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Matematik Boliimii

DERSIN KOORDINATORU

Ozlem BAKSI

ASISTAN(LAR)

DERSIN AMACI

Bu dersin amaci, Ogrencilerin kompleks analizin temel teoremlerini Cauchy-Riemann
denklemleri, harmonik fonksiyonlar, Cauchy Teoremi, Cauchy integral formiilii, maksimum
modiil prensibi, Liouville Teoremi, kompleks fonksiyonlarin seri agilimlari, Rezidii Teoremi
ve Riemann Tasvir Teoremi ispatlariyla birlikte anlamalarina ve uygulama yapmalarina
yardimci olmaktir. Bu dersi alan 6grencilerin, reel degiskenli fonksiyonlar teorisindeki tiirev
ve integral kavramlart ile kompleks fonksiyonlar teorisindeki karsiliklarini ayirt
edebilmeleri; analitik fonksiyonlarin sahip oldugu oOzelliklerini anlayarak teorik ve
uygulamali problemlerde kullanabilmelerini amaglamaktadir. Bunun yani sira, kompleks
fonksiyonlar kuraminin matematigin diger alanlarindaki ve disiplinler aras1 uygulamalarina
yonelik ¢alismalarini anlama kabiliyeti saglamay1 hedeflemektedir.

DERSIN iCERIiGi

Kompleks sayilar ve 6zellikleri; kompleks fonksiyonlar; kompleks fonksiyonlarda limit ve
stireklilik; tiirev; kompleks degiskenli bir fonksiyonun integrali, Cauchy teoremi; kompleks
sayilarin dizileri ve serileri; Taylor ve Laurent serileri; Rezidii Teorisi.

DERS KiTABI / MALZEMESI /

ONERILEN KAYNAKLAR
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Ders Kitabi:

Churchill, Ruel V., Brown, James W. Complex Variables and Applications. 9. baski,
McGraw-Hill, 2013.

Zorunlu Kaynaklar:

[1] Basarir, Metin. Kompleks Degiskenli Fonksiyonlar Teorisi. 2. baski, Sakarya Yaymcilik,
2010.

[2] Baskan, Turgut. Kompleks Fonksiyonlar Teorisi. Dora Basim, 2012.

Sayfa: 1/15



[3] Thomas, George B. Weir, Maurice D. ve Hass, Joel, Thomas’ Calculus. 14. baski,
Pearson, 2018.

[4] Stewart, James. Calculus: Early Transcendentals. 8. baski, Cengage Learning, 2016.

Bu dersi basartyla tamamlayan 6grenciler,

1.  Kompleks sayilarin tanimmi ve gosterimlerini (cebirsel, geometrik, kutupsal,
iistel), esleniklerini, koklerini ve kompleks diizlemdeki bolgeler hakkindaki
bilgileri problem ¢6zmede kullanabileceklerdir.

Kompleks degiskenli fonksiyonlarin tasvirlerini iistel, logaritmik, trigonometrik ve
hiperbolik  fonksiyonlarn  kompleks  diizlemdeki  davramiglarini  analiz
edebileceklerdir.

Kompleks fonksiyonlarda limit, siireklilik ve tiirev tanimlarimni, Cauchy—Riemann
kosullart ve harmonik fonksiyonlar yardimiyla analitik fonksiyonlar1 ifade
edebileceklerdir.

Ders Ogrenim Ciktilary . Cevre kavrami tanimi ile birlikte kompleks integralleri c¢esitli yontemlerle
(parametrizasyon, c¢evre integralleri, anti tiirevler, Cauchy—Goursat Teoremi,
Rezidii Teoremi) hesaplayabileceklerdir.

Kompleks diziler ve seriler i¢in yakinsaklik kavrami ile birlikte Taylor ve Laurent
serilerini elde ederek fonksiyonlarin tekil noktalarini siniflandirabileceklerdir.

Rezidii kavramini kullanarak integrallerin ¢6zlimlerini, analitik fonksiyonlarin
stfirlarini, kutuplarini ve bunlar arasindaki iligkileri agiklayabileceklerdir.

Elde ettigi teorik bilgileri matematik, fizik uygulamalarinda ve problem ¢dzme
stirecinde kullanabileceklerdir.

DEGERLENDIRME SiSTEMI

Etkinlikler Say1 Katki Pay1

Devam/Katihm:
e icerik: Ogrencilerin derse devam etmeleri ve katilmalari

e Detayh Degerlendirme Kriterleri:
14 %S5
- Derse aktif katilim ve soru sorma

- Smif-i¢i tartigmalara ve problem ¢6zme siireclerine katki
saglayabilme

| Laboratuvar H H

| Arazi Cahismasi H H

Derse Ozgii Staj

Kisa Smavlar/Stiidyo Kritigi (Zorunlu):
e Icerik: Smav haftasina kadar islenen konularin tiimiinii kapsayan
kapsamli sorularin sorulmast

e  Format: Yiiz yiize. Coktan se¢meli kisa smav (15-20 dakika) 4 %20

e Detayh Degerlendirme Kriterleri:

-Derste iglenen teorik konular ile ilgili problemleri ¢dzebilme

Odev
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| Sunum/Jiiri

| Proje

| Seminer/Workshop

Ara Smavlar:
e icerik: Smav haftasma kadar islenen konularin tiimiinii kapsayan
kapsamlt sorular

e  Format: Yiiz yiize. Sinav (80-100 dakika)

1 %35
e  Detayl Degerlendirme Kriterleri:
-Dersin temel kavramlarinin anlagildiginin gosterilmesi
-Teorik konularla ilgili problemlerin ¢6ziilebilmesi
-Teorik diistinme siireclerinin yiiriitiilmesi
Final:
e cerik: Dersin tiim icerigini kapsayan kapsamli sorular
e  Format: Yiiz yiize. Smav (80-100 dakika)
e  Detayh Degerlendirme Kriterleri: 1 %40
-Derste islenen tiim konularin derinlemesine kavranmis
oldugunun gosterilmesi
-Ileri diizey problem ¢dzme becerilerinin kullanilabilmesi
| Dénem ici Cahsmalarin Basar1 Notuna Katkisi H %60
| Final Simavinin Basar1 Notuna Katkisi H %40
| TOPLAM H %100
HAFTALIK KONULAR VE ILGILI ON HAZIRLIK CALISMALARI
HAFTALAR KONULAR On Hazirhik
Konu Anlatimi: Kompleks sayilar: tanimi, cebirsel gosterim,
geometrik gosterim (Argand diizlemi), cebirsel islemler, kutupsal Reel sayilar kiimesi ve cebirsel islemlerin
lgbsterim ve ozellikler ozelliklerine iliskin on bilgilerin|
) hatirlanmasi ve etkinlestirilmesi. Kaynak:
Smif-ici Uygulama (15 dk.): Ogrencilere karmasik sayilarla [3], 1081-1084.
1 toplama, ¢arpma ve kutupsal gdsterim iizerinden basit islemler| Kompleks  sayilar:  tanimi,  cebirsel]
lyaptirilmasi gosterim, geometrik gdsterim (Argand
diizlemi), cebirsel islemler, kutupsal
Smif-i¢i Tartisma (10-15 dk.): Kompleks sayilarin matematikte gosterim ve Ozellikleri konularini igeren|
ve fizik, miihendislik diger disiplinlerde kullanim alanlar1 iizerine bolimlerin okunmasi. Kaynak: Ders Kitabu,)
kisa bir tartigma 1-20.
Konu Anlatimi: Kompleks eslenik, kompleks sayilarn iistel
forr.r.lu, stel formda garpim ve k}.lvvet.ler, garpim ve bo ldmdin Reel sayilarda iistel ve trigonometri
argiimanlar1, kompleks sayilarin kokleri ve kompleks diizlemde . o
bolgeler fonksiyonlarin temel ozelliklerini
hatirlanmasi ve etkinlestirilmesi. Kaynak:
Simif-i¢i Uygulama (15 dk.): Kompleks sayilarin eslenigi ile ilgili [4], 1240-1246. . .
. N ree Kompleks eslenik, kompleks sayilarin iistel
2 ornekler; kutupsal ve iistel formda, c¢arpim ve bdoliimiin| .
. . . formu, iistel formda ¢arpim ve kuvvetler,
argiimanlarmm bulunmasina, kompleks koklere yonelik kisa TN .
ahistirmalar carpim ve boliimiin argiimanlari, kompleks|
sayilarin kokleri ve kompleks diizlemde
- . . bolgeler, konularim1 igeren bdliimlerin|
Simif-ici .'.l“artls.rina .(10-1.5" dk.). Kompleks sayilarin cebirsel, okunmast. Kaynak: Ders Kitab1, 20-33.
kutupsal, tistel gosterimleri lizerine tartisma
Konu Anlatimi: Kompleks degiskenli fonksiyonlarin tanimi ve Reel  fonksiyonlarin  tamimi,  iistel,
6zellikleri, tasvirler, iistel fonksiyonun tasvirleri trigonometrik fonksiyonlarin 6zelliklerinin|
hatirlanmasi ve etkinlestirilmesi. Kaynak:
3 Simif-i¢i Uygulama (15 dk.): Kompleks fonksiyon tanimina basit [3], 1-26.

ornekler  verilmesi; fonksiyonlarin diizlemdeki|

tasvirlerine gorsel 6rnekler

kompleks

Kompleks degiskenli fonksiyonlarin tanimi
ve Ozellikleri, tasvirler, iistel fonksiyonu
tasvirleri konularini igeren bdliimlerin
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Simif-i¢i Tartisma (10-15 dk.): Kompleks fonksiyonlarin “tasvir”]
kavrami tizerinden reel fonksiyonlarla karsilagtiriimasi

Kisa Smav 1 (15-20 dk.): Ders sonunda, 1. ve 2. hafta konulari
iceren bir kisa sinavin yapilmasi

okunmasi. Kaynak: Ders Kitabi, 33-44.
Kisa Smav 1: (kompleks sayilar ve ilgili
kavramlar) Kaynak: Ders Kitabi, 1-33.

Konu Anlatimi: Kompleks fonksiyonlarda limit kavramu,|
limitlerin temel Ozellikleri ve teoremleri, sonsuzdaki limitler,
kompleks fonksiyonlarda siireklilik

Smif-ici Uygulama (15 dk.): Kompleks fonksiyonlarmn limitleri
ile ilgili basit 6rnekler; siireklilik kavramina iligkin aligtirmalar.

Simif-i¢i Tartisma (10-15 dk.): Kompleks fonksiyonlarda limit ve
stireklilik kavramlarmin reel fonksiyonlarla benzerlik ve
farkliliklar1 Gizerine tartisma

Reel fonksiyonlarda limit ve siireklili
kavramlarinin hatirlanmasit Vel
etkinlestirilmesi. Kaynak: [3], 78-83.
Kompleks fonksiyonlarda limit kavramu,|
limitlerin temel O6zellikleri ve teoremleri,
sonsuzdaki limitler, kompleks
fonksiyonlarda siireklilik konular1 iceren|
bolimlerin okunmasi. Kaynak: Ders Kitabi,
44-55.

Konu Anlatimi: Kompleks tiirev kavramu, tiirev kurallari ve tiirev|
formiilleri

Simif-i¢ci Uygulama (15 dk.): Basit kompleks fonksiyonlarin|
tirevlerinin hesaplanmasi; polinom, istel ve trigonometrikl
fonksiyonlarn tiirevlerine iliskin 6rnekler

Sinif-ici Tartisma (10-15 dk.): Kompleks tiirev kavraminin reel
tiirev kavrami ile karsilagtirilmasi ve tartigilmasi

Kisa Smnav 2 (15-20 dk.): Ders sonunda, 3. ve 4. hafta konulari
iceren bir kisa sinavin yapilmasi

Reel fonksiyonlarda tiirev kavrami ve temel
tirev  kurallarmmm  hatirlanmas1 vl
etkinlestirilmesi. Kaynak: [3], 123—143.
Kompleks fonksiyonlarin tiirev kurallar1 ve
tirev  formiilleri  konularim1  igere
boliimlerin okunmasi. Kaynak: Ders Kitab,
60-63.

Kisa Smav 2: (kompleks fonksiyonlar,
limit ve siireklilik) Kaynak: Ders Kitabi,
35-55.

IKonu Anlatimi: Cauchy—Riemann kosullari, tiirevlenebilirlik i¢in|
yeterli sartlar, kutupsal koordinatlarda Cauchy—Riemann kosullar1,|
analitik fonksiyonlar, harmonik fonksiyonlar, yansima prensibi

Simif-i¢ci Uygulama (15 dk.): Verilen bir fonksiyonun Cauchy—
Riemann kosullarini saglayip saglamadigmm kontrol edilmesi;
analitik fonksiyonlara ve harmonik fonksiyonlara basit drnekler
verilerek uygulama yaptirilmasi

Smif-ici Tartisma (10-15 dk.): Analitik fonksiyon kavraminin|
matematikteki onemi {izerine tartigmanin yapilmast

Reel fonksiyonlarda c¢ok  degiskenli
fonksiyonlarin tanimi  ve kismi tiire
kavraminin hatirlanmasi Vel
etkinlestirilmesi. Kaynak: [3], 794-795;
810-814.

Cauchy—Rieman kosullari, tiirevlenebilirli
igin yeterli sartlar, kutupsal koordinatlard:
Cauchy—Riemann kosullari, analitik
fonksiyonlar,  harmonik  fonksiyonlar,
yansima prensibi ile ilgili konulart
onceden okunulmasi. Kaynak: Ders Kitabi,
56-86.

Konu Anlatimi: Elementer fonksiyonlar: {istel fonksiyon,|
logaritmik  fonksiyon, logaritmalarin dallar1  ve tiirevleri,
logaritmalar iceren bazi 6zdeslikler

Siif-ici Uygulama (15 dk.): Ustel ve logaritmik fonksiyonlarla]
ilgili basit 6rnekler, logaritma &zdesliklerine yonelik alistirmalar

Smif-ici  Tartisma (10-15 dk.): Ustel ve logaritmik
fonksiyonlarin kompleks diizlemdeki davranislarinimn tartisiimasi

Reel fonksiyonlarda iistel ve logaritmik
fonksiyonlarin ~ temel  Ozellikleri  ile]
tiirevlerinin hatirlanmasti ve
etkinlestirilmesi. Kaynak: [3], 165-177.

Elementer fonksiyonlar: iistel fonksiyon,
logaritmik fonksiyon, logaritmalarin dallari
ve tiirevleri, logaritmalar1 iceren bazi
ozdeslikler konularini igeren bdliimleri
okunmasi. Kaynak: Ders Kitabi, 87-101.

\Ara Smav 1

Smav haftasina kadar islenen konulart
timiiniin tekrar edilmesi

Konu Anlatimi: Kompleks {isler, trigonometrik fonksiyonlar,
hiperbolik fonksiyonlar, ters trigonometrik ve hiperbolik]
fonksiyonlar

Simif-i¢i Uygulama (15 dk.): Kompleks iislerle trigonometrik ve
hiperbolik fonksiyonlar, ters trigonometrik fonksiyonlara yonelik
basit alistirmalar

Smif-ici Tartisjma (10-15 dk.): Kompleks trigonometrik ve
hiperbolik fonksiyonlarm reel fonksiyonlarla benzerlikleri ve|
farkliliklarmin tartigilmasi

Reel fonksiyonlarda trigonometrik vej
hiperbolik fonksiyonlarin temel 6zellikleri
ile tiirevlerinin hatirlanmast vej
etkinlestirilmesi. Kaynaklar: [3], 156-160;
440-441.

Kompleks isler, trigonometri
fonksiyonlar, hiperbolik fonksiyonlar, ters
trigonometrik ve hiperbolik fonksiyonlar.
igeren boliimlerin okunmasi. Kaynak: Ders
Kitabi, 101-115.

10

Konu Anlatimi: Kompleks integraller, g¢evreler ve ¢evrel
integralleri, ¢evre integrallerinin modiilleri i¢in iist smirlar

w(t) (t reel bir degisken) fonksiyonunu
tirev ve belirli integraline iligkin
bilgilerin hatirlanmas1 ve etkinlestirilmesi,|
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Simf-ici Uygulama (15 dk.): Basit diizeyde integrallerin|
cozlimlerinin nasil bulundugu lizerine uygulamanin yaptirilmast

Smif-i¢ci Tartisma (10-15 dk.): Kompleks fonksiyonlarin tiirev ve
integral kavramlarinin reel fonksiyonlarla karsilastirilmas: ve
tartisiimasi

cevreler ve cevre integralleri igere
bolimlerin okunmasi. Kaynak: Ders Kitabi
117-122.

Kompleks integraller, cevreler ve gevre
integralleri, ¢evre integrallerinin modiilleri
igin  iist smrlar  konularini  igere
bolimlerin okunmasi. Kaynak: Ders Kitabi,
122-137.

11

Konu Anlatimi: Cauchy integral formiilii, Cauchy integral
formiiliiniin geniglemesi, genislemenin bazi sonuglari, Liouville
teoremi, cebirin temel teoremi ve maksimum modiil prensibi

Sinif-ici Uygulama (15 dk.): Cauchy integral formiiliiniin
6rneklerle uygulamasinin yaptirilmasi

Smmf-i¢ci Tartisjma (10-15 dk.): Cauchy integral formiiliiniin
kompleks analizdeki merkezi Onemine iliskin tartismanin|
lyapilmasi

Kisa Smav 3 (15-20 dk.): Ters yiliz edilmis 6grenme (flipped|
learning) yontemi g¢ergevesinde, ders basinda, 6grenciye verilen
on hazirlik gorevinde yer alan 10. haftaya kadar olan konulari
ligeren bir kisa sinavin yapilmasi

Reel fonksiyonlarda belirli integraller ve
Kalkiiliis’iin Temel Teoremi’ni
hatirlanmasi ve etkinlestirilmesi. Kaynak:
[3],316-328.

Cauchy integral formiilii, Cauchy integral
formiiliiniin geniglemesi, genislemenin bazi
sonuglari, Liouville Teoremi, Cebiri
Temel Teoremi ve Maksimum Modiil
Prensibi  konularmi1 igeren boliimleri
okunmasi. Kaynak: Ders Kitabi, 164-175.
Kisa Smav 3: (10. haftaya kadar olai
konular) Kaynak: Ders Kitabi, 1-137.

12

IKonu Anlatimi: Kompleks sayilarda seriler; diziler ve serilerin|
lyakisaklig1, Taylor serileri ve drnekler

Sinif-ici Uygulama (15 dk.): 2. ve 3. dereceden polinomlarin|
koklerinin bulmast lizerine uygulama yaptirilmast

Smif-i¢ci Tartisma (10-15 dk.): Reel ve kompleks serilerin|
lyakinsaklik davranislarinin tartismasinin yapilmasi

Reel diziler, seriler ve yakinsakli
kavramlarinin hatirlanmas1 vel
etkinlestirilmesi. Kaynaklar: [3], 572; 586;
604-610.

Kompleks sayilarda seriler; diziler ve
serilerin yakinsakligi, Taylor serileri ve
ornekler konularin1 igeren boliimleri
okunmasi. Kaynak: Ders Kitabi, 175-195.

13

Konu Anlatimi: Laurent serileri, 6rnekler, kuvvet serilerinde]
mutlak ve diizglin yakinsaklik, kuvvet serilerinin toplamlarinin|
stirekliligi, kuvvet serilerinin integrali ve tiirevi, seri temsillerinin|
tekligi, kuvvet serilerinin ¢arpimi ve bolimii

Smif-ici Uygulama (15 dk.): Verilen bir fonksiyonun Laurent
serisini belirli bolgelerde bulunmasi

Siif-ici Tartisma: (10-15 dk.): Taylor ve Laurent serilerinin|
farklarinin tartigmasinin yapilmasi

Kisa Smav 4 (15-20 dk.): Ders sonunda, 11. ve 12. haftalarda
derste islenen konular1 igeren bir kisa sinavin yapilmasi

Reel kuvvet serileri ve Taylor serilerini
temel  Ozelliklerinin  hatirlanmas1  ve
etkinlestirilmesi. Kaynak: [3], 616-626.
Laurent serileri, ornekler, kuvvet]
serilerinde mutlak ve diizgiin yakisaklik,
kuvvet serilerinin toplamlarinin siirekliligi,
kuvvet serilerinin integrali ve tiirevi, seri
temsillerinin  tekligi, kuvvet serilerinin|
carpimi  ve bolimi. konularmi igere
boliimlerin okunmasi. Kaynak: Ders Kitab,
195-225.

Kisa Sinav 4: (Cauchy integral formiilii,)
Taylor serileri ve uygulamalari).

14

Konu Anlatimi: f(z) fonksiyonunun izole tekil noktalari,
rezidiiler, Cauchy Rezidii Teoremi, sonsuzdaki rezidii

Simif-i¢ci Uygulama (15 dk.): Fonksiyonlarm tekil noktalart ve
rezidiilerin hesaplanmasi i¢in basit drneklerin yaptirilmasi

Smif-ici Tartisma (10-15 dk.): Rezidii kavraminin kompleks
lanalizdeki yeri hakkinda tartisma yapilmasi

Reel fonksiyonlarda kismi kesirlere ayirmal
yonteminin hatirlanmasi Vel
etkinlestirilmesi. Kaynak: [3], 480-484.
Cauchy Rezidii Teoremi, sonsuzdaki rezidii
konularin1 igeren bdlimlerin  okunmasi.
Kaynak: Ders Kitabi, 229-238.

15

Konu Anlatimi: Izole tekil noktalarin ii¢ tiirii, kutuplardaki
rezidiiler, analitik fonksiyonlarn sifirlari, sifirlar ve kutuplar

Simif-i¢ci Uygulama (15 dk.): Verilen fonksiyonlarinin tekil
noktalarinin tiirlerinin belirlenmesi

Smmf-i¢ci Tartisma (10-15 dk.): Bir fonksiyonun sifirlari ile]
kutuplart arasinda nasil bir iliski vardir sorusunun tartigilmasi

Reel fonksiyonlarda rasyonel]
fonksiyonlarin payda stfirlarint
hatirlanmasi ve etkinlestirilmesi. Kaynak:
[31,9.

izole tekil noktalarin iig tiirii, kutuplardaki
rezidiiler, analitik fonksiyonlarin sifirlari,
sifirlar  ve kutuplar konularin1 igeren|
boliimlerin okunmasi. Kaynak: Ders Kitabi,
238-248.

16

Final

Islenen konularin tiimiiniin tekrar edilmesi
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Etkinlikler Siiresi
(Saat)

Toplam fsyiikii

Ders Saati 4

56

Laboratuar

Uygulama

Arazi Calismasi

Sinif Dis1 Ders Calismasi

Derse Ozgii Staj

Odev

Kiiciik Smavlar/Stiidyo Kritigi

Projeler

Sunum / Seminer

Ara Sinavlar (Sinav Siiresi + Sinav
Hazirlik Siiresi)

Final (Sinav Siiresi + Sinav
Hazirhk Siiresi)

Toplam {s yiikii:

Toplam Is yiikii / 30(s):

AKTS Kredisi:
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COURSE INFORMATION FORM

I FACULTY / GRADUATE SCHOOL Faculty of Arts and Sciences I

DEPARTMENT / PROGRAMME

Mathematics

TITLE OF COURSE

Complex Functions Theory 1

CODE

MAT4111

LOCAL CREDIT

3

ECTS

LECTURE HOUR / WEEK

PRACTICAL HOUR / WEEK

LABORATORY HOUR / WEEK

PREREQUISITE

None

SEMESTER

Fall

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

Ozlem BAKSI

ASSISTANT(S)

COURSE OBJECTIVES

This course aims to help students understand and apply the fundamental theorems of
complex analysis the Cauchy—Riemann equations, harmonic functions, Cauchy’s
Theorem, the Cauchy Integral Formula, the Maximum Modulus Principle, Liouville’s
Theorem, series expansions of complex functions, the Residue Theorem, and the
Riemann Mapping Theorem together with their proofs. Students are expected to be able
to distinguish the concepts of differentiation and integration in real variable function
theory from their counterparts in complex function theory and to use the properties of
analytic functions in both theoretical and applied problems. In addition, the course aims
to provide the ability to understand the studies related to the applications of complex
function theory in other areas of mathematics and in interdisciplinary contexts.

COURSE CONTENT

Complex numbers and their properties; complex functions; limits and continuity of
complex functions; derivative; integral of a function of a complex variable; Cauchy's
Theorem; sequences and series of complex numbers; Taylor and Laurent series; residue
theory.

RECOMMENDED OR REQUIRED
READINGS

Coursebook:

Churchill, Ruel V., Brown, James W. Complex Variables and Applications. 9th ed.,
McGraw-Hill, 2013.

Required Readings:

[1] Basarir, Metin. Kompleks Degiskenli Fonksiyonlar Teorisi. 2nd ed., Sakarya
Yayincilik, 2010.

[2] Baskan, Turgut. Kompleks Fonksiyonlar Teorisi. Dora Publishing, 2012.
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[3] Thomas, George B. Weir, Maurice D., Hass, Joel, Thomas’ Calculus. 14th ed.,
Pearson, 2018.
[4] Stewart, James. Calculus: Early Transcendentals. 8th ed., Cengage Learning, 2016.

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

1. Apply the definition and representations of complex numbers (algebraic,
geometric, polar, exponential), their conjugates, roots, and regions in the
complex plane to problem solving.

Analyze mappings of complex functions and the behavior of exponential,
logarithmic, trigonometric, and hyperbolic functions in the complex plane.

Express the concepts of limit, continuity, and differentiation in complex
functions, analytic functions using the Cauchy-Riemann equations and

. harmonic functions
Course Learning Outcomes

Apply the concept of contour, compute complex integrals by various methods
(parametrization, contour integrals, antiderivatives, Cauchy—Goursat Theorem,
Residue Theorem).

Classify singularities of functions by obtaining Taylor and Laurent series, along
with the convergence of complex sequences and series.

Explain -to use the concept of residue- solutions to integrals, zeros and poles of
analytic functions, and the relationships between them.

Use the theoretical knowledge they have acquired in mathematics and physics
applications as well as in the problem-solving process.

EVALUATION SYSTEM

Activities Number Percentage of Grade

Attendance/Participation:
e  Content: Student attendance and participation in the course.

o  Detailed Assessment Criteria:
14 %5

-Active participation in lessons and asking questions
-Ability to contribute to in-class discussions and problem-solving
processes

‘ Special Course Internship (Work Placement) H H

Quizzes/Studio Critics:
e  Content: Comprehensive questions covering all topics addressed up
to the exam week

e  Format: Face-to-face multiple-choice quiz (15-20 minutes) 4 %20

o  Detailed Assessment Criteria:

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

‘ Homework H H ‘

‘ Project H H ‘
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Midterms:

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

Format: Face-to-face written exam. (80-100 minutes).

Detailed Assessment Criteria:

-Demonstration of understanding of the fundamental concepts of the

course

-Ability to solve problems related to theoretical topics
-Ability to carry out theoretical reasoning processes

Content: Comprehensive questions covering the entire content of the
course

Format: Face-to-face written exam. (80-100 minutes).

Detailed Assessment Criteria:

-Ability to apply advanced problem-solving skills
-Demonstration of a thorough understanding of all topics
covered in the course

Percentage of In-Term Studies

Percentage of Final Examination

TOTAL

COURSE OUTLINE

WEEKLY SUBJECTS AND RELATED PREPARATION STUDIES

WEEKS

Related Preparation

Lecture: Complex numbers: definition, algebraic
representation, geometric representation (Argand
plane), algebraic operations, polar representation and
[properties

Practice (15 minutes): Students perform simple]
operations with complex numbers such as addition,|
multiplication, and polar representation

In-class Discussion (10-15 minutes): A short
discussion on the use of complex numbers in|
mathematics and in other disciplines such as physics|
and engineering

Recollection and activate prior knowledge about the set
of real numbers and the properties of algebraic
operations. Source: [3], 1081-1084.

Read the sections of the coursebook covering complex
numbers:  definition,  algebraic  representation,
geometric representation (Argand plane), algebraic
operations, polar representation and properties. Source:
Coursebook, 1-20.

Lecture: Complex conjugate, exponential form of]
complex numbers, multiplication and powers in|
exponential form, arguments of multiplication and]
division, roots of complex numbers, and regions in the|
complex plane

Exercises on complex]

Practice (15 minutes):

2 conjugates, finding arguments of multiplication and

division in polar and exponential form, and short drills
on complex roots

In-class Discussion (10-15 minutes): Discussion o
algebraic, polar, and exponential representations of]
complex numbers

Recollection and activation of prior knowledge about
the basic properties of exponential and trigonometric
functions in real numbers. Source: [4], 1240-1246.
Read the sections of the coursebook covering complex
conjugates, exponential form, multiplication and
powers in exponential form, arguments of
multiplication and division, roots of complex numbers,
and regions in the complex plane. Source: Coursebook,
20-33.

Lecture: Definition and properties of complex]
functions, mappings, and mappings of the exponentiall
function.

Recollection and activation of prior knowledge about
the definition of real functions, composition, inverse
functions, and the exponential/trigonometric functions
in real analysis. Source: [3], 1-26.
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Practice (15 minutes): Students work on simple
examples of complex functions and draw basi
illustrations of mappings

In-class Discussion (10-15 minutes): Discussion o
the similarities and differences between mappings o
real functions and complex functions

Quiz 1 (15-20 minutes): Covers complex numbers|
and related concepts from weeks 1-2

Read the sections of the coursebook covering the
definition and properties of complex functions,
mappings, and exponential mappings. Source:
Coursebook, 33-44.

Quiz 1: (complex numbers and related concepts)
Source: Coursebook, 1-33.

[Lecture: Limits in complex functions, basic properties|
and theorems of limits, limits at infinity, continuity i
complex functions

[Practice (15 minutes): Exercises on evaluating limits|
and testing continuity of simple complex functions

In-class Discussion (10-15 minutes): Discussion o
the similarities and differences between limits an
continuity in real and complex functions

Recollection and activation of prior knowledge about
limits and continuity in real functions. Source: [3], 53—
71; 84-92.

Read the sections of the coursebook covering limits,
basic limit theorems, limits at infinity, and continuity
in complex functions. Source: Coursebook, 44-55.

Lecture: Differentiation of complex functions,
differentiation rules, and derivative formulas

Practice (15 minutes): Exercises on derivatives o
polynomials, exponential, and trigonometric functions
in the complex plane

In-class Discussion (10-15 minutes): Discussion o
the similarities and differences between differentiatio
in real and complex functions

Quiz 2 (15-20 minutes): Covers the topics from weeks|
34

Recollection and activation of prior knowledge about
differentiation and basic derivative rules in real
functions. Source: [3], 117-143.

Read the sections of the coursebook covering the
differentiation of complex functions, differentiation
rules, and derivative formulas. Source: Coursebook,
60-63.

Quiz 2: (topics from weeks 3—4) Source: Coursebook,
33-55.

Lecture: Cauchy—Riemann equations, sufficien
conditions for differentiability, Cauchy—Riemann
equations in polar coordinates, analytic functions,|
harmonic functions, reflection principle

[Practice (15 minutes): Exercises on verifying the]
(Cauchy—Riemann equations and identifying analytic]
and harmonic functions

In-class Discussion (10-15 minutes): Discussion on|
the significance of analytic functions in mathematics

Recollection and activation of prior knowledge about
multivariable functions and partial derivatives. Source:
[31, 894-902.

Read the sections of the coursebook covering Cauchy—
Riemann equations, analytic functions, harmonic
functions, and the reflection principle. Source:
Coursebook, 56—86.

Lecture: Elementary functions: exponential function,
logarithmic function, branches and derivatives o
logarithms, identities involving logarithms

Practice (15 minutes): Exercises on exponential an
logarithmic functions and their properties in th
complex plane

In-class Discussion (10-15 minutes): Discussion on
the behavior of exponential and logarithmic functions
in complex analysis

Recollection and activation of prior knowledge about
exponential and logarithmic functions and their
derivatives in real analysis. Source: [3], 163—170.

Read the sections of the coursebook covering
exponential and logarithmic functions, branches of
logarithms, derivatives, and identities. Source:
Coursebook, 87-101.

Midterm 1

Review of all topics covered up to the exam week.

Lecture: Complex powers, trigonometric functions,|
lhyperbolic functions, inverse trigonometric and inverse
hyperbolic functions

Practice (15 minutes): Exercises on evaluatin
complex powers and solving problems involving]
trigonometric and hyperbolic functions

In-class Discussion (10-15 minutes): Discussion on
the similarities and differences between trigonometric]

Recollection and activation of prior knowledge about
trigonometric and hyperbolic functions in real analysis.
Sources: [3], 156-160; 440—441.

Read the sections of the coursebook covering complex
powers, trigonometric functions, hyperbolic functions,
and inverse trigonometric and hyperbolic functions.
Source: Coursebook, 101-115.
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and hyperbolic functions in real and complex analysis

10

Lecture: Complex integrals, contours and contou
integrals, upper bounds for contour integrals

Practice (15 minutes): Exercises on computin,
contour integrals with simple functions

In-class Discussion (10-15 minutes): Discussion o
the relationship between differentiation and integration
in real and complex functions

Recollection and activation of prior knowledge about
definite integrals and the Fundamental Theorem of
Calculus in real analysis. Source: [3], 226-252.

Read the sections of the coursebook covering complex
integrals, contours, contour integrals, and upper
bounds. Source: Coursebook, 117-137.

11

Lecture: Cauchy Integral Formula, its extension, some
consequences, Liouville’s Theorem, the Fundamental|
Theorem of Algebra, and the maximum modulus
Principle

Practice (15 minutes): Application of the Cauch
integral formula through illustrative examples

In-class Discussion (10-15 minutes): Discussion o
the central importance of the Cauchy integral formul
in complex analysis

Quiz 3 (15-20 minutes): Conducted at the beginning]
of the class within the framework of the flipped|
learning method, covering the topics up to week 10|
assigned in the preparatory task

Recollection and activation of prior knowledge about
definite integrals and the Fundamental Theorem of
Calculus in real analysis. Source: [3], 316-328.

Read the sections of the coursebook covering the
Cauchy integral formula, its extension, consequences,
Liouville’s Theorem, the Fundamental Theorem of
Algebra, and the maximum modulus principle. Source:
Coursebook, 164—175.

Quiz 3: (topics up to week 10) Source: Coursebook, 1—-
137.

12

Lecture: Sequences and series of complex numbers,|
convergence, Taylor series and examples

Practice (15 minutes): Exercises on testing th
convergence of complex sequences and series, an
constructing simple Taylor series expansions

In-class Discussion (10-15 minutes): Discussion on|
the similarities and differences between convergence in
real and complex series

Recollection and activation of prior knowledge about
sequences, series, and convergence in real analysis.
Source: [3], 682—-699; 751-762.

Read the sections of the coursebook covering
sequences and series of complex numbers,
convergence, and Taylor series with examples. Source:
Coursebook, 175-195.

13

Lecture: Laurent series, examples, absolute an
uniform convergence of power series, continuity o
[power series sums, integration and differentiation o
[power series, uniqueness of series representations,|
[product and quotient of power series

Practice (15 minutes): Finding the Laurent series of
given function in specified regions

In-class Discussion (10-15 minutes): Discussion on|
the differences between Taylor and Laurent series

Quiz 4 (15-20 minutes): At the end of the lecture,
quiz covering the topics discussed in weeks 11 and 12

Recollection and activation of prior knowledge about
real power series and the basic properties of Taylor
series. Source: [3], 616-626.

Read the sections of the coursebook covering Laurent
series, examples, absolute and uniform convergence of
power series, continuity, integration and differentiation
of power series, uniqueness of series representations,
product and quotient of power series. Source:
Coursebook, 195-225.

Quiz 4: (Cauchy integral formula, Taylor series, and
their applications).

14

Lecture: Isolated singularities of f(z), residues, Cauch
Residue Theorem, and the residue at infinity

Practice (15 minutes): Exercises on identifyin,
isolated singularities and computing residues of simple]
functions

In-class Discussion (10-15 minutes): Discussion on
the role of residues in evaluating complex integrals an
their applications in mathematics and physics

Recollection and activation of prior knowledge about
partial fraction decomposition and improper integrals
in real analysis. Sources: [3], 512-520; 546-555.

Read the sections of the coursebook covering isolated
singularities, residues, the Cauchy Residue Theorem,
and the residue at infinity. Source: Coursebook, 229—
238.

15

Lecture: Types of isolated singularities, residues a
poles, zeros of analytic functions, and relations
between zeros and poles

Practice (15 minutes): Exercises on classifyin,

Recollection and activation of prior knowledge about
rational functions, their zeros, and poles in real
analysis. Source: [3], 9.

Read the sections of the coursebook covering isolated
singularities, residues at poles, zeros of analytic
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singularities of given functions and computing residues functions, and their relations. Source: Coursebook,
at poles 238-248.

In-class Discussion (10-15 minutes): Discussion o
the relationship between zeros and poles of analytic
functions and their mathematical significance

16 Final Review of all topics covered.

ECTS WORKLOAD TABLE

Activities Number Duration Total Workload
(Hour)

Course Hours 4 56

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) 20

Final (Examination Duration + Examination Prep. Duration) 30

Total Workload:

Total Workload / 30(h):

ECTS Credit:
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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

19}
19}
19}
I
I
19}
19}

applications.

PS :-2 Matematik alanindaki
teorik ve uygulamal
bilgilerini ve matematiksel
diigiinme becerilerini
kullanarak standart ve
karmagik matematiksel

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

[°N
[°N
[°N
[°N
[°N
I~
[°N

skills.

Pg-3 Matematik alanindaki
teorik ve uygulamali
bilgilerini ve matematiksel
disiinme becerilerini

kullanarak gercek hayattaki
problemlerin  matematiksel
modellerini gelistirebilecek ve
bu  modelleri  kullanarak
problemlere gegerli ¢oziimler
iiretebileceklerdir. / Develop
mathematical models for real-
life problems and generate
valid solutions based on these
models using their theoretical
and applied knowledge of
mathematics and
mathematical thinking skills.

19
I
I
I
I
1))
I
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PS‘-4 Disiplinlerarast bir

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

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

Pg-6 Matematik alaninda

yaygin olarak kullanilan en az
bir programlama dili ile
bilgisayar ve yapay zeka
teknolojilerini,  problemleri
¢ozmek, veri analizi yapmak
ve simiilasyonlar
gerceklestirmek igin
kullanabileceklerdir. / Use at
least one  programming
language and computer and
artificial intelligence
technologies widely employed
in mathematics for problem-
solving, data analysis, and
simulations.

PC-7 Matematik ve ilgili

alanlardaki bilimsel ve
teknolojik geligsmeleri
izleyebilecek, kariyer
firsatlarini degerlendirerek
kisisel ve mesleki gelisim
hedeflerini belirleyebilecek ve
bu hedeflere ulasmak igin
hayat boyu 0grenme
stratejilerini
kullanabileceklerdir. / Follow - - = - - - -
scientific and technological
developments in mathematics
and related fields, assess
career opportunities, identify
personal and professional
development goals, and adopt
lifelong learning strategies to
achieve these goals.

[°N
1w
1w
1w
1w
I~
[F°N

[°N
[°N
[°N
[°N
[°N
I~
[ °N

1w
1w
1w
I
1w
19
I~
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PC-8 Bilimsel
aragtirmalarint  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.

Pg -10 Matematik alaninda

giivenilir bilgi kaynaklaria
ulasarak literatlir taramasi
yapabilecek ve akademik

1w
1w
1w
1w
1w
1w
1

arastirma tasarlayip
yiiriitebileceklerdir. /  Access - - - - - - -
reliable sources of

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

PS ;- 11 Matematiksel

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.
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