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DERSIN AMACI

Bu dersin amaci, 6grencilere temel parcacik fizigi kavramlarini ve pargacik hizlandiricilarinin
fiziksel prensiplerini 6gretmek; dogrusal ve dairesel hizlandiricilar, huzme dinamigi ve
sinkrotron 1smimm1  gibi konular {zerinden hizlandirict teknolojilerini  kavratmaktir.
Ogrencilerin, pargaciklarin elektromanyetik alanlarla etkilesimlerini analiz edebilmesi,
hizlandirict sistemlerinin avantajlarint ve sinirhiliklarini  degerlendirebilmesi ve modern
hizlandiricilarin bilimsel ve teknolojik uygulamalarmi yorumlayabilmesi hedeflenmektedir.
Ayrica, 6grencilerin Tiirkiye’deki hizlandiricr tesislerini ve bu tesislerde yiiriitiilen projeleri
taniyarak, alanin hem ulusal hem de uluslararasi boyutunu kavramalari1 amaglanmaktadir.

DERSIN iCERIGi

Parcacik hizlandiricilart; dogrusal ve dairesel hizlandiricilar; elektromanyetik alanlar; huzme
dinamigi; pargacik huzme parametreleri; dedektor sistemleri.

DERS KiTABI/ MALZEMESI /
ONERILEN KAYNAKLAR

Ders Kitabi:

Wiedemann, H. Particle Accelerator Physics. 4th ed., Springer, 2015.

Zorunlu Kaynaklar:

[1] Edwards, D. A., & Syphers, M. J. Introduction to the Physics of High Energy
Accelerators. 1st ed., John Wiley & Sons, 1993.

[2] Minty, M. G., & Zimmermann, F. Measurement and Control of Charged Particle Beams.
Springer, 2003.

[3] Conte, M., & MacKay, W. An Introduction to the Physics of Particle Accelerators. 2nd
ed., World Scientific, 2008.

[4] Wille, K. The Physics of Particle Accelerators: An Introduction. Oxford University Press,
2000.

[5] Stupakov, G., & Penn, G. Classical Mechanics and Electromagnetism in Accelerator
Physics. Springer, 2018.

Onerilen Kaynaklar:
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http://www.bologna.yildiz.edu.tr/index.php?r=program/view&id=25&aid=10

[1] Chao, A., & Tigner, M. (eds.). Handbook of Accelerator Physics and Engineering. World
Scientific.

[2] Wilson, E. An Introduction to Particle Accelerators. Oxford University Press, 2001.

[3] Lee, S. Y. Accelerator Physics. World Scientific.

[4] Schmiiser, P. Basic Course on Accelerator Optics. CERN Yellow Reports.

[5] CERN Accelerator School (CAS) Lecture Notes — freely available at CERN Document
Server (covers linear accelerators, synchrotrons, storage rings, RF systems, beam dynamics,
etc.).

[6] SLAC Lecture Notes on Accelerator Physics — available online.

Bu dersi basariyla tamamlayan 6grenciler:
1. Pargacik hizlandiricilar: fiziginin temel parametrelerini tanimlayabilecektir.
2. Hizlandirma elektrodinamigini agiklayabilecektir.
3. Hizlandiricr tiplerini parametrelerine gore siniflandirabilecektir.
4. Hizlandiric1 teknolojilerini agiklayabilecektir.

5. Hizlandiricilarin uygulama alanlarini 6rneklerle agiklayabilecektir.

Ders Ogrenim Ciktilar:

6. Dogrusal ve dairesel hizlandiricilarin 15in dinamigini temel seviyede analiz
edebilecektir.

7. Hizlandiricilarda kullanilan  manyetik ve RF  Dbilesenlerin islevlerini
yorumlayabilecektir.

8. Hizlandiric1 tasarimlarinda karsilasilan temel miihendislik ve giivenlik kisitlarmi
degerlendirebilecektir.

9. Arastirma ve endiistriyel uygulamalarda kullanilan modern hizlandirict sistemleri
hakkinda temel bilgileri tartigabilecektir.

DEGERLENDIRME SiSTEMI

Etkinlikler Say1 Katka

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

e  Detayh Degerlendirme Kriterleri:

14 %
- Derse aktif katilim ve soru sorma 05

- Siuf-igi tartigmalara ve problem ¢ozme siireglerine katki saglayabilme

| Laboratuvar H H

‘ Uygulama (So6zlii Sinav) H H

Derse Ozgii Staj

Kisa Smavlar/Stiidyo Kritigi :
e Icerik: Smav haftasina kadar islenen konularin tiimiinii kapsayan kapsamli sorularin sorulmast
e  Format: Yazili yada sézlii stnav (5-10 dakika) 2 %10

e  Detayh Degerlendirme Kriterleri:

| Arazi Calismasi H H ‘

-Derste islenen teorik konular ile ilgili problemleri ¢ézebilme
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Odev:
e icerik: Derste islenen temel kavramlarin elestirel bigimde yorumlanmasini ve ilgili kavramlarin
disiplin-igi ve disiplinleraras: alanlarda 6rneklerinin bulunmasini iceren ddevlerin verilmesi
e  Format: Yazli raporlar
e Detayh Degerlendirme Kriterleri: %10
- Konu kapsaminin dogrulugu, literatiire uygunluk, kavramsal derinlik
- Konuyu analiz etme, farkli hizlandirici tiplerini karsilastirma, teoriyi uygulamalarla
iliskilendirme
-Raporun yapisi, yazim kurallaria uygunluk, gorsel/semalarin
kullanimi, kaynak gosterme.
Sunum/Jiiri:
e  icerik: Ogrencilerin kendi 6grenme siireclerini degerlendirmelerinin ve sunumlari yapmalarmin
istenmesi
e Format: Bireysel sunumlar
%15
e Detayh Degerlendirme Kriterleri:
-Ogrenilen konularm dogru bir sekilde aciklanabilmesi
-Sunum tekniklerinin dogru kullanilmasi
| Proje: H H ‘
| Seminer/Workshop H H ‘
Ara Smavlar:
e icerik: Smav haftasina kadar islenen konularin tiimiinii kapsayan parcacik hizlandiricilarinin
temel parametreleri, hizlandirma elektrodinamigi, hizlandiricr tipleri ve uygulamalarina yonelik
kavramsal ve problem ¢dzme sorulari.
e  Format: Yazili Sinav (60 dakika)
e  Detayh Degerlendirme Kriterleri: %20
- Tiim ders kapsamindaki temel tanim, kavram ve ilkeleri hatirlama.
-Kavramlar arasi iligki kurma, hizlandiricilarin avantajlarini/dezavantajlarini analiz etme, teoriyi
uygulamalarla bagdastirma.
- Matematiksel modelleme ve problem ¢dzme becerisi, hesaplamalarin dogrulugu, sonuglarm
fiziksel yorumlanmasi
Final:
e cerik: Dersin tiim igerigini kapsayan kapsaml sorular
e  Format: Yazili Sinav (90 dakika)
e Detayh Degerlendirme Kriterleri: %40
-Derste islenen tiim konularin derinlemesine kavranmis oldugunun gosterilmesi
-ileri diizey problem ¢dzme becerilerinin kullanilabilmesi
| Dénem i¢i Calismalarin Basari1 Notuna Katkisi H %60 ‘
‘ Final Sinavimin Basar1 Notuna Katkisi H %40 ‘
‘ TOPLAM %100 ‘
HAFTALIK KONULAR VE iLGiLi ON HAZIRLIK CALISMALARI
HAFTALAR KONULAR On Hazirhik
1 IKonu Anlatimi: Temel parcaciklar ve 6zellikleri. 1. Temel pargacik tablosunu incelemek, Kaynak:
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Simif-ici Uygulama 5
siniflandiriimasi.

dk): Temel parcaciklarin

Smif-i¢i Tartisma (5 dk): Parcaciklarin rolii ve 6nemi.

““Introduction to Elementary Particles” — D,
Griffiths, Bolim 1-
Ek Kaynak: Particle Data Group (PDG)
online tables.

IKonu Anlatimi: Elektrodinamigin temelleri.

Siif-ici Uygulama (5 dk): Basit elektrik ve manyetik alan
hesaplamalarinin yapilmast.

Simf-i¢ci Tartisma (5 dk): Lorentz kuvvetinin etkilerinin
tartisilmasi.

Maxwell denklemlerinin incelenmesi.
Lorentz kuvveti konularmi gozde
gecirmek.Kaynak: J. D. Jackson, Boliim 1-3.

Konu Anlatimi: Pargacik hizlandiricilarina tarihsel bakis,
hizlandiric sistemleri, tanimlar ve formiiller.

Sinif-ici Uygulama (5 dk): Basit hizlandiric1 6rneklerinin
\verilmesi.

Smif-ici Tartisma (5 dk): Tarihsel gelisimin giiniimiiZ
lhizlandiricilarina etkisi.

Hizlandiricilarin  tarihgesini  okumak, temel
formiilleri tekrar etmek. Kaynak: “The
Physics of Particle Accelerators” — Kaynak:
K. Wille, Boliim 1-2
Ek Kaynak: H. Wiedemann, ‘Particle]
Accelerator Physics”, Bolim 1.

IKonu Anlatimi: Pargacik huzme dinamiginin prensipleri
Smmif-ici  Uygulama (5 dk): Huzme optigi  Ornegi.

Simif-i¢i Tartisma (5 dk): Huzme kontroliiniin 6neminin ele
alinmast.

Kisa Smav 1 (15 dk.): Ders sonunda, derste islenen konulari
liceren bir kisa sinavin yapilmasi.

Huzme dinamigi kavramlarini ve temel
denklemleri incelemek, Kaynak: Wille,
Boliim 3 Ek Kaynak: M. Reiser, “Theory and
Design of Charged Particle Beams”.

Kisa Smav 1: Pargacik hizlandiricist tanimi
ve formiilleri.

Konu Anlatimi: Dogrusal hizlandiricilar ve temel ilkeleri.

Sinif-ici Uygulama (5 dk): Basit linac hesaplamalarinin|
lyapilmast.

Siif-ici Tartisma (5 dk): Avantaj ve dezavantajlarin ele
alinmasi.

Linac prensiplerini ve Ornek uygulamalari
okumak, Kaynak: Wille, Bolim 4
Ek Kaynak: J. L. Lapostolle, “Linea
Accelerators”.

IKonu Anlatim: Dairesel hizlandiricilar.

Smif-ici Uygulama (5 dk): Yoriinge ve manyetik alan|
hesaplamalarinin yapilmasi.

Simif-i¢i Tartisma (5 dk): Enerji sinirlamalarimin incelenmesi.

Siklotron, betatron ve halka hizlandiricilarini
gozden gecgirmek, Kaynak: Wille, Bolim 5
Ek Kaynak: H. Wiedemann, Bolim 5.

Konu Anlatimi: Dairesel hizlandiricilar ve garpistiricilar,
Simif-i¢i Uygulama (5 dk): Carpisma enerjisinin hesaplanmasi.

Smif-i¢ci Tartisma (5 dKk): Carpistiricilarin  avantajlariin
degerlendirilmesi.

Carpistirict  tiirleri ve  Ornek  deneyleri
incelemek, Kaynak: Wille, Bolim 6
Ek Kaynak: H. Wiedemann, Bolim 6.

IAra Smav 1

Smav haftasina kadar islenen konulari
tiimiiniin tekrar edilmesi.

Konu  Anlatim: Sinkrotron  1smmi  ve  uygulamalart.
Simif-i¢i Uygulama (5 dk): Sinkrotron 1siniminin hesaplanmasi.

Sinif-i¢i Tartisma (5 dk): Uygulama alanlar1 tartigilmasi.

Sinkrotron 1smimi ve Ozelliklerini okumak,
Kaynak: Wille, Bolim 7
Ek Kaynak: H. Wiedemann, Bolim 7.

10

Konu Anlatimi: Elektromanyetik alanlarda

dinamikleri.

pargacik
Siif-ici Uygulama (5 dk): Parcacik yoriingesi Orneklerinin
incelenmesi.

Simif-i¢i Tartisma (5 dk): Alan konfigiirasyonlarmin etkisinin
degerlendirilmesi.

Kisa Smav 2 (15 dk.): Ters yiiz edilmis 6grenme (flipped
learning) yontemi gercevesinde, ders basinda, 6grenciye verilen

6n hazirlik gorevinde yer alan konulari iceren bir kisa smavin

Elektromanyetik alanlarin pargacik hareketine
etkilerini incelemek, Kaynak: Jackson, Boli
11

Ek Kaynak: Wille, B6liim 8.
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lyapilmast.
Konu Anlatimi: Huzme dinamikleri, tekli parcacik dinamikleri 1. Tekli pargactk ve eleman dinamiklerini
ve elemanlar. caligmak, Kaynak: Reiser, Bolim 4-
Ek Kaynak: Wille, Boliim 9.
11 Simif-i¢i Uygulama (5 dk): Tekli parcacik hareketi 6rneklerinin
incelenmesi.
Siif-ici Tartisma (5 dk): Elemanlarin tasarim 6neminin
degerlendirilmesi.
Konu  Anlatimi: Pargacitk  huzmeleri ve faz uzayi, 1. Faz uzayt ve huzme teorilerini okumak
Kaynak: Reiser, Bolim 6
Smif-ici Uygulama (5 dk): Faz uzayr diyagramlarinin Ek Kaynak: Wille, Boliim 10.
incelenmesi.
12
Siif-ici Tartisma (5 dk): Huzme stabilitesi tartismasinin
yapilmasi.
Konu Anlatimi: Boylamsal huzme dinamikleri ve faz uzay: 1. Boylamsal huzme ve parametreler iizerine
parametreleri. caligma yapmak Kaynak: Reiser, Bolim 7
Ek Kaynak: Wille, B6lim 11.
13 Suf-ici Uygulama (5 dk): Parametrelerin  hesaplanmast,
Smmif-i¢i Tartisma (5 dk): Uygulamada karsilasilan sorunlarin|
ele elinmasi.
Konu Anlatim: Tiirkiye’deki  hizlandirict  tesisleri vl 1. Tirkiye’deki  hizlandiric1  tesisleri  ve
uygulamalar. projelerini incelemek Kaynak: TUBITAK ve
ilgili tesis web siteleri (TENMAK, TARLA)
14 Simif-i¢gi  Uygulama (5  dk): Tesis  Orneklerinin  ve) Ek Kaynak: Hizlandirici tesisleri raporlari.
uygulamalarinin incelenmesi.
Smif-ici Tartisma (5 dk): Tesislerin  avantajlar1 v
sinirlamalarinin degerlendirilmesi.
Ogrenci sunumlarinin dinlenmesi. 1. Sunum konularini hazirlamak, sunum provasi
yapmak.

2. Secilen konular iizerine (6r. dogrusal
hizlandiricilar, dairesel hizlandiricilar, huzme
dinamigi, sinkrotron 1ginimi, Tirkiye’deki
hizlandiric1 tesisleri, tipta ve endiistride]

15
uygulamalar) sunum slaytlarini hazirlamak ve|
tamamlamak.

3. Sunumlarin  gerekli sire ve yapiya
uygunlugunu saglamak igin prova yapmak.

4. Segilen konuyla ilgili ders kitabi ve 6nerilen
kaynaklar1 gdzden gecirmek.

16 Final Islenen konularin tiimiiniin tekrar edilmesi.

AKTS iSYUKU TABLOSU

Etkinlikler Toplam isyiikii

Ders Saati 42

Laboratuar

Uygulama (sozlii Sinav)

Arazi Calismasi

Sinif Dis1 Ders Calismasi

Derse Ozgii Staj

Odev

Kiiciik Sinavlar/Stiidyo Kritigi

Projeler

Sunum / Seminer
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Ara Siavlar (Sinav Siiresi +
Simav Hazirlik Siiresi)

Final (Sinav Siiresi + Sinav
Hazirhk Siiresi)

Toplam is yiikii:

Toplam s yiikii / 30(s):

AKTS Kredisi:
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COURSE INFORMATION FORM

| FACULTY / GRADUATE SCHOOL Faculty of Arts and Sciences |

DEPARTMENT / PROGRAMME

Physics

TITLE OF COURSE

Linear and Circular Accelerators

CODE

FI1Z1116

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

Deniz SUNAR CERCI

ASSISTANT(S)

COURSE OBJECTIVES

This course aims to provide students with a comprehensive introduction to particle
accelerators and beam dynamics, which are essential research tools in high-energy
physics. By the end of the course, students are expected to identify the basic
working principles of particle accelerators, explain accelerator technologies and
their application areas, compare different types of accelerators, apply fundamental
concepts of beam dynamics to problem-solving, analyze experimental scenarios
involving accelerator systems, and evaluate the role of accelerators in scientific and
technological development with a critical perspective.

COURSE CONTENT

Particle accelerators; linear and circular accelerators; electromagnetic fields; beam
dynamics; particle beam parameters; detector systems.

RECOMMENDED OR REQUIRED
READINGS

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

Coursebook:

Wiedemann, H. Particle Accelerator Physics. 4th ed., Springer, 2015.

Required Readings:

[1] Edwards, D. A., & Syphers, M. J. Introduction to the Physics of High Energy
Accelerators. 1st ed., John Wiley & Sons, 1993.

[2] Minty, M. G., & Zimmermann, F. Measurement and Control of Charged
Particle Beams. Springer, 2003.

[3] Conte, M., & MacKay, W. An Introduction to the Physics of Particle
Accelerators. 2nd ed., World Scientific, 2008.

[4] Wille, K. The Physics of Particle Accelerators: An Introduction. Oxford
University Press, 2000.

[5] Stupakov, G., & Penn, G. Classical Mechanics and Electromagnetism in
Accelerator Physics. Springer, 2018.

Recommended Readings:

Chao, A., & Tigner, M. (eds.). Handbook of Accelerator Physics and Engineering.
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World Scientific.

Wilson, E. An Introduction to Particle Accelerators. Oxford University Press, 2001.
Lee, S. Y. Accelerator Physics. World Scientific.

Schmiiser, P. Basic Course on Accelerator Optics. CERN Yellow Reports.

CERN Accelerator School (CAS) Lecture Notes — freely available at CERN
Document Server (covers linear accelerators, synchrotrons, storage rings, RF
systems, beam dynamics, etc.).

SLAC Lecture Notes on Accelerator Physics — available online.

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

1. Define the fundamental parameters of particle accelerator physics.
2. Explain the electrodynamics of acceleration.
Classify accelerator types based on their parameters.

Describe the main accelerator technologies.

Course Learning Outcomes . Identify and explain the application areas of accelerators.

Analyze the beam dynamics of linear and circular accelerators at a
fundamental level.

Interpret the functions of magnetic and RF components used in
accelerators.

Evaluate the basic engineering and safety constraints in accelerator design.

Discuss the fundamental principles of modern accelerator systems used in
research and industrial applications.

EVALUATION SYSTEM

Activities Number Percentage of Grade

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

e  Detailed Assessment Criteria:

-Active participation in lessons and asking questions 14 %5
-Ability to contribute to in-class discussions and problem-
solving
processes
| Laboratory H H ‘
‘ Application (Oral Examination) H H ‘
| Field work [ [ |
Special Course Internship (Work Placement) ‘
Quizzes/Studio Critics:
e  Content: Comprehensive questions covering all topics
addressed up to the exam week
e  Format: Written or oral exam (5-10 minutes)
2 %10
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
. o 2 %10
fundamental concepts covered in class and identification of
examnles nf theee concents within hnth intra-diceinlinarv and
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interdisciplinary contexts
e  Format: Written reports

e Detailed Assessment Criteria:

- Accuracy of the subject coverage, compliance with the
literature, conceptual depth

- Ability to analyze the subject, compare different types of
accelerators, and relate theory to applications

- Structure of the report, adherence to writing conventions, use

of visuals/diagrams, proper citation of references

Presentations/Jury:

e  Content: Students will be asked to evaluate their own learning
processes and deliver group presentations

e  Format: Individual presentations 1 %15
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: Conceptual and problem-solving questions covering
all topics studied up to the exam week, including the
fundamental parameters of particle accelerators, acceleration
electrodynamics, accelerator types, and their applications.

e Format: Written exam. (60 minutes).

e Detailed Assessment Criteria:
1 %20

- Recall of the fundamental definitions, concepts, and
principles covered in the entire course.

- Establishing relationships between concepts, analyzing the

advantages and disadvantages of accelerators, and connecting

theory with applications.

- Skills in mathematical modeling and problem solving,

accuracy of calculations, and physical interpretation of results.

Final:
e Content: Comprehensive questions covering the entire content
of the course

e Format: Written exam.(90 minutes).

e Detailed Assessment Criteria:

. . . 1 %40
-Demonstration of a thorough understanding of all topics

covered in the course

-Ability to apply advanced problem-solving skills
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Percentage of In-Term Studies

Percentage of Final Examination

TOTAL

WEEKS COURSE OUTLINE Related Preparation
Lecture: Fundamental particles and their properties. Examine the table of fundamental particles
Reference: “Introduction to Elementary Particles”
In-class Activity (5 min): Classification of] D. Griffiths, Chapters 1-2  Additional
1 fundamental particles. Reference: Particle Data Group (PDG) onling
tables.
In-class Discussion (5 min): Discussion on the role|
land importance of particles.
Lecture: Fundamentals of electrodynamics. Review Maxwell’s equations and Lorentz force
Source: “Classical ~ Electrodynamics” - J. D.
In-class Activity (5 min): Simple electric and Jackson, Chapters 1-3.
2 magnetic field calculations.
In-class Discussion (5 min): Discussion of Lorentz
force effects.
Lecture:  Historical ~ overview of  particle Study the history of accelerators and review basic
accelerators, accelerator systems, definitions and formulas Source: “The Physics of Particle
formulas. Accelerators” — K. Wille, Chapters 1-2 Additional
Source: H.  Wiedemann, ‘Particle Accelerato
3 In-class Activity (5 min): Simple accelerator| Physics,” Chapter 1.
examples.
In-class Discussion (5 min): The influence of
historical development on modern accelerators.
Lecture: Principles of beam Dynamics. Study beam dynamics concepts and basic equations|
o ) ) Source: Wille, Chapter 3 Additional Reference: M.
In-class Activity (5 min): Example of beam optics. Reiser, “Theory and Design of Charged Particle
. . . Beams”.
In-class Discussion (5 min): Importance of beam . L .
4 control. ( ): Imp Quiz 1: Definition and formulas of particle
accelerators.
Quiz 1 (15 minutes): A quiz at the end of the class
covering the topics taught during the session.
Lecture: Linear accelerators and fundamental Study linac principles and example applications|
principles. Source: Wille, Chapter 4 Additional Source: J. L,
Lapostolle, “Linear Accelerators”.
5 In-class  Activity (5 min): Simple  Linac]
calculations.
In-class Discussion (5 min): Discuss the advantages|
and disadvantages.
Lecture: Circular accelerators. Review cyclotron, betatron, and ring accelerators
Source: Wille, Chapter 5 Additional Reference: H,
6 In-class Activity (5 min): Orbit and magnetic field Wiedemann, Chapter 5.
calculations.
In-class Discussion (5 min): Energy limitations.
Lecture: Circular accelerators and colliders. Study collider types and sample experiments
Source: Wille, Chapter 6 Additional Reference: H.
In-class Activity (5 min): Collision energy| Wiedemann, Chapter 6.
7 calculation.
In-class Discussion (5 min): Advantages of]
colliders.
8 Midterm 1 Review of all topics covered up to the exam week.
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Lecture: Synchrotron radiation and its applications.

In-class Activity (5 min): Synchrotron radiation
calculations.

Study synchrotron radiation and its properties
Source: Wille, Chapter 7 Additional Reference: H,
Wiedemann, Chapter 7.

9
In-class Discussion (5 min): Discussion of]
application areas.
Lecture: Particle dynamics in electromagnetic Study the effects of electromagnetic fields on
fields. particle motion Source: Jackson, Chapter 11,
- . . Additional Reference: Wille, Chapter 8.
In-class Activity (5 min): Examples of particle . _p .
trajectories. Preparation for Short Quiz 2: Determinant
applications and systems of linear equations
10 In-class Discussion (5 min): Effects of field Reference: Coursebook, pp. 239-249; 258-269.
iconfigurations.
Quiz 2 (15 min): Conducted at the beginning of the
class as part of flipped learning, based on the pre-
class preparation task.
Lecture: Beam dynamics, single-particle dynamics, Study single-particle and element Dynamics|
and elements. Source: Reiser, Chapters 45 Additional
Reference: Wille, Chapter 9.
11 In-class Activity (5 min): Example of single-
particle motion.
In-class Discussion (5 min): Importance of element]
design.
Lecture: Particle beams and phase space. Study phase space and beam theories|
Source: Reiser, Chapter 6 Additional
12 In-class Activity (5 min): Phase space diagrams. Reference: Wille, Chapter 10.
In-class Discussion (5 min): Beam stability]
discussion.
Lecture: Longitudinal beam dynamics and phase Study longitudinal beam dynamics and parameters
space parameters. Source: Reiser, Chapter 7 Additional
Reference: Wille, Chapter 11.
13 In-class Activity (5 min): Parameter calculations.
In-class Discussion (5 min): Practical issues
lencountered in applications.
Lectl_Jre: Accelerator facilities and applications in Study Turkish accelerator facilities and projects
Turkiye. Source: TUBITAK and related facility websites
o N (TENMAK, TARLA) Additional
14 In-cl_ass_ ACt.'V'ty .(5 min): Facility examples and Reference: Accelerator facility reports.
application discussions.
In-class Discussion (5 min): Advantages and
limitations of facilities.
Student Presentations. Prepare presentation topics and rehearse the
presentation.
Prepare and finalize presentation slides on selected
topics  (e.g., linear accelerators, circular
accelerators, beam dynamics, synchrotron radiation,
accelerator facilities in Turkiye, applications in
15 g .
medicine and industry).
Rehearse presentations to meet the required
duration and structure.
Review relevant references (coursebook and
recommended readings) related to the chosen topic.
16 Final Review of all topics covered.
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Course Hours

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)

15

Final (Examination Duration + Examination Prep. Duration) 20

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 altyapist 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.

PQ—Z Uygulamali bilgilerini
fiziksel stireglerin
modellenmesi, deneysel tasarim
ve problem ¢6ziimiinde etkili ve
amaca yonelik bi¢imde
kullanabileceklerdir. / Apply
their  practical  knowledge
effectively and strategically in
modelling physical processes,
experimental ~ design, and
problem-solving.

PC-3  kuemsal  velveya

deneysel bilgilerini karmagsik
fizik problemlerinin ¢dziimiinde
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 midelling methods
fo these problems.

Pg-4 Disiplinlerarast  bir

yaklagimla, farkli alanlarda
edinmis  olduklarn  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 gelistirme
becerilerini, kuramsal fizik,
niikleer fizik, yogun madde
fizigi, yiiksek enerji fizigi,
nanoteknoloji,yenilenebilir/alter
natif enerji teknolojileri, ileri
malzeme  tasarimi, niikleer
teknoloji ve kuantum
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teknolojileri gibi disiplin-i¢i 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 ¢Ozmek, veri
analizi yapmak ve
simiilasyonlar gergeklestirmek
igin 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.

I~

I~

I~

I~

I~

I~

I~

I~

I~

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

lon

I~

[08)

[08)

[98)

[98)

[98)

[98)

[98)

PC-8 Bilimsel
arastirmalarint ve  mesleki
faaliyetlerini yiiriitiirken
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
with professional ethical

[98]

[98]

[08)

[08)

[98)

[98)

[98)

[98)

[98)
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principles, quality standards,
and universal values by taking
into account potential legal and
societal consequences of their
scientific research and
professional activities.

PC-9 Bireysel olarak ya da
takimlarda  etkin  bigimde
caligabileceklerdir. /  Work
effectively both independently
and as part of a team.
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P_C_—lO Fizik  alaninda

giivenilir  bilgi  kaynaklarna
ulagarak  literatiir ~ taramasi
yapabilecek  ve  akademik
aragtirma tasarlayip
ylriitebileceklerdir. / Access
reliable sources of information,
conduct literature reviews, and
design and carry out academic
research in the field of physics.
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lon

o

o

o1

o1

o

o

o

PS‘-].]. fleri diizey fizik
konularimni, teorileri,
aragtirmalart  ve  problem
¢Oziimlerini, fizik terminolojisi
kullanarak Tiirkce 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.

I~

I~

I~

I~

I~

I~

I~

I~

I~

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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