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DERSIN AMACI

Bu dersin amaci, 0grencilere ¢ok degiskenli integral hesabinin kuramsal temellerini ve
analitik yontemlerini ayrintili bicimde kazandirmaktir. Ders kapsaminda, iki ve ii¢ kath
integrallerin tanimi, varlik kosullar1 ve uygulamalari sistematik olarak ele alinacak; degisken
doniisiimleri ile silindirik ve kiiresel koordinatlarda integral hesaplamalar1 incelenecektir.
Ayrica improper integrallerin yakinsakligi, Gamma ve beta fonksiyonlari, parametreye bagl
integraller ve Leibniz kurali gibi ileri analiz teknikleri {izerinde durulacaktir. Egrisel ve
ylizey integralleri hem diizlemde hem de ii¢ boyutlu uzayda ayrintili olarak islenecek; bu
baglamda Green Teoremi, Diverjans Teoremi ve Stokes Teoremi gibi temel sonuglar
aracilifiyla integral kavramlarinin matematiksel yapilari, 6zellikleri ve aralarindaki derin
iligkiler ortaya konacaktir. Dersin genel amaci, 6grencilere ¢ok degiskenli integral hesabi
alaninda gii¢lii ve saglam bir kuramsal temel kazandirmak, bdylece onlarin ileri diizey
matematik derslerinde ve uygulamali bilimlerde bu bilgileri etkin ve yaratict bigimde
kullanabilecek diizeye ulagmalarini saglamaktir.

DERSIN iCERIGI
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Iki katli integral, varhik teoremi; iki kath integral uygulamalari; degisken doniistiirmesi; iig
katli integral ve uygulamalari, silindirik ve kiiresel koordinatlar; improper integrallerin
yakinsakliginin incelenmesi, Gama ve Beta fonksiyonlari; parametreye bagli integraller,
Leibnitz kurali; diizlemde egrisel integral ve varlik teoremi, Green Teoremi, egrisel
integralin yoldan bagimsizlig1; iic boyutlu uzayda egrisel integral; yiizey integralleri,
Diverjans Teoremi, Stokes Teoremi.
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Ders Kitabi:

Thomas, George. B., Weir, Maurice D., Hass, Joel and Giordano, Frank R. Thomas’
Calculus, 11. baski, Pearson Addison-Wesley, Boston, 2005.

Zorunlu Kaynaklar:

DERS KITABI/ MALZEMESI / [1] Kosmala, Witold A. A Friendly Introduction to Analysis: Single and Multivariable. 2.
ONERILEN KAYNAKLAR baski, Pearson Prentice Hall, Upper Saddle River, New Jersey, 2004.

Onerilen Kaynaklar:

Folland, Gerald B. Advanced Calculus. Prentice-Hall, 2002.
Kaplan, Wilfred. Advanced Calculus. Wesley Publishing Company, 1984.

Bu dersi basarryla tamamlayan 6grenciler,

1. iki ve iic kathh integralleri tanimlayarak c¢esitli koordinat sistemlerindeki
uygulamalarini matematiksel ve uygulamali baglamda gergeklestirebileceklerdir.

Cok degiskenli integrallerde degisken doniisiimlerini uygulayarak koordinat
degisikliklerinin integral hesaplamalarina etkilerini inceleyebileceklerdir.

B . Improper integrallerin yakinsakligini belirleyerek, ileri integral problemlerinde
Ders Ogrenim Ciktilar: Gamma ve Beta fonksiyonlarimi kullanabileceklerdir.

Parametreye bagl integrallerde Leibniz kuralin1 uygulayabileceklerdir.

Diizlemde ve 1ii¢c boyutlu wuzayda egrisel ve yiizey integrallerini
hesaplayabileceklerdir.

Green, Diverjans ve Stokes Teoremlerini uygulayarak integralleri degerlendirip bu
teoremler arasindaki iligkileri inceleyebileceklerdir.

DEGERLENDIRME SiSTEMIi

Etkinlikler Say1 Katki Pay1

‘ Devam/Katihim H H

‘ Laboratuvar H H

‘ Uygulama H H

‘ Arazi Cahsmasi H H

Derse Ozgii Staj

Kisa Sinavlar/Stiidyo Kritigi
e icerik: Smav haftasma kadar islenen konularmn tiimiinii kapsayan
kapsamli sorular

e  Format: Yiiz ylize kisa sinav (25-30 dakika) 4 %20

e  Detayh Degerlendirme Kriterleri:

-Dersin temel kavramlarinin anlagildiginin gosterilmesi

Ara Sinavlar:
e icerik: Sinav haftasma kadar islenen konularm timiini kapsayan 1 %40
kapsamli sorular
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e  Format: Yiiz yiize. Sinav (90-100 dakika)

e  Detayh Degerlendirme Kriterleri:

-Dersin temel kavramlarinin anlagildiginin gésterilmesi
-Teorik konularla ilgili problemlerin ¢oziilebilmesi
-Teorik diistinme siireclerinin yiiriitiilmesi

e igerik: Dersin tiim icerigini kapsayan kapsamli sorular
e  Format: Yiiz yiize. Sinav (90-100 dakika)
e Detayh Degerlendirme Kriterleri:

-Derste iglenen tiim konularin derinlemesine kavranmig
oldugunun gosterilmesi
-Ileri diizey problem ¢6zme becerilerinin kullanilabilmesi

1 %40

‘ Dénem ici Cahsmalarin Basari Notuna Katkis H %60
‘ Final Sinavinin Basar1 Notuna Katkisi H %40
TOPLAM %100
HAFTALIK KONULAR VE iLGiLi ON HAZIRLIK CALISMALARI
HAFTALAR KONULAR On Hazirhk
Konu Anlatimi: iki katli integrallerin tamimi, varlik kosullar1 vel Tek katlt integrallerin tanimi,

temel Ozellikleri

Simif-i¢i Uygulama (15 dk.): Basit iki katli integral hesaplamalari

hesaplanmasi, temel teorem ve kurallart
hatirlanmast ve etkinlestirilmesi. Kaynak:
Ders Kitabi, 262-270.

1 ) Dikdortgen bolgelerde iki katli integralleri
Sinif-ici Tartisma (5 dk.): Iki katl integrallerin matematik ve tanim1 ve hesaplamaya hazirlik igin temell
uygulamalardaki 6neminin tartigilmasi orneklerin okunmasi. Kaynak: Ders Kitab,

836-841.
Konu Anlatimi: iki katli integral uygulamalari; alan ve hacim|
hesaplamalari, sinirlarin belirlenmesi, farkli bolgelerde integral .
Tek katli integral uygulamalarinin (alan vej
tanimlamalari .
hacim hesaplamalarr) hatirlanmas:  ve
Simif-i¢ci Uygulama (15 dk.): Dikdortgen, iiggen ve dairesel etkinlestirilmesi. Kaynak: Ders Kitabr, 2944
N . ) . . . 297; 308-315.
bolgelerde iki kathi integrallerin hesaplanmasi; basit fiziksel g . ..
2 deklerde (kiitle, yogunluk dagilimi) uygulama Iki kath integrallerde bdlge simirlarini
»yogu £ yeu belirlenmesi ve dikdortgen  disindaki
Suf-igi Tartisma (5 dk.): iki katli integrallerin mithendislik| bolgeler igin integral ~ olusturulmasy
. . - . kavramlarinin okunmasi. Kaynak: Ders|
fizik ve ekonomi alanlarindaki Oneminin tartigilmasi, farkly .
N . . . . . Kitabi, 841-850.
bolgelerde ve koordinat sistemlerinde integrallerin yorumlanmasi
Konu Anlatimi: Degisken doniisiimleri ve Jakobiyen (Jakobiyen
detertr_nnan.t); iki kqth 1ntegfalnle{de degisken degistirmenin 6nemi, Tek degiskenli fonksiyonlarda degiske
koordinat sistemleri aras1 doniistim kurallari. P 1 o
doniisiimiine  iliskin  temel  bilgileri
Simif-i¢ci Uygulama (15 dk): Dik koordinattan kutupsal %ﬁ?gﬁiﬁl 2\&3_§gkllnlestlrllm651. Kaynak:
koordinata  gecis  Ornekleri;  Jakobiyen  determinantinin . - .
3 hesaplanmast ve inteerale lanmast Cok degiskenli fonksiyonlarda koordinaf
P s gralc uygu sistemleri (dikdortgen, kutupsal) arasindaki
Sinif-ici Tartisma (5 dk.): Degisken doniisiimlerinin integral donus_u m kurallarln}n incelenmesi  ve
. . . . Jacobian determinantin tanimint
hesaplamalarindaki rolii, geometrik ve fiziksel yorumlar; .
. . ; . okunmasi. Kaynak: Ders Kitabi, 853-859;
Jakobiyen determinantinin diferansiyel hesaplamalar ve ¢ok katly 887-891
integrallerde 6neminin tartigilmasi ’
Konu Anlatimi: Uc katli integraller; tanim, varlik kosullar1 ve| Cift kath integraller ve temel ozellikleri
temel Ozellikler. Hacim hesaplamalarinda {i¢ katli integrallerin Cift kath integrallerin tanimi, varlik
kullanimi, sinirlarin belirlenmesi ve uygulamali 6rnekler kosullar1, integrasyon sirast ve teme
4 uygulamalart  hakkinda 6n  bilgileri

Smif-ici Uygulama (15 dk): Basit ii¢ kath integrallerin hatirlanmas1 ve etkinlestirilmesi. Kaynak

hesaplanmasi; farklt smir kosullarina sahip bdlgelerde hacim Ders Kitabi, 841-850.

hesaplamalari Hacim  hesaplamalarinda  ii¢ katly
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Simf-ici Tartisma (5 dk.): Uc kath integrallerin fizik,
miihendislik ve matematiksel modelleme alanlarindaki Onemi;
hacim hesaplamalarinin gergek diinya uygulamalarindaki yeri;|
hesaplamalarda smir  ve koordinat secimlerinin  etkisinin
tartisiimast

integrallerin  kullanim1  i¢in  dikddrtge:
bolgeler ve simetrik cisimler {iizerind
orneklerin okunmasi. Kaynak: Ders Kitabu,|
859-865.

Konu Anlatimi: Silindirik ve kiiresel koordinatlar; bu koordinat
sistemlerinin tanimi, temel oOzellikleri ve ¢ok katli integral
hesaplamalarindaki avantajlar

Sinif-ici Uygulama (15 dk.): Dik koordinatlardan silindirik ve
kiiresel koordinatlara gecis Ornekleri; bu doniistimle 1ilgili
integrallerin ifade edilmesi ve hesaplanmasi

Smif-ici Tartisma (5 dk.): Farkli koordinat sistemlerinin
matematik, fizik ve miihendislik uygulamalarindaki G&nemi
acisindan tartisilmast

Kartezyen koordinat sistemi ve ¢ok Kkatly
integrallerde sinirlarin belirlenmesi;
koordinat doniistimleri ile ilgili teme
kurallarin hatirlanmasi ve etkinlestirilmesi,|
Kaynak: Ders Kitabi, 841-850; 853-859.
Cok katli integrallerde silindirik ve kiiresel]
koordinat doniisiimlerinin  kurulumu ve
Jakobiyen determinantlarin hesaplanmasi
gibi konularin okunmasi. Kaynak: Ders
Kitab1, 875-883.

Konu Anlatimi: Improper integrallerin yakinsaklik ve iraksaklik
kriterleri. Cesitli Ornekler iizerinden yakinsaklik testlerinin
uygulanmast ve matematiksel anlaminin incelenmesi. Farklj
integrallerin davraniglarinin karsilastirilmasi

Simif-i¢ci Uygulama (15 dk.): Improper integrallerin ¢oziimii ve
yakinsaklik/iraksaklik testlerinin uygulanmast; ornek
fonksiyonlarda hesaplamalar

Smif-ici Tartisma (5 dk.): Improper integrallerin fizik ve
miihendislikteki uygulamalarinin tartigilmasi

Tek degiskenli integral kavrami, limitler vi
integral tanimi; integralin yakinsaklig: ile]
ilgili temel fikirlerin ve drnekleri
hatirlanmas: ve etkinlestirilmesi. Kaynak:
Ders Kitabi, 256-262.

Improper integrallerin tanimi ve teme
ozellikleri: Sonsuz smir igeren integralle
ve integrandin tekillik igerdigi durumlart
incelenmesi, Yakimsaklik ve 1raksakll
kriterleri  gibi  boliimlerin  okunmas|
Kaynak: Ders Kitabi, 478-487.

Konu Anlatimi: Gamma ve beta fonksiyonlarinin tanitimi, tanim
alanlar1 ve Ozellikleri. Gamma ve beta fonksiyonlarinin integral
hesaplamalarinda ve 6zel fonksiyonlarin tanimlanmasinda
kullanimi

Sinif-ici Uygulama (15 dk.): Gamma ve beta fonksiyonlar ile
ilgili temel hesaplama 6rnekleri

Sinif-ici Tartisjma (5 dk.): Gamma ve beta fonksiyonlarinin
matematik, olasilik teorisi ve fizik problemlerindeki roliiniin
tartisiimast

Tek kathh integral tanimlari ve siirekli
fonksiyonlarda temel integral 6zelliklerini
hatirlanmast ve etkinlestirilmesi. Kaynak:
Ders Kitabi, 262-274.

Gamma ve beta fonksiyonlariin &zel
integral  hesaplamalarinda  ve  ozel
fonksiyonlarm tanimlanmasinda kullanimi
konusunun okunmasi. Kaynak: [1], 274-80.

|Ara Sinav 1

Smav haftasina kadar islenen konulart
tiimiiniin tekrar edilmesi

Konu Anlatimi: Parametreye bagli integrallerin tanitimi. Leibniz
kurali: parametreye bagli integrallerin tiirevlenmesi ve kuralm
ispat1

Sinif-ici Uygulama (15 dk.): Parametreye bagli integrallerin
coziimii ve Leibniz kuralmin uygulanmasi ile ilgili 6rnek
problemler

Simif-i¢ci Tartisma (5 dk.): Parametreye bagl integrallerin
analizde, diferansiyel denklemlerde ve matematiksel
modellemedeki roliiniin tartigilmasi

Tek kathh integral tanmimlar1 ve siirekli
fonksiyonlarda temel integral 6zelliklerini
hatirlanmast ve etkinlestirilmesi. Kaynak:
Ders Kitabi, 262-274.

Leibniz  kurali:  parametreye  bagl
integrallerin  tiirevlenmesi  ile  ilgili
boéliimlerin okunmasi. Kaynak: Ders Kitabu,|
306-307.

10

Konu Anlatimi: Diizlemde egrisel integrallerin tanimi. Egrisel
integrallerin varlik kosullari

Sinif-ici Uygulama (15 dk.): Basit egrisel integral hesaplamalari
Simif-i¢i Tartisma (5 dk.): Egrisel integrallerin fizik (is, enerji),

miihendislik ve akiskanlar mekanigi baglamindakil
uygulamalarimin tartigilmasi

Tek kath integral tanimlar1 ve siirekli
fonksiyonlarda temel integral 6zelliklerini
hatirlanmas: ve etkinlestirilmesi. Kaynak:
Ders Kitabi, 262-274.

Egrisel integrallerin tanmmmi ve varli
kosullarini igeren bdoliimlerin  okunmasi,
Kaynak: Ders Kitabi, 901-920.

11

Konu Anlatimi: Green Teoremi; tanimi, formiilasyonu ve
diizlemdeki vektor alanlarina uygulanisi

Sinif-ici Uygulama (15 dk.): Bir vektor alami {izerinde Green

Teoremi kullanarak egrisel integral ve alan integrali hesaplamalari

Cift kath integrallerin tanimmi, varli
kosullari, integrasyon sirast ve teme
uygulamalart1  hakkinda 6n  bilgileri
hatirlanmast ve etkinlestirilmesi. Kaynak:
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Sinif-ici Tartisma (5 dk.): Green Teoremi’nin mithendislik, fizik
've matematiksel modellemelerdeki 6nemi; alan ve dolasim iligkisi
iizerinden fiziksel ve geometrik yorumlarin tartigilmasi

Ders Kitabi, 841-850.

2. Green Teoremi; tanimi, formiilasyonu ve
diizlemdeki vektor alanlarma uygulanisi
konularinin  okunmasi. Kaynak: Ders|
Kitab1, 931-943.

12

/Ara Smnav 2
Konu Anlatimi: Ug boyutlu uzayda egrisel integraller ve vektor
alanlari. Egrisel integrallerin ii¢ boyutlu uzayda tanimi, vektor
alanlar1 tizerindeki hesaplama yontemleri ve fiziksel anlamlar (is,
akis, dolagim)

Sinif-ici Uygulama (15 dk.): Basit bir vektdr alani iizerinde ¢izgi
integralinin hesaplanmasi

Sinif-i¢i Tartisma [ dk.): Egrisel integrallerin|
elektromanyetizma, akigkanlar mekanigi ve miihendislik
uygulamalarindaki roliiniin tartigilmasi

1. Tek kath integral tanimlari ve siirekli
fonksiyonlarda temel integral 6zelliklerini
hatirlanmast ve etkinlestirilmesi. Kaynak:
Ders Kitabi, 262-274.

2. Ug boyutlu uzayda vektér alan
kavraminin, skaler alanlarla iliskilerinin ve
gradyan, diverjans, rotasyon gibi teme
diferansiyel islemlerin  gdzlemlenmesi.
Ayrica egrilerin  parametrizasyonu  ve
dogrultu vektorlerinin okunmasi. Kaynak:
Ders Kitabi, 907-920.

13

Konu Anlatimi: Egrisel integralde yoldan bagimsizlik kavramu,
konservatif ve rotasyonel vektor alanlarmin incelenmesi ve
orneklerle gosterilmesi

Sinif-ici Uygulama: (15 dk) Basit bir {i¢ boyutlu vektor alani
konservatif yapis1 lizerinde egrisel integral hesaplamalari

Sinif-ici Tartisma: (5 dk.) Konservatif ve rotasyonel alanlarin
fiziksel yorumlarinin ele almmmast: isin yola bagimlilifi, enerjinin
korunumu, yercekimi ve elektrik alanlarinin konservatif yapis ile
manyetik alan ve akigkan alanlarinin rotasyonel dogasi {izerine
tartisiimast

1. Gradyen vektdr kavrami ve ozelliklerini
hatirlanmas: ve etkinlestirilmesi. Kaynak:
Ders Kitabi, 786-787.

2. Ug boyutlu uzayda egrisel integral kavrami
ve vektdr alanlarnm konservatif olup
olmamast gibi konularin  okunmasi.
Kaynak: Ders Kitabi, 920-931.

14

Konu Anlatimi: Yiizey integralleri ve temel 6zellikleri. Skaler ve
vektor alanlar1 igin yiizey integralleri tanimi, parametrelestirme
yontemi ile hesaplanmasi. Ak (flux) kavrami ve fiziksel yorumlar
(elektromanyetizma, akiskanlar mekanigi)

Simif-i¢i Uygulama: (15 dk) Bir ylizey iizerinde yiizey integrali
hesaplama 6rnekleri

Sinif-ici Tartisma: (5 dk.) Yiizey integrallerinin miihendislik|
fizik ve matematiksel modelleme uygulamalarindaki 6nemi; aki
ve fiziksel yorumlar tizerinden tartigilmasi

1. Cift kathh integrallerin tanmmi, varlik
kosullari, integrasyon sirast ve teme
uygulamalart1  hakkinda 6n  bilgileri
hatirlanmast ve etkinlestirilmesi. Kaynak:
Ders Kitabi, 841-850.

2. Yiizey integrali kavrami ve parametrik
ylizey tammi ile ilgili temel bilgileri
okunmasi, Skaler ve vektor alanlaring
tanimt ve aki (flux) kavramma iliskin &
bilgilerin okunmasi. Kaynak: Ders Kitabu,|
953-960.

15

Konu Anlatimi: Diverjans Teoremi ve Stokes Teoremi; tanimlari,
formiilasyonlar1 ve vektor alanlarina uygulamislari. Teoremlerin
hacim ve yiizey integralleri ile iliskisi, fiziksel yorumlar: (akis,
dolasim) ve mithendislikteki kullanimlari; dersin genel tekrar ve
Onceki konularin entegrasyonu

Sinif-ici Uygulama (15 dk.): Diverjans ve Stokes teoremleri
kullanilarak 6rnek integral hesaplamalari, hacim ve yiizey
akilarinin incelenmesi

Sinif-ici Tartisma (5 dk.): Diverjans ve Stokes teoremlerinin
matematiksel, fiziksel ve miihendislik uygulamalarindaki énemi;|
dersin genel kazanimlarinin degerlendirilmesi ve tartigiimasi

1. Egrisel ve ¢ katlh integralleri
hesaplanmalarina dair kurallar;
hatirlanmast ve etkinlestirilmesi. Kaynak:
Ders Kitabi, 859-865; 901-905.

2. Yiizey integralleri ile ilgili 6n bilgileri
tekrar edilmesi; Diverjans ve Stokes]
teoremlerinin matematiksel ifadelerinin ve
fiziksel yorumlarinin okunmasi. Kaynak:
Ders Kitabi, 962-970; 972-981.

16

Final

Islenen konularin tiimiiniin tekrar edilmesi

AKTS iSYUKU TABLOSU

Etkinlikler Say1 Siiresi Toplam isyiikii
(Saat)

Ders Saati 70

Laboratuar
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Uygulama

Arazi Calismasi

Sinif Dis1 Ders Calismasi

Derse Ozgii Staj

Odev

Kiiciik Smavlar/Stiidyo Kritigi

Projeler

Sunum / Seminer

Ara Smavlar (Sinav Siiresi + Sinav
Hazirlik Siiresi)

Final (Sinav Siiresi + Sinav
Hazirlik Siiresi)

Toplam s yiikii:

Toplam {s yiikii / 30(s):

AKTS Kredisi:
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FACULTY / GRADUATE SCHOOL

COURSE INFORMATION FORM

Faculty of Arts and Sciences

DEPARTMENT / PROGRAMME

Mathematics

TITLE OF COURSE

Mathematical Analysis 4

CODE

MAT2042

LOCAL CREDIT

4

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

Elif DEMIR

ASSISTANT(S)

COURSE OBJECTIVES

This course aims to help students develop a thorough understanding of the theoretical
foundations and analytical methods of multivariable integral calculus. The course
systematically addresses the definition, existence conditions, and applications of double
and triple integrals, as well as variable transformations and integral computations in
cylindrical and spherical coordinates. Further emphasis is placed on advanced analytical
techniques, including the convergence of improper integrals, Gamma and Beta functions,
parameter-dependent integrals, and Leibniz’s rule. Line and surface integrals will be
studied in detail, both in the plane and in three-dimensional space; in this context,
fundamental results such as Green’s Theorem, the Divergence Theorem, and Stokes’
Theorem will be explored to reveal the mathematical structures, properties, and
interconnections of integral concepts. The overall objective of the course is to equip
students with a solid and comprehensive theoretical background in multivariable integral
calculus, thereby enabling them to apply this knowledge effectively and creatively in
advanced mathematics courses as well as in applied sciences.

COURSE CONTENT

Double integral, Existence Theorem; applications of double integral; transformation of
variables; triple integral and its applications, cylindrical and spherical coordinates;
analysis of the convergence of improper integrals, Gamma and beta functions; integrals
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depending on a parameter, Leibnitz’s rule; line integrals in plane and existence theorem,
Green’s Theorem, path independence for line integrals; line integrals in three dimensional
space; surface integrals, Divergence Theorem, Stokes” Theorem.

Coursebook:

Thomas, George. B., Weir, Maurice D., Hass, Joel and Giordano, Frank R. Thomas’
Calculus. 11th ed., Pearson Addison-Wesley, Boston, 2005.

Required Readings:

RECOMMENDED OR REQUIRED [1] Kosmala, Witold A. 4 Friendly Introduction to Analysis: Single and Multivariable.
READINGS 2nd ed., Pearson Prentice Hall, Upper Saddle River, New Jersey, 2004.
Recommended Readings:

Folland, Gerald B. Advanced Calculus. Prentice-Hall, 2002.
Kaplan, Wilfred. Advanced Calculus. Wesley Publishing Company, 1984.

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

1. Perform double and triple integrals in various coordinate systems in
mathematical and applied contexts.

Analyze the effects of variable transformations on multivariable integrals
through coordinate changes.

. Determine the convergence of improper integrals using Gamma and Beta
Course Learning Outcomes functions in advanced integral problems.

Apply Leibniz’s rule to parameter-dependent integrals.

Compute line and surface integrals in the plane and in three-dimensional space,
demonstrating a clear understanding of their geometric and analytic
significance.

Evaluate integrals through Green, Divergence, and Stokes Theorems while
recognizing the relationships among these theorems.

EVALUATION SYSTEM

Activities Number Percentage of Grade

‘ Attendance/Participation H H

‘ Laboratory H H

‘ Field Work H H

‘ Application H H ‘

‘ 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 quiz (25-30 minutes). 4 %20
e  Detailed Assessment Criteria:

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

‘ Homework Assignments H H

‘ Project H H

‘ Presentations/Jury H H ‘

‘ Seminar/Workshop H H

1 %40

e Cantents (Camnrehencive miectinne cavering all tanice addrecced 1in

‘ Midterms:
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to the exam week
e  Format: Face-to-face written exam. (90-100 minutes).

o  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

course
Format: Face-to-face written exam. (90-100 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 H %60 ‘

Content: Comprehensive questions covering the entire content of the

Percentage of Final Examination H %40 ‘

TOTAL %100

WEEKS COURSE OUTLINE

Related Preparation

[Lecture: Definition, existence conditions, and|
fundamental properties of double integrals

[Practice (15 minutes): Calculation on simple double]
integrals

[n-Class Discussion (5 minutes): Discussion on the]
significance of double integrals in mathematics and
applications

Recollection and activation of the definition,
computation, fundamental theorem and rules of single
integrals. Source: Coursebook, 262-270.

Reading the definition of double integrals over
rectangular regions and examination of basic examples
as preparation for computation. Source: Coursebook,
836-841.

Lecture: Applications of double integrals; calculation|
of area and volume, determination of limits, and setting]
up integrals over different regions

[Practice (15 minutes): Calculation of double integrals|
over rectangular, triangular, and circular regions;
applying to simple physical examples such as mass and
density distribution

[n-Class Discussion (5 minutes): Discussion of the]
importance of double integrals in engineering, physics,)
and economics; interpreting integrals over different
regions and coordinate systems

Recollection and activation of applications of single
integrals (area and volume calculations). Source:
Coursebook, 294-297; 308-315.

Reading the determination of region boundaries in
double integrals and examination of integral setups for
regions other than rectangles with examples. Source:
Coursebook, 841-850.

[Lecture: Variable transformations and the Jacobian|
determinant; the importance of changing variables in
double integrals, rules for converting between|
coordinate systems

3 Practice (15 minutes): Examples of converting from
Cartesian to polar coordinates; calculating the Jacobian
determinant and applying it to integrals

[n-Class Discussion (5 minutes): Discussion of the]
role of variable transformations in integral calculations,

Recollection and activation of fundamental knowledge
regarding variable substitution in single-variable
functions. Source: Coursebook, 284-291.

Reading of transformation rules between coordinate
systems (rectangular, polar) in multivariable functions
and preparation for the definition of the Jacobian
determinant. Source: Coursebook, 853-859; 887-891.
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their geometric and physical interpretations; the
significance of the Jacobian determinant in differentiall
calculations and multiple integrals

Lecture: Triple integrals; definition, existence
conditions, and fundamental properties. Use of triple
integrals in volume calculations, determination o
limits, and practical examples

[Practice (15 minutes): Calculation of simple triple]
integrals; computing volumes over regions with
different boundary conditions

[n-Class Discussion (5 minutes): Discussion of the]
importance of triple integrals in physics, engineering,
and mathematical modeling; the role of volume
calculations in real-world applications; the effect o
lboundary and coordinate choices on computations

Recollection and activation of double integrals and
fundamental properties: Preliminary knowledge on the
definition of double integrals, conditions of existence,
order of integration, and basic applications. Source:
Coursebook, 841-850.

Reading examples on rectangular regions and
symmetric bodies for the use of triple integrals in
volume calculations. Source: Coursebook, 859-865.

Lecture: Cylindrical and spherical coordinates;
definitions, fundamental properties, and advantages in
multivariable integral calculations

Practice (15 minutes): Examples of converting from
Cartesian to cylindrical and spherical coordinates;
formulation and evaluation of corresponding integrals

[n-Class Discussion (5 minutes): A discussion of the]
importance of different coordinate systems in
mathematics, physics, and engineering applications.

Recollection and activation of Cartesian coordinate
system and determination of boundaries in multiple
integrals; recalling and applying the basic rules related
to coordinate transformations. Source: Coursebook,
841-850; 853-859.

Reading on topics such as the setup of cylindrical and
spherical coordinate transformations in multiple
integrals and the computation of Jacobian
determinants. Source: Coursebook, 875-883.

Lecture: Convergence and divergence criteria for
improper integrals; applying convergence tests through
various examples and examining their mathematicalj
significance; comparing the behavior of different
integrals

[Practice (15 minutes): Examples of improper integrals|
and applying convergence/divergence tests

In-Class Discussion (5 minutes): Discussion on|
applications of improper integrals in physics and
engineering

Recollection and activation the concept of single-
variable integrals, limits, and the definition of the
integral; reviewing the basic ideas and examples
related to the convergence of integrals. Source:
Coursebook, 256-262.

Reading definition and fundamental properties of
improper integrals: examining integrals with infinite
limits and cases where the integrand contains
singularities, as well as reading sections on
convergence and divergence criteria. Source:
Coursebook, 478-487.

[Lecture: Introduction to Gamma and Beta functions,
their domains and properties.Applications of Gamma
and Beta functions in integral computations and in the
definition of special functions

Practice (15 minutes): Examples of basic computation|
involving Gamma and Beta functions

[n-Class Discussion (5 minutes): Discussion on the]
role of Gamma and Beta functions in mathematics,)
probability theory, and physics problems

Recollection and activation the definitions of single
integrals and review of the basic properties of integrals
for continuous functions. Source: Coursebook, 262-
274.

Reading the use of Gamma and Beta functions in
special integral computations and in the definition of
special functions. Source: [1], 274-280.

Midterm 1

Review of all topics covered up to the exam week.

Lecture: Introduction to  parameter-dependent]
integrals. Leibniz rule: differentiation of parameter-
dependent integrals and the proof of the rule.

[Practice (15 minutes): Examples of parameter-|
dependent integrals and exercises on the application o
Leibniz rule.

[n-Class Discussion (5 minutes): Discussion on the|
role of parameter-dependent integrals in analysis,
differential equations, and mathematical modeling.

Recollection and activation of single integral
definitions and basic integral properties for continuous
functions. Sources: Coursebook, 262-274.

Reading Leibniz rule, Reading on differentiation of
parameter-dependent integrals. Source: Coursebook,
306-307.
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10

[Lecture: Definition of line integrals in the plane;
Existence conditions for line integrals

[Practice (15 minutes): Simple calculations of ling|
integrals

[n-Class Discussion (5 minutes): Discussion on the]
applications of line integrals in physics (work, energy),
engineering, and fluid mechanics

Recollection and activation of single integral
definitions and basic integral properties for continuous
functions. Source: Coursebook, 262-274.
Reading the definition and existence conditions of line
integrals. Source: Coursebook, 901-920.

11

Lecture: Green’s Theorem; its definition, formulation,|
land application to vector fields in the plane

Practice (15 minutes): Calculation of line and area)
integrals for a vector field using Green’s Theorem

[n-Class Discussion (5 minutes): Discussion on the]
importance of Green’s Theorem in engineering,
physics, and mathematical modeling; discussion o
physical and geometric interpretations through area and|
circulation relationships

Recollection and activation preliminary information on
the definition, existence conditions, order of
integration, and basic applications of double integrals.
Sources: Coursebook, 841-850.

Reading Green’s Theorem: its definition, formulation,
and application to planar vector fields. Source:
Coursebook, 931-943.

12

[Midterm 2

Lecture: Line integrals and vector fields in three-
dimensional space; definition of line integrals in three-
dimensional space, calculation methods on vector
fields, and their physical interpretations (work, flux,
circulation)

[Practice (15 minutes): Calculation of a line integrall
over a simple vector field

[n-Class Discussion (5 minutes): Discussion on the]
role of line integrals in electromagnetism, fluid
mechanics, and engineering applications

Recollection and activation of single-variable integral
definitions and basic integral properties for continuous
functions. Source: Coursebook, 262-274.

Reading the concept of vector fields in three-
dimensional space, their relationship with scalar fields,
and fundamental differential operations such as
gradient, divergence, and curl. Also, review of curve
parametrization and direction vectors. Source:
Coursebook, 907-920.

13

Lecture: Path independence in line integrals,
investigation of conservative and rotational vecto
ficlds with illustrative examples

[Practice (15 minutes): Calculation of line integrals|
over the conservative structure of a simple three-
dimensional vector field

[n-Class Discussion (5 minutes): Discussion of the]
physical interpretations of conservative and rotationalj
fields: path dependence of work, energy conservation,
the conservative nature of gravitational and electric
fields, and the rotational nature of magnetic and fluid
fields

Recollection and activation of the concept and
properties of the gradient vector. Source: Coursebook,
786-787.

Reading the concept of line integrals in three-
dimensional space and topics such as whether vector
fields are conservative. Source: Coursebook, 920-931.

14

Lecture: Surface integrals and their fundamental
properties; definition of surface integrals for scalar and
vector fields, computation using parameterization, and|
the concept of flux

Practice (15 minutes): Examples of surface integral
calculations over a surface and flux interpretation

[n-Class Discussion (5 minutes): Discussion on the]
importance of surface integrals in engineering, physics,)
and mathematical modeling; discussion of flux and
physical interpretations

Recollection and activation preliminary information on
the definition, existence conditions, order of
integration, and basic applications of double integrals.
Source: Coursebook, 841-850.

Reading the concept of surface integrals and parametric
surface definition; review of the definitions of scalar
and vector fields and the concept of flux. Source:
Coursebook, 953-960.

15

[Lecture: Divergence Theorem and Stokes’ Theorem;)
definitions, formulations, and applications to vecto
ficlds; relation of the theorems to volume and surface]
integrals, physical interpretations (flux, circulation),

and applications in engineering; comprehensive review
land integration of previous topics

Recollection and activation of the rules for calculating
line integrals and triple integrals. Source: Coursebook,
859-865; 901-905.

Reading preliminary information on surface integrals;
study of the mathematical formulations and physical
interpretations of the Divergence and Stokes

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

Sayfa: 11/16



Theorems. Source: Coursebook, 962-970, 972-981.
Practice (15 minutes): Example integral calculations
using Divergence and Stokes’ Theorems; examination
of volume and surface flux

[n-Class Discussion (5 minutes): Discussion on the]
Importance of Divergence and Stokes’ Theorems in
mathematical, physical, and engineering contexts;
evaluation and discussion of overall course learning
outcomes

16 Final Review of all topics covered.

ECTS WORKLOAD TABLE

Activities Number Duration Total Workload
(Hour)

Course Hours 5 70

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) 30

Final (Examination Duration + Examination Prep. Duration) 30

Total Workload:

Total Workload / 30(h):

ECTS Credit:
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Ders Odrenim Ciktis1 & Program Ciktis1 Matrisi

[ |[ets |[nos [[ntos |/ndes [inocs |mses]

PQ-I 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}
19}
19}
19}

applications.

PS ‘-2 Matematik alanindaki
teorik ve uygulamali
bilgilerini ve matematiksel
diisiinme becerilerini
kullanarak standart ve
karmasik matematiksel

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

PS ‘-3 Matematik alanindaki

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

I
I
I
19)]
I
I

I
I
I
19)]
I
I
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Pg-4 Disiplinleraras: 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 yonetim
matematigi, biyomatematik,
veri bilimi ve finansal
istatistik ~ yontemleri  gibi
disiplin-i¢i ve disiplinlerarast
uzmanlik alanlarinda
gelistirebileceklerdir. /
Advance  their  acquired
knowledge in mathematics
and mathematical thinking
skills in both disciplinary and
interdisciplinary  areas  of
specialisation such as pure
mathematics, software,
financial and  managerial
mathematics, biomathematics,
data science, and financial
statistical methods.

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 ulagsmak i¢in
hayat boyu O0grenme
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.

IS
F°N
F°N
IS
IS
I~

IS
IS
IS
I
I
IS
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PC-8 Bilimsel
aragtirmalarin1  ve  mesleki
faaliyetlerini yiiriitiirken
dogabilecek hukuksal
sonuglar1 ve toplumsal etkileri
dikkate alarak mesleki etik
ilkeler, kalite standartlari ile
evrensel degerler
dogrultusunda  ve  sosyal
sorumluluk bilinci ve adalet
duygusuyla hareket - - - = = -
edebileceklerdir. / Act with a
sense of social responsibility
and justice and in accordance
with  professional  ethical
principles, quality standards,
and universal values by taking
into account potential legal
and societal consequences of
their scientific research and
professional activities.

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

PS ‘-10 Matematik alaninda

giivenilir bilgi kaynaklarina
ulagarak literatiir taramasi
yapabilecek ve akademik

19
19
19
19
19
19

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

konulari, teorileri, ispatlari,
arastirmalart  ve  problem
¢Ozlimlerini, matematik
terminolojisi kullanarak tiim
paydaslara Tiirkge ve
Ingilizcede sézlii ve yazih
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.

IS
IS
IS
I
I
IS
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