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BOLUM / PROGRAM /
ANABILIM DALI ADI
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DERSIN ADI

Fizikte Matematik Yontemler 2

DERSIN KODU

F1Z3650

YEREL KREDISi
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AKTS KREDISi

HAFTALIK DERS SAATI

HAFTALIK UYGULAMA SAATI

HAFTALIK LABORATUVAR
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YARIYIL
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DERSIN DiLi

Tiirkge, ingilizce

DERSIN SEVIYESi

Lisans Seviyesi

DERSIN TURU

Secmeli @ Fizik Lisans Program

DERSIN KATEGORISi

Uzmanhk Alan Dersleri

DERSIN VERILIS SEKLI

Yiiz Yiize

DERSi SUNAN AKADEMIiK
BiRIM

Fizik Boliimii

DERSIN KOORDINATORU

Zeynel YALCIN

ASISTAN(LAR)

DERSIN AMACI

Bu dersin amaci, 6grencilerin fizik problemlerinin ¢6ziimiinde kullanilan ileri matematiksel
yontemleri Ogrenmelerini amaglamaktadir. Fourier ve Laplace doniisiimleri, 6zel
fonksiyonlar (Legendre, Bessel, Hermite), kismi diferansiyel denklemler ve smir deger
problemleri ele aliacak; Green fonksiyonlar: ve uygulamalari {izerinden fiziksel siireclerin
analitik ¢ozlimleri incelenecektir. Bu sayede Ogrenciler, karmasik fiziksel sistemleri
matematiksel modeller araciligiyla ¢dzlimleyebilecek ve yorumlayabileceklerdir.

DERSIN iCERIGI

Fourier serileri ve kompleks Fourier serileri; Fourier doniisiimii ve Parseval teoremi; Laplace
doniisiimii ve ters Laplace doniisiimii; kuvvet serisi yontemi, tekil noktalar ve Frobenius
yontemi; Legendre diferansiyel denklemi ve Legendre polinomlari; Bessel ve Hermite
diferansiyel denklemleri; kismi diferansiyel denklemler, Laplace denklemi, difiizyon
denklemi ve dalga denklemi; lineer homojen ve homojen olmayan sinir deger problemleri;
Sturm-Liouville sinir deger problemleri ve 6z-adjoint problemler; Green fonksiyonlart ve
elektrodinamikte uygulamalari.

DERS KiTABI/ MALZEMESI /
ONERILEN KAYNAKLAR
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Ders Kitaba:

Karaoglu, B., Fizik ve Miihendislikte Matematik Yontemler, Seckin Yayincilik ISBN:
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Onerilen Kaynaklar:

[1] Artken, G., Weber, H. ve Harris, F.E. Mathematical Methods for Physicists. Academic
Press. ISBN: 9780123846556 ISBN: 9780123846549.

[2] Boyce, W.E. ve DiPrima, R.C. Elementary Differential Equations and Boundary Value
Problems. John Wiley&Sons. ISBN-13: 978-1118157381 ISBN-10: 1118157389.

[3] Mathews, J. ve Walker, R.L. Mathematical Methods of Physics. The
Benjamin/Cummings Pub. Co.
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Bu dersi basarryla tamamlayan 6grenciler,

1. Fourier ve Laplace integral doniisiimlerini gergeklestirerek fizik problemlerini
¢Ozebileceklerdir.

Diferansiyel  denklemleri c¢ozmek  i¢in  Frobenius  yoOntemini
kullanabileceklerdir.

Ders Ogrenim Ciktilari

Verilen sinir kosullarini dikkate alarak Laplace, Difiizyon, Dalga ve Poisson
denklemlerini ¢ozebileceklerdir.

Green  fonksiyonlarim1  kullanarak  bazi  diferansiyel — denklemleri
¢Ozebileceklerdir.

Green fonksiyonlart yardimiyla Poisson denkleminin belirli ¢dziimlerini elde
edebileceklerdir.

DEGERLENDIRME SiSTEMI

Etkinlikler Say1 Katki Pay1

Devam/Katilm:
e icerik: Ogrencilerin derse devam etmeleri ve katilmalar:

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

- Sinif-i¢i tartigmalara ve problem ¢6zme siire¢lerine katki
saglayabilme

‘ Laboratuvar: H H

‘ Uygulama (Sézlii Sinav): H H

‘ Arazi Calismasi H H

Derse Ozgii Staj

‘ Kisa Sinavlar/Stiidyo Kritigi: H H

‘ Seminer/Workshop H H

Ara Smavlar:
e icerik: Smav haftasina kadar islenen konularin tiimiinii kapsayan
kapsamli sorular

e Format: Yiiz yiize. Sinav (90 dakika)
2 %55

e Detayh Degerlendirme Kriterleri:

-Dersin temel kavramlarinin anlagildiginin gosterilmesi
-Teorik konularla ilgili problemlerin ¢dziilebilmesi
-Teorik diisinme siire¢lerinin yiiriitiilmesi

e igerik: Agirlikli olarak ara smav sonrasi olmak iizere dersin tiim
icerigini kapsayan kapsamli sorular

- . 1 %40
e  Format: Yiiz yiize. Sinav (90 dakika)

e  Detayh Degerlendirme Kriterleri:

(Form No: FR-0315; Revizyon Tarihi: 02.07.2015; Revizyon No:04) Sayfa: 2/11



-Derste islenen tiim konularin derinlemesine kavranmig

oldugunun gosterilmesi
-Ileri diizey problem ¢ézme becerilerinin kullanilabilmesi

Dénem i¢i Cahismalarin Basar1 Notuna Katkis

Final Sinavinin Basar1 Notuna Katkisi

TOPLAM

HAFTALIK KONULAR VE iLGILi ON HAZIRLIK CALISMALARI

HAFTALAR

KONULAR

On Hazirhk

Konu anlatimi: Fourier Serisi. Kompleks Fourier Serisi.

flgili boliimiin okunmasi. Kaynak: Ders
Kitabi, Bo6lim 5: Fourier ve Laplace
Dontigiimleri (5.1, 5.2, 5.2.1).

Konu anlatim: Fourier Doniistimii. Parseval Teoremi.

flgili béliimiin okunmasi. Kaynak: Ders
Kitabi, Bolim 5: Fourier ve Laplace
Dontigtimleri ( 5.2.2, 5.2.3).

IKonu anlatimi: Laplace Doniisiimii. Ters Laplace Dontigiimii.

flgili béliimiin okunmasi. Kaynak: Ders
Kitabi, Bolim 5: Fourier ve Laplace]
Doniigiimleri (5.3, 5.3.1, 5.3.2, 5.3.3).

Konu anlatimi: Kuvvet Serisi Yontemi. Tekil Noktalar.
[Frobenius Yontemi. Legendre Diferansiyel Denklemi. Legendre
IPolinomlart.

flgili béliimiin okunmasi. Kaynak: Ders
Kitabi, Bolim 7: Diferansiyel Denklemle
(6.1,6.1.1,6.1.2,6.1.3, 6.1.4).

IKonu anlatimi: Bessel Denklemi. Hermite|

Diferansiyel Denklemi.

Diferansiyel

flgili boliimiin okunmasi. Kaynak: Ders
Kitabi, Boliim 7: Diferansiyel Denklemle
(6.1.5, 6.1.6).

Konu anlatim: Denklemler. Laplace

Denklemi.

Kismi Diferansiyel

flgili béliimiin okunmasi. Kaynak: Ders
Kitabi, Bolim 7: Kismi Diferansiyel
Denklemler (7.1).

Konu anlatimi: Diflizyon Denklemi.

flgili béliimiin okunmasi. Kaynak: Ders
Kitabi, Bolim 7: Kismi Diferansiyel
Denklemler (7.2).

IAra Sinav 1

Islenen tiim konularin tekrar edilmesi.

IKonu anlatimi: Dalga Denklemi.

flgili béliimiin okunmasi. Kaynak: Ders
Kitabi, Bolim 7: Kismi Diferansiyel
Denklemler (7.3).

Konu anlatimi: Sinir Deger Problemleri. Lineer Homojen Sinir
Deger Problemleri.

flgili bolimiin okunmasi. Kaynak: Boyce
ve DiPrima, Bo6lim 11: Smir Dege
Problemleri ve Sturm-Liouville Teorisi
(11.1,11.2).

IKonu anlatimi: Sturm-Liouville Sinir Deger Problemleri. Kendi-
adjoint Problemleri.

flgili bolimiin okunmasi. Kaynak: Boyce
ve DiPrima, Bolim 11: Smur Dege
Problemleri Ve Sturm-Liouville Teorisi
(11.3).

IKonu anlatimi: Homojen Olmayan Sinir Deger Problemleri.

flgili bolimiin okunmasi. Kaynak: Boyce
ve DiPrima, Bolim 11: Smur Dege
Problemleri Ve Sturm-Liouville Teorisi
(11.4).

IKonu anlatimi: Green Fonksiyonlari, Arasinav 2.

flgili  boliimiin  okunmasi.  Kaynak:
Mathews ve Walker, Bolim 9: Gree
Fonksiyonlar1  (9.4), Arasinav 1’de
sonraki konular.

Konu anlatimi: Elektrodinamikte Green Fonksiyonlari.

flgili ~ bélimin  okunmasi.  Kaynak:
Mathews ve Walker, Bolim 9: Gree
Fonksiyonlari (9.5).

IDers anlatimi: Konu tekrari.

Islenen konularin tekrar edilmesi.

IFinal

Tim konular.
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Etkinlikler Toplam Isyiikii

Ders Saati 42

Laboratuar

Uygulama (s6zlii Sinav)

Arazi Calismasi

Sinif Dis1 Ders Calismasi

Derse Ozgii Staj

Odev

Kiiciik Sinavlar/Stiidyo Kritigi

Projeler

Sunum / Seminer

Ara Sinavlar (Sinav Siiresi + Sinav
Hazirhk Siiresi)

Final (Sinav Siiresi + Sinav
Hazirhk 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

Physics

TITLE OF COURSE

Mathematical Methods in Physics 2

CODE

FI1Z3650

LOCAL CREDIT

3

ECTS

LECTURE HOUR / WEEK

PRACTICAL HOUR / WEEK

LABORATORY HOUR / WEEK

PREREQUISITE

None

SEMESTER

Fall, Springer

COURSE LANGUAGE

Turkish, English

LEVEL OF COURSE

First Cycle

COURSE TYPE

Elective @ Bachelor Programme in Physics

COURSE CATEGORY

Major Area Courses

MODE OF DELIVERY

Face-to-Face

OWNER ACADEMIC UNIT

Department of Physics

COURSE COORDINATOR

Zeynel YALCIN

ASSISTANT(S)

COURSE OBJECTIVES

This course aims to equip students with advanced mathematical methods used in solving
physics problems. Topics include Fourier and Laplace transforms, special functions
(Legendre, Bessel, Hermite), partial differential equations, and boundary value problems.
The course also covers Green’s functions and their applications in physics. By the end of
the course, students will be able to analyze and solve complex physical systems through
mathematical modelling.

COURSE CONTENT

Fourier series and complex Fourier series; Fourier transform and Parseval’s theorem;
Laplace transform and inverse Laplace transform; power series method, singular points,
and Frobenius method; Legendre differential equation and Legendre polynomials; Bessel
and Hermite differential equations; partial differential equations, Laplace equation,
diffusion equation, and wave equation; linear homogeneous and non-homogeneous
boundary value problems; Sturm—Liouville boundary value problems and self-adjoint
problems; Green’s functions and their applications in electrodynamics.

RECOMMENDED OR REQUIRED
READINGS

Coursebook:

Karaoglu, B., Fizik ve Miihendislikte Matematik Yontemler, Segkin Yaymcilik ISBN:
9789750202953.

Recommended Readings:

[1] Arfken, G., Weber, H. and Harris, F.E. Mathematical Methods for Physicists.
Academic Press. ISBN: 9780123846556 ISBN: 9780123846549.

[2] Boyce, W.E. and DiPrima, R.C. Elementary Differential Equations and Boundary
Value Problems. John Wiley&Sons. ISBN-13: 978-1118157381 ISBN-10: 1118157389.
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[3] Mathews, J. and Walker, R.L. Mathematical Methods of Physics. The

Benjamin/Cummings Pub. Co.

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

1. Solve physics problems by performing Fourier and Laplace integral transforms.

2. Use the Frobenius method to solve differential equations.

Course Learning Outcomes o ) ) )
Solve the Laplace, Diffusion, Wave, and Poisson equations under given

boundary conditions.
Solve differential equations using Green’s functions.

Obtain specific solutions of the Poisson equation with the aid of Green’s
functions.

EVALUATION SYSTEM

Activities Number Percentage of Grade

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

e  Detailed Assessment Criteria:
14 %5
-Active participation in lessons and asking questions

-Ability to contribute to in-class discussions and problem-solving
processes

| Laboratory H H ‘

‘ Application (Oral Examination): H H ‘

| Field Work H H ‘

Special Course Internship (Work Placement)

‘ Quizzes/Studio Critics: H H ‘

| Homework Assignments: H H ‘

Presentations/Jury:

‘ Project: H H ‘

| Seminar/Workshop H H ‘

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

e  Format: Face-to-face written exam. (90 minutes).

e  Detailed Assessment Criteria: 2 %55

-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
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Content: Comprehensive questions covering the entire content of the
course, mainly after the midterm exam

Format: Face-to-face written exam. (90 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

Percentage of Final Examination H

TOTAL ‘ ‘

WEEKLY SUBJECTS AND RELATED PREPARATION STUDIES

COURSE OUTLINE

Related Preparation

Lecture: Fourier Series. Complex Fourier Series.

1.

Reading the relevant section. Source: Coursebook,
Chapter 5: Fourier and Laplace Transforms (5.1, 5.2,
5.2.1).

[Lecture: Fourier Transform. Parseval's Theorem.

Reading the relevant section. Source: Coursebook,
Chapter 5: Fourier and Laplace Transforms (5.2.2,
5.2.3).

Lecture: Laplace Transform. Inverse Laplace
Transform.

Reading the relevant section. Source: Coursebook,
Chapter 5: Fourier and Laplace Transforms (5.3, 5.3.1,
5.3.2,5.3.3).

Lecture: Power Series Method. Singular Points,
Frobenius Method. Legendre Differential Equation,
Legendre Polynomials.

Reading the relevant section. Source: Coursebook,
Chapter 7: Differential Equations (6.1, 6.1.1, 6.1.2,
6.1.3,6.1.4).

Lecture: Bessel Differential Equation.
Differential Equation.

Reading the relevant section. Source: Coursebook,
Chapter 7: Differential Equations (6.1.5, 6.1.6).

Lecture: Partial Differential Equations.
[Equation.

Reading the relevant section. Source: Coursebook,
Chapter 7: Partial Differential Equations (7.1).

Lecture: Diffusion Equation.

Reading the relevant section. Source: Coursebook,
Chapter 7: Partial Differential Equations (7.2).

Midterm Exam 1

All topics covered.

Lecture: Wave Equation.

Reading the relevant section. Source: Coursebook,
Chapter 7: Partial Differential Equations (7.3).

Lecture: Boundary Value Problems.
Homogeneous Boundary Value Problems.

Reading the relevant section. Source: Coursebook,
Boyce and DiPrima, Chapter 11: Boundary Value
Problems and Sturm-Liouville Theory (11.1, 11.2).

Lecture: Sturm-Liouville Boundary Value Problems.
Self-adjoint Problems.

Reading the relevant section. Source: Coursebook,
Boyce and DiPrima, Chapter 11: Boundary Value
Problems and Sturm-Liouville Theory (11.3).

Lecture: Nonhomogeneous Boundary Value Problems.

Reading the relevant section. Source: Coursebook,
Boyce and DiPrima, Chapter 11: Boundary Value
Problems and Sturm-Liouville Theory (11.4).

Lecture: Green's Functions, Midterm Exam 2.

Reading the relevant section. Source: Coursebook,
Mathews and Walker, Chapter 9: Green Functions
(9.4), Topics after Midterm 1.

Lecture: Green's Functions in Electrodynamics.

Reading the relevant section. Source: Coursebook,
Mathews and Walker, Chapter 9: Green Functions
(9.5).

[Lecture: Review.

Review of topics covered all topics.

Final

All topics covered.

ECTS WORKLOAD TABLE
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Activities Number Duration
(Hour)

Total Workload

Course Hours 3

42

Laboratory

Application

Field Work

Study Hours Out of Class

Special Course Internship (Work Placement)

Homework Assignments

Quizzes/Studio Critics

Project

Presentations / Seminar

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

Final (Examination Duration + Examination Prep. Duration)

Total Workload:

Total Workload / 30(h):

ECTS Credit:
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Ders Odrenim Ciktis1 & Program Ciktis1 Matrisi

PC-1  Temel bilimler ve
fizik alaninda kapsamli bir
kuramsal bilgi altyapisi
edinerek, bu bilgileri akademik
diizeyde analiz, yorum ve
problem  ¢oziimiinde  etkin
bi¢imde kullanabileceklerdir.

/ Use their comprehensive
theoretical ~ knowledge  in
fundamental  sciences and
physics for

analysis, interpretation, and
problem-solving at an academic
level.

1)
&
1)
1)
|

PQ-Z Edindikleri uygulamali
bilgileri  fiziksel siireglerin
modellenmesi, deneysel tasarim
ve problem ¢oziimiinde etkili
ve amaca yonelik bigimde
kullanabileceklerdir.

/' Apply their practical
knowledge effectively and
strategically in  modelling
physical

processes, experimental design,
and problem-solving.

F°N
IS
IS
IS
I

PC-3 Kuramsal ve/veya
deneysel bilgilerini karmagik
fizik problemlerinin
¢oztiminde etkili  bi¢imde
kullanarak, bu problemlere
yonelik uygun analiz ve
modelleme ydntemlerini segip
uygulayabileceklerdir.

/ Use their theoretical and/or

1)
&
&
&
I~

experimental knowledge
effectively in solving complex
physics

problems by selecting and
applying appropriate analysis
and modelling methods for
these

problems.

PS‘-4 Disiplinlerarast  bir

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

PC-5 Fizik biliminin temel
ve uygulamali alanlarinda
edindikleri bilgi birikimlerini
ve kuramsal analiz, deneysel
uygulama ve sayisal modelleme
ve hesaplamali fizik araclarini
kullanma ve gelistirme
becerilerini, kuramsal fizik,
niikleer fizik, yogun madde

1
I
1
1
1

1)
&
&
&
I~

(Form No: FR-0315; Revizyon Tarihi: 02.07.2015; Revizyon No:04) Sayfa: 9/11



fizigi, yiksek enerji fizigi,
nanoteknoloji,
yenilenebilir/alternatif ~ enerji
teknolojileri, ileri malzeme
tasarimi, niikleer teknoloji ve
kuantum  teknolojileri  gibi
disiplin-i¢i ve disiplinlerarast
uzmanlik alanlarinda
gelistirebileceklerdir.

/" Advance their acquired
knowledge in the fundamental
and applied fields of physics

and their

skills in theoretical analysis,
experimental application,
numerical modelling and using
and

developing computational
physics  tools in  both
disciplinary and
interdisciplinary areas of
specialisation such as

theoretical ~ physics, nuclear
physics, condensed matter
physics, high energy

physics, nanotechnology,
renewable/alternative  energy
technologies, advanced
materials design,

nuclear technology, and
quantum technologies.

PS;-6 Fizik alaninda yaygin

olarak kullanilan bilgisayar ve
yapay zeka teknolojileri ile en
az bir programlama dilini,
problemleri  ¢ozmek,  veri
analizi yapmak ve
simiilasyonlar gerg¢eklestirmek
igin etkin bigimde - = = = =
kullanabileceklerdir.

language and computer and
artificial intelligence
technologies

widely employed in physics for
problem-solving, data analysis,
and simulations.

PC-7 Fizik ve ilgili
alanlardaki kariyer firsatlarini
degerlendirerek  kisisel  ve
mesleki gelisim  hedeflerini
belirleyebilecekler ~ ve  bu
hedeflere ulasmak i¢in hayat
boyu Ogrenme stratejilerini
kullanabileceklerdir.

/ Follow scientific  and
technological developments in - - - - -
physics and related fields,
assess career

opportunities, identify personal
and professional development
goals, and adopt lifelong
learning

strategies to achieve these
goals.

PC-8 Bilimsel
aragtirmalarim1 ve  mesleki
faaliyetlerini yiiriitiirken - - - - -
dogabilecek hukuksal sonuglart
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ve toplumsal etkileri dikkate
alarak mesleki etik ilkeler,
kalite standartlar1 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.

P_C‘_-lﬂ Fizik alaninda,
giivenilir  bilgi  kaynaklarina
ulagarak literatir = taramast
yapabilecekler ve akademik
arastirma tasarlayip
yiiriitebileceklerdir. - - - - -
/ Access reliable sources of
information, conduct literature
reviews, and design and carry

out academic research in the

field of physics
PC-11  ileri diizey fizik
konularmi, teorileri,

aragtirmalart ~ ve  problem
¢oziimlerini, fizik terminolojisi
kullanarak Tiirkge ve
Ingilizcede tiim paydaslara
sozli ve  yazilh  olarak
aktarabileceklerdir. /
Effectively communicate
topics, theories, research, and - - - - =
problem solutions in physics to
all

relevant  stakeholders using
appropriate physics
terminology, both orally and in
writing, in Turkish

and in English.

&1 2 Laboratuvar

caligmalarinda, bilimsel veri
toplayarak  teknik  ve/veya

bilimsel raporlar
hazirlayabilecek ve mevcut
raporlari _ _ _ _ _
yorumlayabileceklerdir. / - - - - -

Collect scientific data during
laboratory =~ work,  prepare
technical and/or  scientific
reports

and interpret existing reports.
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