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DERSIN AMACI

Bu dersin amaci, dgrencilerin E*2 Oklid diizleminde ve E*3 Oklid uzaymda tanimlanan
egrileri anlamalarina yardimer olmak ve yiizeylerin yerel ve global diferansiyel geometrik
ozelliklerini kesfetmelerini saglamaktir. Ders, diferansiyel formlar, egriler ve bu yiizeyler
iizerindeki déniisiimlerle ilgili temel kavramlari incelemektedir. Ders; Oklid uzaymnda
diferansiyellenebilir fonksiyonlari, diizlem ve uzay egrilerini, Oklid uzayinda diferansiyel
formlari, sekil operatoriinii ve matrisini, temel formlari, normal egriligi, Gauss egriligini,
ortalama egriligi, umbilik noktalari, asli egrilikleri, asli dogrultulari, egrilik ¢izgilerini, flat
noktalar1 ve asimptotik egrileri ve ayrica Gauss—Bonnet Teoremi’ni agiklamaktadir. Bunun
yaninda 06zel yiizey tiirleri (kiireler, silindirler, koniler, kanal yiizeyler, donel yiizeyler,
minimal yiizeyler, torus, sabit egrilikli yiizeyler, regle yiizeyler ve paralel yiizeyler)
bilgisayar destekli uygulamalarla incelenmektedir. Ders, Ogrencilerin teorik bilgileri
geometrik gorsellestirmeler ve yazilim destekli yontemlerle birlestirerek analiz ve problem
¢O0zme becerileri kazanmalarin1 amaglamaktadir.

DERSIN iCERiGi

Oklid uzay1 ve diferansiyellenebilir fonksiyonlar; diizlemsel ve uzaysal egriler teorisi; Oklid
uzayinda diferansiyel formlar ve déniisiimler altinda incelenmesi; E*3 Oklid uzayinda
yiizeyler teorisi: sekil operatorii ve matrisi, yilizeyin normal egriligi, umbilik nokta, temel
formlar, asli egrilik, asli vektor, Gauss egriligi, ortalama egrilik, egrilik ¢izgisi, flat nokta,
asimptotik egri, ylizey iizerinde egriler teorisi; yiizeylerin global ozellikleri; yiizey
doniisiimleri ve yiizey {izerinde diferansiyel formlar; Gauss-Bonnet Teoremi; Oklid uzayinda
ozel ylizeyler: kiire ylizeyi, silindir yiizeyi, koni yiizeyi, kanal yiizeyleri, minimal yiizeyler,
donel ylizeyler, tor ylizeyi, sabit egrilikli yiizeyler, regle yiizeyler, paralel yiizeyler.
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DERS KiTABI / MALZEMESI /
ONERILEN KAYNAKLAR

Ders Ogrenim Ciktilar:

Ders Kitabi:

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

2024.

Zorunlu Kaynaklar:

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

[2] Hacisalihoglu, H. Hilmi. Diferansiyel Geometri 2. Ankara, 2012.

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

[4] Thomas, George B., Weir, Maurice D. ve Hass, Joel R. Thomas Kalkiiliis. 12. bask, cilt
1, Pearson, 2013.

[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:

O'Neill, Barrett. Elementary Differential Geometry. Academic Press, Inc. 1966.
Bu dersi bagariyla tamamlayan dgrenciler,

1. E* Oklid uzaymin temel yapismi ve bu uzayda tanimli diferansiyellenebilir
fonksiyonlari ifade edebileceklerdir.

Oklid uzayinda diferansiyel formlar ve doniisiimleri; yiizey iizerindeki degisimleri
aciklayabileceklerdir.

Yiizeylerin parametrik veya kapali denklemle ifade edilen yiizeylerin yerel
geometrisini teget diizlem, normal vektér ve sekil operatorii gibi kavramlar
araciligiyla yorumlayabileceklerdir.

Temel formlari, yiizey iizerindeki egrilik tiirlerini (normal egrilik, Gauss egriligi,
ortalama egrilik); umbilik nokta, flat nokta, asimptotik egri ve egrilik ¢izgileri gibi
yapilari agiklayabileceklerdir.

Yiizey tizerinde tanimli egrileri ve 6zelliklerini ifade edebileceklerdir.

Yiizeylerin global ozelliklerini, yilizey donisiimlerini, yilizey tizerindeki
diferansiyel formlar1 ve geometrik etkilerini analiz edebileceklerdir.

Gauss-Bonnet Teoremi’ni ifade ederek bu teoremin yiizeylerin global/topolojik
ozelliklerine etkisini yorumlayabileceklerdir.

Kiire, silindir, koni, kanal, donel, minimal, tor, regle, sabit egrilikli ve paralel
ylizeyler gibi 6zel ylizeylerin 6zelliklerini bilgisayar destekli araglar araciligiyla
inceleyebileceklerdir.

DEGERLENDIRME SiSTEMI

Say1 Katki Pay1

Kisa Smavlar/Stiidyo Kritigi (Zorunlu):
e icerik: Ilgili smav haftasina kadar islenen konularm tiimiinii
kapsayan kapsamli sorularin sorulmasi

(Form No: FR-0315; Revizyon Tarihi: 02.07.2015; Revizyon No:04) Sayfa: 2/16



e  Format: Yiiz yilize. Coktan se¢meli kisa siav (20-25 dakika)

e  Detayl Degerlendirme Kriterleri:

-Dersin temel kavramlarinin anlagildiginim gosterilmesi

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

-Derste islenen teorik konular ile ilgili problemleri ¢6zebilme 4 %20
| Odev | |
| Sunum/Jiiri H H
| Proje | |
| Seminer/Workshop H H
Ara Sinavlar (Zorunlu):
e icerik: Smav haftasma kadar islenen konularin tiimiinii 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

HAFTALIK KONULAR VE iLGILi ON HAZIRLIK CALISMALARI

HAFTALAR KONULAR On Hazirhik
Afin uzayi, i¢ carpim uzaylar1 ve R”n
Konu Anlatimi:  Oklid uzayr ve diferansiyellenebilix zerindeki i¢ carpim fonksiyonu, tek ve ¢o

fonksiyonlar; diizlemsel ve uzaysal egriler teorisi

Simif-i¢ci Uygulama (30 dk.): Belirli bir fonksiyonun segilen bir
noktada diferansiyellenebilir olup olmadigmin arastirilmasi,
iverilen diizlemsel ve uzaysal egrilerin Frenet vektorlerinin ve

degiskenli fonksiyonlarda tiirev, siireklili
ve parametrik fonksiyon kavramlarina
iligkin 6n bilgilerin hatirlanmast  ve
etkinlestirilmesi. Kaynaklar: [7], 2-5. [6],
46-48. [4], 73-84; 102-149. [5], 610-627;

1 sriliklerinin hesapl 747-484.
certikierinin hesaplanmast Oklid  uzayi, diferansiyellenebili
Simif-i¢ci Tartisma (10 dk.): Diizlemsel egrilerle uzaysal egriler fonk.S}yonlar, duzlemse.l ve uzaysa lnegrllfe
. . teorisi  konularim1  igeren  boliimleri
arasinda hangi temel farklarin ve geometrik olarak nasil ayirt . . |
edebileceginin tartigilmas! okunmasi. Kaynaklar: Ders Kitabi, 6-10;
14-21; 23-57; 62-70; 72-73; 76-79; 81-99;
128-170; 173-190; 222-225; 227-231. [1],
Boliim 1-7:1-229.
Konu Anlatimi: Oklid uzayinda diferansiyel formlar ve Determinant; kismi tiirevler, zincir kurali,|
doniistimler altinda incelenmesi tirev donligimii, Jacobian matrisi ve
2 determinanti; kartezyen koordinatlarda

Sinif-ici Uygulama (30 dk.): Verilen iki tane 1-formun alterne]

carpimimin hesaplanmasi, diferansiyel form elde edilmesi ve|

kutupsal silindirik, kiiresel koordinatlara
doniisiim kavramlarina iligkin 6n bilgileri
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doniisiim altinda incelenmesi

Smif-ici Tartisma (5 dk.): Verilen bir fonksiyondan nasil
diferansiyel form elde dileceginin tartigilmasi ve doniisiim|
altindaki yorumu

hatirlanmasi ve etkinlestirilmesi.

Kaynaklar: Ders Kitabi, 81-100; 314-315|
[6], 233-239. [5], 764-484; 853-856; 875-
883.
Oklid uzaymda diferansiyel formlar ve
doniigiimler altinda incelenmesi konularini
iceren boliimlerin okunmasi. Kaynak: Ders|
Kitabi, 100-116; 119-125.

Konu Anlatimi: E~3 Oklid uzayinda yiizeyler teorisi: sekil
operatOril ve matrisi

Simif-ici Uygulama (30 dk): Hem kapali hem de parametrik|
formda verilen yiizeyler i¢in sekil operatoriiniin tanimlanmasi ve|
matrisinin bulunmasi

Smif-ici Tartisma (10 dk.): Sekil operatoriiniin matrisinin baza|
lgbre degisiminin tartigilmast

IKisa Sinav 1 (20 dk.): Ders sonunda, 1. ve 2. hafta derste islenen|
konular1 igeren bir kisa sinavin yapilmast

Bir vektor alanmnm diger vektoér alanimn
gore kovaryant tiirevi, ylizey tizerinde biri
normal vektdr alani; R”3 uzaymnda ig
carpimin  Ozellikleri ve lineer doniisiime]
karsilik gelen matris kavramlarina iliski
6n bilgilerin hatirlanmast ve
etkinlestirilmesi. Kaynaklar: Ders Kitabu,|
44-49; 322-325. [6], 46-48; 179-185.
Yiizeyler teorisi, sekil operatdrii ve matrisi
konularin1 igeren boliimlerin  okunmasi.
Kaynaklar: Ders Kitabi, 310-329; 332-342
[1],385-431.

Kisa Smav 1: (Oklid uzay1 ve
diferansiyellenebilir fonksiyonlar;
diizlemsel ve uzaysal egriler teorisi, Okli
uzaymda diferansiyel formlar, doniigiimii
diferansiyel formlara uygulanmast)
Kaynak: Ders Kitabi, 6-190; 222-231.

IKonu Anlatimi: Yiizeyin normal egriligi, umbilik nokta, temel
formlar, asli egrilik, asli vektorler, gauss egriligi ve ortalamal
egriligi

Sinif-ici Uygulama (30 dk): Hem kapali hem de parametrik
formda verilen ylizeyler i¢in herhangi bir teget vekton
dogrultusundaki normal egriliginin bulunmasi, yilizeyin Gauss|
egriligi ve ortalama egriliginin hesaplanmasi ve temel formlarin|
elde edilmesi

Sinif-ici Tartisma (10 dk.): Gauss egriligi ve ortalama egriligin|
iylizeyin lokal ve global geometrisini anlamadaki rollerinin|
tartisilmast

Bir ylizeyin sekil operatorii matrisinin;
vektorel ve i¢ ¢arpimin, bazlar arasindaki
gecis matrisi  kavraminin; bir matrisin|
determinantinin, izinin, 6z degerlerinin v
6z vektorlerinin bulunmasi kavramlarin
iliskin 6n bilgilerin hatirlanmas1  ve
etkinlestirilmesi. Kaynaklar: Ders Kitab,
334-343. [6], 46-48; 128-129; 233-238;
246-247, 294-306.

Yiizeyin normal egriligi, umbilik nokta,
temel formlar, asli egrilik, asli vektorler,)
gauss egriligi ve ortalama egriligi
konularini igeren boliimlerin  okunmast.
Kaynak: Ders Kitabi, 345-361; 367-383.

Konu Anlatimi: Egrilik ¢izgisi, flat nokta, asimptotik egri ve
eslenik dogrultu

Smif-i¢ci Uygulama (30 dk.): Hem kapali hem de parametrik
formda verilen yiizeyler igin ylizey iizerinde verilen bir egrinin|
yiizey Uzerinde bir egrilik cizgisi veya asimptotik egri olup
olmadiginin arastirilmasi

Smif-ici Tartisma (10 dk.): Asimptotik egrilerin hangi yiizey|
tiirlerinde ortaya ¢iktiginin ve geometrik anlamlarinin tartigilmast

fc carpim fonksiyonunun &zelliklerinin,
temel form kat sayilarinin, asli vektor,
birim normal vektér alam kavramlarin
iligkin 6n bilgilerin hatirlanmast  ve
etkinlestirilmesi. Kaynaklar: Ders Kitab,
334-343; 345-349; 354-361. [6], 46-48.
Egrilik ¢izgisi, flat nokta, asimptotik egri
ve eslenik dogrultu konularini igeren|
bolimlerin okunmasi. Kaynak: Ders Kitabu,)
362-366; 383-389.

IKonu Anlatimi: Yiizey {izerinde egriler teorisi; ylizey lizerinde
egriler teorisi i¢in bilgisayar destekli uygulamalar

Simif-i¢ci Uygulama (30 dk.): Hem kapali hem de parametrik
formda verilen yiizeyler i¢in yiizey iizerinde verilen bir egrinin
igeodezik egri olup olmadiginin incelenmesi ve egrinin geodezik
burulmasi, geodezik ve normal egriliklerinin hesaplanmasi

Siif-ici Tartisma (15 dk.): Geodezik burulma, geodezik egrilik]
ive normal egrilik kavramlarinin yiizey {izerindeki egrilerin|
davranigint  nasil  belirlediginin ve uygulama alanlarmin|
tartisilmast

Kisa Smav 2 (20 dk.): Ders sonunda, 3. 4. ve 5. hafta derste
islenen konulari igeren bir kisa sinavin yapilmasi

E~3 Oklid uzayinda egriler teorisine iliskin
on bilgilerin hatirlanmast vej
etkinlestirilmesi. Kaynak: Ders Kitabi, 173-
228.

Yiizey tlzerinde egriler teorisini igeren|
boliimlerin okunmasi. Kaynak: Ders Kitabu,|
392-406; 414-419.

Kisa Smav 2: (E*3 Oklid uzaymnd
yiizeyler teorisi: sekil operatorii ve matrisi,
Yiizeyin normal egriligi, umbilik nokta,
temel formlar, asli egrilik, asli vektorler,
gauss egriligi ve ortalama egriligi, Egrilik
cizgisi, flat nokta, asimptotik egri ve]
eslenik dogrultu) Kaynak: Ders Kitabu,|
310-390.

IKonu Anlatimi: Yiizeylerin global 6zellikleri; ylizey
doniisiimleri; yiizey lizerinde diferansiyel formlar

Smif-i¢ci Uygulama (30 dk.): Verilen bir yiizey doniisiimiiniin

Sekil operatériiniin tanimi, Gauss egriligi,
umbilik nokta, tiirev doniisiimii ve matris|
ifadesi, bir dontsiimiin lineerligi  ve
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tirev doniisimii ve matrisinin hesaplanmasi ve bu doniisiimiin|
diffeomorfizm olup olmadiginin arastirilmasi, yiizey iizerindeki
diferansiyel formlara dair ¢esitli 6rnekler

Smif-ici Tartiyjma (15 dk.): Diferansiyel formun kendisi
doniisiimle degisse de bazi integrallerin degismemesinin neyin|
lgostergesi oldugunun ve bu tiir degismezliklerin ne ise yaradiginin|
tartisilmast

bileneerligi, alterne ve anti simetri
fonksiyon kavramlarinin ve diferansiyel
formlarin  &zelliklerinin  hatirlanmasi  ve
etkinlestirilmesi. Kaynaklar: Ders Kitabi,
81-100; 100-116; 119-225; 332-343; 354
358; 367-370. [6], 220-222.

Yiizeylerin  global  ozellikleri, yiize
doniisiimleri ve yiizey ilizerinde diferansiyel
formlar konularmi igeren  boliimleri
okunmasi. Kaynak: Ders Kitabi, 426-428;
444-465.

|Ara Simmav 1

Siav haftasina kadar islenen konulart
tiimiiniin tekrar edilmesi

IKonu Anlatimi: Gauss-Bonnet Teoremi

Smif-ici Uygulama (30 dk.): Birim kiirenin Euler
karakteristiginin Gauss-Bonnet Teoremi yardimi ile bulunmast ve
cesitli ornekler

Sinif-ici Tartisma (10 dk.): Gauss-Bonnet Teoremi’ne gore:
Euler karakteristigi sabit kaldig1 siirece, yiizeyin nasil biikiiliirse|
biikiilsiin toplam Gauss egriliginin degismez, bunun ne ifade
ettiginin ve bu 6zelligin dneminin tartigiimasi

Baglilik, yonlenebilirlik, kompaktlik, si
kavrami, Euler karakteristigi gibi topoloji
kavramlara iligkin 6n bilgilerin hatirlanmasi
ve etkinlestirilmesi. Kaynak: [3].

Gauss-Bonnet Teoremi konusunu igere
bolimiin  okunmasi. Kaynaklar: Ders|
Kitabi, 474-480. [1], 901-922.

10

Konu Anlatimi: Oklid uzayinda 6zel yiizeyler iizerine bilgisayar|
destekli uygulamalar: kiire yiizeyi, silindir yiizeyi, koni yiizeyi,|
kanal ylizeyleri

Simif-i¢ci Uygulama (60 dk.): Bilgisayar ortaminda kiirenin,
silindirin, koni yiizeyinin ve kanal ylizeyinin 3D modelinin|
cizdirilmesi; kiirenin, silindirin, koni ylizeyinin ve kanal yiizeyinin|
Gauss ve ortalama egriliklerinin hesaplanmasi, bu egriliklerin|
lylizeyin noktalarindaki degisiminin incelenmesi. Kiirenin tiim
noktalar1 i¢in Gauss egriliginin ayni oldugunun sekil lizerinden de
lgbsterilmesi

Smif-i¢i Tartisma (10 dk.): Koninin tepe noktasinda diferansiyel
geometrik biiyiiklillerin neden tanimsiz oldugunu nasil agiklani
tartisilmast

Matlab, Maple, Mathematica veya Python|
dillerinin birisi kullanilarak kiire, silindir,
koni, kanal yiizeylerinin ¢izimine dai
yapilacak uygulamanin kodlarinim|
hazirlanmasi ve 6rneklendirilmesi.

Kiire yiizeyi, silindir ylizeyi, koni yiizeyi ve
kanal  yiizeyleri  konularim1  igeren
boliimlerin okunmasi. Kaynaklar: [7], 261
266. [1], 639-683.

11

Konu Anlatimi:  Yiizeyler {izerine bilgisayar destekli
uygulamalar: minimal yiizeyler, donel yiizeyler

Sinif-ici Uygulama (30 dk.): GeoGebra veya benzeri yazilimlaj
donel bir ylizey olusturulmasi ve bu ylizeyin hangi noktalarinda]
Gauss egriliginin maksimum oldugunun belirlenmesi. Minimal bir
ylizey secilerek bilgisayar ortaminda ¢izdirilmesi ve geometrik
6zelliklerinin incelenmesi

Simif-i¢i Tartisma (10 dk.): Minimal yiizeylerin ortalama egriligi
neden her noktada sifir oldugunun ve bu neyi ifade edeceginin|
tartisilmast

Kisa Smav 3 (20 dk.): Ders sonunda, 10. hafta derste islenen|
konular1 igeren bir kisa sinavin yapilmast

Matlab, Maple, Mathematica veya Python
dillerinin birisi kullanilarak minimal ve
donel bahsedilen yiizeylerin ¢izimine dai
yapilacak uygulamanin kodlarm

hazirlanmasi ve drneklendirilmesi.

Minimal yiizeyler ve donel yiizeyle
konularin1 igeren boéliimlerin - okunmasi.
Kaynak: Ders Kitab1, 512-514; 522-523. [7],
267-271.

Kisa Sinav 3: (kiire yiizeyi, silindir yiizeyi,
koni ylizeyi ve kanal yiizeyleri) Kaynaklar:
[71,261-266. [1], 639-683.

12

Konu Anlatimi: Yiizeyler iizerine bilgisayar destekli]
uygulamalar: tor ylizeyi

Simif-i¢i Uygulama (30 dk.): Bilgisayar ortaminda tor yiizeyinin|
parametrik denklemleri ile 3D modelinin c¢izilmesi ve kiigiik
yarigapin  degisimiyle torun seklinin nasil  degistigini
lgdzlemlenmesi

Sinif-i¢ci Tartisma (5 dk.): Tor ylizeyinin iizerinde tiim noktalarin|
Gauss egriliginin ayn1 olup olmadigmin ve bazi bélgelerde pozitif,
bazi bolgelerde negatif olma sebeplerinin tartisilmasi

Matlab, Maple, Mathematica veya Python
dillerinin birisi kullanilarak tor yiizeyini
¢izimine dair yapilacak uygulamanin
kodlarinin hazirlanmasi Vel
orneklendirilmesi.

Tor yiizeyi konusunu igeren bdliimiin|
okunmasi. Kaynak: Ders Kitabi, 546. [7],
272.

13

Konu Anlatimi:  Yiizeyler {izerine bilgisayar destekli
uygulamalar: sabit egrilikli yiizeyler

Matlab, Maple, Mathematica veya Python
dillerinin birisi kullanilarak sabit egrilikli
ylizeyin ¢izimine c¢izimine dair yapilaca
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Simif-ici Uygulama (30 dk): Bir kiire (pozitif sabit egrilik),
diizlem (sifir egrilik) ve hiperboloid (negatif sabit egrilik)
ylizeylerinin ~ parametrik  denklemlerini  kullanarak  Gauss
egriliklerini bilgisayar yazilimi ile hesaplanmasi

Smif-ici Tartisma (5 dk.): Sabit pozitif, sabit sifir veya sabit]
negatif ~ Gauss  egriligine  sahip yiizeylerin  geometrik|
farkliliklarinin tartigiimasi

uygulamanin kodlarinin hazirlanmasi ve]
orneklendirilmesi.
Sabit egrilikli yiizeyler konusunu igere
bolimiin okunmasi. Kaynaklar: [1], 4414
501. [2], Boliim 3.

Konu Anlatimi:  Yiizeyler {izerine bilgisayar destekli
uygulamalar: regle ytizeyler

Simif-ici Uygulama (30 dk.): Bilgisayar ortaminda silindir, koni,
helikoid ve hiperboloid ¢izdirilerek bu yiizeylerin regle yiizey|
oldugunun gosterilmesi ve geometrik olarak yorumlanmasi

Matlab, Maple, Mathematica veya Pytho
dillerinin birisi kullanilarak regle yiizeyi
¢izimine dair yapilacak uygulamanin|
kodlarinin hazirlanmasi Vel
orneklendirilmesi.

14 - T i .. Regle ylizeyler konusunu iceren bolimiin
rselg;ef_;%:n:;rgil:lniéi 211:1 ;.ollarlria}(;lllglerilr? tzzir;g;;iam bolgelerinin okunmasi. Kaynaklar: Ders Kitabi, 524-545.,
[1],431-461. [2], Bolim 2.
Kisn S 4 G0 ky: Ters i sty S (T 500 180 (55 i) Kokl
learning) yontemi g¢ergevesinde, ders basinda, 6grenciye verilen| s
. . . . Boliim 2.
on hazirhk gorevinde yer alan konulari igeren bir kisa sinavin|
ap1lmasi
Matlab, Maple, Mathematica veya Python
Konu Anlatimi:  Yiizeyler {izerine bilgisayar destekli dillerinin birisi kullanilarak paralel yiizeyi
uygulamalar: paralel yilizeyler ¢izimine ¢izimine dair yapilaca
15 uygulamanmn kodlarmin hazirlanmast ve|
Sinif-ici Uygulama ve Tartisma (30 dk.): Kiire yiizeyine belirli orneklendirilmesi.
bir mesafede paralel yiizey cizdirilerek Gauss egriliginin nasil Paralel yiizeyler konusunu igeren bolimii
degistigi gbzlemlenmesi okunmasi. Kaynaklar: Ders Kitabi, 515-521,
[2], Boliim 3.
16 [Final Islenen konularim tiimiiniin tekrar edilmesi

AKTS iSYUKU TABLOSU

Etkinlikler Siiresi
(Saat)

Toplam Isyiikii

Ders Saati: 3

42

Laboratuar

Uygulama

Arazi Calismasi

Simif Dis1 Ders Calismasi

Derse Ozgii Staj

Odev

Kiiciik Smavlar/Stiidyo Kritigi

Projeler

Sunum / Seminer

Ara Smavlar (Simav Siiresi + Smmav
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

Surface Theory

CODE

MAT4370

LOCAL CREDIT

3

ECTS

LECTURE HOUR / WEEK

PRACTICAL HOUR / WEEK

LABORATORY HOUR / WEEK

PREREQUISITE

None

SEMESTER

Fall, Spring

COURSE LANGUAGE

English, Turkish

LEVEL OF COURSE

First Cycle

COURSE TYPE

Elective @ 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)

COURSE OBJECTIVES

This course aims to help students develop an understanding of curves defined in the
Euclidean plane E*2 and the Euclidean space E*3, and to explore the local and global
differential geometric properties of surfaces. The course examines fundamental concepts
related to differential forms, curves, and transformations on these surfaces. The course
explain the concepts of differentiable functions in Euclidean space, planar and space
curves, differential forms in Euclidean space, the shape operator and its matrix,
fundamental forms, normal curvature, Gaussian curvature, mean curvature, umbilic
points, principal curvatures, principal directions, lines of curvature, flat points, and
asymptotic curves; and the Gauss—Bonnet Theorem. In addition, special types of
surfaces—such as spheres, cylinders, cones, canal surfaces, surfaces of revolution,
minimal surfaces, torus, constant curvature surfaces, ruled surfaces, and parallel
surfaces—are studied through computer-aided applications. The course aims to equip
students with the ability to analyze and solve problems by integrating theoretical
knowledge with geometric visualizations and software-supported methods.

COURSE CONTENT

Euclidean space and differentiable functions; theory of planar and space curves;
differential forms in Euclidean space and their behavior under transformations; theory of
surfaces in E*3 Euclidean space: shape operator and its matrix, normal curvature of a
surface, umbilical points, fundamental forms, principal curvatures, principal directions,
Gaussian curvature, mean curvature, lines of curvature, flat points, asymptotic curves,
theory of curves on surfaces, global properties of surfaces; surface transformations and
differential forms on surfaces, Gauss—Bonnet Theorem; special surfaces in Euclidean
space: sphere, cylinder, cone, canal surfaces, minimal surfaces, surfaces of revolution,
torus, surfaces of constant curvature, ruled surfaces, parallel surfaces.
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Coursebook:

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

Publishing, 2024.

Required Readings:

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

RECOMMENDED OR REQUIRED [2] Hacisalihoglu, H. Hilmi. Diferansiyel Geometri 2. Ankara, 2012.

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

[4] Thomas, George B., Weir, Maurice D. and Hass, Joel R. Thomas Kalkiiliis. 12th ed.,
vol. 1, Pearson, 2013.

[S] 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 Akademi Publishing, 2025.

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

O'Neill, Barrett. Elementary Differential Geometry. Academic Press, 1996.

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

1. Express the fundamental structure of E*3 Euclidean space and differentiable
functions defined on it.

Explain differential forms and their transformations in Euclidean space, and
changes on surfaces.

Interpret the local geometry of surfaces defined parametrically or implicitly
through concepts such as tangent planes, normal vectors, and the shape
operator.

Explain the fundamental forms, different types of curvature on surfaces
Course Learning Outcomes (normal curvature, Gaussian curvature, mean curvature), and structures such as
umbilical points, flat points, asymptotic curves, and lines of curvature.

Express curves defined on surfaces and their properties.

Analyse global properties of surfaces, surface transformations, and differential
forms on surfaces and their geometric implications.

Interpret the Gauss—Bonnet Theorem and its impact on the global and
topological properties of surfaces.

Examine the properties of special classes of surfaces—including spheres,
cylinders, cones, canal surfaces, surfaces of revolution, minimal surfaces, torus,
ruled surfaces, surfaces of constant curvature, and parallel surfaces via
computer-based tools.

EVALUATION SYSTEM

| Activities Number Percentage of Grade

‘ Attendance/Participation H H

‘ Application H H

| Field Work H H

Special Course Internship (Work Placement)
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Quizzes/Studio Critics (Required):

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

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

Detailed Assessment Criteria:

-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 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 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 written 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: Euclidean space and differentiable functions;
theory of planar and space curves

In-Class Practice (30 minutes): Investigating whethe
1 a given function is differentiable at a selected point,|
and calculating the Frenet vectors and curvatures o
given planar and space curves

In-class Discussion (10 minutes): Discussion on th

Recollection and activation of prior knowledge on the
concepts of affine space, real inner product space,
derivatives and continuity in single- and multivariable
functions, and parametric functions. Sources: [7], 2-5.
[6], 46-48. [4], 73-84; 102-149. [5], 610-627; 747-484.
Reading the sections covering Euclidean space,
differentiable functions, and the theory of plane and
space curves. Sources: Coursebook, 6—10; 14-21; 23—
57; 62-70; 72-73; 76-79; 81-99; 128-170; 173-190;
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fundamental differences between planar and space
curves, and how they can be distinguishe
geometrically

222-225;227-231. [1], Chapter 1-7: 1-229.

Lecture: Differential forms in Euclidean space an
their study under transformations

In-Class Practice (30 minutes): Computing the wedg
product of two given 1-forms, obtaining a differential
form, and examining it under a transformation

In-class Discussion (5 minutes): Discussion on how to|
obtain a differential form from a given function and its
interpretation under transformations

Recollection and activation of prior knowledge on the
concepts of the determinants and matrix operations;
partial derivatives, the chain rule, the Jacobian matrix
and determinant; and transformations from cartesian
coordinates to polar, cylindrical, and spherical
coordinates. Sources: Coursebook, 81-100; 314-315.
[6], 233-239. [5], 764-484; 853-856; 875-883.

Reading the sections covering differential forms in
Euclidean space and the application of transformations
to differential forms. Source: Coursebook, 100-116;
119-125.

Lecture: Theory of surfaces in E*3 Euclidean space:
Shape operator and its matrix

In-Class Practice (30 minutes): Defining the shape]
operator and finding its matrix for surfaces given both
in implicit and parametric forms

In-class Discussion (10 minutes): Discussion on ho
the matrix of the shape operator changes with respec
to the choice of basis

Quiz 1 (20 minutes): At the end of the lesson, a sho
quiz covering the topics studied in weeks 1, and 2 will
be administered.

Recollection and activation of prior knowledge on the
concepts of the covariant derivative of a vector field
with respect to another vector field; the unit normal
vector field on a surface; the properties of the inner
product in R”3; and the matrix corresponding to a
linear transformation. Sources: Coursebook, 44-49;
322-325.[6], 46-48; 179-185.

Reading the sections covering the theory of surfaces,
the shape operator, and its matrix. Sources:
Coursebook, 310-329; 332-342. [1], 385-431.

Quiz 1: (Euclidean space and differentiable functions;
theory of planar and space curves, differential forms in
Euclidean space, application of transformations to
differential forms) Source: Coursebook, 6-190; 222-
231.

[Lecture: Normal curvature of a surface, umbilic point,|
fundamental forms, principal curvatures, principal
directions, Gaussian curvature, and mean curvature

In-Class Practice (30 minutes): For surfaces given in|
both implicit and parametric forms, computing the
normal curvature in the direction of an arbitrary tangent]
Ivector, calculating the Gaussian and mean curvatures|
of the surface, and obtaining the fundamental forms

In-class Discussion (10 minutes): Discussion on th
roles of Gaussian curvature and mean curvature in|
understanding the local and global geometry of
surface

Recollection and activation of prior knowledge on the
concepts of the matrix of a surface’s shape operator;
the cross product and inner product, and the concept of
the change-of-basis matrix; and computing a matrix’s
determinant, trace, eigenvalues, and eigenvectors.
Sources: Coursebook, 334-343. [6], 46-48; 128-129;
233-238;246-247, 294-306.

Reading the sections covering fundamental forms,
normal curvature, principal curvatures, principal
directions, and umbilic points. Source: Coursebook,
345-361; 367-383.

Lecture: Line of curvature, flat point, asymptotic]
curve, and conjugate direction

In-Class Practice (30 minutes): Investigating whethe
a given curve on a surface defined either implicitly o
parametrically is a line of curvature or an asymptotic
curve

In-class Discussion (10 minutes): Discussion on th
types of surfaces where asymptotic curves occur an
their geometric significance

Recollection and activation of prior knowledge on the
concepts of the properties of the inner product
function; the coefficients of the fundamental forms;
and the concepts of the principal vector and the unit
normal vector field. Sources: Coursebook, 334-343;
345-349; 354-361. [6], 46-48.

Reading the sections covering the line of curvature, flat
point, asymptotic curve, and conjugate direction.
Source: Coursebook, 362—-366; 383-389.

Lecture: Theory of curves on surfaces; computer-aide:
applications for the theory of curves on surfaces

In-Class Practice (30 minutes): Examining whether
given curve on a surface (defined in both implicit and
[parametric form) is a geodesic curve, and computing its|
geodesic torsion, geodesic curvature, and normall
curvature

In-class Discussion (15 minutes): Discussion on ho
the concepts of geodesic torsion, geodesic curvature,
and normal curvature determine the behavior of curves
on surfaces and their applications

Recollection and activation of prior knowledge on the
concepts of the theory of curves in Euclidean 3-space,
E”3. Source: Coursebook, 173-228.

Reading the sections covering the theory of curves on
surfaces. Source: Coursebook, 392-406; 414-419.
Quiz 2: (theory of surfaces in E*3 Euclidean Space:
shape operator and its matrix, normal curvature of a
surface, umbilic point, fundamental forms, principal
curvatures, principal directions, Gaussian curvature,
and mean curvature line of curvature, flat point,
asymptotic curve, and conjugate direction) Sources:
Coursebook, 310-390.
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Quiz 2 (30 minutes): At the end of the lesson, a sho
quiz covering the topics studied in weeks 3, 4, and 5
will be administered

Lecture: Global properties of surfaces, surface]
transformations, and differential forms on surfaces

In-Class Practice (30 minutes): Computing th
derivative transformation and its matrix for a given
surface transformation, investigating whether this
transformation is a diffeomorphism, and working]
through various examples of differential forms on
surfaces

In-class Discussion (15 minutes): Discussion on wha
it indicates that, although a differential form itsel
changes under a transformation, some integrals remain
unchanged, and the significance of such invariants

Recollection and activation of prior knowledge on the
concepts of the definition of the shape operator;
Gaussian curvature; the umbilic point; the differential
(derivative) of a transformation and its matrix
representation; the linearity and bilinearity of a
transformation; the concepts of alternating and
antisymmetric functions; and the properties of
differential forms. Sources: Coursebook, 81-100; 100-
116; 119-225; 332-343; 354-358; 367-370. [6], 220-
222.

Reading the sections covering the global properties of
surfaces, surface transformations, and differential
forms on surfaces. Source: Coursebook, 426-428;
444-465.

Midterm 1

Review of all topics covered up to the exam week.

Lecture: The Gauss-Bonnet Theorem

In-Class Practice (30 minutes): Finding the Eule
characteristic of the unit sphere using the Gauss-
Bonnet Theorem, along with various examples.

In-class Discussion (10 minutes): According to th
Gauss-Bonnet Theorem: as long as the Eule
characteristic remains constant, the total Gaussian|
curvature does not change regardless of how the
surface is bent. Discussion on what this means and the
importance of this property.

Recollection and activation of prior knowledge on the
concepts of topological concepts such as
connectedness, orientability, compactness, the notion
of boundary, and the Euler characteristic. Source: [3].
Reading the section covering on the Gauss-Bonnet
Theorem. Sources: Coursebook, 474-480. [1], 901-
922.

10

Lecture: Computer-aided applications on speciall
surfaces in Euclidean space: sphere, cylinder, cone, an
canal surfaces

In-Class Practice (60 minutes): Plotting 3D models o
the sphere, cylinder, cone, and canal surfaces using]
computer software; calculating the Gauss and mean|
curvatures of these surfaces and examining how these
curvatures vary across different points on the surface.
Demonstrating through visualization that the Gauss
curvature of the sphere is the same at every point.

In-class Discussion (10 minutes): How can w
explain the fact that differential geometric quantities|
are undefined at the apex of the cone?

Preparation and demonstration of codes for plotting
spheres, cylinders, cones, and canal surfaces using one
of the programming languages Matlab, Maple,
Mathematica, or Python.

Reading the sections covering the sphere, cylinder,
cone, and canal surfaces. Sources: [7], 261-266. [1],
639-683.

11

Lecture: Computer-Aided applications on surfaces;|
minimal surfaces, surfaces of revolution

In-Class Practice (30 minutes): Constructing
surface of revolution using GeoGebra or simila
software and determining the points where its Gaussian|
curvature is maximal. Plotting a minimal surface in a
computer environment and examining its geometric
[properties

In-class Discussion (10 minutes): Discussing why th
mean curvature of minimal surfaces is zero at everyl
point and what this implies.

Quiz 3 (20 minutes): At the end of the lesson, a sho
quiz covering the topics studied in week 10 will b
administered.

Preparation and demonstration of codes for plotting
minimal surfaces and surfaces of revolution using one
of the programming languages Matlab, Maple,
Mathematica, or Python.

Reading the sections covering minimal surfaces and
surfaces of revolution. Source: Coursebook, 512-514;
522-523.[7],267-271.

Quiz 3: (sphere, cylinder, cone and canal surfaces)
Sources: [7], 261-266. [1], 639-683.

12

Lecture: Computer-aided applications on surfaces;

torus surface

Preparation and demonstration of code for plotting
torus surface using one of the programming languages
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In-Class Practice (30 minutes): Drawing the 3D
model of a torus using its parametric equations in
computer environment and observing how the
geometry of the torus changes with the variation of the]
minor radius

In-class Discussion (5 minutes): Discussing whethe
the Gaussian curvature is the same at all points on the]
torus and why it is positive in some regions while
negative in others

Matlab, Maple, Mathematica, or Python.
Reading the section covering the torus surface.
Source: Coursebook, 546. [7], 272.

13

Lecture: Computer-aided applications on surfaces:
surfaces with constant curvature

In-Class Practice (30 minutes): Using the parametric|
equations of a sphere (positive constant curvature),
plane (zero curvature), and a hyperboloid (negative]
constant curvature) to compute their Gaussia
curvatures with computer software

In-class Discussion (5 minutes): Discussion of th
geometric differences among surfaces with constan
[positive, zero, or constant negative Gaussian curvature

Preparation and demonstration of code for plotting
surfaces with constant curvature using one of the
programming languages Matlab, Maple, Mathematica,
or Python.

Reading the section covering surfaces with the constant
curvature. Sources: [1], 441-501. [2], Chapter 3.

14

Lecture: Computer-aided applications on surfaces:
ruled surfaces

In-Class Practice (30 minutes): Plotting a cylinder,
cone, helicoid, and hyperboloid with compute
software to demonstrate that these are ruled surfaces
and interpreting them geometrically

In-class Discussion (5 minutes): Discussion o
whether it is possible for only certain regions of
surface to be ruled

Quiz 4 (20 minutes): A short quiz at the beginning o
the lesson, covering topics assigned as pre-class|
preparation within the flipped learning framework.

Preparation and demonstration of code for plotting
ruled surfaces using one of the programming languages
Matlab, Maple, Mathematica, or Python.

Reading the section covering ruled surfaces.
Sources: Coursebook, 524-545. [1], 431-461. [2],
Chapter 2.

Quiz 4: (ruled surfaces) Sources: Coursebook, 524—
545.11],431-461. [2], Chapter 2.

15

Lecture: Computer-aided applications on surfaces:
parallel surfaces

In-Class Practice and Discussion (30 minutes):
Plotting a parallel surface at a given distance from
sphere and observing how the Gauss curvature changes

Preparation and demonstration of code for plotting
parallel surfaces using one of the programming
languages Matlab, Maple, Mathematica, or Python.
Reading the section covering the parallel surfaces.
Source: Coursebook, 515-521. [2], Chapter 3.

16

[Final

Review of all topics covered.

ECTS WORKLOAD TABLE

Activities

Total Workload

Course Hours

Number Duration
(Hour)
I

3 42

Laboratory

Application

Field Work

Study Hours Out of Class H

Special Course Internship (Work Placement) H

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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Ders Odrenim Ciktis1 & Program Ciktis1 Matrisi

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
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

1
I~
1
1
1
19)]
[°N
19)]

I~
1w
I~
I~
I~
I
1w
£

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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