FAKULTE / ENSTIiTU ADI

DERS BiLGi FORMU

Fen Edebiyat Fakiiltesi

BOLUM / PROGRAM / ANABILIM
DALI ADI

Fizik

DERSIN ADI

Notron ve Reaktor Fizigi

DERSIN KODU

FI1Z1128

YEREL KREDISi

3

AKTS KREDISi

HAFTALIK DERS SAATI

HAFTALIK UYGULAMA SAATI

HAFTALIK LABORATUVAR

0

ONKOSULLAR

Yok

YARIYIL

Giiz, Bahar

DERSIN DiLi

Ingilizce, Tiirkce

DERSIN SEVIYESi

Lisans

DERSIN TURU

Secmeli @ Fizik Lisans Program

DERSIN KATEGORISi

Uzmanlik Alan Dersleri

DERSIN VERILIiS SEKLI

Yiiz Yiize

DERSi SUNAN AKADEMIK BiRiM

Fizik Boliimii

DERSIN KOORDINATORU

Orhan iCELLI

ASISTAN(LAR)

DERSIN AMACI

Bu dersin amaci, dgrenciler i¢in niikleer reaksiyonlarin temel mekanizmalarini, ndtron fizigini,
fisyon ve fiizyon siireglerini kavratmak; nétron tespiti ve spektroskopisi yontemlerini 6grenmelerini
saglamak; aktivasyon analizi ve ndtron goriintiileme tekniklerini kullanarak deneysel yontemlere
hakim olmalarin1 desteklemek; bdylece hem kuramsal hem de uygulamali boyutta niikleer
reaksiyonlarin enerji liretimi, malzeme analizi ve goriintiileme teknolojilerindeki roliinii biitiinciil bir
cercevede degerlendirebilecek diizeye ulagmalarini saglamaktir.

DERSIN iCERiGi

Bu ders, niikleer reaksiyonlara giris ile baglayarak nétronlarin kaynaklar, etkilesimleri ve reaksiyon
kesitleri iizerinde yogunlasir. Notronlarin moderasyonu, yakalanmasi, girisim ve kirmim siiregleri ele
almir. Ardindan fisyon ve fiizyon siireglerinin fiziksel ozellikleri, enerji {retimi, kontrollii
reaksiyonlar ve reaktor uygulamalari incelenir. Dersin ikinci yarisi nétron tespit yontemleri, kristal
spektrometre, ugus siiresi (TOF) teknikleri, dedektorler ve aktivasyon analizi yontemlerine odaklanir.
Son olarak ndtron radyografisi ve ndtron tomografisi gibi goriintiileme teknikleri islenir.

DERS KiTABI / MALZEMESI /
ONERILEN KAYNAKLAR

Ders Ogrenim Ciktilari

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

Ders Kitaplari:

[1] Tsoulfanidis, Nicholas. Measurement and Detection of Radiation. 5th ed., Taylor & Francis,
2022.

[2] Knoll, Glenn F. Radiation Detection and Measurement. 4th ed., John Wiley & Sons, 2010.

[3] Krane, Kenneth S. Introductory Nuclear Physics. John Wiley & Sons, 1979.

[4] Anderson, Ian S. Neutron Imaging and Applications. Springer, 2009.

Bu dersi basartyla tamamlayan 6grenciler,
1. Nétronlarm temel 6zelliklerini (kiitle, spin, etkilesim tiirleri) agiklayabileceklerdir.

2. Noétronlarin madde ile etkilesim mekanizmalarini (sagilma, sogurma, fisyon vb.) analiz
edebileceklerdir.
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Notron  yavaslatma  (moderasyon) sireglerini  ve  enerji spektrumlarini
yorumlayabileceklerdir.

Notron transport denklemlerini ve basitlestirilmis ¢oziimlerini (6r. diflizyon teorisi)
uygulayabileceklerdir.

Kritikite, cogalma faktorleri ve reaktivite kavramlarini tanimlayabileceklerdir.
Reaktor kinetigi ve denklemlerini ¢oziimleyebileceklerdir.

Reaktor tasarimi ve giivenligi agisindan temel parametreleri degerlendirebileceklerdir.

Notron fiziginin miihendislik, enerji iiretimi ve arasgtirma reaktorleri gibi alanlardaki
uygulamalarini tartisabileceklerdir.

DEGERLENDIRME SiSTEMIi

Etkinlikler Say1 Katki Pay1

Devam/Katilim:

| Laboratuvar: H H

| Uygulama (Sozlii Sinav): H H

| Arazi Cahismasi H H

‘ Derse Ozgii Staj H H

‘ Kisa Sinavlar/Stiidyo Kritigi: H H ‘

| Odev: H H
‘ Sunum/Jiiri: H H
| Proje: H H
‘ Seminer/Workshop H H
Ara Smavlar:
e icerik: Sinav haftasma kadar islenen konularm timiinii kapsayan
kapsamli sorular
e  Format: Yiiz yiize. Sinav (90 dakika)
1 %30
e Detayh Degerlendirme Kriterleri:
-Dersin temel kavramlariin anlasildiginin gosterilmesi
-Teorik konularla ilgili problemlerin ¢dziilebilmesi
-Teorik diisiinme siireclerinin yiiriitiilmesi
Final:
e icerik: Dersin tiim ierigini kapsayan kapsaml: sorular
e  Format: Yiiz yiize. Sinav (90 dakika)
e  Detayh Degerlendirme Kriterleri:
1 %40
-Derste iglenen tiim konularin derinlemesine kavranmig
oldugunun gosterilmesi
-ileri diizey problem ¢dzme becerilerinin kullanilabilmesi
Dénem ici Cahsmalarin Basar1 Notuna Katkis 60
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Final Sinavinin Basar1 Notuna Katkisi H

TOPLAM H

HAFTALIK KONULAR VE iLGIiLi ON HAZIRLIK CALISMALARI

HAFTALAR KONULAR

On Hazirhk

IKonu Anlatimi: Niikleer Reaksiyonlara Giris.

K.Krane Bolim 11 NUKLEER
REAKSIYONLAR béliimiiniin okunmasi.

IKonu Anlatimi: Niikleer Reaksiyonlar: Notronlar.

K Krane Béliim 11 NUKLEER
REAKSIYONLAR béliimiiniin okunmast.

Konu Anlatimi: No&tron Kaynaklari, Notronlarin  Emilimi  ve
Moderasyonu, Notron Reaksiyonlar1 ve Kesitleri.

KXKrane Bolim 12 NOTRON FiziGi
boliimiiniin okunmasi.

IKonu Anlatimi: Notron Yakalama, Nétronlarla Girisim ve Kirinim.

KXKrane Bolim 12 NOTRON FiziGi
boliimiiniin okunmasi.

Konu Anlatimi: Neden Cekirdek Fisyonu, Fisyonun Ozellikleri,
Fisyonda Enerji, Fisyon ve Niikleer Yapir.

KXKrane Bolim 13 NUKLEER FiZYON|
bolimiiniin okunmasi

Konu Anlatimi: Kontrollii Fisyon Reaksiyonlari, Fisyon Reaktorleri,
Radyoaktif Fisyon Uriinleri.

KKrane Bolim 13 NUKLEER FIZYON
boliimiiniin okunmasi.

Konu Anlatimi: Temel Fiizyon Siiregleri, Fiizyonun Ozellikleri.

K Krane Bglim 14 NUKLEER FUZYON
bolumiiniin okunmasi.

IAra Simmav

IKonu Anlatimi: Kontrollii Fiizyon Reaktorleri.

KKrane Boélim 14 NUKLEER FUZYON|
bolumiiniin okunmasi.

Konu Anlatimi: (n, Yikli Pargacik) Reaksiyonu ile Nétron Tespiti,
Fisyon Odalari, Folyo Aktivasyonu ile Notron Tespiti, Proton Geri
Tepmesi ile Notron Enerji Spektrumunun Olgiilmesi, Esik Aktivasyon|
Reaksiyonlarini Kullanarak Hizli Nétronlarin Tespiti.

N. Tsoulfanidis Bolim 14. Nétron Tespiti vel
Spektroskopi boliimiiniin okunmasi.

IKonu Anlatimi: Kristal Spektrometre, Ucus Siiresi (TOF) Yontemi,
Dengelenmis lyon Odalari, Kendinden Gii¢ Alan Nétron Dedektorleri
lile Notron Enerjisi Ol¢iimii.

N. Tsoulfanidis Boliim 14. Notron Tespiti ve
Spektroskopi boliimiiniin okunmasi.

Konu Anlatimi: Optimum Niikleer Reaksiyonun Sec¢imi, Numunenin|
Ismnlamaya Hazirlanmasi, Radyasyon Kaynaklari, Numunenin|
Isinlanmasi, Numunenin Sayimi, Sonuglarin Analizi.

N. Tsoulfanidis Boliim 15. Aktivasyon Analizi
ve Ilgili Teknikler béliimiiniin okunmas.

Konu Anlatimi: Aktivasyon Analizinin Hassasiyeti, Girisim
Reaksiyonlari, Aktivasyon Analizi YOnteminin Avantajlart  ve|
Dezavantajlari, Hizli Gama Aktivasyon Analizi, Notron Derinlik]
Profili.

N. Tsoulfanidis Boliim 15. Aktivasyon Analizi
ve Ilgili Teknikler béliimiiniin okunmasi.

IKonu Anlatimi: Notron Radyografisi.

I.S. Anderson Boliim 5. Notron Radyografisi
boliimiiniin okunmasi.

IKonu Anlatimi: Notron Tomografisi.

1.S. Anderson Boliim 6. Notron Tomografisi
boliimiiniin okunmasi.

Final

AKTS iISYUKU TABLOSU

Toplam isyiikii

Ders Saati

Etkinlikler ‘ Say1 Siiresi (Saat)
| 14 ] 3

42

Laboratuar H H

Uygulama (s6zlii Sinav) H H

Arazi Calismasi H H

Sinif Dis1 Ders Calismasi

Derse Ozgii Staj

Odev

Kiiciik Sinavlar/Stiidyo Kritigi
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Projeler

Sunum / Seminer

Ara Sinavlar (Sinav Siiresi + Sinav
Hazirhk Siiresi)

Final (Sinav Siiresi + Sinav Hazirhk
Siiresi)

Toplam T 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

Physics

TITLE OF COURSE

Neutron and Reactor Physics

CODE

FI1Z1128

LOCAL CREDIT

3

ECTS

LECTURE HOUR / WEEK

PRACTICAL HOUR / WEEK

LABORATORY HOUR / WEEK

PREREQUISITE

None

SEMESTER

Fall, Spring

COURSE LANGUAGE

English, Turkish

LEVEL OF COURSE

First Cycle

COURSE TYPE

Elective @ Bachelor Programme in Physics

COURSE CATEGORY

Major Area Courses

MODE OF DELIVERY

Face-to-face

OWNER ACADEMIC UNIT

Department of Physics

COURSE COORDINATOR

Orhan iCELLI

ASSISTANT(S)

COURSE OBJECTIVES

This course aims to provide students with an understanding of the fundamental mechanisms
of nuclear reactions, neutron physics, and fission and fusion processes; to enable them to
learn neutron detection and spectroscopy methods; and to support their mastery of
experimental techniques such as activation analysis and neutron imaging. In this way,
students are expected to reach a level where they can evaluate, within a comprehensive
framework, both the theoretical and applied roles of nuclear reactions in energy production,
material analysis, and imaging technologies.

COURSE CONTENT

This course begins with an introduction to nuclear reactions, focusing on the sources,
interactions, and cross sections of neutrons. Topics such as neutron moderation, capture,
interference, and diffraction processes are covered. It then examines the physical properties
of fission and fusion processes, energy production, controlled reactions, and reactor
applications. The second half of the course emphasizes neutron detection methods, crystal
spectrometry, time-of-flight (TOF) techniques, detectors, and activation analysis methods.
Finally, imaging techniques such as neutron radiography and neutron tomography are
explored.

RECOMMENDED OR REQUIRED
READINGS

Coursebooks:

[1] Tsoulfanidis, Nicholas. Measurement and Detection of Radiation. 5th ed., Taylor &
Francis, 2022.

[2] Knoll, Glenn F. Radiation Detection and Measurement. 4th ed., John Wiley & Sons,
2010.

[3] Krane, Kenneth S. Introductory Nuclear Physics. John Wiley & Sons, 2022.

[4] Anderson, lan S. Neutron Imaging and Applications. Springer, 2009.

Course Learning Outcomes

Upon successful completion of the course, students will be able to
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Explain the fundamental properties of neutrons (mass, spin, interaction types).

Analyze the interaction mechanisms of neutrons with matter (scattering,
absorption, fission, etc.).

Interpret neutron moderation processes and energy spectra.

Apply neutron transport equations and their simplified solutions (e.g., diffusion
theory).

Define the concepts of criticality, multiplication factors, and reactivity.

Solve reactor kinetics and related equations.

EVALUATION SYSTEM

Activities Number Percentage of Grade

‘ Attendance/Participation:

‘ Laboratory

‘ Application (Oral Examination):

‘ Field Work

‘ Special Course Internship (Work Placement)

‘ Quizzes/Studio Critics:

‘ Homework Assignments:

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

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

Detailed Assessment Criteria:

-Demonstration of understanding of the fundamental concepts of the
course

-Ability to solve problems 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. (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 H
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COURSE OUTLINE

WEEKLY SUBJECTS AND RELATED PREPARATION STUDIES

Related Preparation

Lecture: Review of Nuclear Reactions.

Reading K.Krane Chapter 11 NUCLEAR REACTIONS.

Lecture: Nuclear Reactions: Neutrons.

Reading K.Krane Chapter 11 NUCLEAR REACTIONS.

Lecture: Neutron Sources, Absorption and Moderation
of Neutrons, Neutron Reactions and Cross Sections.

Reading K.Krane Chapter 12 NEUTRON PHYSICS.

Lecture: Neutron Capture, Interference and Diffraction|
with Neutrons.

. Reading K.Krane Chapter 12 NEUTRON PHYSICS.

Lecture: Why Nuclei Fission, Characteristics of]
Fission, Energy in Fission, Fission and Nuclear
Structure.

Reading K.Krane Chapter 13 NUCLEAR FISSION.

Lecture: Controlled Fission Reactions, Fission
Reactors, Radioactive Fission Products, A Natural
[Fission Reactor.

Reading K.Krane Chapter 13 NUCLEAR FISSION.

Lecture: Basic Fusion Processes, Characteristics of]
Fusion.

Reading K.Krane Chapter 14 NUCLEAR FUSION.

Midterm

[Lecture: Controlled Fusion Reactors.

Reading K.Krane Chapter 14 NUCLEAR FUSION.

Lecture: Neutron Detection by (n, Charged Particle)
Reaction, Fission Chambers, Neutron Detection by Foill
|Activation, Measurement of a Neutron Energy Spectrum
by Proton Recoil, Detection of Fast Neutrons Using
[Threshold Activation Reactions.

Reading N. Tsoulfanidis Chapter 14. Neutron Detection
and Spectroscopy.

Lecture: Neutron Energy Measurement with a Crystal
Spectrometer, Time-of-Flight ~ (TOF) Method,|
Compensated Ion Chambers, Self-Powered Neutron|
[Detectors.

Reading Reading N. Tsoulfanidis Chapter 14. Neutron
Detection and Spectroscopy.

[Lecture: Selection of the Optimum Nuclear Reaction,
Preparation of the Sample for Irradiation, Sources of
Radiation, Irradiation of the Sample, Counting of the
Sample, Analysis of the Results.

Reading N. Tsoulfanidis Chapter 15. Activation
Analysis and Related Techniques.

Lecture:  Sensitivity of  Activation  Analysis,
Interference Reactions, Advantages and Disadvantages|
of the Activation Analysis Method, Prompt Gamma]
Activation Analysis, Neutron Depth Profile.

Reading N. Tsoulfanidis Chapter 15. Activation
Analysis and Related Techniques.

Lecture: Neutron Radiography.

Reading I.S. Anderson Chapter 5. Neutron Radiography.

Lecture: Neutron Tomography.

Reading I.S. Anderson Chapter 6. Neutron Tomography.

Final

ECTS WORKLOAD TABLE

Total Workload

Course Hours 42

Activities ‘ Number Duration (Hour)
T

Laboratory

Application

Field Work

Study Hours Out of Class

Special Course Internship (Work Placement)

Homework Assignments

Quizzes/Studio Critics

Project
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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

P g-l Temel bilimler ve fizik

alaninda kapsamli bir kuramsal
bilgi altyapis1 edinerek, bu
bilgileri akademik diizeyde
analiz, yorum ve problem
¢Oziimiinde  etkin  bigimde
kullanabileceklerdir. /
Use  their  comprehensive
theoretical ~ knowledge  in
fundamental  sciences and
physics for analysis,
interpretation, and problem-
solving at an academic-level.

19}
1
19}
I
I
19

P Q-Z Uygulamal1 bilgilerini
fiziksel siireglerin
modellenmesi, deneysel tasarim
ve problem ¢6ziimiinde etkili
ve amaca yonelik bigimde
kullanabileceklerdir. / Apply |z
their  practical  knowledge
effectively and strategically in
modelling physical processes,
experimental  design, and
problem-solving.

Pg ;-3 Kuramsal ve/veya

deneysel bilgilerini karmasik
fizik problemlerinin
¢Oziimiinde etkili bicimde
kullanarak, bu problemlere
yonelik uygun analiz ve
modelleme

yontemlerini se¢ip _

uygulayabileceklerdir. - 5 § 5 5 i
/ Use their theoretical and/or
experimental knowledge
effectively in solving complex
physics problems by selecting
and  applying  appropriate
analysis and midelling methods
fo these problems.

PS ‘-4 Disiplinlerarasi bir

yaklasimla, farkli alanlarda
edinmis olduklar bilgileri
sentezleyebileceklerdir _

/ Synthesise knowledge - § é i i i
acquired from different
disciplines through an
interdisciplinary approach.

I~
I~
[0)]
[9)]
[N

P C-5 Fizik biliminin temel ve
uygulamali alanlarinda
edindikleri bilgi birikimlerini
ve kuramsal analiz, deneysel
uygulama ve sayisal modelleme
ve hesaplamali fizik

araglarini kullanma ve
gelistirme becerilerini,
kuramsal fizik, niikleer fizik,
yogun madde fizigi, yiliksek
enerji  fizigi, nanoteknoloji,
yenilenebilir/alternatif ~ enerji

[)
I~
I~
19
19
[°N
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teknolojileri,
ileri malzeme tasarimi, niikleer

teknoloji ve kuantum
teknolojileri gibi disiplin-igi ve
disiplinleraras1 uzmanlik
alanlarinda

gelistirebileceklerdir. / Advance
their acquired knowledge in the
fundamental and applied fields
of physics and their skills in
theoretical ajalysis,
experimental application’
numerical modelling and using
and developing computational
physics  tools in  both

disciplinary and
interdisciplinary ~ areas  of
specialisation such as

theoretical phycis, nucleart
physics, condensed matter
physics, high energy physics,

nanotechnology,
renewable/alternative  energy
technologies, advanced

materials ~ design,  nuclear
technology, and  quantum
technologies.

PQ-6 Fizik alaninda yaygin

olarak kullanilan bilgisayar ve
yapay zeka teknolojileri ile en
az bir programlama dilini,
problemleri ¢6zmek, veri
analizi yapmak ve
simiilasyonlar ger¢eklestirmek
i¢in etkin bigimde _

kullanabileceklerdir. - § é é é é
/ 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 kariyer firsatlarini
degerlendirerek kisisel ve
mesleki gelisim hedeflerini
belirleyebilecekler ve bu
hedeflere ulagmak i¢in hayat
boyu 6grenme

stratejilerini
kullanabileceklerdir.

/ Follow scientific  and - - -
technological developments in
mathematics and related fields,
assess career opportunities,
identify personal and
professional development
goals, and adopt lifelong
learning strategies to achieve
these goals.

N
N
19

PC-8 Bilimsel
aragtirmalarim1~ ve  mesleki
faaliyetlerini yiiriitiirken
dogabilecek hukuksal sonuglari - - - - - -
ve toplumsal etkileri dikkate
alarak mesleki etik ilkeler,
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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.

Pg :- 10 Fizik alaninda

giivenilir  bilgi  kaynaklarina
ulasarak literatiir ~ taramasi
yapabilecek  ve  akademik
arastirma tasarlay1ip
yliriitebileceklerdir. = = = = = =
/ Access reliable sources of
information, conduct literature
reviews, and design and carry
out academic research in the

1
1
1

field of physics.
PS ‘-1 1 ileri diizey fizik
konularini, teorileri,

aragtirmalart  ve  problem
¢Oztimlerini, fizik terminolojisi
kullanarak Tiirkge ve
ingilizcede tiim paydaslara
s0zlii ve yazili 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.

P_C_—12 Laboratuvar

¢aligmalarinda, 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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