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Matematik Boliimii

DERSIN KOORDINATORU

Salim YUCE

ASISTAN(LAR)

DERSIN AMACI

Bu dersin amaci, ogrencilerin E’n Oklid uzaymnda Oklid catisi, koordinat sistemi,
diferansiyellenebilir fonksiyonlar, diffeomorfizmler, teget vektor, teget uzay, yone gore
tiirev, vektor alani, bir vektor alan1 yoniinde tlirev, bir egri yoniinde yone gore tiirev,
kovaryant tiirev, paralel vektor alani, jeodezik egri, integral egri, Lie operatorii, kotanjant
uzay, 1-form, diferansiyel operator, gradient, divergens, rotasyonel fonksiyon ve tiirev
doniisiimii  gibi  diferansiyel geometri kavramlarini kavramalarmma ve bu kavramlari
geometrik bir bakis agisi ile degerlendirmelerine yardimeir olmaktir. Ayrica, hiz vektorleri,
yay uzunlugu ve parametre degisimi gibi egrilerin temel &zellikleri agiklanarak, ii¢ boyutlu
Oklid uzayindaki (E®) egrilerin yapisi Frenet vektorleri, Frenet formiilleri, Frenet diizlemleri,
egrilikler, egrilerin kiiresel gosterge egrileri ve Ozel egri giftleri araciligiyla
ayrintilandirilmaktadir. Ders, 6grencilere diferansiyel geometriye 6zgii soyut kavramlari
gorsellestirme, geometrik analiz becerileri gelistirme ve teorik bilgilerini bilgisayar destekli
uygulamalar yoluyla pekistirme yetkinligi kazandirmaktadir.

DERSIN iCERiGi
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Oklid uzayi, Oklid gatis;, Oklid koordinat sistemi; diferansiyellenebilir fonksiyonlar,
diffeomorfizm; tanjant vektor, tanjant uzay, yone gore tiirev; vektor alani, vektdr alani
yoniinde tiirev; egri yoniinde yone gore tiirev; kovaryant tiirev; paralel vektor alani; jeodezik
egri; integral egrisi; kotanjant uzay, 1-formlar; diferansiyel operator, gradient, divergens,
rotasyonel fonksiyonlari; tiirev donilisiimii; egriler teorisi, birim hizli egri, birim hizli
olmayan egri, regiiler egri, hiz vektorii, yay uzunlugu, parametre degisimi; Lie operatorii;
Frenet ¢atisi, Frenet formiilleri, Frenet diizlemleri; helisler, involiit-evoliit egri ¢ifti, Bertrand
egri ¢ifti, bir egrinin kiiresel gostergeleri; diferansiyel formlar.
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Ders Kitabi:

Yiice, Salim. Oklid Uzayinda Diferansiyel Geometri. 10. baski, Pegem Akademi Yaymcilik,
2024.

Zorunlu Kaynaklar:

[1] Hacisalihoglu, H. Hilmi. Diferensiyel Geometri 1. Ankara, 2000.

[2] Barrett, O'Neill. Elementary Differential Geometry. Academic Press, Inc., 1966.

DERS KiTABI / MALZEMESI / [3] Thomas, George B., Weir, Maurice D. ve Hass, Joel R. Thomas Kalkiiliis. 12.basku, cilt 1,
ONERILEN KAYNAKLAR Pearson, 2013.

[4] Thomas, George B., Weir, Maurice D. ve Hass, Joel R. Thomas Kalkiiliis. 12.baski, cilt 2,
Pearson, 2012.

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

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

Onerilen Kaynaklar:

Gray, Alfred, Abbena, Elsa, ve Salamon, Simon. Modern Differential Geometry of Curves
and Surfaces with Mathematica. Chapman & Hall/CRC (Taylor & Francis Group), 2006.

Bu dersi basartyla tamamlayan 6grenciler,

1. E*n Oklid uzaymnda Oklid catis;, Oklid koordinat sistemi, Oklid metrigi,
diferansiyellenebilir fonksiyonlar ve diffeomorfizm kavramlarin
aciklayabileceklerdir.

Tanjant vektor, tanjant uzayi, vektor alan1 kavramlarimi tanimlayarak yone gore
tiirev, vektor alan1 ve egri yoniinde tlirev hesaplamalar1 yapabileceklerdir.

Kovaryant tiirev, Lie operatorii, kotanjant uzay, 1-form, diferansiyel operatdr,
paralel vektdr alani, integral egrisi ve jeodezik egri kavramlarim
aciklayabileceklerdir.

Ders Ogrenim Ciktilar:
Gradient, divergens, rotasyonel fonksiyonlar ve tiirev doniigiimiiniin matrisi ile
ilgili uygulamalari yapabileceklerdir.

E”n uzaymda egri kavramini ve temel dzelliklerini agiklayabileceklerdir.

E*3 Oklid uzayinda Frenet ¢atisini ve Frenet formiillerini, egrilikleri, egri boyunca
ozel diizlemleri, Ozel egrileri ve egriliklerin geometrik yorumunu ifade
edebileceklerdir.

Egriler teorisinde edindigi teorik bilgileri &rnek problemlerin ¢6ziimiinde
uygulayabileceklerdir.

DEGERLENDIRME SiSTEMIi
| Etkinlikler Say1 Katki Payr

‘ Devam/Katilim

‘ Laboratuvar H H

| Uygulama H H

‘ Arazi Calismasi H H

Derse Ozgii Staj
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Kisa Smavlar/Stiidyo Kritigi (Zorunlu):
e icerik: Ilgili smav haftasma kadar islenen konularin tiimiinii
kapsayan kapsamli sorularin sorulmasi
e  Format: Yiiz yilize. Coktan segmeli kisa sinav (15-20 dakika) 4 %20
e  Detayh Degerlendirme Kriterleri:
-Dersin temel kavramlarinin anlasildiginin gosterilmesi
-Derste islenen teorik konular ile ilgili problemleri ¢ézebilme
| Odev | |
| Sunum/Jiiri H H
| Proie | |
| Seminer/Workshop H H
Ara Sinavlar (Zorunlu):
e cerik: Snav haftasma kadar islenen konularm timiinii kapsayan
kapsamli sorular
e  Format: Yiiz ylize. Smav (90 dakika)
1 %40
e Detayh Degerlendirme Kriterleri:
-Dersin temel kavramlarinin anlasildiginin gosterilmesi
-Teorik konularla ilgili problemlerin ¢oziilebilmesi
-Teorik diistinme siireglerinin yiiriitiilmesi
Final (Zorunlu):
e lcerik: Dersin tiim igerigini kapsayan kapsamli sorular
e  Format: Yiiz yilize. Smav (90 dakika)
e Detayh Degerlendirme Kriterleri: 1 %40
-Derste iglenen tiim konularin derinlemesine kavranmis oldugunun
gosterilmesi
-ileri diizey problem ¢6zme becerilerinin kullanilabilmesi
-Teorik diisiinme siireglerinin yiiriitiilmesi
‘ Dénem ici Calismalarin Basar1 Notuna Katkis H %60
| Final Sinavinin Basar1 Notuna Katkisi H %40
| TOPLAM H %100
HAFTALIK KONULAR VE ILGIiLi ON HAZIRLIK CALISMALARI
HAFTALAR KONULAR On Hazirhik
Konu Anlatimi: E*n Oklid uzay1: Oklid catisi, Oklid koordinat] Afin uzayi, reel i¢ ¢arpim uzay: ile tiire
sistemi, Oklid metrigi; Oklid uzaymda diferansiyellenebilir kavramlarma  iliskin  6n  bilgilerin
fonksiyonlar, diffeomorfizm hatirlanmasi ve etkinlestirilmesi,|
Kaynaklar: Ders Kitabi, 2-5. [5], 46-48. [3],
Sinif-i¢i Uygulama (30 dk.): Verilen bir nokta sisteminin E*3 106-108; 115-122. [4],764-772.
1 uzaymnda bir Oklid catist oldugunun gdsterilmesi, verilen bir E*n Oklid uzayr: Oklid catis;, Oklid
fonksiyonun diffeomorfizm olup olmadiginin arastirilmast koordinat sistemi, Oklid metrigi, Oklid
uzayinda diferansiyellenebilir fonksiyonlar,
Smmif-ici Tartisma (5 dk.): Bir fonksiyonun diferansiyellenebilir diffeomorfizm konularini igeren boliimlerin|
olmasinin uygulamalardaki 6neminin irdelenmesi okunmasi. Kaynak: Ders Kitabi, 6-10; 14-
21.
Konu Anlatimi: Tanjant vektdrler ve tanjant uzayi, yone gore] Vektdr uzayma iliskin  6n  bilgilerin|
2 tiirev ve yone gore tiirevin geometrik yorumu hatirlanmasi ve etkinlestirilmesi. Kaynak:
[5],26-33.
Simif-ici Uygulama (30 dk.): Tanjant vektor drnekleri ve yone Tanjant vektorler, tanjant uzayi, yone gore
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gore tiirev degerinin hem tanim hem de farklt yollar kullanilarak]
hesaplanmasi

Sinif-i¢i Tartisma (5 dk.): Yone gore tiirevin geometrik yorumu|
lizerine tartigilmasi

tirev  konularmi  igeren  boliimlerin|
okunmasi. Kaynak: Ders Kitabi, 23-34.

Konu Anlatimi: Vektor alanlari, vektor alanlarinin uzayi vekton
alan1 yoniinde tiirev ve egri yoniinde yone gore tiirev

Sinif-i¢i Uygulama (30 dk): Verilen vektor alant yoniinde yone]
gore tiirevin hem tanmim hem de teoremden hesaplanmasi ve
verilen egri yoniinde yone gore tiirev sorularmin ¢oziimii

Simif-ici Tartisma (5 dk.): Bir tanjant vektorii yoniindeki yone
gore tiirev ile bir vektdor alani yoniindeki yone gore tiirevin|
karsilastiriimast

Kisa Smav 1 (20 dk.): Ders sonunda, sinav haftasina kadar
islenen konulari iceren bir kisa sinavin yapilmasi

Tanjant vektor ve yone gore tiireve iliskin|
on bilgilerin hatirlanmasi vel
etkinlestirilmesi. Kaynak: Ders Kitab1, 23+
34.

Vektor alanlari, vektor alanlarmin uzayi,)
vektor alani yoniinde tiirev ve egri yoniinde
yone gore tlirev kavramlarinin ders|
oncesinde ¢alisilmasi. Kaynak: Ders Kitabu,|
34-43.

Kisa Smav 1: (smav haftasina kada
islenen konularmn tiimiiniin tekrar edilmesi)
Kaynak: Ders Kitabi, 6-10; 14-21; 23-43.

Konu Anlatimi: E*n de kovaryant tiirev: paralel vektor alani,|
jeodezik egri, integral egrisi

Smif-ici Uygulama (30 dk): Bir diferansiyellenebilir vektor
alanmin diger bir vektor alan1 yoniindeki kovaryant tiirevinin hem|
tanim hem de teorem kullanilarak hesaplanmasi ve nokta degeril
verildiginde elde edilen sonucun geometrik olarak yorumlanmast

Smmif-ici Tartisma (10 dk.): Bir egri boyunca paralel vektor
alaninin geometrik yorumu, bir vektdr alanma ait integral
egrilerinin o vektdr alanmi hakkinda ne gibi bilgiler verdigi ve|
jeodezik egri kavraminin giindelik hayattaki yerinin tartigtlmasi

Bir diferansiyellenebilir fonksiyonun bi

tanjant vektorii dogrultusundaki tiirevi,|
vektor alanlarmin uzaymin ozellikleri, reel
degerli bir fonksiyon ile bir vektor alanini

carpimi ve reel degerli bir fonksiyonun bi

vektor alani yoniindeki tiirevine iligkin 6nl
bilgilerin hatirlanmasi ve etkinlestirilmesi.
Kaynak: Ders Kitabi, 26-43.

Bir vektor alanmin bir diger vektor alanin

gore kovaryant tiirevi konusunu igere

boliimiin okunmasi. Kaynak: Ders Kitabu,|
44-49.

IKonu Anlatim: Lie operatorii; kotanjant uzay ve 1-formlar

Sinif-i¢i Uygulama (30 dk.): Lie operatorii ve 1-formlar ile ilgili
6rnek soru ¢oziimleri

Sinif-i¢i Tartisma (10 dk.): Kotanjant uzay, 1-formlar, tanjant
uzay, tanjant vektor, vektor alani, vektor alanlar1 uzay1 gibi su ana
kadar Ogrenilen tanmimlarin farklar1 iizerine tartisilmast ve|
0grencilerin kavramlar pekistirmesinin saglanmasi

Vektorel carpim ve ozellikleri ile duall
uzaya iligkin 6n bilgilerin hatirlanmasi ve
etkinlestirilmesi. Kaynaklar: [5], 168-172;
246-247. [6], 21-23.

Lie operatorii, kotanjant uzay ve 1-formla;
konularin1 igeren boéliimlerin  okunmast.
Kaynak: Ders Kitabi, 50-57; 62-63.

Konu Anlatimi: Diferansiyel operator; gradient, divergens,
rotasyonel fonksiyonlar1

Sinif-i¢i Uygulama (30 dk.): Gradient, divergens ve rotasyonel
fonksiyonlar {izerine karma Ornekler ve diferansiyel operator
sorusu ¢ozlilmesi

Siif-i¢i Tartisma (5 dk.): Bir diferansiyellenebilir fonksiyonun|
gradientinin rotasyonelinin neden sifir oldugunun sezgisel olarak]
[yorumlanmasi

Kisa Smav 2 (20 dk.): Ders sonunda, sinav haftasina kadar
islenen konulari iceren bir kisa siavin yapilmasi

Kismi tiirev ile
hesaplamalarina iliskin  on  bilgilerin|
hatirlanmasi ve etkinlestirilmesi.
Kaynaklar: [4], 764-772. [5], 233-238.
Gradient, divergens ve  rotasyonel
fonksiyonlar1 ile diferansiyel operatd
konularmi igeren boliimlerin okunmasi.
Kaynak: Ders Kitabi, 64-70; 72-73; 76-79.
Kisa Smav 2: (smmav haftasina kada
islenen konularin tiimiiniin tekrar edilmesi)
Kaynak: Ders Kitabi, 6-10; 14-21; 23-57;
62-70; 72-73; 76-79.

Konu Anlatimi: Tiirev doniisiimii ve matrisi, regiiler donlisiim

Smif-i¢i Uygulama (30 dk.): Tirev doniisimii ve Jacobien|
imatrisinin hem tanim hem de teorem kullanilarak hesaplanmasi ve|
lyorumlanmasti

Simif-ici Tartisma (5 dk.): Tiirev donlisiimiiniin geometrik olarak|
lyorumlanmasti

Lineer doniisiime karsilik gelen matrise]
iligkin 6n bilgilerin hatirlanmast  ve
etkinlestirilmesi. Kaynak: [5], 179-184.
Tirev doniisimii  ve matrisi, regiile
doniisiim  konularini igeren bdliimlerin
okunmasi. Kaynak: Ders Kitabi, 81-99.

|Ara Smav 1

Sinav haftasmna kadar islenen konularin
tiimiiniin tekrar edilmesi

Konu Anlatimi: E*n uzayinda egriler teorisi: tanim ve drnekler;
hiz vektdri ve geometrik anlami; yay uzunlugu; parametre]

degisimi

R"n wuzaymda bir vektorin uzunlugu,
vektorel fonksiyonun tiirevi ile parametri
denklemlere iliskin on bilgilerin|
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Simif-ici Uygulama (30 dk.): Verilen bir egrinin hiz vektdriiniin,|
hizinin, teget vektoriiniin, yay uzunluk fonksiyonunun ve birim|
hizl1 parametrik gosteriminin bulunmasi

Sinif-i¢i Tartisma (5 dk.): Egrilerde parametre degisiminin tercih|
edilme sebeplerinin, egride degistirmeyecegi Ozelliklerin,|
geometrik ve hesaplamaya yonelik avantajlarinin tartigilmast

hatirlanmasi ve etkinlestirilmesi.
Kaynaklar: [5], 49. [4], 610-613; 710-711.
Egrinin tanimi, hiz vektori, skaler hiz
fonksiyonu, skaler hiz ve parametre]
degisimi  konularin1 igeren bdlimleri
okunmasi. Kaynak: Ders Kitabi, 128-143.

10

Konu Anlatimi: E*3 Oklid uzayinda egriler teorisi: Frene
vektorleri, Frenet formiilleri, egrilikler ve Frenet diizlemleri

Simif-ici Uygulama (30 dk.): Verilen bir birim hizli egrinin|
[Frenet vektorlerinin, egriliklerinin ve Frenet diizlemlerinin
bulunmas1

Sinif-i¢i Tartisjma (5 dk.): Frenet vektorlerinin ve Frenet]
formiillerinin, bir egrinin geometrik yapisinin anlasiimasindaki
yerinin tartigilmasi

IKisa Smav 3 (20 dk.): Ders sonunda, sinav haftasina kadar
islenen konulari i¢eren bir kisa sinavin yapilmasi

Diizlem denkleminin bulunmasina iligki
on bilgilerin hatirlanmasi vel
etkinlestirilmesi. Kaynak: [6], 100-108.
E*3 Oklid uzayinda Frenet vektorleri,
Frenet formiilleri, egrilikler ve Frene
diizlemleri konularini igeren bdliimlerin
okunmasi. Kaynak: Ders Kitabi, 173-181.
Kisa Smav 3: (smav haftasma kada
islenen konularmn tiimiiniin tekrar edilmesi)
Kaynak: Ders Kitabi, 6-10; 14-21; 23-57;
62-70; 72-73; 76-79; 81-99; 128-143; 173
181.

11

Konu Anlatimi: Egriliklerin geometrik yorumu, birim hizlj
olmayan egriler i¢in Frenet formiilleri

Sinif-i¢i Uygulama (30 dk.): Verilen birim hizli olmayan bir
egrinin Frenet vektorlerinin, Frenet formiillerinin ve egriliklerinin|
bulunmas1

Smif-ici Tartisjma (10 dk.): Egrinin egriliklerinin geometrik
lyorumunun detayli olarak tartigilmasi

Tek degiskenli bir fonksiyonun seriye]
acilimina iligkin 6n bilgilerin hatirlanmasi
ve etkinlestirilmesi. Kaynak: [3], 584-588.
Egriliklerin geometrik yorumu ve birim
hizli olmayan egriler i¢in Frenet formiilleri
konularmi igeren boliimlerin okunmasi.
Kaynak: Ders Kitabi, 182-190.

12

Konu Anlatimi: E*3 Oklid uzayinda egriler teorisinin temel
teoremi, helisler

Smif-i¢i Uygulama (30 dk.): Verilen bir egrinin helis olup
olmadigmnin arastirilmast ve helis olmasi durumunda ekseninin|
bulunmasi

Smif-i¢i Tartisma (5 dk.): Helislerin temel geometrik]
6zelliklerinin tartigilmasi

iki vektor arasindaki a1 ile birim hizli
egrilerde  Frenet c¢atist ve  Frene
formiillerine iliskin on
hatirlanmasi ve etkinlestirilmesi.
Kaynaklar: Ders Kitabi, 173-179. [5], 50.
E*3 Oklid uzayinda egriler teorisinin temel
teoremi ve helisler konularmi igere
boliimlerin okunmasi. Kaynak: Ders Kitab,
190; 222-225.

13

Konu Anlatim: Involiit-evoliit egri ¢ifti, Bertrand egri ¢ifti, bir
egrinin kiiresel gostergeleri

Smif-i¢ci Uygulama (30 dk): Verilen egriler igin kiiresel
gostergelerinin, involiit-evoliit veya Bertrand egri giftlerinin|
bulunmasi ve Frenet vektorlerinin elde edilmesi,

Simif-ici Tartisma (5 dk.): Involiit-evoliit ve Bertrand egri
ciftlerinin geometrik iliskileri, ayrica bir egrinin kiiresel
gostergelere sahip olmasinin ne anlama geldiginin tartigilmasi

Iki vektdriin dikligi, iki vektdr arasindaki
acl, lineer bagmmhilik ile birim hizly
egrilerde  Frenet c¢atisi  ve  Frenef]
formiillerine iligkin on
hatirlanmasi ve etkinlestirilmesi.
Kaynaklar: Ders Kitabi, 173-179. [5], 23;
50-51.

Involiit-evoliit egri cifti, Bertrand egri ¢ifti,
bir egrinin kiiresel gostergeleri konularini
iceren boliimlerin okunmasi. Kaynak: Ders|
Kitabi, 227-231; 254-258.

14

Konu Anlatimi: E*3 Oklid uzayinda diferansiyel formlar

Smmif-ici Uygulama (30 dk.): Diferansiyel formlar iizerine karisik
6rnek ¢ozimil

Simif-ici Tartisma (5 dk.): Diferansiyel formlarin geometrik
lanlami {izerine tartigilmasi.

Kisa Smav 4 (20 dk.): Ders sonunda, sinav haftasina kadar
islenen konular1 igeren bir kisa sinavin yapilmast

Kismi tiirev ile
hesaplamalarma iliskin  6n  bilgilerin
hatirlanmasi ve etkinlestirilmesi.
Kaynaklar: [4], 764-772. [5], 233-238.

E*3 Oklid uzaymda diferansiyel formla
konusunu igeren bdliimlerin  okunmasi.
Kaynak: Ders Kitabi, 100-116.

Kisa Smav 4: (smmav haftasma kadai
islenen konularin tiimiiniin tekrar edilmesi)
Kaynak: Ders Kitabi, 6-10; 14-21; 23-57;
62-70; 72-73; 76-79; 81-99; 128-143; 173-
190; 222-225; 227-231; 254-258; 100-116.

15

Konu Anlatimi: Bilgisayar destekli uygulamalar

Simif-ici Uygulama (30 dk.): MATLAB, Maple veya Python gibi
program ve uygulamalar kullanilarak helis, involiit-evoliit egri

cifti, Bertrand egri ¢ifti vb. egrilerin gorsellerinin ¢izdirilmesi

Derste MATLAB, Maple veya Pytho
dillerinin birinde dersin konular1 iizerine
yapilacak bir uygulamanin kodlarini
hazirlanmasi ve 6rneklendirilmesi
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Simif-ici Tartisma (5 dk.): Bilgisayar destekli uygulamalari
kullanmanin diferansiyel geometri 1 dersinin daha iyi anlasilmasi
konusundaki katkilarinin tartigilmasi

16 Final Islenen konularim tiimiiniin tekrar edilmesi

AKTS isYI"JKI"J TABLOSU

Etkinlikler Sures1 Toplam Isyiikii
(Saat)

Ders Saati 3 42

Laboratuar

Uygulama

Arazi Calismasi

Simif Dis1 Ders Calismasi

Derse Ozgii Staj

Odev

Kiiciik Siavlar/Stiidyo Kritigi

Projeler

Sunum / Seminer

Ara Sinavlar (Sinav Siiresi + Sinav
Hazirhk Siiresi)

Final (Sinav Siiresi + Sinav
Hazirlik Siiresi)

Toplam s yiikii:

Toplam s 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 Differential Geometry I

CODE MAT3151
3

LOCAL CREDIT

ECTS

LECTURE HOUR / WEEK

PRACTICAL HOUR / WEEK

LABORATORY HOUR / WEEK

PREREQUISITE None

SEMESTER Fall

COURSE LANGUAGE English, Turkish

LEVEL OF COURSE First Cycle

Required @ Bachelor Programme in Mathematics
COURSE TYPE Elective @ Bachelor Programme in Physics (%30 English)

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 develop a deep understanding of differential geometry
concepts, including the Euclidean frame, coordinate system, differentiable functions,
diffeomorphisms in E”n Euclidean space, tangent vector, tangent space, directional
derivative, vector field, derivative along a vector field, directional derivative along a
curve, covariant derivative, parallel vector field, geodesic curve, integral curve, Lie
operator, cotangent space, 1-form, differential operator, gradient, divergence, rotational
function, and derivative transformation, as well as the ability to evaluate these concepts
COURSE OBJECTIVES from a geometric perspective. In addition, by explaining the basic properties of curves
such as velocity vectors, arc length, and parameter change, the structure of curves in
three-dimensional Euclidean space (E”3) is detailed through Frenet vectors, Frenet
formulas, Frenet planes, curvatures, spherical indicatrices of curves, and special curve
pairs. The course equips students with the ability to visualize abstract concepts specific to
differential geometry, develop geometric analysis skills, and reinforce theoretical
knowledge through computer-aided applications.

Euclidean space, Euclidean frame, Euclidean coordinate system; differentiable functions,
diffeomorphism, tangent vector, tangent space, directional derivative; vector field,
derivative of a vector field along a vector field; directional derivative along a curve;
covariant derivative; parallel vector field, geodesic curve, integral curve; cotangent space,
1-forms; differential operator, gradient, divergence, rotational function; derivative
COURSE CONTENT transformation; theory of curves, unit-speed curve, non-unit-speed curve, regular curve,
velocity vector, arc length, change of parameter; Lie operator; Frenet frame, Frenet
formulas, Frenet planes; helices, involute—evolute curve pair, Bertrand curve pair,
spherical indicatrices of a curve; differential forms.
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Coursebook:

Yiice, Salim. Oklid Uzaymnda Diferansiyel Geometri. 10th ed., Pegem Akademi

Publishing, 2024.

Required Readings:

[1] Hacisalihoglu, H. Hilmi. Diferensiyel Geometri 1. Ankara, 2000.

[2] O'Neill, Barrett. Elementary Differential Geometry. Academic Press, Inc., 1966.
[3] Thomas, George B., Weir, Maurice D. ve Hass, Joel R. Thomas Kalkiiliis. 12th ed.,
vol. 1, Pearson, 2013.

[4] Thomas, George B., Weir, Maurice D. ve Hass, Joel R. Thomas Kalkiiliis. 12th ed.,
vol. 2, Pearson, 2012.

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

[6] Yiice, Salim. Analitik Geometri. 9th ed., Pegem Akademi Publishing, 2024.
Recommended Readings:

Gray, Alfred, Abbena, Elsa, ve Salamon, Simon. Modern Differential Geometry of
Curves and Surfaces with Mathematica. Chapman & Hall/CRC (Taylor & Francis
Group), 2006.

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

1. Explain the fundamental structure of E”n Euclidean space, including the
concepts of Euclidean frame, coordinate system, metric, differentiable
functions, and diffeomorphism.

Compute directional derivatives, vector field derivatives, and curve directional
derivatives by defining the concepts of tangent vector, tangent space, and vector
field.

Explain the concepts of covariant derivative, Lie operator, cotangent space, 1-
form, and differential operatdr, parallel vector fields, integral curves, and
Course Learning Outcomes geodesic curves.

Apply the applications related to gradient, divergence, rotational functions, and
the matrix of derivative transformation.

Explain the concept of curves in E”n space and their basic properties.

Express the theory of curves in E”3 Euclidean space, including the Frenet
frame, formulas, curvatures, special planes, special curves, and the geometric
interpretation of curvatures.

Apply the theoretical knowledge gained in the theory of curves to solving
example problems.

EVALUATION SYSTEM

| Activities Number Percentage of Grade

‘ Attendance/Participation H H

| Special Course Internship (Work Placement) H H

Quizzes/Studio Critics (Required):
e Content: Comprehensive questions on all topics covered in the
course up to the relevant exam week. 4 %20

e  Format: Face-to-face, multiple-choice quiz (20--25 minutes)
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Detailed Assessment Criteria:

-Demonstration of understanding of the fundamental concepts of the
course
-Ability to solve problems on theoretical topics covered in the course

| Homework Assignments

| Presentations/Jury

| Project

| Seminar/Workshop

Midterms (Required):

Content: Comprehensive questions on all topics covered in the
course up to the relevant exam week.

Format: Face-to-face. Exam (90 minutes)

Detailed Assessment Criteria:

-Demonstration of understanding of the fundamental concepts of the
course

-Ability to solve problems on theoretical topics covered in the course
-Carrying out theoretical reasoning processes

Final (Required):

Content: Comprehensive questions covering the entire content of the
course

Format: Face-to-face. Exam (90 minutes)

Detailed Assessment Criteria:

-Demonstration of in-depth understanding of all topics covered in the
course

-Ability to apply advanced problem-solving skills

-Ability to carry out theoretical reasoning processes

Percentage of In-Term Studies H

%60 ‘

Percentage of Final Examination H

%40 ‘

TOTAL %100
WEEKLY SUBJECTS AND RELATED PREPARATION STUDIES

WEEKS COURSE OUTLINE Related Preparation
Lecture: E”n Euclidean Space: Euclidean frame,
Euclidean coordinate system, FEuclidean metric,
differentiable  functions in  Euclidean  space,)
diffeomorphism Recollection and activation of prior knowledge on

In-Class Practice (30 minutes): Showing that a give
point system forms a Euclidean frame in E*3 space,|
investigating whether a given function is
diffeomorphism

In-Class Discussion (5 minutes): Examining the]
importance of a function being differentiable in
applications

affine space, real inner product space, and derivative.
Sources: Coursebook, 2-5. [5], 46-48. [3], 106-108;
115-122. [4],764-772.
Reading the sections covering Euclidean frame,
Euclidean coordinate system, FEuclidean metric,
differentiable functions in Euclidean space, and

diffeomorphisms. Source: Coursebook, 6—10; 14-21.

Lecture: Tangent vectors and tangent space,
directional derivative, and the geometric interpretation
of the directional derivative

Recollection and activation of prior knowledge on
vector spaces. Source: [5], 26-33.
Reading the sections covering tangent vectors, tangent
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In-Class Practice (30 minutes): Examples of tangen
ivectors and the computation of the directional
derivative, both by definition and through alternative
methods, together with its geometric interpretation

In-Class Discussion (5 minutes): Discussion on th
lgeometric interpretation of the directional derivative

space, and directional derivative. Source: Coursebook,
23-34.

Lecture: Vector fields, the space of vector fields,|
derivative along a vector field, and directionall
derivative along a curve

In-Class Practice (30 minutes): Computation of th

directional derivative along a given vector field both by
definition and by theorem, and solving problems o

directional derivatives along a given curve

In-Class Discussion (5 minutes): Compariso:
between the directional derivative along a tangen
ivector and the directional derivative along a vecto
field

Quiz 1 (20 minutes): A short quiz covering the topics|
discussed until the exam week will be administered a
the end of the lecture

Recollection and activation of prior knowledge on
tangent vectors and directional derivative. Source:
Coursebook: 23-34.

Reading the sections covering vector fields, the space
of vector fields, derivative along a vector field, and
directional derivative along a curve. Source
Coursebook, 34-43.

Quiz 1: (review of all topics covered up to the exam
week) Source: Coursebook, 6-10; 14-21; 23-43.

Lecture: Covariant derivative in E”n: parallel vecto
field, geodesic curve, integral curve

In-Class Practice (30 minutes): Computation of the]
covariant derivative of a differentiable vector fiel

along another vector field using both the definition an

the theorem, and geometric interpretation of the resul
when evaluated at a given point

In-Class Discussion (15 minutes): Geometric]
interpretation of a parallel vector field along a curve,
the information that integral curves provide about
vector field, and discussion of the significance of the]
seodesic curve concept in everyday life

Recollection and activation of prior knowledge on the
derivative of a differentiable function along a tangent
vector, the properties of the space of vector fields, the
product of a real-valued function with a vector field,
and the derivative of a real-valued function in the
direction of a vector field. Source: Coursebook, 26-43.
Reading the sections covering covariant derivative of
one vector field with respect to another. Source:
Coursebook, 44-49.

Lecture: Lie operator; cotangent space and 1-forms

In-Class Practice (30 minutes): Solving example]
problems related to the Lie operator and 1-forms

In-Class Discussion (15 minutes): Discussion on th
differences between the definitions learned so far-
cotangent space, 1-forms, tangent space, tangen
Ivector, vector field, and the space of vector fields-to
help students strengthen their understanding of these
concepts

Recollection and activation of prior knowledge on
vector product and its properties, and the dual space.
Sources: [5], 168-172; 246-247. [6], 21-23.

Reading the sections covering Lie operator; cotangent
space and 1-forms. Source: Coursebook, 50-57; 62-63.

Lecture: Differential operator; gradient, divergence,|
and curl functions

In-Class Practice (30 minutes): Solving mixe
examples on gradient, divergence, and rotational
functions, as well as exercises on the differential
operator

In-Class Discussion (5 minutes): Intuitiv
interpretation of why the curl of the gradient of
diffrential function is zero

Quiz 2 (20 minutes): A short quiz covering the topics
discussed until the exam week will be administered a
the end of the lecture

Recollection and activation of prior knowledge on
partial derivatives and determinant calculations.
Sources: [4], 764-772. [5], 233-238.

Reading the sections covering gradient, divergence,
and rotational functions; differential operator. Source:
Coursebook, 64-70; 72-73; 76-79.

Quiz 2: (review of all topics covered up to the exam
week) Source: Coursebook, 6-10; 14-21; 23-57; 62-70;
72-73; 76-79.

Lecture: Derivative transformation and its matrix,|
regular transformation

Recollection and activation of prior knowledge on the
matrix corresponding to a linear transformation.
Source: [5], 179-184.
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In-Class Practice (30 minutes): Computing an
interpreting the derivative transformation and the
Jacobian matrix using both the definition and the
theorem

In-Class Discussion (5 minutes): Geometric
interpretation of the derivative transformation

Reading  the  sections  covering  derivative
transformation and its matrix, and regular
transformation. Source: Coursebook, 81-99.

Midterm 1

Review of all topics covered up to the exam week.

Lecture: Theory of curves in E”n space: definitions
and examples, velocity vector and its geometric
meaning, arc length, and change of parameter

In-Class Practice (30 minutes): Finding the velocit
vector, speed, tangent vector, arc length function, arc-
length parameter, and unit-speed parametrization of
given curve

In-Class Discussion (5 minutes): Discussion of th
reasons for using reparametrization of curves, the]
invariants under reparametrization, and its geometric|
land computational advantages

Recollection and activation of prior knowledge on the
length of a vector in R*n the derivative of a vector-
valued function, and parametric equations. Sources:
[51,49.[4], 610-613; 710-711.

Reading the sections covering the definition of a curve,
velocity vector, scalar speed function, scalar speed, and
change of parameter. Source: Coursebook, 128-143.

10

Lecture: Theory of curves in E*3 Euclidean space:
Frenet vectors, Frenet formulas, curvatures, and Frenet
planes

In-Class Practice (30 minutes): Finding the Frene
vectors, Frenet formulas, curvatures, and Frenet planes|
of a given unit-speed curve

In-class Discussion (5 minutes): Discussion on th
role of Frenet vectors and Frenet formulas i
understanding the geometric structure of a curve

Quiz 3 (20 minutes): A short quiz covering the topics|
discussed until the exam week will be administered a
the end of the lecture

Recollection and activation of prior knowledge on
finding the equation of a plane. Source: [6], 100-108.
Reading the sections covering Frenet vectors, Frenet
formulas, and curvatures in E*3 Euclidean space.
Source: Coursebook, 173-181.

Quiz 3: (review of all topics covered up to the exam
week) Source: Coursebook, 6-10; 14-21; 23-57; 62-70;
72-73; 76-79; 81-99; 128-143; 173-181.

11

Lecture: Geometric interpretation of curvatures;|
Frenet formulas for non-unit-speed curves

In-Class Practice (30 minutes): Finding the Frene
vectors, Frenet formulas, and curvatures of a given|
non-unit-speed curve

In-class Discussion (5 minutes): Detailed discussion|
of the geometric interpretation of the curvatures of
curve

Recollection and activation of prior knowledge on
series expansion of a single-variable function. Source:
[3], 584-588.

Reading the sections covering the geometric
interpretation of curvatures and the Frenet formulas for
non-unit-speed curvees. Source: Coursebook, 182-190.

12

[Lecture: Fundamental theorem of the theory of curves|
in E*3 Euclidean space; helices

In-Class Practice (30 minutes): Investigating whethe
a given curve is a helix and, if so, determining its axis

In-class Discussion (5 minutes): Discussion of th
fundamental geometric properties of helices

Recollection and activation of prior knowledge on the
angle between two vectors, and the Frenet frame and
Frenet formulas in unit-speed curves. Sources:
Coursebook, 173-179. [5], 50.

Reading the sections covering fundamental theorem of
the theory of curves in E”3 Euclidean space and
helices. Source: Coursebook, 222-225.

13

Lecture: Involute—evolute curve pairs, Bertrand curve]
pairs, and spherical indicators of a curve

In-Class Practice (30 minutes): Finding the spherical
indicators, involute—evolute pairs, or Bertrand curve]
pairs of given curves, and determining their Frene
vectors

In-class Discussion (5 minutes): Discussion of th
geometric  relationships of involute—evolute an
Bertrand curve pairs, as well as the meaning of a curve]

[possessing spherical indicators

Recollection and activation of prior knowledge on
orthogonality and angle between two vectors, linear
dependence, and the Frenet frame and Frenet formulas
in unit-speed curves. Sources: Coursebook, 173-179.
[51,23; 50-51.

Reading the sections covering involute—evolute curve
pairs and Bertrand curve pairs and spherical indicators
of a curve. Source: Coursebook, 227-231; 254-258.
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Lecture: Differential forms in E*3 Euclidean space

In-Class Practice (30 minutes): Solving mixe
examples on differential forms

14 In-class Discussion (5 minutes): Discussion on th
geometric meaning of differential forms

Quiz 4 (20 minutes): A short quiz covering the topics|
discussed until the exam week will be administered a
the end of the lecture

Recollection and activation of prior knowledge partial
derivatives and determinant calculations. Sources: [4],
764-772. [5], 233-238.

Reading the sections covering differential forms in E*3
Euclidean space. Source: Coursebook, 100-116.

Quiz 4: (review of all topics covered up to the exam
week) Source: Coursebook, 6-10; 14-21; 23-57; 62-70;
72-73; 76-79; 81-99; 128-143; 173-190; 222-225; 227-
231; 254-258; 100-116.

Lecture: Computer-aided applications

In-Class  Practice (30  minutes): Plottin,
visualizations of helices, involute—evolute curve pairs,
and Bertrand curves using software such as MATLAB,
15 Maple, and Python

In-class Discussion (5 minutes): Discussion on ho
computer-aided applications contribute to a bette
understanding of the differential geometry I course

Learning the basic features of one of the software tools
(MATLAB, Maple, or Python) to be used in class, and
illustrating them with examples.

16 [Final

Review of all topics covered.

ECTS WORKLOAD TABLE

Activities

I
H Number ‘ Duration

Total Workload
(Hour)

Course Hours

42

Laboratory

Application

Field Work

Study Hours Out of Class

Special Course Internship (Work Placement)

Homework Assignments

Quizzes/Studio Critics

Project

Presentations / Seminar

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

Final (Examination Duration + Examination Prep. Duration)

Total Workload:

Total Workload / 30(h):
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Pg-l Geometri, analiz,

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

19)]
[°N
19)]
19)]
19)]
1
1

PQ-Z Matematik alanindaki
teorik ve uygulamali
bilgilerini ve matematiksel
diigiinme becerilerini
kullanarak standart ve
karmagik matematiksel
problemleri tanimlayabilecek
ve analitik ve/veya sayisal
yontemlerle ¢ozebilecek 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 wvalidity of a
mathematical proposition
through various proof
techniques using their
theoretical and applied
knowledge of mathematics
and mathematical thinking
skills.

Pg-3 Matematik alanindaki

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

I
1w
I
I
I
I~
I~

1
I
I
I
I
1
1

(Form No: FR-0315; Revizyon Tarihi: 02.07.2015; Revizyon No:04) Sayfa: 13/15



PS:-4 Disiplinleraras1 bir

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

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

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

PC-7 Matematik ve ilgili

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

PC-8 Bilimsel | = - - - - - -

19)]
1w
1w
1w
1w
I~
1

10)]
[N
[N
[N
[N
10)]
I

I
I
I
19
I
I~
I
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aragtirmalarin1  ve  mesleki
faaliyetlerini yiiriitiirken
dogabilecek hukuksal
sonuglar1 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.

PS 1-10 Matematik alaninda

giivenilir bilgi kaynaklarina
ulasarak literatlir taramasi
yapabilecek ve akademik

1
1
1
1
1
1
1

arastirma tasarlayip
ylriitebileceklerdir. / 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 soézlii ve yazili
olarak etkili bigimde
aktarabileceklerdir. /
Effectively communicate
mathematical topics, theories,
proofs, research, and problem
solutions to all relevant
stakeholders using appropriate
mathematical  terminology,
both orally and in writing, in
Turkish and in English.

[°N
[°N
[°N
[°N
[°N
I~
I~
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