FAKULTE / ENSTIiTU ADI

DERS BiLGi FORMU

Fen Edebiyat Fakiiltesi

BOLUM / PROGRAM /
ANABILIiM DALI ADI

Matematik

DERSIN ADI

Diferansiyel Geometri 2

DERSIN KODU

MAT3152

YEREL KREDISi

3

AKTS KREDISi

6

HAFTALIK DERS SAATI

HAFTALIK UYGULAMA SAATI

HAFTALIK LABORATUVAR
SAATI

ONKOSULLAR

Yok

YARIYIL

Bahar

DERSIN DiLi

Ingilizce, Tiirkce

DERSIN SEVIYESI

Lisans

DERSIN TURU

Zorunlu @ Matematik Lisans Programi

DERSIN KATEGORISI

Temel Meslek Dersleri

DERSIN VERILIiS SEKLI

Yiiz Yiize

DERSi SUNAN AKADEMIK
BiRiM

Matematik Boliimii

DERSIN KOORDINATORU

Salim YUCE

ASISTAN(LAR)

DERSIN AMACI

Bu dersin amaci, dgrencilerin kapali denklem yardimiyla tanimlanan yiizey, parametrik
ylizey, ylizeyler iizerindeki diferansiyellenebilir fonksiyonlar, ylizeyler iizerindeki egriler,
teget ve normal vektorleri, bir ylizeyin teget diizlemini, parametre egrileri, sekil operatorii ve
matrisi, Gauss doniigiimii, temel formlar, normal egrilik, Meusnier Teoremi, Euler Teoremi,
asal egrilikler, umbilik noktalar, egrilik ¢izgileri (asli egriler), Gauss egriligi, ortalama
egrilik, asimptotik ve eslenik dogrultular, minimal ve flat ylizeyler, yiizeyler iizerindeki
geodezikler, asimptotik egriler, geodezik egrilik, geodezik burulma, yiizeyler tizerindeki
egrilerin normal egriligi, Darboux c¢atisi, Dupin gostergesi ve Gauss anlaminda ylizey
tizerindeki kovaryant tiirev gibi diferansiyel geometri kavramlarini derinlemesine
kavramalarina yardimer olmaktir. Ders ayrica bu kavramlar1 geometrik bir bakis agisiyla ele
alir ve ii¢ boyutlu Oklid uzayinda (R?) yiizeyler teorisinin temel dzelliklerini ortaya koyar.
Ayrica ders, homeomorfizm, topolojik manifold, atlas, chart, diferansiyellenebilir yap1 ve
diferansiyellenebilir manifold kavramlarini tanitir ve manifoldlarin temel Ozelliklerini
inceler. Bu igerik araciligiyla ders, 6grencilere teorik bilgileri pratik problemlere uygulama
ve diferansiyel geometri alanindaki problemlere ¢dziimler gelistirme becerisi kazandirmay1
amaglamaktadir.

DERSIN iCERiGi
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Kapali denklem ya da parametrik tanim yoluyla verilen ylizeyler; ylizey iizerinde
diferansiyellenebilir fonksiyonlar ve egri, teget ve normal vektoril, ylizeyin teget diizlemi,
parametre egrileri; yiizeyin sekil operatdrii ve matrisi, Gauss doniisiimii, temel formlar,
normal egrilik, Meusnier teoremi, Euler teoremi, asli (asal) egrilik, umbilik nokta, egrilik
cizgisi (asli egri), Gauss egriligi, ortalama egrilik, asimptotik dogrultu, eslenik dogrultular;
minimal yiizey, flat yiizey, ylizey iizerinde geodezik egriler, asimptotik egri; yiizey iizerinde
egrilerin geodezik egriligi, geodezik burulmasi ve normal egriligi; Darboux catisi; Dupin
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gostergesi; yiizeyler lizerinde Gauss anlaminda kovaryant tiirev; homeomorfizm, topolojik
manifold, atlas, harita, diferansiyellenebilir yapi, diferansiyellenebilir manifold.

DERS KIiTABI / MALZEMESI /
ONERILEN KAYNAKLAR

Ders Ogrenim Ciktilari

Ders Kitaba:

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

Zorunlu Kaynaklar:

[1] Celik, Salih, Celik, Sultan A. Matematik Analiz 2. Birsen Yaymevi, istanbul, 2011.

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

[3] Munkres, James R. Topology. 2. baski, Prentice-Hall, Inc., New Jersey, 2000.

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

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

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

[7] 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 bagariyla tamamlayan dgrenciler,

1. E*3 Oklid uzaynda yiizeylerin kapali ya da parametrik ifade edilisini, yiizey
lizerindeki egriler, teget ve normal vektorler ile teget diizlemi kavramlarini
aciklayabileceklerdir.

Parametre egrileri ve yiizey yonlendirmesi kavramlarini tanimlayarak,
yonlendirilebilir yiizeylerde sekil operatoriinii ve matrisini hesaplayabileceklerdir.

Gauss doniisiimii, temel formlar ve Meusnier Teoremi, Euler Teoremi gibi
teoremleri agiklayabileceklerdir.

Asli egrilik, umbilik nokta, egrilik ¢izgisi, Gauss egriligi ve ortalama egrilik
kavramlarini ve ylizey noktalarmin egrisel yapisini ifade edebileceklerdir.

Asimptotik dogrultu, eslenik dogrultular, asimptotik egri, geodezik egri ve yiizey
iizerindeki egrilerin geodezik burulmasini, geodezik ve normal egriliklerini ifade
edebileceklerdir.

Darboux ¢atisi, Dupin gostergesi, Gauss denklemi gibi ileri diizey kavramlari;
Gauss denklemini kiiresel gostergelere uygulanmasini agiklayabileceklerdir.

Homeomorfizm, topolojik manifold, harita, atlas, diferansiyellenebilir yap1 ve
diferansiyellenebilir manifold kavramlarini agiklayabileceklerdir.

Yiizeyler teorisine ve manifoldlara iliskin edindigi bilgileri uygulamali drnekler
iizerinde kullanarak yiizey geometrisine dair problemleri ¢dzebileceklerdir.

DEGERLENDIRME SiSTEMI

| Etkinlikler

Say1 Katki Pay1

‘ Devam/Katilim

| Laboratuvar

‘ Uygulama

| Arazi Calismasi

‘ Derse Ozgii Staj
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Kisa Smavlar/Stiidyo Kritigi:
e icerik: Ilgili smav haftasmna kadar islenen konularin tiimiinii
kapsayan kapsamli sorularin sorulmasi

e  Format: Yiiz yiize. Coktan segmeli kisa smav (20-25 dakika)

e Detayh Degerlendirme Kriterleri: 4 %20
-Dersin temel kavramlarinin anlasildiginin gosterilmesi
-Derste islenen teorik konular ile ilgili problemleri ¢dzebilme
| Odev | |
| Sunum/Jiiri H H
| Proie | |
| Seminer/Workshop H H
Ara Simavlar (Zorunlu):
e icerik: Sinav haftasma kadar islenen konularm timiinii kapsayan
kapsamli sorular
e  Format: Yiiz yiize. Siav (90 dakika)
1 %40
e  Detayh Degerlendirme Kriterleri:
-Dersin temel kavramlarinin anlasildiginin gosterilmesi
-Teorik konularla ilgili problemlerin ¢dziilebilmesi
-Teorik diisiinme siire¢lerinin yiiriitiilmesi
Final (Zorunlu):
e icerik: Dersin tiim ierigini kapsayan kapsamli sorular
e  Format: Yiiz ylize. Smav (90 dakika)
e  Detayh Degerlendirme Kriterleri: 1 %40
-Derste islenen tiim konularin derinlemesine kavranmis oldugunun
gosterilmesi
-ileri diizey problem ¢dzme becerilerinin kullanilabilmesi
-Teorik diisinme siireclerinin yiiriitiilmesi
| Dénem ici Cahsmalarin Basar1 Notuna Katkisi H %60
‘ Final Simmavinin Basar1 Notuna Katkisi H %40
| TOPLAM %100

HAFTALIK KONULAR VE iLGILi ON HAZIRLIK CALISMALARI

HAFTALAR KONULAR

ON HAZIRLIK

Konu Anlatimi: E*3 Oklid uzayinda yiizeyler teorisi: Kapali
denklem yardimiyla yiizey, ylizey iizerinde egri, teget vektdr,
teget vektor alani, normal vektdr, normal vektor alant ve teget
diizlem

Smmif-i¢ci Uygulama (30 dk.): Kapali denklem ile verilen bin
1 lylizey iizerinde birim normal vektor alanmin, teget vektor
alanlarinin, belli bir noktadaki teget diizlemin bulunmasi, verilen|
noktanin teget diizlem {izerinde veya ylizey iizerinde olup
olmadiginin kontrol edilmesi

Simf-i¢ci Tartisma (5 dk.): Yiizey olma sartlarinin, her yiizey|
noktast igin teget diizlemin tek olup olmadigimnin tartigilmasi

Kapali denklem ile verilen bir fonksiyo
igin kismi tiirev ve diizlem denklemini
bulunmasma  ilisgkin  6n  bilgileri
hatirlanmasi ve etkinlestirilmesi.
Kaynaklar: [1], 288-299. [7], 100-108.
Kapali denklem yardimiyla yiizeyin ifadesi
ve yilizey olma sarti, teget vektor, tegef]
vektor alani, normal vektor, normal vekto
alani, teget diizlem konularmi igeren
boliimlerin okunmasi. Kaynak: Ders Kitabu,|
310-311; 320-321; 324-326.

IKonu Anlatimi: Parametrik yiizey, normal vektorii ve parametre]
2 legrileri

Vektor degerli fonksiyonlarda tiireve iliski
on bilgilerin hatirlanmasi vej
etkinlestirilmesi. Kaynaklar: [1], 183-185.
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Simif-ici Uygulama (30 dk.): Parametrik olarak ifade edilen bin
yizeyin birim normal normal vektér alaninin, parametre
egrilerinin, parametre egrilerinin teget vektorlerinin ve bir
noktadaki teget diizleminin bulunmasi

Simif-i¢i Tartisma (5 dk.): Yiizeyin hangi durumlarda parametrik
ifadesinin, hangi durumlarda ise kapali denklem formundal
ifadesinin daha avantajli ve tercih edilir oldugunun tartigilmasi

[5], 709-715.

Parametrik yiizey, normal vektori vel
parametre  egrileri  konularin1  igere
boliimlerin okunmasi. Kaynak: Ders Kitabi,
311-324.

IKonu Anlatimi: Yiizeylerde yonlendirme ve sekil operatorii

Simif-ici Uygulama (30 dk): Hem parametrik hem de kapali
formda verilen yiizeyler igin birim normal vektér alaninin|
bulunarak, kovaryant tiirev araciligiyla sekil operatdriiniin
hesaplanmasi

Smif-ici Tartisma (5 dk.): Yiizey yonlendirmesinin onemi ve
sekil operatdriiniin yiizeyin geometrik olarak yorumlanmasindaki|
roliiniin tartigilmast

IKisa Smav 1 (20 dk.): Ders sonunda, 3. haftanin sonuna kadar
derste islenen konulari igeren bir kisa sinavin yapilmasi

Lineer doniisime iliskin on Dbilgileri
hatirlanmasi ve etkinlestirilmesi. Kaynak:
[6], 140-157.

Yiizeylerde yonlendirme ve yiizeyle
iizerinde sekil operatorii konularmni icere
boliimlerin okunmasi. Kaynak: Ders Kitabi,)
328-329; 332-334.

Kisa Smav 1: (3. haftanin sonuna kada
islenen tiim konular) Kaynak: Ders Kitab,
310-334.

IKonu Anlatimi: Sekil operatdriiniin matrisinin hesab1

Siif-ici Uygulama (30 dk): Hem kapali hem de parametrik
formda verilen yiizeylerin sekil operatoriiniin matrisinin|
bulunmast

Smif-ici Tartisma (5 dk.): Sekil operatdriiniin matrisinin baza|
lgbre degisiminin tartisilmast

Lineer donisiimiin matrisine iliskin 6n]
bilgilerin hatirlanmasi ve etkinlestirilmesi.
Kaynak: [6], 178-184.

Sekil operatoriiniin matris hesabr konusun
iceren bolimiin okunmasi. Kaynak: Ders|
Kitabi, 334-343.

IKonu Anlatimi: Gauss doniisiimii ve temel formlar

Simif-i¢ci Uygulama (30 dk.): Birim silindir ylizeyinin Gauss|
doniisiimiiniin elde edilmesi, birim kiirenin sekil operatoriiniin|
bulunarak temel formlarmin bulunmasi, herhangi bir yiizey i¢in
temel formlarin hesaplanmasi ve sekil operatoriiniin matrisinin
temel form katsayilari ile elde edilmesi

Simif-ici Tartisma (5 dk.): Birinci ve ikinci temel formlar
arasindaki iligkinin sekil operatoriiniin  6zelliklerini  nasil
etkilediginin ve birinci, ikinci temel formun geometrik yorumunun
tartisilmast

Yiizeyin normaline ve sekil operatoriinii
ozelliklerine iligkin on bilgileri
hatirlanmasi ve etkinlestirilmesi. Kaynak:
Ders Kitabi, 328-329; 332-334.

Gauss doniisimiic  ve temel formla
konularin1 igeren boéliimlerin  okunmast|
Kaynak: Ders Kitabi, 343-349.

IKonu Anlatimi: Normal egrilik ve Meusnier Teoremi

Smif-i¢ci Uygulama (30 dk.): Hem parametrik hem de kapali
formda verilen yiizeyler igin verilen bir P noktasindaki teget
vektorii dogrultusunda normal egriligin hesaplanmast

Smif-ici Tartisma (10 dk.): Verilen herhangi bir vektdr igin|
normal egriligin hesaplanip hesaplanamayacaginin, normal
egriligin ylizeyin geometrik yapisina dair ne tiir bilgiler verdiginin|
tartisilmas1 ve Meusnier Teoremi’nin geometrik yorumu

Kisa Smav 2 (20 dk.): Ders sonunda 6. haftanin sonuna kadar
derste islenen konulart igeren bir kisa sinavin yapilmast

Parametrik veya kapali denklem ile verile
ylizeylerin teget vektorlerine iligkin &
bilgilerin hatirlanmas1 ve etkinlestirilmesi.
Kaynak: Ders Kitabi, 320-321; 324-326.
Normal egrilik ve Meusnier Teoremi
konularini igeren boliimlerin  okunmast.
Kaynak: Ders Kitabi, 349-351.

Kisa Smav 2: (6. haftanin sonuna kadai
islenen tiim konular) Kaynak: Ders Kitabi,
310-351.

IKonu Anlatimi: Normal kesit egrisi, asli egrilikler ve asli
vektorler, umbilik nokta ve Euler teoremi

Simif-i¢ci Uygulama (30 dk.): Hem parametrik hem de kapali
formda verilen yiizeyler i¢gin segilen bir noktada sekil operatoriinii
kullanarak asli egrilikleri ve umbilik nokta olup olmadigini
belirleme

Smif-ici Tartisma (5 dk.): Asli egrilikler ve onlarin karsilik|
geldigi asli vektorlerin, yiizeyin yerel geometrisini tanimlamadal
neden merkezi bir rol oynadigmin ve yiizeyin egrilik yapisini nasil
6zetlediginin tartisilmasi

Hem parametrik hem de kapali formd
verilen yiizeyler igin sekil operatdriing
iligkin 6n bilgilerin hatirlanmast  ve
etkinlestirilmesi. Kaynak: Ders Kitabi, 328
329; 332-343.

Normal kesit egrisi, asli egrilikler, asli
vektorler, umbilik nokta ve Euler Teoremi
konularin1 igeren bdlimlerin  okunmasi.
Kaynak: Ders Kitabi, 352-362.
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Sinav haftasina kadar islenen konularin
8 |Ara Smav 1 - . .
tiimiiniin tekrar edilmesi
IKonu Anlatimi: Egrilik ¢izgisi, Gauss egriligi, ortalama egrilik
ve dizlemsel nokta Hem parametrik hem de kapali formd
Simif-ici Uygulama (30 dk.): Hem parametrik hem de kapali ye;rlLe n Xuzeyl'er e sekil _operatdriing
: . .. L TN iliskin 6n bilgilerin hatirlanmas1  ve|
formda verilen yiizeyler i¢in Gauss egriligi ve ortalama egriliginin| . . . .
. . ; L o etkinlestirilmesi. Kaynak: Ders Kitab1, 328

9 hfesa.pl.anmaSL Yiizey u;erlnde Ve.rllen bir egrinin bir egrilik 329: 332-343
cizgisi olup olmadignin incelenmesi Egrilik cizgisi, Gauss ve ortalama egrilik v

.. . L. Lo diizlemsel  nokta  konularmi  icere
S.l.mf_l.cl Tartisma (S dk.): Gauss e.gfll.‘g‘ ve ortalarpa egrll%g}n boliimlerin okunmasi. Kaynak: Ders Kitabu,|
ylizeyin lokal ve global geometrisini anlamadaki rollerinin 362-379
tartisilmasi ’

Konu Anlatimi: Asimptotik dogrultu, asimptotik egri, geodezik

egri; ylizey iizerinde egrilerin geodezik burulmasi, geodezik] Hem parametrik hem de kapali formd:

egriligi ve normal egriligi verilen yiizeyler igin sekil operatoriing
iliskin 6n bilgilerin hatirlanmas1  ve]

Sinif-ici Uygulama (30 dk.): Yiizey {izerinde verilen bir egrinin| etkinlestirilmesi. Kaynak: Ders Kitabi, 328

asimptotik egri, geodezik egri olup olmadiginin incelenmesi ve 329; 332-343.

10 egrinin geodezik burulmasi, geodezik egriligi ve normal Asimptotik  dogrultu, asimptotik  egri,

legriliginin hesaplanmasi eslenik  vektorler, geodezik egri vel
ylizey  Uizerinde  egrilerin  geodezi

Simif-i¢ci Tartisma (10 dk.): Asimptotik egrilerin hangi yiizey| burulmasi, geodezik egriligi ve normal

tiirlerinde ortaya ¢iktiginin ve geometrik anlamlarmin, geodezik] egriligi  konularin1  igeren  bdliimlerin

burulma, geodezik egrilik ve normal egrilik kavramlarinin yiizey| okunmasi. Kaynak: Ders Kitabi, 383-390;

lizerindeki egrilerin davranigini nasil belirlediginin tartigilmasi 414-418; 621.

Konu Anlatimi: Darboux ¢atisi, Dupin gostergesi ve Gauss

denklemi

- . . . Bir egrinin Frenet catisina iliskin 0n|
Sinif-ici Uygulama (30 dk.): Yiizeyin bir P noktasindaki Dupin| o . L .

. e N . bilgilerin hatirlanmasi ve etkinlestirilmesi.
gostergesini bularak bu noktanin siniflandirilmasi, yiizey iizerinde| Kavnak: Ders Kitabs. 173-190
Gauss denklemi bulma sorularinin ¢éziilmesi ve verilen bir yiizey| ynax. LT, e
. R .. Darboux ¢atis1, Dupin gostergesi ve Gauss
lizerindeki egriye gore Darboux ¢atisinin hesaplanmasi .

1 anlaminda kovaryant konularmi icere
Smmif-i¢ci Tartisma (10 dk.): Yiizey iizerinde bir egri boyunca Z?gﬁ?g?ﬁ;ﬁﬁg?agl' Kaynak: Ders Kitaby,
Eig?:ﬁldel\(’iek:gm:tlggan\llzm;ge()demk cgri kavramlarinin yiizey Kisa Smav 3: (11. haftanin sonuna kada

& islenen tiim konular) Kaynak: Ders Kitabi,
Kisa Smav 3 (20 dk.): Ders sonunda 11. haftanin sonuna kadar 310-390; 414-424; 621.
derste islenen konulari igeren bir kisa sinavin yapilmasi
Konu Anlatimi: Gauss denkleminin tegetler gdstergesine]
uygulanmasi
Tegetler gostergesine iliskin 6n bilgileri
Sinif-ici Uygulama (30 dk.): Yiizey iizerinde verilen bir egri igin| hatirlanmas1 ve etkinlestirilmesi. Kaynak:

12 Gauss denkleminin tegetler gostergesine uygulanmasi Ders Kitabi, 254-256.

Gauss denkleminin kiiresel gostergelere
Smif-i¢ci Tartisma (5 dk.): Gauss denkleminin 2. ve 3. kiiresel uygulanmasi konusunu igeren boliimiin|
gOsterge egrileri i¢in de uygulanip uygulanamayacaginin okunmasi. Kaynak: Ders Kitabi, 425.
tartisilmast
Konu Anlatimi: Manifoldlar: homeomorfizm, topolojik manifold
ve drnekleri Topoloji ve topolojik uzaya iliskin &
Smif-ici Uygulama (30 dk): Cesitli 6rnekler alinarak verilen| E;iﬂ;ﬁn[;l]amlanmam ve etkinlestirilmesi.

13 kiimelerin topolojik manifold olup olmadiginin gdsterilmesi Homeomorfizm ve  topolojik manifol
Smif-ici Tartisma (10 dk.): Homeomorfizmin korudugu| ]lz(;m:ll;?n[lz] 1g;e]r_eln7 boliimlerin - okunmasi.
6zelliklerin ve homeomorfik ancak farkli geometrik/topolojik] ynax- 121 ’
6zelliklere sahip uzaylarin varliginin tartisilmasi
Konu Anlatimi: Koordinat komsulugu (harita), atlas, Cok degiskenli fonksiyonlarda ters ve
diferansiyellenebilir yap1 ve diferansiyellenebilir manifoldlar tiireve iligkin on bilgilerin hatirlanmas1 ve

etkinlestirilmesi. Kaynaklar: [1], 241-246,
Sinif-i¢ci Uygulama (45 dk.): Birim ¢gember ve birim kiirenin birer| [4], 169-170.
diferansiyellenebilir manifold olduklarinin gosterilmesi Koordinat komgulugu (harita), atlas,
diferansiyellenebilir yapt v
Smif-ici Tartisma (5 dk.): Diferansiyellenebilir manifoldlarin| diferansiyellenebilir manifold konularin
topolojik manifoldlara gore avantajlart igeren bolimlerin okunmasi. Kaynak: [2],
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18-30.

14 Kisa Smav 4 (20 dk.): Ders sonunda 14. haftanin sonuna kadar| 3. Kisa Smav 4: (14. haftanin sonuna kada
derste islenen konulart igeren bir kisa sinavin yapilmasi islenen tim konular) Kaynaklar: Ders|
Kitabi, 310-390; 414-425; 621. [2], 11-30.

IKonu Anlatim: Bilgisayar destekli uygulamalar

Smif-ici Uygulama (30 dk.): Matlab, Maple, Python gibi
programlama dillerinin birinde ¢esitli yiizey (silindir, hiperboloid,
kiire gibi) ¢izimine dair uygulamanin kodlarmin hazirlanmasi ve| 1. Derste kullanabilmek igin, Matlab, Maple,
15 gorsellerinin ¢izdirilmesi Python gibi program ve uygulamalardan|
birisinin temel dzelliklerinin 6grenimi
Smmif-i¢ci Tartisma (5 dk.): Bilgisayar destekli uygulamalari
kullanmanin diferansiyel geometri 2 dersinin daha iyi anlasilmasi|
konusundaki katkilarinin tartigilmast

16 [Final Islenen konularim tiimiiniin tekrar edilmesi

AKTS isYI"JKI"J TABLOSU

Etkinlikler Say1 Siiresi Toplam Isyiikii
(Saat)

Ders Saati H 3 42

Laboratuar H

Uygulama

Arazi Calismasi

Simif Dis1 Ders Calismasi

Derse Ozgii Staj

Odev

Kiiciik Smavlar/Stiidyo Kritigi

Projeler

Sunum / Seminer

Ara Smavlar (Smav Siiresi + Smav
Hazirhk Siiresi)

Final (Sinav Siiresi + Sinav
Hazirhk 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 1

CODE MAT3152
3

LOCAL CREDIT

ECTS

LECTURE HOUR / WEEK

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)

This course aims to help students develop a deep understanding of differential geometry
concepts, including surfaces defined by implicit equations or parametric representations,
differentiable functions on surfaces, curves on surfaces, tangent and normal vectors,
tangent planes, parameter curves, the shape operator and its matrix, the Gauss map,
fundamental forms, normal curvature, Meusnier’s Theorem, Euler’s Theorem, principal
curvatures, umbilical points, lines of curvature (principal curves), Gaussian curvature,
mean curvature, asymptotic directions, conjugate directions, minimal and flat surfaces,
geodesics on surfaces, asymptotic curves, geodesic curvature, geodesic torsion, the
normal curvature of curves on surfaces, the Darboux frame, the Dupin indicatrix, and the
concept of covariant derivatives on surfaces in the sense of Gauss. The course also
examines these concepts from a geometric point of view and expresses the fundamental
properties of the theory of surfaces in three-dimensional Euclidean space (E*3). In
addition, the course introduces the definitions of homeomorphism, topological manifold,
atlas, chart, differentiable structure, and differentiable manifold, and it examines the
fundamental properties of manifolds. Through this content, the course aims to provide
students with the ability to apply theoretical knowledge to practical problems and to
develop solutions to problems in differential geometry.

COURSE OBJECTIVES

Surfaces given by implicit equations or parametric representations; differentiable
functions and curves on surfaces, tangent and normal vectors, tangent plane of a surface,
parameter curves; the shape operator and its matrix, Gauss map, fundamental forms,
COURSE CONTENT normal curvature, Meusnier’s Theorem, Euler’s Theorem; principal curvatures, umbilical
point, lines of curvature (principal curves), Gaussian curvature, mean curvature,
asymptotic direction, conjugate directions, minimal surface, flat surface, geodesics on
surfaces, asymptotic curve; geodesic curvature, geodesic torsion and normal curvature of
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curves on surfaces; Darboux frame; Dupin indicatrix, covariant derivative on surfaces in
the sense of Gauss; homeomorphism, topological manifold, atlas, chart, differentiable
structure, differentiable manifold.

RECOMMENDED OR REQUIRED
READINGS

Coursebook:

Yiice, Salim. Oklid Uzayinda Diferansiyel Geometri. 10th ed., Pegem Academy

Publishing, 2024.

Required Readings:

[1] Celik, Salih, Celik, Sultan A. Matematik Analiz 2. Birsen Publisher, Istanbul, 2011.

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

[3] Munkres, James R. Topology. 2nd ed., Prentice-Hall, Inc., New Jersey, 2000.

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

[5] Thomas, George B., Weir, Maurice D. and Hass, Joel R. Thomas Kalkiiliis. 12th ed.,
vol. 2, PEARSON, 2012.

[6] Yiice, Salim. Lineer Cebir. 8th ed., Pegem Academy Publishing, 2025.
[7] Yiice, Salim. Analitik Geometri. 9th ed., Pegem Academy Publishing, 2024.
Recommended Readings:

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

Course Learning Outcomes

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

Explain the definition of surfaces in E*3 Euclidean space given by implicit or
parametric representations, the concepts of curves on surfaces, tangent and
normal vectors, and the tangent plane.

Compute the shape operator and its matrix on orientable surfaces by defining
parameter curves and the concept of surface orientation;

Explain the Gauss map, the fundamental forms and theorems such as
Meusnier’s Theorem and Euler’s Theorem.

Express the concepts of principal curvature, umbilical point, lines of curvature,
Gaussian curvature, and mean curvature, the curvature structure of points on a
surface.

Express asymptotic direction, conjugate directions, asymptotic curve, and
geodesic curve, as well as the geodesic torsion, geodesic curvature, and normal
curvature of curves on surfaces.

Explain advanced concepts such as the Darboux frame, the Dupin indicatrix,
and Gauss’s equation; the application of Gauss’s equation to spherical
representations.

Explain the concepts of homeomorphism, topological manifold, chart, atlas,
differentiable structure and differentiable manifolds.

Apply the acquired knowledge of surface theory and manifolds in practical
examples to solve problems related to surface geometry.

EVALUATION SYSTEM

| Activities

Number Percentage of Grade

‘ Attendance/Participation
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| Field Work

| Special Course Internship (Work Placement)

Quizzes/Studio Critics (Required):

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

Format: Face-to-face, multiple-choice quiz (20--25 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

| Homework Assignments

| Presentations/Jury

| Project

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

Percentage of Final Examination H

TOTAL H

WEEKS

COURSE OUTLINE

RELATED PREPARATION

Lecture: Theory of surfaces in E*3 Euclidean space:
surface defined by an implicit equation, curve on a
surface, tangent vector, tangent vector field, normal
vector, normal vector field, and tangent plane

In-Class Practice (30 minutes): Determining the unit
normal vector field, tangent vector fields, and the

Recollection and activation of prior knowledge on
finding partial derivatives and the equation of a plane
for a function given by an implicit form.
Sources: [1], 288-299. [7], 100-108.

Reading the sections covering expressing a surface
with an implicit equation and the condition of being a
surface, tangent vector, tangent vector field, normal

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

Sayfa: 9/16



tangent plane at a given point on a surface defined by
an implicit equation; checking whether a given poin
lies on the tangent plane or on the surface

In-Class Discussion (5 minutes): Discussion on th
conditions for a surface and whether the tangent plane
at each point of a surface is unique

vector, normal vector field, and tangent plane. Source:
Coursebook, 310-311; 320-321; 324-326.

Lecture: Parametric surface, normal vector, an
[parameter curves

In-Class Practice (30 minutes): Finding the uni
mormal vector field, parameter curves, the tangen
vectors of the parameter curves, and the tangent plane
at a given point of a parametrically defined surface

In-Class Discussion (5 minutes): Discussion on whe
it is more advantageous and preferable to represent
surface parametrically and when it is more suitable to|
represent it in implicit form

Recollection and activation of prior knowledge on the
derivative of vector-valued functions. Sources: [1],
183-185. [5], 709-715.
Reading the sections covering parametrically defined
surfaces, normal vector, and parameter curves. Source:
Coursebook, 311-324.

[Lecture: Surface orientation and the shape operator

In-Class Practice (30 minutes): Finding the uni
normal vector field for surfaces given both in|
parametric and implicit form, and computing the shape]
operator through the covariant derivative

In-Class Discussion (5 minutes): Discussion on th
importance of surface orientation and the role of the
shape operator in the geometric interpretation of
surface

Quiz 1 (20 minutes): At the end of the session, a sho
quiz will be administered covering the topics studied|
lup to the end of week 3

Recollection and activation of prior knowledge on the
concept of linear transformation. Source: [6], 140-157.

Reading the sections covering the orientation on
surfaces and shape operator on surfaces. Source:
Coursebook, 328-329; 332-334.

Quiz 1: (all topics up to the end of week 3) Source:
Coursebook, 310-334.

Lecture: Computation of the matrix of the shape
operator

In-Class Practice (30 minutes): Finding the matrix o
the shape operator for surfaces given both in implicif]
and parametric form

In-Class Discussion (5 minutes): Discussion on th
change of the matrix of the shape operator with respec
to the choice of basis

Recollection and activation of prior knowledge on the
matrix of a linear transformation. Source: [6], 178-184.
Reading the section covering the matrix computation
of the shape operator. Source: Coursebook, 334-343.

Lecture: Gauss map and fundamental forms

In-Class Practice (30 minutes): Deriving the Gauss|
map of the unit cylinder, finding the shape operator o
the unit sphere and computing its fundamental forms,|
calculating the fundamental forms for an arbitraryj
surface, and obtaining the matrix of the shape operato
through the coefficients of the fundamental forms

In-Class Discussion (5 minutes): Discussion on ho
the relationship between the first and secon
fundamental forms affects the properties of the shape]
operator, and on the geometric interpretation of the first]
and second fundamental forms

Recollection and activation of prior knowledge on the
surface normal and the properties of the shape
operator. Source: Coursebook, 328-329; 332-334.
Reading the sections covering Gauss map and
fundamental forms. Source: Coursebook, 343-349.

Lecture: Normal curvature and Meusnier’s Theorem

In-Class Practice (30 minutes): Computing th
normal curvature in the direction of a given tangen
lvector at point P for surfaces defined bot
parametrically and implicitly.

In-Class Discussion (10 minutes): Discussion on
whether the normal curvature can be computed for anyj

Recollection and activation of prior knowledge on the
tangent vectors of surfaces given by a parametric or an
implicit form. Source: Coursebook, 320-321; 324-326.
Reading the sections covering the concept of normal
curvature and Meusnier’s Theorem.  Source:
Coursebook, 349-351.

Quiz 2: (all topics up to the end of week 6) Source:
Coursebook, 310-351.
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given vector, what kind of information normal
curvature provides about the geometry of the surface,
and the geometric interpretation of Meusnier’s
Theorem.

Quiz 2 (20 minutes): At the end of the session, a sho
quiz will be administered covering the topics studied
up to the end of week 6

[Lecture: Normal Section Curve, Principal Curvatures|
and Principal Vectors, Umbilic Point, and Euler’s
Theorem

In-Class Practice (30 minutes): Using the shap
operator at a chosen point on surfaces defined
[parametrically and implicitly to determine the principal
curvatures and whether the point is umbilic.

In-Class Discussion (5 minutes): Discussion on wh
principal curvatures and their corresponding principall
ivectors play a central role in describing the locall
geometry of a surface, and how they summarize the]
curvature structure of the surface.

Recollection and activation of prior knowledge on the
shape operator for surfaces given by a parametric or an
implicit form. Source: Coursebook, 328-329; 332-343.
Reading the sections covering the normal section
curve, principal curvatures, principal directions,
umbilic point, and Euler’s Theorem.
Source: Coursebook, 352-362.

Midterm 1

Review of all topics covered up to the exam week.

Lecture: Lines of curvature, Gaussian Curvature, mea
Curvature, planar point

In-Class Practice (30 minutes): Computing th
Gaussian curvature and mean curvature for surfaces
given both parametrically and implicitly; examining
whether a given curve on the surface is a line o
curvature

In-Class Discussion (5 minutes): Discussion on th
roles of Gaussian curvature and mean curvature in|
understanding both the local and global geometry of

surface

Recollection and activation of prior knowledge on the
shape operator for surfaces given by a parametric or an
implicit form. Source: Coursebook, 328-329; 332-343.
Reading the sections covering the lines of curvature,
Gaussian curvature, mean curvature and planar point.
Source: Coursebook, 362-379.

10

Lecture: Asymptotic direction, asymptotic curve,|
geodesic curve; geodesic torsion, geodesic curvature,
and normal curvature of curves on a surface

In-Class Practice (30 minutes): Investigating whethe
a given curve on a surface is an asymptotic curve or
geodesic curve, and computing its geodesic torsion,|
geodesic curvature, and normal curvature

In-Class Discussion (10 minutes): Discussion on th
types of surfaces where asymptotic curves appear an
their geometric significance, as well as how geodesic
torsion, geodesic curvature, and normal curvature]
determine the behavior of curves on a surface

Recollection and activation of prior knowledge on the
shape operator for surfaces given by a parametric or an
implicit form. Source: Coursebook, 328-329; 332-343.
Reading the sections covering the asymptotic
directions, asymptotic curves, conjugate directions,
geodesic torsion, geodesic curvature, and normal
curvature of curves on a surface.
Source: Coursebook, 383-390; 414-418; 621.

11

[Lecture: Darboux frame, Dupin indicatrix, and Gauss|
lequation

In-Class Practice (30 minutes): Determining th
Dupin indicatrix at a given point P of a surface to
classify the point, solving problems related to findin,
the Gauss equation on surfaces, and computing the
Darboux frame along a curve on a given surface.

In-Class Discussion (10 minutes): Discussion on th
ceometric meaning of parallel vector fields an
geodesic curves along a curve on a surface.

Quiz 3 (20 minutes): At the end of the session, a sho
quiz will be administered covering the topics studie

up to the end of week 11.

Recollection and activation of prior knowledge on the
Frenet frame of a curve. Source: Coursebook, 173-190.
Reading the sections covering the Darboux frame,
Dupin indicatrix, and covariant derivative in the sense
of Gauss. Source: Coursebook, 418-419; 421-424.
Quiz 3: (all topics up to the end of week 11) Source:
Coursebook, 310-390; 414-424; 621.
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Lecture: Application of the Gauss equation to the
tangent indicatrix
In-Class Practice (30 minutes): Applying the Gauss 1. Recollection and activation of prior knowledge on the
equation to the tchebychev indicatrix for a given curve tangent indicatrix. Source: Coursebook, 254-256.
12 on a surface 2. Reading the sections covering the application of the
Gauss equation to spherical indicatrices. Source:
In-Class Discussion (5 minutes): Discussion o Coursebook, 425.
whether the Gauss equation can also be applied to the
second and third spherical indicatrices.
Lecture: Manifolds: Homeomorphism, topologicall
manifolds, and examples
Ip-Class Practlcg (30 mlnutes): Checl‘qng whethe 1. Recollection and activation of prior knowledge on
given transformations are topological manifolds. . .
13 topolggy and topo_loglcal spaces. Source: [3]. .
In-Class Discussion (10 minutes): Discussion o 2 Readmg the se_ctlons coverll?g homeomorphism and
. . . topological manifolds. Source: [2], 11-17.
which properties homeomorphism preserves and the
existence of spaces that are homeomorphic but have]
different characteristics
Lecture: Coordinate neighborhoods (charts), atlases,|
differentiable structures, and differentiable manifolds
In-Class Practice (45 minutes): Demonstrating tha 1. Recollection and activation of prior knowledge on the
the unit circle and the unit sphere are differentiable] inverse and derivative of multivariable functions.
manifolds Sources: [1], 241-246. [4], 169-170.
2. Reading the sections covering the coordinate
14 In-Class Discussion (5 minutes): Discussion on th neighborhood (chart), atlas, differentiable structure,
advantages of differentiable manifolds compared to| and differentiable manifolds. Source: [2], 18-30.
topological manifolds 3. Quiz 4: (all topics up to the end of week 14)
Sources: Coursebook, 310-390; 414-425; 621. [2], 11-
Quiz 4 (20 minutes): At the end of the session, a sho 30
quiz will be administered covering the topics studied|
up to the end of week 14
Lecture: Computer-aided applications
In-Class Practice (30 minutes): Plotting variou
surfaces (such as cylinder, hyperboloid, and sphere)
zzgll% iﬁg:’are and applications like Matlab, Maple, 1. Learning the basic features of one of the software tools
15 ython. such as Matlab, Maple, or Python to be used in the
In-Class Discussion (5 minutes): Discussion on ho course.
using computer-aided applications contributes to
better understanding of the differential geometry 2|
course
16 Final Review of all topics covered.

ECTS WORKLOAD TABLE

Activities

Duration Total Workload

(Hour)

Course Hours

3 42

| Number
| e |

Laboratory

Application

Field Work

Study Hours Out of Class

|« |

Special Course Internship (Work Placement)

Homework Assignments
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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):
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P g-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  uygulamalarimni
agiklayabileceklerdir. / 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

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

applications.

P Q-Z Matematik alanindaki
teorik ve uygulamali
bilgilerini ve matematiksel
diisiinme becerilerini
kullanarak standart ve
karmagik matematiksel

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

I~
1w
I~
I~
I~
I
I
£

skills.

PS ‘-3 Matematik alanindaki
teorik ve uygulamali
bilgilerini ve matematiksel
diisiinme 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.

1
I~
I~
I~
I~
19)]
19)]
I
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Pg;-4 Disiplinlerarast bir

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

1
1%
1%
1w
1w
I
19}
19

P Q-S Matematik alaninda

edinkesleri bilgi birikimlerini
ve matematiksel diisiinme
becerilerini, teorik matematik,
yazilim, finans ve yOnetim
matematigi, biyomatematik,
veri bilimi ve finansal
istatistik ~ yontemleri  gibi
disiplin-i¢i ve disiplinlerarasi
uzmanlik alanlarmda
gelistirebileceklerdir. /
Advance  their  acquired
knowledge in mathematics
and mathematical thinking
skills in both disciplinary and
interdisciplinary — areas  of
specialisation such as pure
mathematics, software,
financial and  managerial
mathematics, biomathematics,
data science, and financial
statistical methods.

1)
I~
I~
I~
I~
[0)]
[0)]
[0)]

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

I~
I~
I~
I
I~
I
19
19)]

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 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 | = - - - - - - -
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aragtirmalarin1 ve  mesleki
faaliyetlerini yiiriitiirken
dogabilecek hukuksal
sonuglari ve toplumsal etkileri
dikkate alarak mesleki etik
ilkeler, kalite standartlari ile
evrensel degerler
dogrultusunda  ve  sosyal
sorumluluk bilinci ve adalet
duygusuyla hareket
edebileceklerdir. / Act with a
sense of social responsibility
and justice and in accordance
with  professional  ethical
principles, quality standards,
and universal values by taking
into account potential legal
and societal consequences of
their scientific research and
professional activities.

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

1
1
1
1
1
1
1
1

PS:-IO Matematik alaninda

giivenilir bilgi kaynaklarina
ulasarak literatiir taramasi
yapabilecek ve akademik

aragtirma tasarlayip
ylriitebileceklerdir. / Access - - - - - - - -
reliable sources of

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

PS ;-1 1 Matematiksel

konular1, 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.

I~
I~
I~
I~
I~
[°N
[°N
[°N
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