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DERSIN AMACI

Bu dersin amaci, dgrenciler i¢in niikleer kuvvetlerin dogasini, déteron yapisint ve niikleer yapi
modellerini anlamalarint saglamak; niikleer reaksiyon tiplerini, tesir kesiti kavramini ve reaksiyon
modellerini uygulamali bigimde kavratmak; fisyon ve flizyon siireglerinin fiziksel prensiplerini,
enerji iretim mekanizmalarint ve reaktdr uygulamalarini analiz ettirmek; niikleer astrofizik
cergevesinde yildizlarda element sentezi, silipernova siiregleri ve agir element olusumunu
degerlendirmelerini saglamak; ayrica pargacik hizlandiricilarinin temel prensiplerini 6grenerek
modern niikleer aragtirmalarin deneysel altyapisini biitiinciil bir bakis agisiyla kavramalarina katkida
bulunmaktir.

DERSIN ICERIGi

Ders, niikleer kuvvetler ve doteron teorisiyle baslar; ardindan niikleer yapi modelleri (Fermi-gaz,
kollektif model) incelenir. Niikleer reaksiyonlar, tesir kesiti, Coulomb sagilmasi, elastik-inelastik
sacilmalar ve reaksiyon modelleri (optik model, bilesik cekirdek, direkt reaksiyonlar) ele alinir.
Fisyon ve fiizyon siiregleri, enerji agiga ¢ikisi, zincirleme reaksiyonlar, fiizyon kosullar ve reaktor
teknolojileri islenir. Niikleer astrofizik boliimiinde yildiz i¢i niikleosentez, siipernova patlamalart, s-,
r- ve p-siiregleriyle agir elementlerin sentezi iizerinde durulur. Dersin son boliimiinde pargacik
hizlandiricilarinin tiirleri ve modern deneysel arastirmalardaki rolleri tartisilir; genel tekrar ve
Ogrenci sunumlari ile tamamlanir.

DERS KiTABI / MALZEMESI /
ONERILEN KAYNAKLAR

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

Ders Kitabi:

Krane, Kenneth S. Niikleer Fizik. 2nd ed., vols. 1-2, Wiley, 2020.

Zorunlu Kaynaklar:

[1] Lilley, John. Nuclear Physics: Principles and Applications. Wiley, 2001.

[2] Krane, Kenneth S. Introductory Nuclear Physics. 2nd ed., Wiley, 2020.

[3] Jelley, N. A. Fundamentals of Nuclear Physics. Cambridge University Press, 2016.
[4] Martin, Brian R. Nuclear and Particle Physics. Wiley, 2019.

Onerilen Kaynaklar:
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[1] Mukhopadhyay, A., and Xiaofeng Zhang. Modern Nuclear Physics. Springer, 2022.

[2] Blatt, John M., and Victor F. Weisskopf. Theoretical Nuclear Physics. Dover, 2004.

[3] Thompson, Ian J., and Filomena Nunes. Nuclear Reactions for Astrophysics: Principles,
Calculation and Applications. Cambridge University Press, 2009.

[4] Y1lmaz, Osman. Cekirdek Fizigine Giris. Nobel Akademik Yaymcilik, 2015.

[5] Tombakoglu, Mustafa. Niikleer Fizik ve Radyasyon. Segkin Yayincilik, 2018.

[6] Journal of Physics G: Nuclear and Particle Physics. IOP Publishing.

[7] Nuclear Physics A. Elsevier.

[8] arXiv.org, dzellikle nucl-th (teorik) ve nucl-ex (deneysel) kategorileri.

Bu dersi basartyla tamamlayan dgrenciler,

1. Niikleonlar arasindaki temel etkilesimleri ve bu etkilesimlerin temel 6zelliklerini (¢ekirdek
kuvvetinin kisa menzilli olmasi, ¢ekirdek yogunlugunun sabitligi, doyurucu olmasi)
aciklayabilecekler ve en basit niikleer sistem olan déteronun yapisini bu kuvvetler
gergevesinde yorumlayabileceklerdir.

Niikleer reaksiyonlar1 siniflandirabilecekler, tesir kesiti kavramimi tanimlayabilecekler ve
reaksiyon kinematigi ile korunum yasalari1 kullanarak basit reaksiyon hesaplamalar
yapabileceklerdir.

Niikleer fisyon siirecini, zincirleme reaksiyon mekanizmasini ve kritiklik kavramini
aciklayabilecekler; fisyonun enerji iiretimi ve niikleer silah teknolojisindeki rollerini
karsilastirabileceklerdir.

Niikleer flizyonun temel prensibini ve enerji agiga ¢ikis mekanizmasini agiklayabilecekler;
kontrollii termontiikleer fiizyon ic¢in gerekli olan plazma sicakligi, Lawson kriteri ve
hapsetme yontemleri gibi teknik zorluklar1 ve ¢6ziim yaklagimlarini tartigabileceklerdir.

Ders Ogrenim Ciktilar:

Niikleosentez kavramimi tanimlayabilecekler; yildizlarin igindeki hidrojen yanmasi,
helyum yanmasi ve demirden agir elementlerin olusumunu (s-, r-, p-siiregleri)
aciklayabilecekler ve niikleer fizik ile astrofizik arasindaki iliskiyi kurabileceklerdir.

Radyoizotop iiretimi, radyokarbon tarihlendirme, ndtron aktivasyon analizi ve niikleer
goriintilleme (PET, SPECT) gibi ¢esitli niikleer yontemlerin ¢alisma prensip ve
mekanizmalarini kavrayabileceklerdir.

Niikleer teknolojilerin enerji santralleri, tibbi teshis ve tedavi, endiistriyel kalite kontrol,
arkeolojik tarihlendirme ve tarim gibi farkli alanlardaki somut uygulama 6rneklerini analiz
edebilecekler ve bu uygulamalarin toplum ve ¢evre tizerindeki etik ve ekonomik etkilerini
tartisabileceklerdir.

DEGERLENDIRME SiSTEMI

Etkinlikler Katki Pay1

Devam/Katihm:
e  igerik: Ogrencilerin derse devam etmeleri ve katilmalar

Detayh Degerlendirme Kriterleri:

- Derse aktif katilim ve soru sorma
- Smif-i¢i tartigmalara ve problem ¢dzme siireglerine katki saglayabilme

| Laboratuvar:

| Uygulama H H

| Arazi Calismasi H H

Derse Ozgii Staj
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Kisa Sinavlar/Stiidyo Kritigi:
e Icerik: Smav haftasina kadar islenen konularin tiimiinii kapsayan
kapsamli sorularin sorulmasi

Format: Yiiz yiize. Coktan se¢meli kisa sinav (5-10 dakika)

Detayh Degerlendirme Kriterleri:

-Derste iglenen teorik ve deneysel konular ile ilgili problemleri
¢Ozebilme

icerik: Derste islenen temel kavramlarin elestirel bicimde
yorumlanmasini ve ilgili kavramlarin disiplin-i¢i ve disiplinlerarasi
alanlarda 6rneklerinin bulunmasini igeren haftalik ddevlerin verilmesi

Format: Yazili raporlar ve grup sunumlart
Detayh Degerlendirme Kriterleri:

- Bir problemin ¢6ziim siirecini mantikli ve dogru bir sekilde yazabilme
- Kavramlarm uygulamadaki 6rneklerini bulabilme

- Uygulamali diigiinebilme, yorumlama ve gerekg¢elendirme siireglerinin
yiiriitiilebilmesi

Sunum/Jiiri

Proje

Seminer/Workshop

Ara Simavlar:
e icerik: Smav haftasma kadar islenen konularin timiinii kapsayan
kapsamli sorular

Format: Yiiz yiize. Sav (90 dakika)
Detayh Degerlendirme Kriterleri:
-Dersin temel kavramlarinin anlasildiginin gosterilmesi

-Teorik konularla ilgili problemlerin ¢dziilebilmesi
-Teorik diisiinme siire¢lerinin yiriitiilmesi

Final:
e icerik: Dersin tiim ierigini kapsayan kapsaml: sorular

e  Format: Yiiz yiize. Sinav (90 dakika)
e Detayh Degerlendirme Kriterleri:
-Derste islenen tiim konularin derinlemesine kavranmig

oldugunun gosterilmesi
-ileri diizey problem ¢dzme becerilerinin kullamlabilmesi

| Dénem ici Cahsmalarin Basar1 Notuna Katkis H %60 ‘

| Final Sinavinin Basar1 Notuna Katkisi H %40 ’
TOPLAM %100

HAFTALIK KONULAR VE iLGiLi ON HAZIRLIK CALISMALARI
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HAFTALAR | KONULAR On Hazirhik
Konu Anlatimi: Niikleer Kuvvetler, Doteron Teorisi. i N -
1. Ddteronun baglanma enerjisi ve kuantum
e R < oo sayilarinin hatirlanmasi.
Sinif-i¢i Uygulama (5 dk.): Doéteronun baglanma enerjisi 2. Kuantum kuyu problem  coziiminiin
1 hesab.
hatirlanmasi.
Simif-ici Tartisma (5 dk.): Degis-tokus kuvvetinin dogasi ve Raynak: Ders kitabi, Bolim 4: Nikleer
N . Kuvvetler.
onemi.
Konu Anlatimi: Niikleer yapt modelleri: Fermi-Gaz Modeli. 1. Nikleer yogunluk ve Fermi enerji
kavramlarinin hatirlanmasi.
5 Simif-ici Uygulama (5 dk.): Fermi-gaz modelinde yogunluk] 2. Kuantum ve Klasik faz uzaylarmm
Ive Fermi enerjisinin hesaplanmasi. tanimlarmin hatirlanmasi.
Kaynak: Ders kitabi, Boliim 5: Niikleer yap1
Simif-i¢i Tartisma (5 dk.): Faz uzayinin tartigiimasi. modelleri.
Konu Anlatimi: Niikleer yapt modelleri: Kollektif Model.
S{mf_lcl Uygulama (5 dk): Kollektif modelde titresim vq 1. Eylemsizlik moment hesabinin hatirlanmasi.
donme modlarinin aragtirilmas. .
2. Cekirdekte uyarilmisg durumlarin
3 . . . . . hatirlanmasi.
§lnlf—ll§l Tartisma (5 dk.): Cekirdeklerde kollektif hareketin| Kaynak: Ders kitabi, Bolim 5: Kollektif
6nemi.
Modeller.
Kisa Smav 1 (15 dk.): Ders sonunda, derste iglenen konulari
iceren bir kisa sinavin yapilmasi.
Konu Anlatimi: Niikleer Reaksiyonlara Girig: Tesir
Kesiti, Reaksiyon Tiirleri, Coulomb Sagilmasi. . . . .
1. Nikleer reaksiyon tiirlerinin (elastik,
4 Siif-i¢ci Uygulama (5 dk.): Rutherford sagilma formiilii 1nelgst1k, ygkalama) hatirlanmas.
hesabi 2. Tesir kesiti kavraminin hatirlanmasi.
' Kaynak: Ders kitab1, Béliim 11: Niikleer
Smif-ici Tartisma (10 dk.): Deneysel reaksiyon reaksiyonlar.
Ol¢timlerindeki zorluklar.
Konu Anlatimi: Niikleer Sagilma: Elastik ve Inelastik
Sag¢ilma, Reaksiyon Tesir Kesiti.
1. Onceki haftanin tesir kesiti ve sagilma
.. . . konularmin bilinmesi.
5 Sll’flf-lg!l. Uygulama (5 dk.): Farkli reaksiyon tiirleri i¢in Kaynak: Ders kitab1, Boliim 11: Niikleer
tesir kesiti hesabi. .
Reaksiyonlar.
Sinif-i¢i Tartisma (5 dk.): Farkl reaksiyon kanallar1 igin
tesir kesiti karsilagtirmasi.
Konu Anlatimi: Reaksiyon Modelleri: Optik Model,
Bilesik Cekirdek ve Direkt Reaksiyonlar.
1. Bilesik ¢ekirdek ve direkt reaksiyon
6 Smif-ici  Uygulama (5 dk.): Optik  model ayriminin hatirlanmast.
parametrelerinin hesaplari. Kaynak: Ders kitabi, B6liim 11: Reaksiyon
Modelleri.
Siif-i¢i Tartisma (10 dk.): Agir-iyon reaksiyonlarinin
tistiinliikleri ve zorluklar.
Konu Anlatimi: Niikleer Fisyon: Fisyonun Kesfi, Fisyon
Karakteristigi, Enerji A¢iga Cikisi.
Simf-ici Uygulama (5 dk.): Fisyon enerjisi hesabr. 1. Reaksiyon enerji hesabmin hatirlanmasi.
7 . . K k: Ders kitabi, Boliim 13: Niikl
Smif-i¢gi Tartisma (10 dk.): Zincirleme reaksiyon ve F'ayna ers Kitabt, bolum et
Cer 1 isyon.
kritiklik kavrami.
Kisa Smav 2 (15 dk.): Ders sonunda, derste islenen
konular1 igeren bir kisa sinavin yapilmast.
8 Ara Smav 1 Smav "haftasma kadar. islenen konularin
tiimiiniin tekrar edilmesi.
9 Konu Anlatimi: Niikleer Fiizyon: Temel 1. Tiinelleme kavraminin hatirlanmasi.
Fiizvon Siirecleri 2 Conlamh notangivel hecahinin
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Fiizyon Kosullari.

Smif-ici Uygulama (5 dk.): Fiizyon reaksiyonu igin
gerekli sicaklik hesabi.

Smif-i¢i Tartisma (10 dk.): Fiizyon enerjisinin
potansiyel avantajlarinin ve literatiir calismalarinin
tartigilmasi.

hatirlanmast.
Kaynak: Ders kitabi, Boliim 14: Niikleer
Fiizyon.

Konu Anlatimi: Fiizyon Karakteristigi: Lawson Kriteri,
Plazma Hapsetme Yontemleri.

Smif-i¢gi Uygulama (5 dk.): Manyetik hapsetme

Onceki  haftanin ~ Fiizyon  olusum
stireclerinin hatirlanmasi.

10 . s
(tokamak) ve ataletsel hapsetme. Kaynak: Ders kitabi, Bolim 14:
Fiizyon Reaktorleri.
Smmif-ici Tartisma (10 dk.): Fiizyon reaktorlerindeki
miihendislik zorluklari.
Konu Anlatimi: Kontrollii Fiizyon Reaktorleri: ITER ve
DEMO Projeleri.
Giincel Fiizyon Reaktorlerinin Literatiir
11 Smif-ici Uygulama (5 dk.): Yildizlardaki flizyon caligmasinin hatirlanmast.
siireclerinin aragtirilmast. Kaynak: Ders  kitabi, Bolim  14/19:
Flizyon ve Astrofizik.
Sinif-i¢i Tartisma (10 dk.): Niikleer-astrofizik ve fiizyon
iligkisi
Konu Anlatimi: Niikleer Astrofizik: Yildiz Iclerinde
Element Sentezi, Pargacik Fizigi.
. . L oan Yildiz evrimi agamalarinin hatirlanmasi.
12 Simif-ici Tartl_sma .(10“d.l.{.). Siipernova patlamalarimin Kaynak: Ders kitabi, Boliim 19: Niikleer
element sentezindeki roliiniin aragtirilmasi. .
Astrofizik.
Kisa Smav 3 (15 dk.): Ders sonunda, derste islenen
konular1 igeren bir kisa sinavin yapilmasi.
Konu Anlatimi: Yildiz Nikleosentezi: Demirden Agir
Elementlerin Sentezi. Hidrojen yanmast basamaklarinin
- . .. . hatirlanmasi.
3 Siif-i¢i Uygulama .(5 dk.): s-, - ve p-siiregleri ile Kaynak: Ders kitabi, Bolim 19: Yildiz
element sentez mekanizmalarinin karsilastirilmasi. . .
Niikleosentezi.
Smif-i¢i Tartisma (10 dk.): Agir elementlerin
Diinya'daki varligmm kokeni.
Konu Anlatimi: Parcacik Hizlandiricilari: Elektrostatik,
Siklotron, Lineer Hizlandiricilar. Elektrostatik  hizlandiricilar  (Van  de
Smif-i¢gi Uygulama (5 dk.): Siklotron frekansi ve G?aaff) ve  dongili  hizlandmcilar
. s (siklotron) calisma
14 manyetik alan iligkisi hesabi. L
prensiplerinin hatirlanmasi.
Smif-i¢i Tartisma (10 dk.): Modern biiyiikk hizlandirici I[;?zylzi];:lrll)ci:r kitabs, B5lim 15:
deneylerinin (CERN, LHC) niikleer fizik ’
aragtirmalarindaki 6nemi.
15 IKonu Anlatimi: Genel Tekrar, Proje Sunumlari. Giincel makaleler: Niikleer astrofizik ve
Fiizyon/fisyon arastirmalart.
16 Final Islenen konularin tiimiiniin tekrar

edilmesi.

AKTS iSYUKU TABLOSU

Etkinlikler

Toplam s yiikii

Ders Saati

‘ Say1 Siiresi (Saat)
L

28

Laboratuar
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Uygulama

Arazi Calismasi

Sinif Dis1 Ders Calismasi

Derse Ozgii Staj

Odev

Kiiciik Sinavlar/Stiidyo Kritigi

Projeler

Sunum / Seminer

Ara Sinavlar (Sinav Siiresi + Sinav
Hazirhk Siiresi)

10

Final (Sinav Siiresi + Sinav Hazirhk
Siiresi)

15

Toplam isyiikii:

Toplam isyiikii / 30(s):

AKTS Kredisi:
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COURSE INFORMATION FORM

| FACULTY / GRADUATE SCHOOL | Faculty of Arts and Sciences |

Physics

Nuclear Theory I1

F1Z4820

3

LABORATORY HOUR / WEEK 0

PREREQUISITE None

SEMESTER Fall, Spring

COURSE LANGUAGE English, Turkish

LEVEL OF COURSE First Cycle

COURSE TYPE Elective @ Bachelor Programme in Physics

COURSE CATEGORY Major Area Courses

MODE OF DELIVERY Face-to-Face

COURSE COORDINATOR Orhan iCELLI

ASISTAN(LAR)

This course aims to provide students with an understanding of the nature of nuclear forces, the
structure of the deuteron, and nuclear structure models; to enable them to grasp the types of nuclear
reactions, the concept of cross section, and reaction models in an applied manner; to analyze the
physical principles of fission and fusion processes, mechanisms of energy production, and reactor
applications; to evaluate, within the framework of nuclear astrophysics, stellar nucleosynthesis,
supernova processes, and the formation of heavy elements; and to contribute to their comprehension
of the fundamental principles of particle accelerators, thereby fostering a holistic understanding of
the experimental infrastructure underlying modern nuclear research.

The course begins with nuclear forces and the theory of the deuteron, followed by an examination of
nuclear structure models (Fermi gas model, collective model). Nuclear reactions are then addressed,
including the concept of cross section, Coulomb scattering, elastic and inelastic scattering, and
reaction models such as the optical model, compound nucleus, and direct reactions. Fission and
COURSE CONTENT fusion processes are studied in terms of energy release, chain reactions, fusion conditions, and
reactor technologies. In the section on nuclear astrophysics, emphasis is placed on stellar
nucleosynthesis, supernova explosions, and the synthesis of heavy elements through the s-, r-, and p-
processes. The final part of the course discusses the types of particle accelerators and their roles in
modern experimental research, and concludes with a general review and student presentations.
Coursebook:

Krane, Kenneth S. Nuclear Physics. 2nd ed., vols. 1-2, Wiley, 2020.

COURSE OBJECTIVES

Required Readings:

RECOMMENDED OR REQUIRED

1] Lilley, John. Nuclear Physics: Principles and Applications. Wiley, 2001.
READINGS 1 y . p pp y

[2] Krane, Kenneth S. Introductory Nuclear Physics. 2nd ed., Wiley, 2020.
[3] Jelley, N. A. Fundamentals of Nuclear Physics. Cambridge University Press, 2016.
[4] Martin, Brian R. Nuclear and Particle Physics. Wiley, 2019.
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Recommended Readings:

[1] Mukhopadhyay, A., and Xiaofeng Zhang. Modern Nuclear Physics. Springer, 2022.
[2] Blatt, John M., and Victor F. Weisskopf. Theoretical Nuclear Physics. Dover, 2004.
[3] Yilmaz, Osman. Introduction to Nuclear Physics. Nobel, 2015.

[4] Tombakoglu, Mustafa. Nuclear Physics and Radiation. Segkin, 2018.

[S] Journal of Physics G: Nuclear and Particle Physics. 10P Publishing.

[6] Physical Review C. American Physical Society.

[7] Nuclear Physics A. Elsevier.

[8] arXiv.org (nucl-th, nucl-ex).

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

1. Explain the fundamental interactions between nucleons and their key characteristics (such
as the short-range nature of nuclear forces, the constancy of nuclear density, and
saturation), and interpret the structure of the simplest nuclear system—the deuteron—
within the framework of these forces.

Classify nuclear reactions, define the concept of cross-section, and perform basic reaction
calculations using reaction kinematics and conservation laws.

Describe the process of nuclear fission, the mechanism of chain reactions, and the concept
of criticality; compare the roles of fission in energy production and in nuclear weapons
technology.

Course Learning Outcomes . Explain the basic principles of nuclear fusion and the mechanism of energy release; discuss
the technical challenges and proposed solutions for controlled thermonuclear fusion,
including plasma temperature, the Lawson criterion, and confinement methods.

Define the concept of nucleosynthesis; explain hydrogen burning, helium burning, and the
formation of elements heavier than iron (s-, r-, and p-processes) in stars; and establish the
relationship between nuclear physics and astrophysics.

Understand the working principles and mechanisms of various nuclear techniques such as
radioisotope production, radiocarbon dating, neutron activation analysis, and nuclear
imaging methods (PET, SPECT).

Analyze real-world applications of nuclear technologies in areas such as power generation,
medical diagnosis and treatment, industrial quality control, archaeological dating, and
agriculture; and discuss the ethical and economic impacts of these applications on society
and the environment.

EVALUATION SYSTEM

Activities Number Percentage of Grade

e  Content: Student attendance and participation in the course.

e Detailed Assessment Criteria:
14 %3
-Active participation in lessons and asking questions

-Ability to contribute to Quick Practice:s and problem-solving
processes

Laboratory H

Field Work

Special Course Internship (Work Placement)

Course-Specific Internship

Attendance/Participation:
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Quizzes/Studio Critics:
e  Content: Comprehensive questions covering all topics addressed up to
the exam week
e  Format: Face-to-face multiple-choice quiz (5-10 minutes) %15
[
e  Detailed Assessment Criteria:
-Ability to solve problems related to the theoretical topics covered in
the course
Homework Assignments:
e  Content: Weekly assignments requiring critical analysis of
fundamental concepts covered in class and identification of examples of
these concepts within both intra-disciplinary and interdisciplinary
contexts
e  Format: Written reports and group presentations
%38
e  Detailed Assessment Criteria:
-Ability to logically and accurately demonstrate the problem-solving
process
-Ability to find practical examples of the concepts
- Ability to carry out processes of applied thinking, interpretation, and
justification
Presentations/Jury:
e  Content: Students will be asked to evaluate their own learning
processes and deliver group presentations
e  Format: Group presentations %4
e Detailed Assessment Criteria:
-Ability to accurately explain the topics learned
-Proper use of presentation techniques
| 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: %30
-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
Final:
e Content: Comprehensive questions covering the entire content of the
course
e  Format: Face-to-face written exam. (90 minutes). %40
e Detailed Assessment Criteria:
-Ability to apply advanced problem-solving skills
-Demonstration of a thorough understanding of all topics
covered in the course
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Percentage of In-Term Studies %60

Percentage of Final Examination H %40

TOTAL H %100

WEEKLY SUBJECTS AND RELATED PREPARATION STUDIES

WEEKS COURSE OUTLINE Related Preparation
Lecture: Nuclear Forces, Deuteron Theory.
1. Recall the deuteron binding
In-Class Practice (5 min.): Calculation of the deuteron binding energy and its quantum numbers.
1 energy. 2. Review  solutions to the  quantum
potential well problem. Source: Coursebook,
Quick Practice: (5 min.): The nature and importance of the Chapter 4: Nuclear Forces.
exchange force.
Lecture: Nuclear structure models: concepts of Fermi-Gas Model. 1. Recall the concepts of nuclear density and
Fermi energy.

2 In-Class Practice (5 min.): Calculation of density and Fermi

energy in the Fermi-gas model. 2. Recall the definitions of Quantum and
Classical phase spaces. Source: Coursebook,

Quick Practice: (5 min.): Discussion of phase space. Chapter 5: Nuclear Structure Models.

Lecture: Nuclear structure models: Collective Model.

In-Class Practice (5 min): Investigation of vibration and rotation

modes in the collective model. 1. Review calculation of moment of inertia.

3 2. Recall excited states in nuclei.
Quick Practice: (5 min.): The importance of collective motion in Source: Coursebook, Chapter 5: Collective
nuclei. Models.

Quiz 1 (15 min.): A short quiz on the topics covered in the lesson

will be held at the end of the class.

Lecture: Introduction to Nuclear Reactions: Cross-Section,

Reaction Types, Coulomb Scattering. 1. Recall types of nuclear reactions (elastic,
inelastic, capture).

4 In-Class Practice (5 min): Calculation of the Rutherford
scattering formula. 2. Recall the concept of cross- section.

Source: Coursebook, Chapter 11: Nuclear
Quick Practice: (5 min.): Difficulties in experimental reaction Reactions.
measurements.
Lecture: Nuclear Scattering: Elastic and Inelastic Scattering,
Reaction Cross-Section.
In-Class Practice (5 min.): Calculation of cross-sections for I Knoyv ledge of last week's topics on Cross-
5 different reaction types. section and scattering.
Source: Coursebook, Chapter 11: Nuclear
Reactions.
Quick Practice: (5 min.): Comparison of cross-sections for
different reaction channels.
Lecture: Reaction Models: Optical Model, Compound Nucleus
and Direct Reactions.
1. Recall the distinction between compound

6 In-Class Practice (5 min.): Calculations of optical model nucleus and direct reactions.
parameters. Source: Coursebook, Chapter 11: Nuclear

Reactions.
Quick Practice: (10 min.): Advantages and challenges of heavy-
ion reactions.

7 Lecture: Nuclear Fission: Discovery of Fission, Fission 1. Recall reaction energy calculations.

Characteristics, Energy Release. Source: Coursebook, Chapter 13: Nuclear
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In-Class Practice (5 min.): Calculation of fission energy.

Quick Practice: (10 min.): Chain reaction and the concept of
criticality.

Quiz 2 (15 min.): A short quiz on the topics covered in the lesson
will be held at the end of the class.

Fission.

Review of all topics covered up to the exam

8 Midterm Exam 1
week.
Lecture: Nuclear Fusion: Basic Fusion Processes, Fusion
Conditions. Recall the concept of  tunneling.
9 ::-filrzzs fo:);affltslic:n r(eZC tilg:ln') : Calculation of the - temperature Recall Coulomb potential calculations.
d ' Source: Coursebook, Chapter 14: Nuclear
Quick Practice: (10 min.): Discussion of the potential advantages Fusion.
of fusion energy and literature studies.
Lecture: Fusion Characteristics: Lawson Criterion, Plasma
Confinement Methods.
. s, . Recall last week's fusion formation processes.
10 _In-C.lass Practice (5 min.): Magnetic confinement (tokamak) and Source: Coursebook, Chapter 14: Nuclear
inertial confinement. .
Fusion.
Quick Practice: (10 min.): Engineering challenges in fusion
reactors.
Lecture: Controlled Fusion Reactors: ITER and DEMO Projects.
In-Class Practice (5 min.): Investigation of fusion processes in Review literature studies on current Fusion
11 stars. Reactors. Source: Coursebook, Chapter 14/19:
Fusion and Astrophysics.
Quick Practice: (10 min.): The relationship between nuclear-
astrophysics and fusion.
Lecture: Nuclear Astrophysics: Element Synthesis in Stellar
Interiors, Particle Physics.
. . R S Recall stellar evolution stages.
12 Quick Practlce.. (1_0 min.): Investlgatlon of the role of Source: Coursebook, Chapter 19: Nuclear
supernova explosions in element synthesis. .
Astrophysics.
Quiz 3 (15 min.): A short quiz on the topics covered in the lesson
will be held at the end of the class.
Lecture: Stellar Nucleosynthesis: Synthesis of Elements Heavier
Than Iron.
. s . . Recall the steps of hydrogen burning.
13 ln-Clas§ Pra.ctlce (5 min.): Comparison of element synthesis Source: Coursebook, Chapter 19:  Stellar
mechanisms via s-, -, and p-processes. .
Nucleosynthesis.
Quick Practice: (10 min.): The origin of heavy elements on
Earth.
Lecture: Particle Accelerators: Electrostatic, Cyclotron, Linear
Accelerators. Recall the operating principles Recall the
In-Class Practice (5 min.): Calculation of the relationship between operating principles of electrf)statlc
. accelerators (Van de Graaff) and circular
14 cyclotron frequency and magnetic field.

Quick Practice: (10 min.): The importance of modern large
accelerator experiments (CERN, LHC) for nuclear physics
[research.

accelerators.
Source: Coursebook, Chapter 15:
Accelerators.
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1. Current articles: Research in
15 Lecture: General Review, Project Presentations. Nuclear astrophysics  and  Fusion/fission
process.
16 Final Review of all topics covered.
ECTS WORKLOAD TABLE
Activities ‘ Say1 ‘ Number Duration (Hour)
Course Hours H 14 H 2 H 28
Laboratory H H H
Application H H H
Field Work H H H
Study Hours Out of Class H 14 H 3 H 42
Special Course Internship (Work
Placement)
Homework Assignments H 12 H 3 H 36
Quizzes/Studio Critics H 3 H 6 H 18
1 |
Presentations / Seminar H 1 H 5 H 5
Mid-Terms (Examination Duration + 1 10 10
Examination Prep. Duration)
Final (Examination Duration + 1 15 15
Examination Prep. Duration)
Total Workload: H 154
Total Workload / 30(h): H 5,13
ECTS Credit: 5
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Ders Odrenim Ciktis1 & Program Ciktis1 Matrisi

P g-l Temel bilimler ve fizik

alanindaki kuramsal bilgilerini
akademik  diizeyde analiz,
yorum ve problem ¢oziimiinde
kullanabileceklerdir. / Use their
comprehensive theoretical
knowledge in fundamental
sciences and physics for
analysis, interpretation, and
problem-solving at an academic

[*N
I~
I~
I~
I~
I~
&

level.
PS:-Z Uygulamal1 bilgilerini
fiziksel siireclerin

modellenmesi, deneysel tasarim
ve problem ¢6ziimiinde etkili
ve amaca yonelik bigimde
kullanabileceklerdir. / Apply
their  practical  knowledge
effectively and strategically in
modelling physical processes,
experimental design, and
problem-solving.

Pg :-3 Kuramsal ve/veya

deneysel bilgilerini karmagik
fizik problemlerinin
¢ozlimiinde  etkili  bigimde
kullanarak, bu problemlere
yonelik  uygun analiz ve
modelleme yOntemlerini segip
uygulayabileceklerdir. / Use
their theoretical and/or
experimental knowledge
effectively in solving complex
physics problems by selecting
and  applying  appropriate
analysis and modelling methods
for these problems.

PS‘-4 Disiplinleraras1  bir

yaklasimla, farkli alanlarda
edinmis  olduklar1  bilgileri
sentezleyebileceklerdir. / _ _ _

Synthesise knowledge acquired - - - é i i é
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 araglarimi
kullanma ve gelistirme
becerilerini, kuramsal fizik,
niikleer fizik, yogun madde
fizigi, yiiksek enerji fizigi,
nanoteknoloji,

yenilenebilir/alternatif  enerji
teknolojileri, ileri malzeme
tasarimi, niikleer teknoloji ve
kuantum  teknolojileri  gibi

|93)
|[9)
I~
I~
I~
I~
[N

[°N
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1
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disiplin-i¢i ve disiplinlerarasi

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.

P£2-6 Fizik alaninda yaygin

olarak kullanilan en az bir
programlama dili ile bilgisayar
ve yapay zeka teknolojilerini,
problemleri  ¢ozmek,  veri

analizi yapmak ve
simiilasyonlar gergeklestirmek
icin etkin bicimde | = - - - 3 4 4
kullanabileceklerdir. / Use at
least one programming
language and computer and
artificial intelligence

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

PC-7 Fizik ve ilgili

alanlardaki bilimsel ve
teknolojik geligsmeleri
izleyebilecek, kariyer
firsatlarini degerlendirerek

kisisel ve mesleki gelisim
hedeflerini belirleyebilecek ve
bu hedeflere ulagsmak igin hayat
boyu Ogrenme  stratejilerini - _ _

kullanabileceklerdir. / Follow - - - i i i i
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
arastirmalarint = ve  mesleki
faaliyetlerini yiiriitiirken
dogabilecek hukuksal sonuglart
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
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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.

P g-9 Bireysel olarak ya da
takimlarda  etkin  bigimde
¢alisabileceklerdir. / Work - - - - - - -
effectively both independently
and as part of a team.

PS :- 10 Fizik alaninda

giivenilir  bilgi kaynaklarina
ulagarak literatiir ~ taramasi
yapabilecek  ve  akademik
arastirma tasarlayip _ _ _

ylriitebileceklerdir. / Access = = = 3 i i é
reliable sources of information,
conduct literature reviews, and
design and carry out academic
research in the field of physics.

PS ‘-1 1 Fizik konularini,

teorileri, aragtirmalari ve
problem  ¢oziimlerini, fizik
terminolojisi  kullanarak tim
paydaslara Tiirkge ve
Ingilizcede sozlii ve yazili

olarak etkili bigimde
aktarabileceklerdir. / 3 3 3 4 4 4 4
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.

P_C__—l 2 Laboratuvar

calismalarinda  bilimsel veri
toplayarak  teknik  ve/veya

bilimsel raporlar

hazirlayabilecek ve mevcut

raporlari

yorumlayabileceklerdir.aktarabi = = = i i - -

leceklerdir. / Collect scientific
data during laboratory work,
prepare technical and/or
scientific reports and interpret
existing reports.
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