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Fizik Boliimii

DERSIN KOORDINATORU Reyhan KAYA

ASISTAN(LAR)

Bu dersin amaci Einstein’mn farkli gézlemciler arasindaki iligkiyi, 1s1k hizinin degismedigini de
gbzoniine alarak, nasil yeniden yorumlayip zaman ve uzay kavramlarimizi degistirdigini tartigsmaktir;
DERSIN AMACI kiitle, enerji, momentum ve kuvvet gibi bazi kavramlarin yeniden tanimlanmasi gerektigi ve yeni
tanimlarmn verilmesidir ve ayrica dzel rolativite teorisinin ¢ekirdek ve parcacik fizigi konularindaki
uygulamalarimi incelemektir.

Ozel rdlativitenin ortaya cikist; rolativistik kinematik; rolativistik optik; uzay-zaman; rélativistik
pargacik mekanigi; rolativistik elektrodinamik.

DERSIN iCERiGi

Ders Kitaplari:

[1] Rindler, W. Introduction to Special Relativity. Clarendon Press, 1991.

[2] Unal, B., translator. Elektromanyetik Teori. Gazi Kitabevi, 2005.

[3] Griffiths, David J. Introduction to Electrodynamics. Cambridge University Press, 2017.

[4] Taylor, J. R., Chris D. Zafiratos, and M. A. Dubson. Fizik ve Miihendislikte Modern Fizik.
Okutman Yaymcilik, 2008.

DERS KiTABI / MALZEMESI /
ONERILEN KAYNAKLAR

Bu dersi basariyla tamamlayan dgrenciler,

1. Ozel rolativitenin postiilalarimi 6grenebileceklerdir.

2. Lorentz doniisiimiiniin 6zelliklerini ifade edebileceklerdir.
Ders Ogrenim Ciktilar:

Uzay-zaman arali§1 kavramini yorumlayabileceklerdir.

Ozel goreliligin pargacik fizigindeki uygulamalarm yapabileceklerdir.

Ozel goreliligin elektromanyetizmadaki uygulamalarini yapabileceklerdir.
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Teorik fizigin makroskopik boyutlarda isleyisini anlayabileceklerdir.

DEGERLENDIRME SiSTEMIi

| Etkinlikler Say1 Katki Pay1

| Devam/Katihm: H H

| Laboratuvar: H H

| Uygulama (Sozlii Siav): H H

| Arazi Calismasi H H

| Derse Ozgii Staj H H

Kisa Sinavlar/Stiidyo Kritigi:
e icerik: Smav haftasina kadar islenen konularin tiimiinii kapsayan
kapsamli sorularin sorulmast

e  Format: Yiiz yiize. Coktan se¢meli kisa sinav (5-10 dakika) 4 %10

e Detayh Degerlendirme Kriterleri:

-Derste islenen teorik konular ile ilgili problemleri ¢dzebilme

| Odev: | | |
‘ Sunum/Jiiri: H H ‘
| Proje | | |
‘ Seminer/Workshop H H ‘
Ara Smavlar:
e icerik: Sinav haftasma kadar islenen konularin tiimiinii kapsayan
kapsamli sorular
e  Format: Yiiz ylize. Smav (90 dakika)
2 %50
e Detayh Degerlendirme Kriterleri:
-Dersin temel kavramlarmin anlasildiginin gosterilmesi
-Teorik konularla ilgili problemlerin ¢dziilebilmesi
-Teorik diisiinme siireglerinin yiiriitiilmesi
Final:
e icerik: Dersin tiim ierigini kapsayan kapsamli sorular
e  Format: Yiiz yiize. Sinav (90 dakika)
e Detayh Degerlendirme Kriterleri:
1 %40
-Derste islenen tiim konularin derinlemesine kavranmig
oldugunun gosterilmesi
-ileri diizey problem ¢dzme becerilerinin kullamlabilmesi
| Dénem ici Cahsmalarin Basar1 Notuna Katkis H %60 ‘
| Final Sinavinin Basar1 Notuna Katkisi H %40 ’
| TOPLAM | %100 ‘
HAFTALIK KONULAR VE iLGiLi ON HAZIRLIK CALISMALARI
HAFTALAR KONULAR On Hazirhk
1 Konu Anlatimi: Giris. Michelson-Morley deneyi. Eylemsiz referans 1. Ilgili boliimiin okunmasi. Kaynak: Ders Kitabi
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sistemleri. Ozel rélativitenin postiilalar1.

Siif-i¢i Tartisma: Michelson-Morley deneyi.

1, Boliim 1: Ozel Rélativitenin Ortaya Cikisi.

Konu Anlatimi: Koordinatlar ve zamanin goreliligi. Lorentz
doniistimlerinin ¢ikarilmasi. Lorentz doniisiimlerinin 6zellikleri.

flgili boliimiin okunmasi. Kaynak: Ders Kitabi

2 1, Béliim 1: Ozel Rélativitenin Ortaya Cikis1.

Simif-i¢ci Uygulama: Lorentz doniigiimleri.

IKonu Anlatimi: Girig. Uzunluk kisalmasi. Zaman genlesmesi.
3 Sinif-ici Uygulama: Uzunluk kisalmasi. Zaman genlesmesi. Ilgili boliimiin okunmasi. Kaynak: Ders Kitabi

1, Boliim 2: Roélativistik Kinematik.

Kisa Smnav 1: Ders sonunda, derste islenen konular1 igeren bir kisal

siavin yapimasi.

Konu Anlatimi: ikizler paradoksu. Hiz déniisiimleri. Ivme]

doniistimleri. Ilgili boliimiin okunmas1. Kaynak: Ders Kitabi
4 Siif-ici Uygulama: Hiz doniisiimleri. lvme déniisiimleri. 1, Boliim 2: Rolativistik Kinematik.

Simif-ici Tartisma: Ikizler paradoksu.

IKonu Anlatimi: Giris. Doppler olay1.

5 Sumf-i¢i Tartisma: Doppler olay:. Ilgili boliimiin okunmasi. Kaynak: Ders Kitabi
Kisa Smav 2: Ders sonunda, derste islenen konulari igeren bir kisal 1, Bolim 3: Rolativistik Optik.
sinavin yapilmasi.

Konu Anlatimi: Giris. Uzay-zaman ve dort-tansorler. Uzay-zamanin|
Minkowski haritasi.

6 Ilgili boliimiin okunmas1. Kaynak: Ders Kitabi
Smif-i¢ci Uygulama: Dort tansorler. 1, Boliim 4: Uzay-Zaman.

Simif-i¢i Tartiyma: Uzay-zamanin Minkowski haritasi.
Konu Anlatimi: Kovaryant ve kontravaryant tansorler. Dort-hiz vel

- dort-ivme. Ilgili béliimiin okunmasi. Kaynak: Ders Kitabi
Smif-i¢i Uygulama: Kovaryant ve kontravaryant tansorler. Dort-hiz ve 1, Boliim 4: Uzay-Zaman.
dort-ivme.

Smnav  haftasina kadar islenen konularin|

8 Ara Sinav 1 e . .

tlimiiniin tekrar edilmesi.
Konu Anlatimi: Giris. Oz zaman. Oz hiz. Dért-momentumun
korunumu. Kiitle ve enerjinin esdegerliligi. )

9 ) ) Ilgili boliimiin okunmasi. Kaynak: Ders Kitabi
Sinif-i¢i Uygulama: Oz zaman. Oz hiz. Dért-momentumun korunumu. 1, Boliim 5: Rolativistik Parcacik Mekanigi.
Smif-i¢i Tartisma: Kiitle ve enerjinin esdegerliligi.

Konu  Anlatimi:  Dort-momentum  6zdeslikleri.  Rolativistik|
carpigsmalar. Laboratuar sistemi. Kiitle merkezi sistemi. Esik enerjisi.

10 Simif-i¢i Uygulama: Rélativistik ¢arpismalar. Laboratuar sistemi. Kiitle Ilgili boliimiin okunmasi. Kaynak: Ders Kitabi
merkezi sistemi. Esik enerjisi. 1, Bolim 5: Rolativistik Parcacik Mekanigi.
Kisa Smav 3: Ders sonunda, derste islenen konulari iceren bir kisal
sinavin yapimasi.

Konu Anlatimi: De Broglie dalgasi. Foton. Dort- tansdr agisall
1 momentum. Ug-kuvvet ve Dort-vektor. Ilgili boliimiin okunmasi. Kaynak: Ders Kitabi
1, Bolim 5: Rolativistik Parcacik Mekanigi.
Simif-i¢i Uygulama: Dort- tansor agisal momentum.
Konu Anlatimi: Rolativistik analitik mekanik. Ornekler ve
uygulamalar.

" Tgili boliimiin okunmasi. Kaynak: Ders Kitabi
Sinif-ici Uygulama: Ornekler ve uygulamalar. 1, Boliim 5: Rélativistik Parcacik Mekanigi.
Ara Sinav 2
IKonu Anlatimi: Magnetizmanin rolativistik karakteri. Elektromanyetik

13 lalanin doniisimil. Ilgili boliimiin okunmasi. Kaynak: Ders Kitabi

1, Boliim 6: Rolativistik Elektrodinamik.
Smif-i¢i Tartisma:. Magnetizmanin rélativistik karakteri.
Konu Anlatimi: Alan tansorii. Tansor gosteriminde elektrodinamik. e e . .
14 Rolativistik elektrodinamigin potansiyel formiilasyonu. ligili boliimiin okunmas. Kaynak: Ders Kitabt

1, Bolim 6: Rolativistik Elektrodinamik.
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Simf-ici  Tartisma:  Rolativistik  elektrodinamigin  potansiyel
formiilasyonu.

Konu Anlatimi: Konu tekrari.

Simif-ici  Uygulama: Derste islenen konulart iceren uygulamal

1. llgili boliimiin okunmasi. Kaynak: Ders Kitabi|
15 yapilmasi.

1, Boliim 6: Rolativistik Elektrodinamik.

Kisa Sinav 4: Ders sonunda, derste islenen konular1 igeren bir kisal
sinavin yapilmasi.

16 [Final Islenen konularin tiimiiniin tekrar edilmesi.

AKTS iSYUKU TABLOSU

I
Etkinlikler Siiresi (Saat) Toplam isyﬁkii

Ders Saati 42

Laboratuar

Uygulama (sozlii Sinav)

Arazi Calismasi

Sinif Dis1 Ders Calismasi

Derse Ozgii Staj

Odev

Kiiciik Sinavlar/Stiidyo Kritigi

Projeler

Sunum / Seminer

Ara Smavlar (Simav Siiresi + Smav
Hazirhk Siiresi)

Final (Sinav Siiresi + Sinav Hazirhk
Siiresi)

Toplam I yiikii:

Toplam s yiikii / 30(s):

AKTS Kredisi:
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COURSE INFORMATION FORM

I FACULTY / GRADUATE SCHOOL Faculty of Arts and Sciences I

Physics

The Theory of Special Relativity
F1Z3640
3

5

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 Reyhan KAYA

ASSISTANT(S)

This course aims to discuss the theory of relativity which concerns itself with the structure
of space and time; describe the relativistic expressions for momentum, energy, and kinetic
energy, and use them in exercises and problems. This course also aims to discuss the
application of special relativity to nuclear physics and particle physics.

The foundations of special relativity; relativistic kinematics. relativistic optics; space-time;
relativistic particle mechanics; relativistic electrodynamics.

COURSE OBJECTIVES

COURSE CONTENT

Coursebooks:

[1] Rindler, W. Introduction to Special Relativity. Clarendon Press, 1991.

[2] Unal, B., translator. Elektromanyetik Teori. Gazi Kitabevi, 2005.

RECOMMENDED OR REQUIRED [3] Griffiths, David J. Introduction to Electrodynamics. Cambridge University Press,

READINGS 2017.

[4] Taylor, J. R., Chris D. Zafiratos, and M. A. Dubson. Modern Physics for Scientists
and Engineers. 2nd ed., University Science Books, 2014.

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

1  Learn Einstein’s two axioms for special relativity.

Course Learning Outcomes 2

Explain properties of the Lorentz transformation.
Interpret the concept of space-time interval.

Apply the applications of special relativity to particle physics

Apply the applications of special relativity to electromagnetism.
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6

EVALUATION SYSTEM

Activities Number Percentage of Grade

‘ Attendance/Participation:

‘ Laboratory

‘ Application (Oral Examination):

‘ Field Work

‘ Special Course Internship (Work Placement)

Quizzes/Studio Critics:
e Content: Comprehensive questions covering all topics addressed up
to the exam week

Format: Face-to-face multiple-choice quiz (5-10 minutes)

Detailed Assessment Criteria:

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

‘ Homework Assignments:

‘ Presentations/Jury:

‘ Project:

‘ Seminar/Workshop

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

(Form No: FR-0315; Revizyon Tarihi: 02.07.2015; Revizyon No:04) Sayfa: 6/11



WEEKS COURSE OUTLINE Related Preparation

Lecture: Introduction. The Michelson-Morle
experiment. Inertial coordinate systems. Einstein’s two
axioms for special relativity. 1. Reading the relevant section. Source: Coursebook 1, Chapter 1:

1 The Foundations Of Special Relativity.

In-Class  Discussion: The  Michelson-Morle

Experiment.

Lecture: Coordinates. The relativity of time.

Derivation of the Loren_tz transformation. Properties o 1. Reading the relevant section. Source: Coursebook 1, Chapter 1:

the Lorentz transformation. . . ..
2 The Foundations Of Special Relativity.

Quick Practice: Lorentz transformation.

Lecture: Introduction. Length contraction. Time

dilation.

1. Reading the relevant section. Source: Coursebook 1, Chapter 2:

3 Quick Practice: Length contraction. Time dilation. Relativistic Kinematics.

Quiz 1: A quiz at the end of the class covering the
topics taught during the session.

Lecture: The twin paradox. Velocity transformations.
|Acceleration transformations.
1. Reading the relevant section. Source: Coursebook 1, Chapter 2:
4 Quick Practice: The twin paradox. Velocit Relativistic Kinematics.
transformations. Acceleration transformations.

In-Class Discussion: The Twin Paradox.

Lecture: Introduction. The Doppler effect.

In-Class Discussion: The Doppler cffect. 1. Reading the relevant section. Source: Coursebook 1, Chapter 3:

5 Relativistic Optics.
Quiz 2: A quiz at the end of the class covering the]
topics taught during the session.
Lecture: Introduction. Space-time and four-tensors.
The Minkowski map of space-time.
1. Reading the relevant section. Source: Coursebook 1, Chapter 4:
6 Quick Practice: Four-tensors. Space-Time.
In-Class Discussion: The Minkowski map of space-
time.
Lecture: Covariant and contravariant tensors. Four-
velocity. Four-acceleration.
7 1. Reading the relevant section. Source: Coursebook 1, Chapter 4:
Space-Time.
Quick Practice: Covariant and contravariant tensors.
Four-velocity. Four-acceleration.
8 Midterm 1 Review of all topics covered up to the exam week.

Lecture: Introduction. Proper time. Proper velocity.
The conservation of four-momentum. The equivalence]
of mass and energy.

1. Reading the relevant section. Source: Coursebook 1, Chapter 5:

9 Quick Practice: Proper time. Proper velocity. The Relativistic Particle Mechanics.

conservation of four-momentum.

In-Class Discussion: The equivalence of mass and
lenergy.

Lecture: Some four-momentum identities,
Relativistic. collisions. The lab Frame, The center-of-
momentum (CM) frame. Threshold energies.

1. Reading the relevant section. Source: Coursebook 1, Chapter 5:

10 Quick Practice: Relativistic collisions. The lab frame, Relativistic Particle Mechanics.

The center-of-momentum (CM) frame. Threshold
energies. Experiments.

Quiz 3: A quiz at the end of the class covering the
topics taught during the session.
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Lecture:. De Broglie waves, Photons. The angula

momentum four-tensor. Three-force and four-force. 1. Reading the relevant section. Source: Coursebook 1, Chapter 5:

1 Relativistic Particle Mechanics.

Quick Practice: The Angular Momentum Four-
Tensor.

Lecture: Relativistic Analytic Mechanics.

1. Reading the relevant section. Source: Coursebook 1, Chapter 5:

12 |Quick Practice: Examples and Applications. Relativistic Particle Mechanics.

Midterm 2

Lecture: Magnetism as a relativistic phenomenon.

How the fields transform. 1. Reading the relevant section. Source: Coursebook 1, Chapter 6:

13 Relativistic Electrodynamics.
In-Class Discussion: How the fields transform.
Lecture: The field tensor. Electrodynamics in tenso
notation. Potential formulation of relativistic
14 electrodynamics. 1. Reading the relevant section. Source: Coursebook 1, Chapter 6:
Relativistic Electrodynamics.
In-Class Discussion: Potential formulation o
relativistic electrodynamics.
ILecture: Review of all topics covered.
15 In-Class Activity: Review of all topics covered. 1. Reading the relevant section. Source: Coursebook 1, Chapter 6:
Relativistic Electrodynamics.
Quiz 4: A quiz at the end of the class covering the
topics taught during the session.
16  [|Final Review of all topics covered.
ECTS WORKLOAD TABLE
Activities Number Duration (Hour) Total Workload
Course Hours H 14 H 3 H 42
Laboratory H H H
Application H H H
Field Work H H H
Study Hours Out of Class H 14 H 3 H 42
Special Course Internship (Work Placement) H H H
Homework Assignments H H H
Quizzes/Studio Critics H 4 H 2 H 8

Project H H H

Presentations / Seminar H H H

Mid-Terms (Examination Duration + Examination Prep.
. 2 15 30
Duration)
Final (Examination Duration + Examination Prep.
N 1 20 20
Duration)
Total Workload: H 142
Total Workload / 30(h): H 4.73
ECTS Credit: 5
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Ders Odrenim Ciktis1 & Program Ciktis1 Matrisi

PS:-I 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

19}
19}
19}
19}
19}
19}

level.
PQ-Z Uygulamal1 bilgilerini
fiziksel siireglerin

modellenmesi, deneysel tasarim
ve problem c¢oziimiinde etkili
ve amaca yonelik bigimde
kullanabileceklerdir. / Apply
their  practical  knowledge
effectively and strategically in
modelling physical

processes, experimental design,
and problem-solving.

PS:-3 Kuramsal  ve/veya

deneysel Dbilgilerini  karmagik
fizik problemlerinin
¢ozlimiinde  etkili  bi¢imde
kullanarak, bu problemlere
yonelik uygun analiz ve
modelleme yontemlerini se¢ip
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

yaklasimla, farkli alanlarda
edinmis olduklar1 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 araglarimi
kullanma ve geligtirme
becerilerini, kuramsal fizik,
niikleer fizik, yogun madde
fizigi, yiiksek enerji fizigi,
nanoteknoloji,

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

(2N
(2N
I~
I~
I~
I~

I
I
I~
I~
I~
I~

I
I
I~
I~
I~
I~

19}
19}
I
1
I
I
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disiplin-i¢i ve disiplinlerarast
uzmanlik alanlarinda
gelistirebileceklerdir. / Advance
their acquired knowledge in the
fundamental and applied fields
of physics and their skills in

theoretical analysis,
experimental application,
numerical modelling and using
and

developing computational
physics  tools in  both
disciplinary and
interdisciplinary areas of
specialisation such as

theoretical ~ physics, nuclear
physics, condensed matter
physics, high energy physics,

nanotechnology,
renewable/alternative  energy
technologies, advanced

materials design,  nuclear
technology, and  quantum
technologies.

Pg-6 Fizik alaninda yaygm

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

analizi yapmak ve
simiilasyonlar gergeklestirmek
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 geligmeleri
izleyebilecek, kariyer
firsatlarini degerlendirerek

kisisel ve mesleki gelisim
hedeflerini belirleyebilecek ve
bu hedeflere ulagmak igin 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.

I
I
I~
I~
I~
I~

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. / Act with a
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sense of social responsibility
and justice and in accordance
with  professional ethical
principles, quality standards,
and universal values by taking
into account potential legal and
societal consequences of their
scientific research and
professional activities.

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

[°N
[°N
I~
I~
I~
I~

PC-10 Fizik  alaninda
giivenilir  bilgi kaynaklarma
ulasarak literatiir ~ taramasi
yapabilecek ve  akademik
aragtirma tasarlayip
ylriitebileceklerdir. / Access
reliable sources of information,
conduct literature reviews, and

1
1
1
1
1
1

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

problem  ¢oziimlerini, fizik
terminolojisi  kullanarak tiim
paydaslara Tiirkge ve
Ingilizcede soézlii ve yazih

olarak etkili bigimde
aktarabileceklerdir. / 4 4 4 4 4 4
Effectively communicate - - - - - -

topics, theories, research, and
problem solutions in physics to
all relevant stakeholders using
appropriate physics
terminology, both orally and in
writing, in Turkish and in
English.

PC-12 Laboratuvar
caligmalarinda  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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