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Orhan iCELLI

ASISTAN(LAR)

DERSIN AMACI

Bu dersin amaci, 6grenciler i¢in X-igmlarmin temel ozelliklerini, elde edilis yontemlerini ve
elektromanyetik spektrum ig¢indeki yerini kavratmak; X-1gin1 detektorleri ve X-1sinlarmin madde ile
etkilesim mekanizmalarini anlamalarini saglamak; difraksiyon ve kutuplanma siireglerini uygulamali
olarak agiklayabilmelerini gelistirmek; Compton ve fotoelektrik olay iizerinden atom—igini
etkilesimlerini analiz etmelerini miimkiin kilmak; iyonlastirici radyasyonun saglk etkilerini, doz
Ol¢iimlerini ve korunma yontemlerini degerlendirmelerini saglamak; son agamada ise X-1sinlarinin
endistrideki uygulamalarini (XRF ve XRD) kavrayarak bu bilgileri modern bilimsel ve teknolojik
baglamlara uyarlayabilmelerini temin etmektir.

DERSIN ICERIGi

Ders, X-igmlarmmmn tanimi, elde edilme yontemleri ve o&zellikleriyle baslar. X-i1sinlarmimn
elektromanyetik spektrum i¢indeki konumu, dedektérler ve madde ile etkilesimi incelenir.
Difraksiyon, kutuplanma, Compton ve fotoelektrik olay konular1 islenir. X-1sinlarinin sogurulma ve
sacilma siirecleri detaylandirilir. Daha sonra radyasyonun saglikla iliskisi, iyonlagtirict radyasyonun
biyolojik etkileri, doz hizinin 6l¢iimii ve radyasyondan korunma yontemleri ele alinir. Dersin son
boliimiinde X-iginlarmin endiistriyel uygulamalart {izerinde durulur; ozellikle XRF (X-Ray
Fluorescence) ve XRD (X-Ray Diffraction) yontemleri agiklanir.

DERS KiTABI/ MALZEMESI /
ONERILEN KAYNAKLAR
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Ders Kitaplari:

[1] MacDonald, Carolyn A. An Introduction to X-Ray Physics, Optics, and Applications.

[2] Mantler, M., J. Willis, G. Lachance, B. A. R. Vrebos, K.-E. Mauser, and N. Kawahara.
Handbook of Practical X-Ray Fluorescence Analysis. 2006.

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

[4] Knoll, Glenn F. Radiation Detection and Measurement. 4th ed., John Wiley & Sons, 2010.
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[5] Attix, Frank Herbert. Introduction to Radiological Physics and Radiation Dosimetry. 2nd ed.,
2002.
[6] Dyson, N. A. X-Rays in Atomic and Nuclear Physics. 2nd ed., 2002.

Bu dersi basartyla tamamlayan 6grenciler,
1. X-1ginlarinin tarihsel kesfini ve fiziksel 6zelliklerini agiklayabileceklerdir.

2. X-igmlarinin madde ile etkilesim mekanizmalarini (sogurma, sacilma, floresans vb.) analiz
edebileceklerdir.

3. X-151n1 tiretim prensiplerini ve kullanilan tiip/detektor sistemlerini tanimlayabileceklerdir.

4. X-151m1 spektroskopisi yontemlerini kullanarak elementel analiz yapabileceklerdir.

Ders Ogrenim Ciktilar:

5. X-151m1 kirinimi (XRD) ilkelerini yorumlayarak kristal yap1 analizi yapabileceklerdir.
6. X-1511 goriintiileme tekniklerini (radyografi, BT vb.) karsilastirabileceklerdir.
7. X-1s1larinin saglik fizigi agisindan biyolojik etkilerini degerlendirebileceklerdir.

8. X-15111 uygulamalarinda radyasyondan korunma ve giivenlik ilkelerini uygulayabileceklerdir.

9. X-1sinlarinin endiistriyel ve bilimsel aragtirmalardaki farkli uygulamalarini tartigabileceklerdir.

DEGERLENDIRME SiSTEMIi

| Etkinlikler Say1 Katki Pay1

| Devam/Katihm:

‘ Laboratuvar: H H

‘ Uygulama (Sozlii Sinav): H H

| Arazi Calismasi H H

‘ Derse Ozgii Staj H H

| Kisa Sinavlar/Stiidyo Kritigi: H H

‘ Odev: H H

Ara Smavlar:
e icerik: Sinav haftasma kadar islenen konularm tiimiinii kapsayan
kapsamli sorular

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

-Teorik konularla ilgili problemlerin ¢dziilebilmesi
-Teorik diisiinme siireglerinin yiiriitiilmesi
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Final:
e Icerik: Dersin tiim ierigini kapsayan kapsamli sorular

e  Format: Yiiz yiize. Sinav (90 dakika)
e  Detayh Degerlendirme Kriterleri:

-Derste iglenen tiim konularin derinlemesine kavranmig

oldugunun gosterilmesi
-Ileri diizey problem ¢6zme becerilerinin kullanilabilmesi

Dénem ici Calismalarin Basar1 Notuna Katkisi H

Final Sinavinin Basar1 Notuna Katkisi H

TOPLAM H

HAFTALIK KONULAR VE iLGIiLi ON HAZIRLIK CALISMALARI

HAFTALAR KONULAR On Hazirhik

Konu Anlatimi: X-Isin1 nedir? X-1sinlariin elde edilisi ve 6zellikler. 1. Handbook of Practical X-Ray Fluorescence]
Analysis Chapter 1 bdliimiiniin okunmasi.

IKonu Anlatimi: Elektromanyetik dalga spektrumunda X-1smlar1 . Handbook of Practical X-Ray Fluorescence
Analysis Chapter 2 bdliimiiniin okunmasi.

IKonu Anlatimi: X-Isin1 Detektorleri. . X-rays in Atomic and Nuclear Physics Chapte
4 boliimiiniin okunmasi.

Konu Anlatimi: X-Isinlarmin madde ile etkilesmesi. . Measurement and Detection of Radiation
Chapter 4.8 kisminin okunmasi.

IKonu Anlatimi: X-1sinlarinin difraksiyonu. . Handbook of Practical X-Ray Fluorescence
Analysis Chapter 3.3 kisminin okunmast.

IKonu Anlatimi: X-Iginlarmin kutuplanmasi. . X-rays in Atomic and Nuclear Physics, Chapte
2 boliimiiniin okunmasi.

IKonu Anlatimi: Compton ve Fotoelektrik olay. . X-rays in Atomic and Nuclear Physics, Chapte
5 boliimiiniin okunmasi.

|Ara Sinav 1 . Ilk 7 hafta konularinin tekrar edilmesi.

Konu Anlatimi: X-1gimlarinin sogurulmasi ve sagilmasi. . X-rays in Atomic and Nuclear Physics, Chapte
5 boliimiiniin okunmasi.

IKonu Anlatimi: X-1ginlarinin sogurulmasi ve sagilmast. . X-rays in Atomic and Nuclear Physics, Chapte
5 boliimiiniin okunmasi.

IKonu Anlatimi: Radyasyon ve Saglik: X-1ginlariin iyonlastirma etkisi . Introduction To Radiological Physics And
ve doz hizinin dlgiilmesi. Radiation Dosimetry Chapter
okunmasi.

IKonu Anlatimi: fyonlastiric radyasyonun insan sagligina etkileri. . Introduction To Radiological
Radiation Dosimetry Chapter
okunmast.

IKonu Anlatimi: Radyasyondan korunma. . Introduction To Radiological
Radiation Dosimetry Chapter
okunmasi.

Konu Anlatimi: X-Isinlarinin Endiistriyel Uygulamalari: XRF. . Handbook of Practical X-Ray Fluorescence
Analysis Chapter 5 bdliimiiniin okunmasi.

Konu Anlatimi: X-Isinlarinin Endiistriyel Uygulamalari: XRD. . An Introduction To X- Ray Physics, Optics, and
Applications Part 3 Chapter 11 boliimiiniin
okunmast.

[Final

AKTS iSYUKU TABLOSU

Etkinlikler ’ Say1 Siiresi (Saat) Toplam Tsyiikii
14 3

42

Ders Saati
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Laboratuar

Uygulama (sozlii Sinav)

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 Hazirhk
Siiresi)

Toplam I yiikii:

Toplam is yiikii / 30(s):

AKTS Kredisi:
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FACULTY / GRADUATE SCHOOL

COURSE INFORMATION FORM

Faculty of Arts and Sciences

DEPARTMENT / PROGRAMME

Department of Physics

TITLE OF COURSE

X-Rays

CODE

F1Z4550

LOCAL CREDIT

3

ECTS

LECTURE HOUR / WEEK

PRACTICAL HOUR / WEEK

LABORATORY HOUR / WEEK

PREREQUISITE

None

SEMESTER

Fall, Spring

COURSE LANGUAGE

Turkish, English

LEVEL OF COURSE

Undergraduate

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 properties
of X-rays, their methods of production, and their place in the electromagnetic spectrum; to
enable them to comprehend X-ray detectors and the mechanisms of X-ray interactions with
matter; to develop their ability to explain diffraction and polarization processes in an
applied manner; to make it possible for them to analyze atom-radiation interactions through
the Compton and photoelectric effects; to assess the health effects of ionizing radiation,
dose measurements, and protection methods; and finally, to ensure that they grasp the
industrial applications of X-rays (XRF and XRD) and adapt this knowledge to modern
scientific and technological contexts.

COURSE CONTENT

The course begins with the definition, production methods, and properties of X-rays. Their
position in the electromagnetic spectrum, detectors, and interactions with matter are
examined. Topics such as diffraction, polarization, the Compton effect, and the
photoelectric effect are covered. The processes of X-ray absorption and scattering are
explained in detail. The course then addresses the relationship between radiation and health,
including the biological effects of ionizing radiation, dose rate measurement, and radiation
protection methods. In the final part, emphasis is placed on the industrial applications of X-
rays, with particular attention to XRF (X-Ray Fluorescence) and XRD (X-Ray Diffraction)
techniques.

RECOMMENDED OR REQUIRED
READINGS

Coursebooks:

[1] MacDonald, Carolyn A. An Introduction to X-Ray Physics, Optics, and Applications.

[2] Mantler, M., J. Willis, G. Lachance, B. A. R. Vrebos, K.-E. Mauser, and N. Kawahara.
Handbook of Practical X-Ray Fluorescence Analysis. 2006.

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

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

[5] Attix, Frank Herbert. Introduction to Radiological Physics and Radiation Dosimetry.
2nd ed., 2002.

[6] Dyson, N. A. X-Rays in Atomic and Nuclear Physics. 2nd ed., 2002.

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

1. Explain the historical discovery and physical properties of X-rays.

2. Analyze the interaction mechanisms of X-rays with matter (absorption, scattering,
fluorescence, etc.).

Identify the principles of X-ray production and the tube/detector systems used.
Course Learning Outcomes
Perform elemental analysis using X-ray spectroscopy methods.

Interpret the principles of X-ray diffraction (XRD) and conduct crystal structure
analysis.

Compare X-ray imaging techniques (radiography, computed tomography, etc.).

Evaluate the biological effects of X-rays in terms of health physics.

EVALUATION SYSTEM

Activities Number Percentage of Grade

‘ Attendance/Participation: H H

‘ Laboratory H H

‘ Application (Oral Examination): H H

‘ Field Work H H

‘ Special Course Internship (Work Placement) H H

‘ Quizzes/Studio Critics: H 2 H 30

‘ Homework Assignments: H H

‘ Presentations/Jury: H H

‘ Project: H H

‘ Seminar/Workshop H H

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: 1 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 1 40

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

Percentage of Final Examination H

TOTAL “

WEEKLY SUBJECTS AND RELATED PREPARATION STUDIES

COURSE OUTLINE

Related Preparation

Lecture: What is X-ray? Production and properties of 1.Reading Handbook of Practical X-Ray Fluorescence
X-rays. Analysis, Chapter 1.

1.Reading Handbook of Practical X-Ray Fluorescence

Lecture: X-rays in the electromagnetic spectrum. Analysis, Chapter 2.

1.Reading X-rays in Atomic and Nuclear Physics, Chapter
4.

1.Reading Measurement and Detection of
Radiation, Chapter 4.8.

1.Reading Handbook of Practical X-Ray Fluorescence
Analysis, Chapter 3.3.

Lecture: X-ray detectors.

Lecture: Interaction of X-rays with matter.

Lecture: Diffraction of X-rays.

1.Reading X-rays in Atomic and Nuclear Physics, Chapter
2.9.

1.Reading X-rays in Atomic and Nuclear Physics, Chapter
5.

1.Study first 7 weeks.

Lecture: Polarization of X-rays.

Lecture: Compton and photoelectric effects.

Midterm 1

1.Reading X-rays in Atomic and Nuclear Physics, Chapter
5.

1.Reading X-rays in Atomic and Nuclear Physics, Chapter
5.

1.Reading Introduction to Radiological Physics and

Lecture: Absorption and scattering of X-rays.

Lecture: Absorption and scattering of X-rays.

Lecture: Radiation and health: Ionization effect of X-

rays and measurement of dose rate.

Radiation Dosimetry, Chapter 1.

Lecture: Effects of ionizing radiation on human health.

1.Reading Introduction to Radiological Physics and
Radiation Dosimetry, Chapter 2.

[Lecture: Radiation protection.

1.Reading Introduction to Radiological Physics and

Radiation Dosimetry, Chapter 3.

1.Reading Handbook of Practical X-Ray Fluorescence

Lecture: Industrial applications of X-rays: XRF. Analysis, Chapter 5.

1.Reading An Introduction to X-Ray Physics, Optics, and

Lecture: Industrial applications of X-rays: XRD. Applications, Part 3 Chapter 11,

Final

ECTS WORKLOAD TABLE

Activities ’ Number Duration (Hour)
Lo s

Total Workload

Course Hours 42

Laboratory H H H

Application H H H

Field Work H H H

Study Hours Out of Class 14 H 2

|

Special Course Internship (Work Placement)
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Homework Assignments

Quizzes/Studio Critics

Project

Presentations / Seminar

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

Final (Examination Duration + Examination Prep. Duration)

Total Workload:

Total Workload / 30(h):

ECTS Credit:
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Ders Odrenim Ciktis1 & Program Ciktis1 Matrisi

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

1
1)
1)
I~
I~
1
1

PC-Z Edindikleri uygulamali
bilgileri  fiziksel  siireclerin
modellenmesi, deneysel tasarim _ 4 4 5 5 4 _
ve problem ¢6ziimiinde etkili ve - - - = = -
amaca yonelik bicimde
kullanabileceklerdir.

PC-3 Kuramsal ve/veya
deneysel bilgilerini karmagik
fizik problemlerinin ¢ziimiinde
etkili bigimde kullanarak, bu _ 5 5 5 5 4 _
problemlere  yonelik uygun - = = = = -
analiz ve modelleme
yontemlerini secip
uygulayabileceklerdir.

PC-4 Disiplinleraras1  bir

yaklagimla, farkli alanlarda _
edinmis  olduklar1  bilgileri - é é i i i 3
sentezleyebileceklerdir.

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/alternatif ~ enerji
teknolojileri, ileri malzeme
tasarimi, niikleer teknoloji ve
kuantum  teknolojileri  gibi
disiplin-i¢i ve disiplinlerarasi
uzmanlik alanlarinda
geligtirebileceklerdir.

1w
I~
I~
I
19
I~
1w

PC-6 Fizik alaninda yaygin
olarak kullanilan bilgisayar ve
yapay zeka teknolojileri ile en
az bir programlama dilini,
problemleri  ¢dzmek,  veri =
analizi yapmak ve
simiilasyonlar gerceklestirmek
igin etkin bi¢imde
kullanabileceklerdir.

PC-7 Fizik ve ilgili
alanlardaki kariyer firsatlarini
degerlendirerek  kisisel  ve _ _ _

mesleki gelisim  hedeflerini - - - z z é z
belirleyebilecekler ve  bu
hedeflere ulagmak i¢in hayat

1w

1w

I~

I~

I~
|
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boyu Ogrenme stratejilerini

kullanabileceklerdir.

PC-8 Bilimsel
aragtirmalarint = 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.

I~

= ireysel olarak ya da
PC-9 Bireysel olarak ya d
takimlarda etkin  big¢imde - - -
calisabileceklerdir.

1
1
1
1

PC- 10 Fizik alaninda,
giivenilir  bilgi kaynaklarma

ulasarak  literatiir ~ taramasi

yapabilecekler ve akademik é é é i i é é
arastirma tasarlay1ip

yiiriitebileceklerdir.

PC-11 ileri diizey fizik

konularini, teorileri,

aragtirmalart ~ ve  problem

¢ozlimlerini, fizik terminolojisi 3 3 3 4 4 3 3
kullanarak Tiirkge ve = = = - - = =
Ingilizcede tiim  paydaslara

sozli  ve  yazili  olarak

aktarabileceklerdir.

PC- 12 Laboratuvar

calismalarinda, bilimsel veri

toplayarak  teknik  ve/veya

bilimsel raporlar = § i § § é =
hazirlayabilecek ve mevcut

raporlari

yorumlayabileceklerdir.
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