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DERSIN ADI
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DERSi SUNAN AKADEMIK
BiRiM

Fizik Boliimii

DERSIN KOORDINATORU

Yasar KARABUL

ASISTAN(LAR)

DERSIN AMACI

Bu dersin amaci, 6grencilere niikleer teknolojilerin temel prensiplerini ve tarihsel geligimini
tanitmaktir. Ogrenciler, bu teknolojilerin enerji, tip, gida, tarim, gevre, uzay ve savunma gibi
farkli alanlardaki kullanim 6rneklerini kavrayacaklardir. Ders, niikleer teknolojilerin sosyal,
ekonomik ve c¢evresel etkilerini analiz etme ve bu etkileri farkli disiplinler baglaminda
tartigma becerisi kazandirmay:1 hedeflemektedir. Ayrica dgrencilerin, niikleer teknolojilerin
etik ve giivenlik boyutlarim1 degerlendirmeleri ve bu degerlendirmeler 1s18inda
stirdiiriilebilirlik ve uluslararast giivenlik konularinda biling geligtirmeleri amaglanmaktadir.
Son olarak, dgrencilerin farkli uygulama alanlarin1 karsilastirarak niikleer teknolojilere
yonelik yaratici ¢dziim ve politika Onerileri gelistirmeleri tesvik edilmektedir.

DERSIN ICERIGi

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

Niikleer teknolojilerin temel prensipleri ve tarihgesi: atom cekirdegi ve radyoaktivitenin
temel prensipleri ile niikleer enerjinin tarihsel gelisimi ve dnemli kilometre taslarinin ifade
edilmesi; tip alaninda uygulamalar: tibbi goriintiileme teknikleri, radyofarmasétiklerin tibbi
teshis ve tedavide kullanimi ve kanser tedavisinde niikleer teknolojilerin roliiniin anlagilmasi;
enerji alaninda uygulamalar: niikleer enerjinin temel prensipleri ve enerji iiretimi, farkli
niikleer reaktor tiirleri ve galisma prensipleri, niikleer enerjinin avantajlar1 ve zorluklarinin
irdelenmesi; gida sektoriindeki uygulamalar: radyasyonun gida sterilizasyonunda kullanimi,
niikleer teknolojilerin gida giivenligi ve korunmasi iizerindeki etkisi, tarim ve gida
tiretiminde radyoizotoplarin kullanimi ve gida sektdriinde niikleer teknolojilerin roliiniin
ifade edilmesi; tarim ve hayvancilik alanlarindaki uygulamalar: radyoizotoplarin toprak ve
bitki analizlerinde kullanimi ile hayvan saglig1 ve iiretiminde niikleer teknolojilerin etkisi ve
tarim sektoriinde niikleer teknolojilerin siirdiiriilebilirlik katkilarinin ifade edilmesi; petrol ve
gaz ¢ikarma islemlerinde uygulamalar: radyoaktif izotoplarin rezerv tahmini ve maden arama
stireglerinde kullanimi, yer alti rezervuarlarin izlenmesi ve iyilestirilmesinde niikleer
tekniklerin incelenmesi; uzay c¢alismalarinda uygulamalar: niikleer enerjinin uzay kesfi ve
seyahati i¢in potansiyel uygulamalari, niikleer roket teknolojileri ve uzay arastirmalarindaki
ilerlemeler ve uzayda niikleer enerjinin avantajlari ve giivenlik 6nlemlerinin ifade edilmesi;
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cevre alaninda uygulamalar: niikleer teknolojilerin c¢evresel izleme ve analiz uygulamalari,
radyoizotoplarin su ve hava kalitesi izleme siireclerinde kullanimi, g¢evresel kirlilikle
miicadelede niikleer teknolojilerin katkilart ve niikleer enerjinin cevresel etkileri ve
stirdiiriilebilirliginin ifade edilmesi; sanat ve arkeoloji alaninda uygulamalar: radyoizotop
tarihleme yontemlerinin arkeolojiye katkilari, kiiltiirel mirasin korunmasinda niikleer analiz
teknikleri ve sanat eserlerinde radyoaktif izotoplarin belirlenmesi; endiistri ve madencilikte
uygulamalar: niikleer teknolojilerin endiistriyel siire¢ kontroliinde kullanimi, radyasyonun
malzeme testi ve kalite kontrol uygulamalar1 ve madencilik sektoriinde niikleer teknolojilerin
rezerv tahminleri ve izleme uygulamalari; savunma sanayi uygulamalari: niikleer silahlarin
yapimi ve etkileri, niikleer glivenlik ve silahsizlanma gabalari ile savunma alanindaki niikleer
teknolojilerin etik ve hukuki boyutlarinin ifade edilmesi.

Ders Kitaba:

[1] Kudo, H. Radiation Applications (An Advanced Course in Nuclear Engineering). 1st ed.,
Springer, 2018.

Onerilen Kaynaklar:

DERS KiTABI/ MALZEMESI /
ONERILEN KAYNAKLAR [1] International Atomic Energy Agency (IAEA). Nuclear Technology Review 2023. IAEA,

Vienna, 2023.
[2] Eisenberg, J. M., & Powers, D. L. (eds.). Advances in Nuclear Science and Technology.
Springer, multiple volumes, 1962-2005.
Bu dersi bagariyla tamamlayan dgrenciler,

1. Fizik alanindaki giincel bilgileri, yazilimlar1 ve kaynaklar: kullanabileceklerdir.

2. Fizik ile ilgili konularda bagimsiz veya ortaklasa ¢alismalar1 planlayabileceklerdir
Ders Ogrenim Ciktilar:

Kuramsal bilgileri kullanarak fizik alanindaki problemleri ¢6zebileceklerdir.

Deneysel verileri istatistiksel yontemlerle analiz edebileceklerdir.

Alanindaki kavram ve diisiinceleri bilimsel yontemlerle analiz edebileceklerdir.
DEGERLENDIRME SiSTEMi
‘ Etkinlikler Say1 Katki Pay1

| Devam/Katilim H H

‘ Laboratuvar H H

‘ Uygulama H H

| Arazi Calismasi H H

‘ Derse Ozgii Staj H H

e icerik: Smav haftasina kadar islenen konularin tiimiinii kapsayan
kapsamli sorularin sorulmasi

e  Format: Yiiz yiize kisa smav (5-15 dakika) 1 -

e  Detayh Degerlendirme Kriterleri:

-Derste islenen teorik konular ile ilgili problemleri ¢6zebilme

[Odev | |

| Sunum/Jiiri H 1 H %30

‘ Projeler H H

| Seminer/Workshop H H

Ara Smavlar:
e icerik: Sinav haftasina kadar islenen konularin tiimiinii kapsayan
kapsamli sorular 1 %30

Kisa Sinavlar/Stiidyo Kritigi:
e  Format: Yiiz yiize. Sinav (90 dakika)
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e Detayh Degerlendirme Kriterleri:

-Dersin temel kavramlarinin anlagildiginin gosterilmesi
-Teorik konularla ilgili problemlerin ¢dziilebilmesi
-Teorik diisiinme siireclerinin yiiriitiilmesi

Final:

e icerik: Dersin tiim igerigini kapsayan kapsamli sorular
e  Format: Yiiz yiize. Sinav (90 dakika)

e  Detayh Degerlendirme Kriterleri:

1 %40

-Derste islenen tiim konularn derinlemesine kavranmig
qldugunun gosterilmesi
-Ileri diizey problem ¢6zme becerilerinin kullanilabilmesi
Dénem ici Cahsmalarin Basar1 Notuna Katkis H %60
Final Smnavinin Basar1 Notuna Katkisi H %40
TOPLAM H %100

HAFTALIK KONULAR VE iLGIiLi ON HAZIRLIK CALISMALARI

HAFTALAR

KONULAR

On Hazirhk

IKonu Anlatimi: Nikleer teknolojilerin temel kavramlar1 vel
tarihsel gelisimi ele alinir; niikleer enerji liretiminin prensipleri ve|
kullanim alanlar tanitilir.

Smif-ici Uygulama (80 dk.): Ogrenciler niikleer enerji iiretim
siireclerini  sematik olarak inceler, niikleer teknolojilerin tip,
endiistri ve enerji alanindaki 6rnek uygulamalarini aragtirarak]
grup sunumlari hazirlar.

Smif-ici Tartisma (10 dk.): Nikleer teknolojilerin sagladigi
faydalar ve olusturabilecegi riskler {iizerine simifca tartigmal
yuriitilir.

1. Niikleer Teknolojilere Giris-1 konusuna
dair 6n okuma yapilmast.
Kaynak: Ders Kitabi, Boliim 1.

IKonu Anlatimi: Niikleer reaktorlerin temel bilesenleri, ¢alismal
prensipleri ve reaktdr tipleri agiklanir; niikleer teknolojilerin enerjil
iretimindeki rolii ele alinir.

Smif-ici Uygulama (80 dk.): Ogrenciler farkli niikleer reaktor|
tiplerini (basingli su, kaynar su, hizli reaktér vb.) karsilastirir,
sematik gosterimlerle reaktor bilesenlerini tanimlar ve grup
caligmalartyla avantaj—dezavantaj analizleri yapar.

Smif-ici Tartiyjma (10 dk.): Nikleer enerji {iretiminin|
stirdiiriilebilirlik, gevresel etkiler ve enerji politikalar1 agisindan
degerlendirilmesi {izerine sinifca tartigma yiiriitilir.

1. Nikleer Teknolojilere Girig-2 konusuna
dair 6n okuma yapilmast.
Kaynak: Ders Kitabi, Boliim 2.

IKonu Anlatimi: Niikleer teknolojilerin tip alanindaki kullaniminal
giris yapilir; tanisal goriintiileme yontemleri (rontgen, CT, niikleer
tip goriintiileme teknikleri) agiklanir.

Simf-ici Uygulama (80 dk.): Ogrenciler tibbi goriintiileme
yontemlerinin temel prensiplerini karsilastirir, 6rnek vakalar
iizerinden hangi yontemin hangi durumda tercih edilecegini
tartisir ve basit doz hesaplamalari yapar.

Smif-ici Tartisma (10 dk.): Tibbi goriintiilemede radyasyon|
kullaniminin yararlart ve olasi riskleri iizerine simifca tartigmal
ytritiilir.

1. Tip Alaminda Uygulamalar-1 konusuna dai
6n okuma yapilmast.
Kaynak: Ders Kitabi, Boliim 3.

IKonu Anlatimi: Radyoterapi uygulamalari, kullanilan cihazlar ve|
tedavi teknikleri tanitilir; iyonlagtirici radyasyonun kanser
tedavisindeki rolii agiklanir.

1. Tip Alaninda Uygulamalar-2 konusuna dai
6n okuma yapilmast.
Kaynak: Ders Kitabi, Boliim 3.
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Simif-ici Uygulama (80 dk): Ogrenciler farkli radyoterapi
yontemlerini (dis 151 tedavisi, brakiterapi vb.) sematik olarak
inceler, tedavi planlama asamalarimi Ornek vakalar {izerinden|
tartisir ve doz dagilimi hesaplamalar: yapar.

Simif-i¢ci Tartisma (10 dk.): Radyoterapide etkinlik ve giivenlik
arasindaki denge, hasta sagligi acisindan etik sorumluluklar ile|
birlikte sinifca tartigilir.

IKonu Anlatimi: Niikleer teknolojilerin enerji alanindaki kullanim
alanlari, niikleer santrallerin calisma prensipleri ve enerji
iretiminde sagladig1 avantajlar ile karsilasilan zorluklar agiklanir.

Simif-ici Uygulama (80 dk): Ogrenciler niikleer enerji ile fosil ve
yenilenebilir enerji kaynaklarmi karsilastirir, niikleer santral
tasarim semalarini inceler ve enerji verimliligi ile gevresel etkiler
lizerine grup calismalari yapar.

Smif-i¢i Tartisma (10 dk.): Tiirkiye ve diinyada niikleer enerjiye
bakis acisi, enerji gilivenligi ve ¢evre politikalart baglaminda
siifca tartigma yurtiiliir.

Enerji Alaninda Uygulamalar konusun
dair 6n okuma yapilmast.
Kaynak: Ders Kitabi, Boliim 3.

Konu Anlatimi: Niikleer teknolojilerin gida sektdriindeki
kullanim alanlar1 tanitilir; gida 1sinlama yontemleri, mikrobiyal
kontaminasyonun azaltilmasi ve raf 6émriiniin uzatilmasindaki rolij
laciklanir.

Simif-ici Uygulama (80 dk): Ogrenciler gida 1smlama tekniklerini
aragtirarak Ornek vaka calismalari sunar, 1ginlama ile geleneksel]
koruma yontemlerini karsilagtirir ve uluslararas1 diizenlemeleri
inceler.

Sinif-ici Tartisma (10 dk.): Gida 1sinlamasinin toplum saghigi,
tiiketici giiveni ve etik boyutlar1 lizerine siifca tartigma yiiriitiliir.

Gida Sektoriinde Uygulamalar konusun
dair 6n okuma yapilmasi.
Kaynak: Ders Kitabi, Boliim 4.

Konu Anlatimi: Niikleer tekniklerin tarim ve hayvanciliktal
kullanim alanlart agiklanir; radyasyonla bitki 1slahi, zararli
miicadelesi, toprak verimliligi ¢aligmalar1 ve hayvancilikta izotop
uygulamalar1 ele alinir.

Siif-ici Uygulama (80 dk): Ogrenciler tarimsal iiretimde
radyasyonun sagladigi avantajlar1 vaka Ornekleriyle inceler,
mutasyon 1slah1 ve bocek sterilizasyon tekniklerini sematik olarak
gOsterir, hayvancilikta izotoplarmm kullanimina dair arastirmal
sunumlart yapar.

Smif-ici Tartisma (10 dk.): Tarim ve hayvancilikta niikleer|
tekniklerin gida giivenligi, verimlilik ve ¢evre iizerindeki etkileri
lizerine siifca tartigma yiiriitiliir.

Tarim ve Hayvancilik konusuna dair &
okuma yapilmast.
Kaynak: Ders Kitabi, Boliim 5.

IAra Smav 1

Smav haftasina kadar iglenen konularmn
tiimiiniin tekrar edilmesi.

Konu Anlatimi: Niikleer tekniklerin petrol ve gaz endiistrisinde
kullanim alanlar1 tanitilir; kuyu loglamasi, rezervuar analizi ve
lakigkan hareketlerinin izlenmesinde radyasyon yontemlerinin roli
aciklanir.

Simf-igi Uygulama (80 dk): Ogrenciler kuyu loglamal
lyontemlerini sematik olarak inceler, radyoizotoplarla yapilan akig|
Olciimlerine iligkin O&rnek problemler ¢ozer ve petrol-gaz
cikariminda niikleer tekniklerin avantaj—dezavantaj analizini grup)
caligmastyla yapar.

Simif-i¢ci Tartisma (10 dk.): Petrol ve gaz ¢ikariminda niikleer
uygulamalarin ekonomik katkilar1 ve c¢evresel riskleri {izerine|
sinifca tartigma yirtiiliir.

Petrol ve Gaz Cikarma Islemlerinde
Uygulamalar konusuna dair 6n okum
yapilmasi.

Kaynak: Ders Kitabi, Boliim 6.

10

Konu Anlatimi: Sunum anlatisi.

Simif-i¢i Uygulama: Sunum anlatist.

Sunum-1: Ogrencilerin sunumlarint

hazirlamasi.
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Simif-i¢i Tartisma (60 dk.): Sunum ile ilgili tartigma.

11

IKonu Anlatimi: Sunum anlatist.
Sinif-ici Uygulama: Sunum anlatisi.

Simif-i¢ci Tartisma (60 dk.): Sunum ile ilgili tartigma.

Sunum-2: Ogrencilerin sunumlarini

hazirlamasi.

12

Konu Anlatimi: Niikleer teknolojilerin uzay aragtirmalarinda]
kullanim alanlar1 agiklanir; radyoizotop termoelektrik jeneratorleri
(RTG), radyasyon Olgiim cihazlari ve uzay ortamindal
radyasyondan korunma yontemleri ele alinir.

Smif-ici Uygulama (80 dk): Ogrenciler uzay araclarinda)
kullanilan niikleer enerji sistemlerini sematik olarak inceler,|
RTG’lerin calisma prensibini arastirir ve uzay radyasyonunun|
linsan sagligina etkilerini vaka ¢aligmalartyla tartigir.

Smif-ici Tartisma (10 dk.): Uzay c¢alismalarinda niikleer|
teknolojilerin sagladigi avantajlar ve beraberinde getirdigi
glivenlik—etik sorunlar lizerine smifca tartigma yiiritiliir.

1. Uzay Calismalarinda Uygulamalara dair 6n
okuma yapilmasi.
Kaynak: Ders Kitabi, Bolim 7.

13

Konu Anlatimi: Niikleer tekniklerin ¢evre alanindaki kullanim|
lalanlar1 tanitilir; radyoizotoplarla gevresel kirliligin izlenmesi, syl
kaynaklarinin yas tayini ve atmosfer calismalarinda radyasyon|
lyontemlerinin rolii agiklanir.

Simf-ici Uygulama (80 dk): Ogrenciler cevre kirliligi tespitinde
kullanilan radyoizotop yontemlerini inceler, yeralt1 sularmin yas|
tayini ig¢in Ornek hesaplamalar yapar ve g¢evresel izleme
caligmalarina iligkin grup sunumlart hazirlar.

Smif-ici Tartisma (10 dk.): Cevre sorunlarinin ¢oziimiinde
niikleer tekniklerin sagladigi katkilar ve olast riskleri iizerine
sinifca tartigma yiirGitiiliir.

1. Cevre Alaninda Uygulamalara dair 6n
okuma yapilmasi.
Kaynak: Ders Kitabi, Boliim 8.

14

Konu Anlatimi: Niikleer ve radyasyon teknolojilerinin savunmal
sanayindeki uygulamalar1 tanitilir; radar sistemleri, niikleer|
dedektorler, silah teknolojileri ve giivenlik sistemlerindeki
kullanim alanlar1 agiklanir.

Siif-ici Uygulama (80 dk): Ogrenciler savunma sanayinde]
kullanilan niikleer ve radyasyon tabanli cihazlari aragtirir, 6rnek]
uygulamalart sematik olarak gosterir ve kullanim amaglarina gore|
avantaj—dezavantaj analizleri yapar.

Smif-ici Tartisma (10 dk.): Savunma sanayinde niikleer|
teknolojilerin etik, giivenlik ve uluslararasi politika boyutlari
lizerine siifca tartigma yiiriitiliir.

1. Savunma Sanayi Uygulamalart konusun
dair 6n okuma yapilmasi.
Kaynak: Ders Kitabi, Boliim 9.

15

Konu Anlatimi: Niikleer teknolojilerin endiistri ve madencilik
alanindaki kullanimlar1 tanitilir; radyoizotoplarla malzeme
analizleri, kalite kontrol, yogunluk O&l¢limleri ve maden|
lyataklarinin tespiti ele alinir.

Simif-igi Uygulama (80 dk): Ogrenciler endiistride ve
madencilikte kullanilan radyasyon tabanli Ol¢lim ydntemlerini
inceler, 6rnek uygulamalari sematik olarak gosterir ve grup,
caligmalartyla malzeme analizleri iizerine ¢6ziim Onerileri
gelistirir.

Sinif-ici Tartisjma (10 dk.): Endiistri ve madencilikte niikleer|
tekniklerin verimlilik, giivenlik ve ¢evresel etkileri tizerine sinifcal
tartigma yuritiliir.

1. Endistri ve Madencilikte Uygulamalai
konusuna dair 6n okuma yapilmasi.
Kaynak: Ders Kitabi, Boliim 10.

16

Final

Islenen konularin tiimiiniin tekrar edilmesi.
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Etkinlikler Siiresi
(Saat)

Toplam Isyiikii

Ders Saati 3

42

Laboratuvar

Uygulama

Arazi Calismasi

Sinif Dis1 Ders Calismasi

Derse Ozgii Staj

Odev

Kiiciik Smavlar/Stiidyo Kritigi

Projeler

Sunum / Seminer

Ara Sinavlar (Sinav Siiresi + Sinav
Hazirlik Siiresi)

Final (Sinav Siiresi + Sinav
Hazirlik Siiresi)

Toplam Isyiikii :

Toplam Isyiikii / 30(s) :

AKTS Kredisi :
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FACULTY / GRADUATE SCHOOL

COURSE INFORMATION FORM

Faculty of Arts & Science

DEPARTMENT / PROGRAMME

Department of Physics

TITLE OF COURSE

Nuclear Technologies

CODE

F171127

LOCAL CREDIT

ECTS

LECTURE HOUR / WEEK

PRACTICAL HOUR / WEEK

LABORATORY HOUR / WEEK

PREREQUISITE

None

SEMESTER

Fall, Spring

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

Yasar KARABUL

ASSISTANT(S)

COURSE OBJECTIVES

This course aims to introduce students to the fundamental principles and historical
development of nuclear technologies. Students will gain an understanding of how these
technologies are applied across diverse fields, including energy, medicine, food,
agriculture, the environment, space, and defense. The course develops students’ ability to
analyze the social, economic, and environmental impacts of nuclear technologies and to
discuss these impacts within an interdisciplinary context. Students are also expected to
evaluate the ethical and security dimensions of nuclear technologies and to develop
awareness of issues related to sustainability and international security. Finally, the course
encourages students to compare different applications and formulate creative solutions
and policy proposals regarding the use of nuclear technologies.

COURSE CONTENT

Fundamental Principles and History of Nuclear Technologies: Explanation of the basic
principles of the atomic nucleus and radioactivity, along with the historical development
of nuclear energy and its major milestones; Applications in Medicine: Understanding
medical imaging techniques, the use of radiopharmaceuticals in diagnosis and treatment,
and the role of nuclear technologies in cancer therapy; Applications in the Energy Sector:
Principles of nuclear energy and power generation, different types of nuclear reactors and
their operating principles, and an examination of the advantages and challenges of nuclear
energy; Applications in the Food Sector: Use of radiation in food sterilization, the impact
of nuclear technologies on food safety and preservation, the use of radioisotopes in
agriculture and food production, and the role of nuclear technologies in the food industry;
Applications in Agriculture and Animal Husbandry: Use of radioisotopes in soil and plant
analysis, the effects of nuclear technologies on animal health and production, and
contributions of nuclear technologies to sustainability in agriculture; Applications in Oil
and Gas Extraction: Use of radioactive isotopes in reserve estimation and mineral
exploration, and examination of nuclear techniques in monitoring and enhancing
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underground reservoirs; Applications in Space Exploration: Potential applications of
nuclear energy in space exploration and travel, nuclear rocket technologies and
advancements in space research, and the advantages and safety measures of using nuclear
energy in space; Applications in Environmental Studies: Environmental monitoring and
analysis with nuclear technologies, the use of radioisotopes in water and air quality
monitoring, contributions of nuclear technologies to combating environmental pollution,
and assessment of the environmental impact and sustainability of nuclear energy;
Applications in Art and Archaeology: Contributions of radioisotope dating methods to
archaeology, nuclear analytical techniques in the preservation of cultural heritage, and
identification of radioactive isotopes in artworks; Applications in Industry and Mining:
Use of nuclear technologies in industrial process control, applications of radiation in
material testing and quality control, and reserve estimation and monitoring in the mining
sector through nuclear technologies; Applications in Defense Industry: Development and
effects of nuclear weapons, nuclear security and disarmament efforts, and the ethical and
legal dimensions of nuclear technologies in the defense sector.

Coursebook:

[1] Kudo, H. Radiation Applications (An Advanced Course in Nuclear Engineering). 1st
ed., Springer, 2018.

RECOMMENDED OR REQUIRED Recommended Readings:

READING [1] International Atomic Energy Agency (IAEA). Nuclear Technology Review 2023.
IAEA, Vienna, 2023.

[2] Eisenberg, J. M., & Powers, D. L. (eds.). Advances in Nuclear Science and

Technology. Springer, multiple volumes, 1962-2005.

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

1. Use up-to-date knowledge, software, and resources in physics.

2. Plan independent or collaborative work on physics-related problems.

Course Learning Outcomes

Solve problems in physics using theoretical knowledge.
Analyze experimental data using statistical methods.

Analyze concepts and ideas in physics using scientific methods.

EVALUATION SYSTEM

| Activities Number Percentage of Grade

‘ Attendance/Participation H H

| Laboratory H H

‘ Application H H

| Field Work H H

‘ Special Course Internship (Work Placement) H H

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

e  Format: Written or oral exam (5-10 minutes) 1

o  Detailed Assessment Criteria:

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

| Homework Assignments H H

‘ Presentations/Jury H 1 H 30%

| Project H H

Quizzes/Studio Critics:

| Seminar/Workshop
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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

WEEKLY SUBJECTS AND RELATED PREPARATION STUDIES

WEEKS COURSE OUTLINE

Lecture Content: The fundamental concepts and
historical development of nuclear technologies are
addressed; the principles of nuclear energy production
and its areas of application are introduced.

Related Preparation

In-Class Activity (80 min): Students schematically]
examine the processes of nuclear energy production,|
research examples of nuclear technologies in medicine,|
industry, and energy, and prepare group presentations.

In-Class Discussion (10 min): A class discussion is|
lheld on the benefits and potential risks of nuclea
Technologies.

Preliminary reading on the topic of Introduction to
Nuclear Technologies — 1
Source: Textbook, Chapter 1.

Lecture Content: The fundamental components,
operating principles, and types of nuclear reactors are]
explained; the role of nuclear technologies in energy
production is discussed.

In-Class Activity (80 min): Students compare
different types of nuclear reactors (pressurized water,|
boiling water, fast reactors, etc.), identify reacto
components using schematic representations, and
conduct group work to analyze their advantages and
disadvantages.

In-Class Discussion (10 min): A class discussion is
held on the evaluation of nuclear energy production in|
terms of sustainability, environmental impacts, and
lenergy policies.

Preliminary reading on the topic of Introduction to
Nuclear Technologies—2
Source: Textbook, Chapter 2.

Lecture Content: An introduction to the use of nuclea
technologies in medicine is provided; diagnostic
imaging methods (X-ray, CT, nuclear medicine
imaging techniques) are explained.

In-Class Activity (80 min): Students compare the

fundamental principles of medical imaging methods,|

Preliminary reading on the topic of Applications in
Medicine-1
Source: Textbook, Chapter 3.
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discuss which method is preferred in different cases
using example scenarios, and perform simple dose
calculations.

[n-Class Discussion (10 min): A class discussion is|
held on the benefits and potential risks of using
radiation in medical imaging.

Lecture Content: Radiotherapy applications, the
devices used, and treatment techniques are introduced;
the role of ionizing radiation in cancer treatment is
explained.

In-Class Activity (80 min): Students examin

different radiotherapy methods (external beam therapy,
brachytherapy, etc.) schematically, discuss treatmen
planning steps using example cases, and perform dose
distribution calculations.

[n-Class Discussion (10 min): A class discussion is|
held on balancing effectiveness and safety in|
radiotherapy, including ethical responsibilities|
concerning patient health.

Preliminary reading on the topic of Applications in
Medicine-2
Source: Textbook, Chapter 3.

Lecture Content: The applications of nuclea
technologies in the energy sector are explained,
including the operating principles of nuclear powe
plants, the advantages they provide in energy|
production, and the challenges encountered.

In-Class Activity (80 min): Students compare nuclea
energy with fossil and renewable energy sources,
examine schematic designs of nuclear power plants,
and conduct group work on energy efficiency an
environmental impacts.

In-Class Discussion (10 min): A class discussion is|
held on perspectives toward nuclear energy in Turke
and worldwide, in the context of energy security and|
lenvironmental policies.

Preliminary reading on the topic of Applications in the
Energy Sector
Source: Textbook, Chapter 3.

Lecture Content: The applications of nucleas
technologies in the food sector are introduced; food|
irradiation methods and their role in reducing microbiall
contamination and extending shelf life are explained.

In-Class Activity (80 min): Students research foo
irradiation techniques and present example case]
studies, compare irradiation with traditional
preservation methods, and review international
regulations.

In-Class Discussion (10 min): A class discussion is|
lheld on the public health, consumer confidence, an
lethical aspects of food irradiation.

Preliminary reading on the topic of Applications in the
Food Sector
Source: Textbook, Chapter 4.

Lecture Content: The applications of nucleas
techniques in agriculture and animal husbandry are]
explained; topics include radiation-based plan
breeding, pest control, soil fertility studies, and isotope
applications in livestock.

In-Class Activity (80 min): Students examine th
advantages of radiation in agricultural production]
through case studies, illustrate mutation breeding an
insect sterilization techniques schematically, and|
present research on the use of isotopes in livestock.

In-Class Discussion (10 min): A class discussion is
held on the impacts of nuclear techniques in agriculture
and animal husbandry on food safety, productivity, and
the environment.

Preliminary reading on the topic of Agriculture and
Animal Husbandry
Source: Textbook, Chapter 5.

Midterm 1

Review of all topics covered up to the exam week.

Lecture Content: The applications of nuclea

Preliminary reading on the topic of Applications in Oil
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techniques in the oil and gas industry are introduced;
the role of radiation methods in well logging, reservoi
analysis, and monitoring fluid movements is explained.

[n-Class Activity (80 min): Students examine well
logging methods schematically, solve example]
problems related to flow measurements usin
radioisotopes, and conduct group work to analyze the
advantages and disadvantages of nuclear techniques i
oil and gas extraction.

In-Class Discussion (10 min): A class discussion is|
held on the economic benefits and environmental risks
of nuclear applications in oil and gas extraction.

and Gas Extraction
Source: Textbook, Chapter 6.

10

Lecture Content: Presentation narrative.
In-Class Activity: Presentation delivery.

In-Class Discussion (60 min): Discussion related to|
the presentation.

Presentation 1: Preparing of the student presentations.

11

Lecture Content: Presentation narrative.
In-Class Activity: Presentation delivery.

In-Class Discussion (60 min): Discussion related to)
the presentation.

Presentation 2: Preparing of the student presentations.

12

Lecture Content: The applications of nuclea
technologies in space research are explained; topics
include radioisotope thermoelectric generators (RTGs),
radiation measurement devices, and methods fo
[protection against space radiation.

In-Class Activity (80 min): Students examine nuclea
energy systems used in spacecraft schematically,
research the operating principles of RTGs, and discuss
the effects of space radiation on human health through
case studies.

In-Class Discussion (10 min): A class discussion is|
held on the advantages of nuclear technologies in space]
exploration and the associated safety and ethical issues.

Preliminary reading on the topic of Applications in
Space Exploration
Source: Textbook, Chapter 7.

13

Lecture Content: The applications of nuclea
techniques in the environmental field are introduced;|
the role of radiation methods in monitoring]
lenvironmental pollution with radioisotopes,
determining the age of water resources, and|
atmospheric studies is explained.

In-Class Activity (80 min): Students examin
radioisotope methods used in detecting environmental
pollution, perform example calculations fo
determining the age of groundwater, and prepare group|
[presentations on environmental monitoring studies.

In-Class Discussion (10 min): A class discussion is|
lheld on the contributions and potential risks of nucleal
techniques in addressing environmental problems.

Preliminary reading on the topic of Applications in
Environmental Studies
Source: Textbook, Chapter 8.

14

Lecture Content: Environmental radiation sources an
measurement methods are introduced, covering devices|
and techniques used to measure natural and artificiall
radiation.

In-Class Activity (80 min): Students perform practical
exercises to measure environmental radiation levels,
using Geiger-Miiller counters or dosimeters to
determine radiation levels in various settings and]
analyze the results.

In-Class Discussion (10 min): A class discussion is
lheld on the effects of environmental radiation on|

lhuman health and ecosystems, and the importance o

Preliminary reading on the topic of Applications in the
Defense Industry
Source: Textbook, Chapter 9.
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interpreting measurement results.

Lecture Content: The applications of nuclea
technologies in industry and mining are introduced;
topics include material analysis with radioisotopes,
quality control, density measurements, and detection o
mineral deposits.

In-Class Activity (80 min): Students examin 1. Preliminary reading on the topic of Applications in
15 radiation-based measurement methods used in industry Industry and Mining
and  mining, illustrate  example  applications Source: Textbook, Chapter 10.

schematically, and develop solutions for material
analysis through group work.

In-Class Discussion (10 min): A class discussion is|
held on the efficiency, safety, and environmental
impacts of nuclear techniques in industry and mining.

16 Final Review of all topics covered.

ECTS WORKLOAD TABLE

Activities Number Duration Total Workload
(Hour)

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) 22

Final (Examination Duration + Examination Prep. Duration) 24

Total Workload :

Total Workload / 30(h) :

ECTS Credit :
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Ders Odrenim Ciktis1 & Program Ciktis1 Matrisi

Pg-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
level.

1)
1)
1
I~
I~

PS:-Z Uygulamal1 bilgilerini
fiziksel stireclerin
modellenmesi, deneysel tasarim
ve problem c¢oziimiinde etkili
ve amaca yonelik bicimde
kullanabileceklerdir. /  Apply
their  practical  knowledge
effectively and strategically in
modelling physical processes,
experimental design, and
problem-solving.

PS ‘-3 Kuramsal  ve/veya

deneysel bilgilerini  karmasik
fizik problemlerinin
¢Oziimiinde  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 Disiplinlerarast  bir

yaklagimla, farkli alanlarda
edinmis olduklar 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 araglarini
kullanma ve = = = = =
geligtirme becerilerini,
kuramsal fizik, niikleer fizik,
yogun madde fizigi, yiiksek
enerji  fizigi, nanoteknoloji,
yenilenebilir/alternatif  enerji
teknolojileri, ileri malzeme

1
1
I~
[°N
[°N

1
I~
I~
[°N
[°N
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tasarimi, niikleer teknoloji ve
kuantum  teknolojileri  gibi
disiplin-i¢i ve disiplinlerarasi
uzmanlik alanlarinda

gelistirebileceklerdir J
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

Pg-6 Fizik alaninda yaygin

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

analizi yapmak ve
simiilasyonlar gerc¢eklestirmek
icin etkin bigimde - - - - -
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 ulagmak 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.

Pg;-8 Bilimsel aragtirmalarini

ve mesleki faaliyetlerini
yiriitiirken dogabilecek
hukuksal sonuglari 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

1
1
I~
[°N
[F°N
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with  Professional  ethical
principles, quality standards,
and universal values by taking
into account potential legal and
societal consequences of their
scientific research and
professional activities.

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

PS :-1 0 Fizik alaninda

giivenilir  bilgi  kaynaklarina
ulagarak literatiir =~ taramasi
yapabilecek ve  akademik
arastirma tasarlayip
ylriitebileceklerdir. /  Access = = = = =
reliable sources of information,
conduct literature reviews, and

design and carry
out academic research in the
field of physics.
PS ‘-11 Fizik  konularini,
teorileri, aragtirmalart ~ ve

problem  ¢ozliimlerini, fizik
terminolojisi  kullanarak tiim
paydaslara Tiirkge ve
Ingilizcede sézli ve yazih

olarak etkili bigimde
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.

PC-12 Laboratuvar
calismalarinda  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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