynak: Ders Kitabu,)
174-182.

Konu Anlatimi: Minkowski (Lorentz) geometrisine ait temel
kavramlar: ag1, tiggenler

Sinif-ici Uygulama (5 dk.): Minkowski (Lorentz) geometrisinin|
klasik geometriden farklarmin ayirt edilmesi amaciyla 151k konisi|
kavramiyla Minkowski diizleminde ¢izilmis gesitli vektorlerin
siiflandirilmasi {izerine uygulamalar yapilmasi

Smif-i¢ci Tartisma (5 dk.): Minkowski (Lorentz) geometrisi ile
Genel Gorelilik Teorisi arasindaki iligki {izerine tartismanin|
lyapilmasi

IKisa Smav 2 (15 dk.): Ders sonunda, 5. haftanin sonuna kadar
derste islenen konular1 igeren bir kisa sinavin yapilmasi

Minkowski (Lorentz) geometrisine aif]
temel  kavramlar  konularmi  igeren
bolimlerin okunmasi. Kaynak: Ders Kitabu,|
182-201.

Kisa Simav 2: (5. hafta sonuna kadar olan
tiim konular) Kaynaklar: Ders Kitabi, 174+
182; 214-242. [1], 1-13. [2], 1-5. [3], 219+
237.

IKonu Anlatimi: Galile geometrisine ait temel kavramlar: uzaklik,|
lac1, tiggenler, dortgenler

Smif-ici Uygulama (5 dk.): Galile doniisim formiillerinin|
6rnekler lizerinde uygulanmasi

Smmif-i¢ci Tartisma (5 dk.): “Galile geometrisinde zaman tiim|
gozlemciler igin aynidir.” baglig1 iizerine tartismanin yapilmasi

Galile diizlemine ait temel kavramlarin
hatirlanmas1 ve etkinlestirilmesi. Kaynak:
[7], 147-162.

Galile geometrisine ait temel kavramla
konularmni igeren boliimlerin okunmasi.
Kaynak: Ders Kitabi, 33-77.

|Ara Sinav 1

Sinav haftasmma kadar islenen konularin
tiimiiniin tekrar edilmesi

Konu Anlatimi: Galile geometrisine ait temel kavramlar:
cemberler ve dongiiler

Simif-i¢ci Uygulama (5 dk.): Galile doniigiimlerini kullanarak
cesitli problemlerin (6rnegin hareket problemi) ¢dziimil {izerine
uygulamalar yaptirilmast

Smmif-ici Tartisma (5 dk.): Cesitli teknolojiler ile (6rnegin GPS

Galile geometrisine ait temel kavramla
konularmi igeren bdliimlerin  okunmasi.
Kaynak: Ders Kitabi, 77-90.
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teknolojisi) Galile geometri arasindaki iliskinin tartigmanin|
apilmasi

10

Konu Anlatimi: Afin Cayley-Klein diizlemlerinde temel lineer
cebir bilgileri

Simif-ici Uygulama (5 dk.): Afin Cayley-Klein diizlemlerinde]
lineer dontisiimler ile ilgili uygulamalarin yaptirilmasi

Smif-ici Tartisma (5 dk.): Afin Cayley-Klein diizlemlerindel
lineer doniisiimlerin geometrik etkileri, ozellikle dogrular ve
noktalar tizerindeki etkileri iizerine tartismanin yapilmasi

Kisa Smav 3 (15 dk.): Ders sonunda, 9. haftanin sonuna kadar
derste islenen konulart igeren bir kisa sinavin yapilmasi

Afin Cayley-Klein diizlem geometrilerini
igeren boliimlerin okunmasi. Kaynak: [3],
219-237.

Kisa Smav 3: (9. hafta sonuna kadar olan|
tiim konular) Kaynaklar: Ders Kitab1, 33-
90; 174-201; 214-242. [1], 1-13. [2], 1-5.
[3],219-237.

11

Konu Anlatimi: Afin Cayley-Klein diizlemlerinde egriler

Simif-ici Uygulama (5 dk.): Afin Cayley-Klein diizlemlerinde]
egrilerin  Frenet vektdor alanlarinin  bulunmasi konusunda
uygulamasinin yaptirilmasi

Simif-i¢ci Tartisma (5 dk.): Afin Cayley-Klein diizlemlerindeki
egrilerin hangi geometrik Ozelliklerinin korunup hangilerinin|
degistiginin ilizerine tartisma yapilmasi

Oklid diizleminde egriler hakkinda temel
bilgilerin hatirlanmasi ve etkinlestirilmesi.
Kaynak: [8], 173-191.

Afin Cayley-Klein diizlem geometrilerini
igeren boliimlerin okunmasi Kaynak: [3],
219-237.

12

IKonu Anlatimi: Genellestirilmis kompleks diizlem

Simif-i¢i Uygulama (5 dk.): Genellestirilmis kompleks sayilarin|
temel tanimlarini kullanarak bu sayilarin cebirsel islemlerini
kavramalar iizerine uygulama yaptiriimasi

Smif-ici Tartisma (5 dk.): “Genellestirilmis kompleks sayilar]
lkompleks sayilardan nasil farklilasir? Bu degisim matematikte ve
fizikte ne tir uygulamalara yol agabilir?” konularmin|
tartismasinin yapilmast

Genellestirilmis kompleks diizlemin|
ozelliklerinin hatirlanmasi ve
etkinlestirilmesi. Kaynak: [7], 14-21.
Genellestirilmis kompleks diizle
konusunu igeren bolimiin  okunmasi.
Kaynak: [4], 1-22.

13

IKonu Anlatimi: Genellestirilmis kompleks diizlem ve geometrisi

Smif-i¢i Uygulama: (5 dk) Genellestirilmis kompleks sayilar ile
yapilan islemleri tanimasi ve bu sayilarin diizlemde tanimladigy
lgeometrik yapilari anlamasi i¢in 6rneklemesinin yaptirilmasi

Smif-ici Tartisgma: (5 dk.) “Say1 sistemi degisirse geometri de
degisir mi?” konusunun tartismasinin yapilmasi

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
yapilmast

Genellestirilmis  kompleks diizlem ve]
geometrisi konularini igeren boliimleri
okunmasi. Kaynak: [4], 1-22.

Kisa Smav 4: (genellestirilmis kompleks
diizlem ve geometrisi) Kaynak: [4], 1-22.

14

Konu Anlatimi: Diizlem geometrileri ve sayl geometrileri|
larasindaki iligki

Smmif-i¢ci Uygulama: (5 dk) Farkli sayr sistemlerinin diizlem|
geometrilerindeki etkisini anlamalar1 ve sayi-geometri iliskisinin|
temelini kavramalari i¢in 6rneklemesinin yaptiriimasi

Smif-ici Tartisma: (5 dk.) “Bir say1 sistemi degistiginde, onal
bagli olan diizlem geometrisi nasil degisir?” konusunun|
tartismasinin yapilmast

Genellestirilmis kompleks sayilar ve afi
Cayley-Klein diizlemi konusunu igere
boliimiin okunmasi. Kaynak: [7], 218-257.
Diizlem geometrileri ve say1 geometrileri
arasindaki  iliskisi  konularin1  igeren
bolimlerin okunmasi. Kaynak: [4], 26-95.

15

Konu Anlatimi: Oklid dis1 geometriye programlama destekli
lyaklagim

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

Simif-i¢ci Tartisma (5 dk.): Programlama dillerinin bilinmesinin
6neminin tartigilmast

Matlab, Maple, Mathematica veya Python|
dillerinin ~ birinde afin  Cayley-Klein
diizlemindeki lineer cebir iizerine yapilacal
uygulamanmn kodlarinin hazirlanmast ve
orneklendirilmesi.

16

[Final

Islenen konularim tiimiiniin tekrar edilmesi
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Etkinlikler Siiresi
(Saat)

Toplam Isyiikii

Ders Saati 3

42

Laboratuar

Uygulama

Arazi Calismasi

Sinif Dis1 Ders Calismasi

Derse Ozgii Staj

Odev

Kiiciik Smavlar/Stiidyo Kritigi

Projeler

Sunum / Seminer

Ara Sinavlar (Sinav Siiresi + Sinav
Hazirhk Siiresi)

Final (Sinav Siiresi + Sinav
Hazirlik Siiresi)

Toplam Is yiikii:

Toplam Is yiikii / 30(s):

AKTS Kredisi:
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COURSE INFORMATION FORM

I FACULTY / GRADUATE SCHOOL Faculty of Arts and Sciences I

DEPARTMENT / PROGRAMME Mathematics

TITLE OF COURSE Non-Euclidean Geometry

CODE MAT4470
3

LOCAL CREDIT

ECTS

LECTURE HOUR / WEEK

PRACTICAL HOUR / WEEK

LABORATORY HOUR / WEEK

PREREQUISITE None

SEMESTER Fall, Spring

COURSE LANGUAGE English, Turkish

LEVEL OF COURSE First Cycle

Elective @ Bachelor Programme in Mathematics
COURSE TYPE Elective @ Undergraduate Program in Elementary Mathematics Education

COURSE CATEGORY Core Courses

MODE OF DELIVERY Face-to-Face

OWNER ACADEMIC UNIT Department of Mathematics

COURSE COORDINATOR Salim YUCE

ASSISTANT(S)

This course aims to help students comprehend the existence of new geometries beyond
Euclidean geometry, known as non-Euclidean geometries, and their fundamental
properties. The course also helps students understand the fundamental properties of
COURSE OBJECTIVES abstract mathematical structures and shows that new geometries can be defined through
changes in metrics, aiming thereby to develop their skills in achieving certain properties
within these frameworks.

Postulates of Euclidean geometry, the emergence of non-Euclidean geometries, and basic
concepts related to these geometries; the nine different plane geometries of Cayley-Klein;
distance and angle measurements in Cayley-Klein geometries; affine Cayley-Klein plane
geometries; fundamental concepts of Minkowski (Lorentz) geometry; fundamental
concepts of Galilean geometry; basic linear algebra concepts in affine Cayley-Klein
planes; curves in affine Cayley-Klein planes; generalized complex plane and its
geometry; the relationship between plane geometries and number geometries.

COURSE CONTENT

Coursebook:

Yaglom, Isaak M. A Simple Non-Euclidean Geometry and Its Physical Basis. Springer-
Verlag, New York, 1979.

RECOMMENDED OR REQUIRED Required Readings:

READINGS [1] Coxeter, Harold S. M. Non-Euclidean geometry. 5. baski, University of Toronto
Press, Toronto, Canada, 1978.

[2] Gans, David. Transformations and geometries. Appleton-Century-Crofts, 1969.
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[3] Helzer, Garry. Special relativity with acceleration. The American Mathematical
Monthly, 107(3), 219-237, 2000.

[4] Yaglom, Isaak M. Complex Numbers in Geometry. Springer-Verlag, New York, 1968.
[5] Yiice, Salim. Analitik Geometri. 9th ed., Pegem Akademi Publishing, 2024.

[6] Yiice, Salim. Lineer Cebir. 8th ed., Pegem Akademi Publishing, 2025.

[7] Yiice, Salim. Sayilar ve Geometri. 1st ed., Pegem Akademi Publishing, 2020.

[8] Yiice, Salim. Oklid Uzayinda Diferansiyel Geometri. 10th ed., Pegem Akademi
Publishing, 2024.

Recommended Readings:

Kisil, Vladimir V. Geometry of Mébius Transformations: FEliptic, Parabolic and
Hyperbolic Actions of SL_2(R). Imperial College Press, London, 2012.

Barrett, O’ Neill. Semi Riemanian Geometry. Academic Press, New York 1983.

Rosenfeld, Brian A. 4 history of non-Euclidean geometry: evolution of the concept of a

geometrical space. Springer, New York, 1988.

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

1. Express the axioms of euclidean geometry, the emergence of non-euclidean
geometries, and fundamental information about these geometries.

Analyze the nine different plane geometries of Cayley-Klein and the
corresponding distance and angle measures associated with them.

Explain affine cayley-klein plane geometries and their properties.

Course Learning Outcomes ) )
Express the fundamental concepts of Minkowski (Lorentz) geometry and

Galilean geometry.
Interpret basic linear algebra concepts within Affine Cayley-Klein Planes.

Analyze curves in Affine Cayley-Klein planes.

Express the relationships between plane geometries and number geometries by
utilizing the connection between the generalized complex plane and generalized
complex numbers.

EVALUATION SYSTEM

‘ Activities Number Percentage of Grade

| Attendance/Participation H H

‘ Laboratory H H

‘ Field Work H H

| Application H H ‘

| Special Course Internship 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

‘ Presentations/Jury
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| Project

| Seminar/Workshop

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: Postulates of Euclidean geometry, the
emergence of non-Euclidean geometries, and basic]
concepts related to these geometries
Quick Practice (5 minutes): Explaining why there 1. Reading sections on the concepts of affine space and
was a need for non-Euclidean geometry Euclidean space. Source: Coursebook, 2—7.

1 2. Reading sections that include basic information about
In-Class Discussion (5 minutes): Discussing the] Euclidean and non-Euclidean geometries. Sources: [1],
fundamental differences of non-Euclidean geometries,| 1-13. 2], 1-5.
the effects of the parallel postulate on geometry, and|
“The emergence and impact of non-Euclidea
lgeometry in the history of science
Lecture: The nine different plane geometries of]

Cayley-Klein

Quick Practice (5 minutes): Providing specific]

examples from the nine Cayley-Klein plane geometries

and having students identify which geometry is being 1. Reading the sections related to the nine different
2 referenced based on the given examples Cayley-Klein plane geometries. Source: Coursebook,

214-242.

In-Class Discussion (5 minutes): Classifying the nine|

Cayley-Klein plane geometries, understanding thei

fundamental properties, and discussing their potentiall

connections to nature, physics, and everyday life

Lecture: Distance (elliptic, parabolic, hyperbolic) and 1. Reviewing and reinforcing the basic metric concepts in

angle (elliptic, parabolic, hyperbolic) measurements in Euclidean space. Source: [6], 49-53.

3 . . . . . .

Cayley-Klein geometries 2. Reading sections covering distance and angle
measurements  (elliptic, parabolic, hyperbolic) in
(Form No: FR-0315; Revizyon Tarihi: 02.07.2015; Revizyon No:04) Sayfa: 9/15



Quick Practice (5 minutes): Exercises involvin
calculation of distance and angle measurements in
elliptic, parabolic, and hyperbolic Cayley-Klei
lgeometries using formulas and models

In-Class Discussion (5 minutes): Discussion on th
topic “Do angles and distances change depending o
the geometry?”

Quiz 1 (15 minutes): A quiz at the end of the class|
covering the topics taught during the first and secon
weeks

Cayley-Klein geometries. Source: Coursebook, 214—
242,

Quiz 1: (topics covered in weeks 1 and 2) Source:
Coursebook, 214-242. [1], 1-13.[2], 1-5.

Lecture: Affine Cayley-Klein plane geometries

Quick Practice (5 minutes): Exercises on the types o
affine Cayley-Klein plane geometries

In-Class Discussion (5 minutes): Discussion on whic
affine Cayley-Klein plane geometry is closer to the real
world

Reading sections covering affine Cayley-Klein plane
geometries. Source: [3], 219-237.

Lecture: Fundamental concepts of Minkowski
(Lorentz) geometry: special lines, distance, circle

Quick Practice (5 minutes): Exercises where students
identify the types of vectors (time-like, space-like,|
light-like) in the Minkowski plane and perform basic]
calculations applying the Minkowski metric

In-Class Discussion (5 minutes): Discussion on th
resolution of the twin paradox within Minkowski space

Reviewing and reinforcing Minkowski space and its
fundamental algebraic properties. Source: [6], 548-569.
Reading sections covering fundamental concepts of
Minkowski (Lorentz) geometry. Source: Coursebook,
174-182.

Lecture: Fundamental concepts of Minkowski
(Lorentz) geometry: angle, triangles

Quick Practice (5 minutes): Exercises to distinguish|
the differences between Minkowski (Lorentz)
geometry and classical geometry by classifying various|
ivectors drawn in the Minkowski plane using the
concept of the light cone

In-Class Discussion (5 minutes): Discussion on th
relationship between Minkowski (Lorentz) geometry
and General Relativity

Quiz 2 (15 minutes): A quiz at the end of the class|
covering the topics taught in the course up to the end o
week 5

Reading sections covering fundamental concepts of
Minkowski (Lorentz) geometry. Source: Coursebook,
182-201.

Quiz 2: (all topics covered up to the end of week 5)
Sources: Coursebook, 174-182; 214-242. [1], 1-13.
[2], 1-5.[3], 219-237.

Lecture: Fundamental concepts of Galilean geometry:
distance, angle, triangles, quadrilaterals

Quick Practice (5 minutes): Applying Galilean
transformation formulas through examples.

In-Class Discussion (5 minutes): Discussion on th
topic “Time is the same for all observers in Galilean
geometry.”

Reviewing and reinforcing the fundamental concepts of
the Galilean plane. Source: [7], 147-162.

Reading sections covering fundamental concepts of
Galilean geometry. Source: Coursebook, 33-77.

Midterm 1

Review of all topics covered up to the exam week.

Lecture: Fundamental concepts of Galilean geometry:
circles and cycles

Quick Practice (5 minutes): Exercises involvin
solving various problems (e.g., motion problems) using|
Galilean transformations

In-Class Discussion (5 minutes): Discussion on th
relationship between Galilean geometry and various

Reading sections covering fundamental concepts of
Galilean geometry. Source: Coursebook, 77-90.
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technologies (e.g., GPS technology)

10

Lecture: Basic linear algebra concepts in Affin
Cayley-Klein planes

Quick Practice (5 minutes): Exercises involvin
linear transformations in affine Cayley-Klein planes.

In-Class Discussion (5 minutes): Discussion on th
geometric effects of linear transformations in affine]
Cayley-Klein planes, especially on lines and points.

Quiz 3 (15 minutes): A quiz at the end of the class|
covering the topics taught in the course up to the end o
week 9.

Reading sections covering affine Cayley-Klein plane
geometries. Source: [3], 219-237.

Quiz 3: (all topics covered up to the end of week 9).
Sources: Coursebook, 33-90; 174-201; 214-242. [1], 1-
13.[2], 1-5. [3], 219-237.

11

Lecture: Curves in affine Cayley-Klein planes

Quick Practice (5 minutes): Exercises on finding the]
Frenet vector fields of curves in affine Cayley-Klei
planes

In-Class Discussion (5 minutes): Discussion on whic
geometric properties of curves in affine Cayley-Klei
planes are preserved and which change

Reviewing and reinforcing the basic concepts of curves
in the Euclidean plane. Source: [8], 173-191.

Reading sections covering affine Cayley-Klein plane
geometries. Source: [3], 219-237.

12

Lecture: Generalized complex plane

Quick Practice (5 minutes): Exercises to understan
the algebraic operations of generalized complex
numbers using their basic definitions

In-Class Discussion (5 minutes): Discussion on “Ho
do generalized complex numbers differ from complex]
numbers? What kinds of applications can these]
differences lead to in mathematics and physics?”

Reviewing and reinforcing the properties of the
generalized complex plane. Source: [7], 14-21.
Reading sections covering generalized complex plane.
Source: [4], 1-22.

13

Lecture: Generalized complex plane and its geometry

Quick Practice (5 minutes): Exercises to familiarize
students with operations involving generalized|
complex numbers and to understand the geometric]
structures these numbers define on the plane through
examples

In-Class Discussion (5 minutes): Discussion on th
question, “Does geometry change if the number system|
changes?”

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

Reading sections covering generalized complex plane
and its geometry.Source: [4], 1-22.

Quiz 4: (topics on generalized complex plane and its
geometry) Source: [4], 1-22.

14

Lecture: The relationship between plane geometries|
and number geometries

Quick Practice (5 minutes): Exercises to help|
students understand the effects of different numbe
systems on plane geometries and grasp the foundation|
of the number-geometry relationship through examples

In-Class Discussion (5 minutes): Discussion on th
question, “How does a change in a number system|
affect the associated plane geometry?”

Reading the section on generalized complex numbers
and the affine Cayley-Klein plane. Source: [7], 218-
257.

Reading sections covering the relationship between
plane geometries and number geometries. Source: [4],
26-95.

15

Lecture: An approach to non-Euclidean geometries|
using programming languages

Quick Practice (5 minutes): Introduction to

[programming languages

Preparing and demonstrating code in Matlab, Maple,
Mathematica, or Python for linear algebra applications
in the affine Cayley—Klein plane.
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In-Class Discussion (5 minutes): Discussion on th
importance of knowing programming languages

16 Final Review of all topics covered.

ECTS WORKLOAD TABLE

Activities Number Duration Total Workload
(Hour)
I

3 42

Course Hours

Laboratory “ H

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) 25

Final (Examination Duration + Examination Prep. Duration) 35

Total Workload:

Total Workload / 30(h):

ECTS Credit:
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Ders Odrenim Ciktis1 & Program Ciktis1 Matrisi

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.

PS:-Z Matematik alanindaki

teorik ve uygulamal
bilgilerini ve matematiksel
diisiinme becerilerini
kullanarak standart ve
karmasik matematiksel
problemleri tanimlayabilecek
ve analitik ve/veya sayisal
yontemlerle ¢6zebilecek ve
matematiksel bir Onermenin
gecerliligini  farkli  ispat
yontemleri ile
ispatlayabileceklerdir. /
Identify standard and complex
mathematical problems, solve
these problems with analytical
and/or numerical methods and
prove the validity of a
mathematical proposition
through various proof
techniques using their
theoretical and applied
knowledge of mathematics
and mathematical thinking

1)
I~
1)
&
19)]
I~
19)]

I~
L)
I~
1w
[°N
[93)
[°N

skills.

PC-3 Matematik alanindaki
teorik ve uygulamal
bilgilerini ve matematiksel
diistinme becerilerini

kullanarak gergek hayattaki
problemlerin ~ matematiksel
modellerini gelistirebilecek ve
bu  modelleri  kullanarak
problemlere gecerli ¢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 Disiplinleraras: bir § §

1))
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I
1))
[°N
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I
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yaklagimla, farkli alanlarda
edinmis olduklar1  bilgileri
sentezleyebileceklerdir. /
Synthesise knowledge
acquired  from  different
disciplines through an
interdisciplinary approach.

P Q-S Matematik alaninda
edindikleri bilgi birikimlerini
ve matematiksel diigiinme
becerilerini, teorik matematik,
yazilim, finans ve yOnetim
matematigi, biyomatematik,
veri bilimi ve finansal
istatistik ~ yontemleri  gibi
disiplin-igi ve disiplinlerarasi
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.

Pg-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.

PC-7 Matematik ve ilgili

alanlardaki bilimsel ve
teknolojik gelismeleri
izleyebilecek, kariyer
firsatlarini degerlendirerek
kisisel ve mesleki gelisim
hedeflerini belirleyebilecek ve
bu hedeflere ulagsmak icin
hayat boyu O6grenme
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 _ _ _ _ _ _ _

arastirmalarint = ve  mesleki - - - - - - -
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faaliyetlerini yiiriitiirken
dogabilecek hukuksal
sonuglari ve toplumsal etkileri
dikkate alarak mesleki etik
ilkeler, kalite standartlar 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.

PQ-IO Matematik alaninda

giivenilir bilgi kaynaklarina
ulasarak literatlir taramasi
yapabilecek ve akademik

199
199
(9%
1
1
1w
1

aragtirma tasarlayip
yiiriitebileceklerdir. /  Access = = = = - - -
reliable sources of

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

PS ;-1 1 Matematiksel

konulari, teorileri, ispatlari,
aragtirmalart  ve  problem
¢Oziimlerini, matematik
terminolojisi kullanarak tim
paydaglara Tiirkce 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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I~
I
I
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I
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