FAKULTE / ENSTIiTU ADI

DERS BiLGi FORMU

Fen Edebiyat Fakiiltesi

BOLUM / PROGRAM / ANABILIM
DALI ADI

Fizik

DERSIN ADI

Genel Rolativiteye Giris

DERSIN KODU

F1Z4110

YEREL KREDISi

3

AKTS KREDISi

HAFTALIK DERS SAATI

HAFTALIK UYGULAMA SAATI

HAFTALIK LABORATUVAR
SAATI

0

ONKOSULLAR

Yok

YARIYIL

Giiz, Bahar

DERSIN DiLi

Ingilizce, Tiirkce

DERSIN SEVIYESi

Lisans

DERSIN TURU

Secmeli @ Fizik Lisans Programi

DERSIN KATEGORISI

Uzmanlik Alan Dersleri

DERSIN VERILIiS SEKLI

Yiiz Yiize

DERSi SUNAN AKADEMIK BiRiM

Fizik Boliimii

DERSIN KOORDINATORU

Reyhan KAYA

ASISTAN(LAR)

DERSIN AMACI

Bu dersin amaci, uzay-zaman ve gravitasyonun teorisi olan genel rdlativitenin temel kavramlarimi
tartismaktir; standart kozmolojinin temelini olusturan genel rélativite teorisiyle maddenin ve 15181n
kiitlecekim etkisi altindaki davranigim en iyi bicimde tanimlamaktir. Ogrencilere ayrica birgok
gozlemsel olaym ayrintilarini Newton’un dinamik kuramiyla kiyaslanamayacak bir isabetle
aciklamaktir.

DERSIN iCERiGi

Ozel rélativite teorisine kisa bir bakis; manifold ve koordinatlar; egriler ve yiizeyler; koordinat
doniistimleri; kontravaryant tansorler; kovaryant ve karigik tansorler; tansor alanlari; tansorlerle
temel islemler; tansor hesaplari; Riemann tansorii; metrik; egrilik tansorii; Einstein tansorii; integral,
varyasyon ve simetri; Mach prensibi; esdegerlik prensibi; asansor deneyleri; genel kovaryanslik
prensibi; minimal kiitlegekimsel baglanma prensibi; genel rolativite alan denklemleri; enerji—
momentum tansorii; Schwarzschild ¢6ziimii; genel rélativitenin deneysel testleri; kara delikler.

DERS KiTABI / MALZEMESI /
ONERILEN KAYNAKLAR

Ders Ogrenim Ciktilari
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Ders Kitaplari:

[1] d’Inverno, Ray, and J. Vickers. Introducing Einstein’s Relativity. Oxford University Press,
2022.

[2] Carroll, Sean. Spacetime and Geometry: An Introduction to General Relativity. Cambridge
University Press, 2019.

[3] Kenyon, 1. R. General Relativity. Oxford University Press, 1990.

[4] Fang, L. Z., and R. Ruffini. Basic Concepts in Relativistic Astrophysics. World Scientific
Publishing, 1983.

[5] Berry, M. V. Principles of Cosmology and Gravitation. Routledge, 2017.

Bu dersi basartyla tamamlayan 6grenciler,

1. Uzay-zaman kavramini agiklayabileceklerdir.
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Tansdr cebiri ve tansor hesaplarini 6grenebileceklerdir.
Genel rolativitenin prensiplerini agiklayabileceklerdir.

Genel rélativitenin alan denklemlerini yorumlayabileceklerdir.

Genel rélativitenin deneysel testlerini yorumlayabileceklerdir.

Kara delik teorisinin temellerini 6grenebileceklerdir.

DEGERLENDIRME SiSTEMIi

| Etkinlikler Say1 Katki Pay1

| Devam/Katihm:

| Laboratuvar: H H

| Uygulama (Sozlii Simav): H H

| Arazi Calismasi H H

| Derse Ozgii Staj H H

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

e  Format: Yiiz ylize. Coktan se¢meli kisa sinav (5-10 dakika) 4 %10
e  Detayh Degerlendirme Kriterleri:

-Derste islenen teorik konular ile ilgili problemleri ¢6zebilme

‘ Seminer/Workshop H H ‘

| Odev: H H
‘ Sunum/Jiiri: H H
| Proje: H H
Ara Smavlar:
e icerik: Sinav haftasma kadar islenen konularm tiimiinii kapsayan
kapsamli sorular
e  Format: Yiiz yiize. Sinav (90 dakika)
2 %50
e Detayh Degerlendirme Kriterleri:
-Dersin temel kavramlarmin anlasildiginin gosterilmesi
-Teorik konularla ilgili problemlerin ¢dziilebilmesi
-Teorik diisiinme siireclerinin yiiriitiilmesi
Final:
e icerik: Dersin tiim ierigini kapsayan kapsamlr sorular
e  Format: Yiiz yiize. Sinav (90 dakika)
e Detayh Degerlendirme Kriterleri:
1 %40
-Derste iglenen tiim konularin derinlemesine kavranmig
oldugunun gosterilmesi
-ileri diizey problem ¢dzme becerilerinin kullanilabilmesi
Dénem ici Cahsmalarin Basar1 Notuna Katkis %60
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Final Sinavinin Basar1 Notuna Katkisi H %40

TOPLAM

%100

HAFTALIK KONULAR VE iLGIiLi ON HAZIRLIK CALISMALARI

HAFTALAR KONULAR On Hazirhk
Konu Anlatimi: Ozel Rolativitenin Postiilalart. Lorentz Déniistimleri.
Eszamanhhk. Uzunluk kisalmasi. Zaman genlesmesi. Hizlarn toplamu.
lkizler paradoksu. Minkowski uzay-zamant. Ilgili boliimiin okunmasi. Kaynak: Ders Kitabi|
1 Smif-ici Uygulama: Lorentz doniisimleri. Eszamanlilik. Uzunluk| 1’. Bolim 2, 3: Ozel Rolativite Teorisine Kisa
. Bir Bakis.
kisalmasi. Zaman genlesmesi. Hizlarin toplami.
Simif-i¢i Tartigma: Ikizler paradoksu. Minkowski uzay-zamani.
Konu Anlatimi: Giris. Manifoldlar ve koordinatlar. Egriler ve
ylizeyler. Koordinat doniigiimleri.
) Ilgili boliimiin okunmasi. Kaynak: Ders Kitabi
Simif-i¢i Uygulama: Egriler ve yiizeyler. Koordinat doniistimleri. 1, Boliim 5: Tansor Formalizmi.
Simif-ici Tartisma: Manifoldlar ve koordinatlar.
Konu Anlatimi: Kontravaryant tansorler. Kovaryant ve karisik
tansorler. Tansor alanlari. Tansorlerle temel islemler.
. . . . . Tlgili béliimiin okunmast. Kaynak: Ders Kitabi
3 Simif-i¢i Uygulama: Tansorlerle temel islemler. 1. Boliim 5: Tansor Formalizmi.
Kisa Smav 1: Ders sonunda, derste islenen konular1 igeren bir kisaj
sinavin yapilmasi.
IKonu Anlatimi: Bir tansoriin kismi tiirevi. Lie tlirevi. Afin baglanti ve|
4 kovaryant tiirev. Afin jeodezikler. flgili boliimiin okunmasi. Kaynak: Ders Kitabi
1, Boliim 6: Tansor Hesaplari.
Simif-ici Uygulama: Lie Tiirevi. Afin baglant1 ve kovaryant tiirev.
IKonu Anlatimi: Riemann tansorii. Jeodezik koordinatlar. Afin diizliik.
Metrik.
5 Sinif-ici Tartisma: Afin diizliik. Ilglhﬁ t.).olumun oliunmas1. Kaynak: Ders Kitab1
1, Boliim 6: Tansor Hesaplari.
Kisa Smnav 2: Ders sonunda, derste islenen konulari igeren bir kisal
siavin yapilmasi.
Konu Anlatimi: Metrik jeodezikler. Metrik baglanti. Metrik diizliik.
Egrilik tansorii. Einstein tansorii.
6 Ilgili boliimiin okunmasi. Kaynak: Ders Kitabi
Simif-i¢i Uygulama: Egrilik tansorii. Einstein tansorii. 1, Boliim 6: Tansor Hesaplari.
Siif-i¢ci Tartisma: Metrik diizliik.
Konu Anlatimi: Integral, Varyasyon ve Simetri. Tgili boliimiin okunmasi. Kaynak: Ders Kitabi
7 1, Bolim 7: Integral,
Simif-i¢i Uygulama: Varyasyon. Varyasyon ve Simetri.
3 Ara Smav 1 Smav ) haftasina . kad'flr islenen konularin
tiimiiniin tekrar edilmesi.
IKonu Anlatimi: Mach prensibi. Newton teorisindeki kiitle. Ilgili boliimiin okunmasi. Kaynak: Ders Kitabi
9 1, Bolim 9: Genel
Simif-i¢i Tartisma: Mach prensibi. Rolativitenin Prensipleri.
Konu Anlatimi: Esdegerlik prensibi. Asansor deneyleri. Genel
kovaryanslik prensibi. Minimal kiitlegekimsel baglanma prensibi.
Karsiliklilik prensibi. flgili boliimiin okunmasi1. Kaynak: Ders Kitabi
10 .. . . 1, Boliim 9: Genel
Sinif-ici Uygulama: Asansor deneyleri. Rélativitenin Prensipleri.
Kisa Smav 3: Ders sonunda, derste islenen konulari igeren bir kisal
sinavin yapimasi.
Konu Anlatimi: Genel rolativite alan denklemleri. Yerel olmayan| Ilgili boliimiin okunmasi. Kaynak: Ders Kitabi
1 lasansor deneyleri. Alan denklemleri. I, Bolim 10: Genel Rolativite Ala
Denklemleri.
Enerji-momentum tansérii. Toz bulutu, ideal akiskan ve Maxwell
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enerji-momentum tansorii. Diger enerji momentum tansorleri. Alan 2. llgili boliimiin okunmas1. Kaynak: Ders Kitabi
denklemlerin yapisi. Alan denklemlerini yorumlama. 1, Bolim 12: Enerji-
Momentum Tansori.
Smmif-i¢ci Tartisma: Yerel olmayan asansdr deneyleri. Alan|
denklemlerini yorumlama.
12 Konu Anlatimi: Schwarzschild ¢6zimi. 1. Ilgili boliimiin okunmasi. Kaynak: Ders Kitabi
Ara Sinav 2 1, Boliim 15: Schwarzschild Coziimii.
Konu Anlatimi: Giris. Kepler hareketi. Merkiir’in giinberi noktasinin
kaymam._ Isl..gm.. egllme§1. G ravitasyonel kirmiziya kayma. 151?‘?1 1. llgili boliimiin okunmasi. Kaynak: Ders Kitabi|
gecikmesi. E6tvos deneyi. Gozlenen ve deneysel olaylarin kronolojisi. s .
13 ILastik-¢arsaf geometrisi 1, Bolim 16: Genel
carsal g ’ Rélativitenin Deneysel Testleri.
Siif-i¢i Tartisma: Gozlenen ve deneysel olaylar.
Konu Anlatimi: Kara delikler. 1. llgili boliimiin okunmasi. Kaynak: Ders Kitabi
14 1, Boliim 17: Kara Delikler
Simif-i¢i Tartigma: Kara delikler. ’ ) )
IKonu Anlatimi: Konu tekrari.
s S;m{;g:s Uygulama: Derste islenen konular1 igeren uygulama 1. Tlgili boliimiin okunmasi. Kaynak: Ders Kitabi
paprimast. 1, Béliim: 5-6-7-9-10-12-15-16-17.
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 fsyiikii

Ders Saati 42

Laboratuar

Uygulama (s6zlii Sinav)

Arazi Calismasi

Simif Dis1 Ders Calismasi

Derse Ozgii Staj

Odev

Kiiciik Smavlar/Stiidyo Kritigi

Projeler

Sunum / Seminer

Ara Siavlar (Sinav Siiresi + Sinav
Hazirhk Siiresi)

Final (Sinav Siiresi + Sinav Hazirhk
Siiresi)

Toplam I yiikii:

Toplam s yiikii / 30(s):

AKTS Kredisi:
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FACULTY / GRADUATE
SCHOOL

COURSE INFORMATION FORM

Faculty of Arts and Sciences

DEPARTMENT /
PROGRAMME

Physics

TITLE OF COURSE

Introduction to General Relativity

CODE

F1Z4110

LOCAL CREDIT

3

ECTS

5

LECTURE HOUR/
WEEK

PRACTICAL HOUR/
WEEK

LABORATORY HOUR /

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)

COURSE OBJECTIVES

This course aims to discuss the fundamental concepts of general relativity, the theory of spacetime and gravity; to
best describe the behavior of matter and light under the influence of gravity, which forms the basis of standard
cosmology. This course also aims to provide students with an explanation of the details of many observational
phenomena with an accuracy incomparable to Newton's dynamical theory.

COURSE CONTENT

Special relativity revisited; manifolds and coordinates; curves and surfaces; transformations of coordinates;
contravariant tensors; covariant and mixed tensors; tensor fields; elementary operations with tensors; Tensor
calculus; the Riemann tensor; the metric; the curvature tensor; the Einstein tensor; integration, variation and
symmetry; Mach’s principle; the principle of equivalence; the lift experiments; the principle of general
covariance; the principle of minimal gravitational coupling; the field equations of general relativity; the energy-
momentum tensor; the Schwarzschild solution; experimental tests of general relativity; black holes.

RECOMMENDED OR
REQUIRED READINGS

Coursebooks:

[1] d’Inverno, Ray, and J. Vickers. Introducing Einstein’s Relativity. Oxford University Press, 2022.

[2] Carroll, Sean. Spacetime and Geometry: An Introduction to General Relativity. Cambridge University
Press, 2019.

[3] Kenyon, 1. R. General Relativity. Oxford University Press, 1990.

[4] Fang, L. Z., and R. Ruffini. Basic Concepts in Relativistic Astrophysics. World Scientific Publishing,
1983.

[5] Berry, M. V. Principles of Cosmology and Gravitation. Routledge, 2017.

Course Learning

Outcomes

Upon successful completion of the course, students will be able to
1. Explain about the concept of space-time.

2. Learn tensor algebra and tensor calculus.

(Form No: FR-0315; Revizyon Tarihi: 02.07.2015; Revizyon No:04) Sayfa: 5/12



Explain the principles of general relativity.

Interpret the field equations of general relativity.

Interpret the experimental tests of general relativity.

Learn the fundamentals of the black hole theory.

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

e  Format: Face-to-face multiple-choice quiz (5-10 minutes) 4 %10

o  Detailed Assessment Criteria:

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

‘ Homework Assignments: H H

Midterms:

| 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).
2 %50
e 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
Final:
e  Content: Comprehensive questions covering the entire content of the
course
e  Format: Face-to-face written exam. (90 minutes).
1 %40
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 H %60
| Percentage of Final Examination %40
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| TOTAL ” %100 ’

-

WEEKLY SUBJECTS AND RELATED PREPARATION STUDIES

WEEKS COURSE OUTLINE Related Preparation

Lecture: Einstein’s two Axioms fo
special relativity. Lorent7
transformations. ~ The relativity  of]
simultaneity. Length contraction. Time
dilation. Velocity addition. The twi
lparadox. Minkowski space-time.
1. Reading the relevant section. Source: Coursebook 1, Chapter 2, 3:
Quick Practice: Lorentz transformations. Special Relativity Revisited.
The relativity of simultaneity. Lengt
contraction. Time dilation. Velocit
addition.

In-Class Discussion: Twin paradox|
Minkowski space-time.

Lecture: Introduction. Manifolds and
coordinates, Curves and surfaces.
Transformations of coordinates.

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

2 Quick Practice: Curves and surfaces. The Formalism of Tensors.

Transformations of coordinates.

In-Class Discussion: Manifolds and
coordinates.

Lecture: Contravariant tensors. Covariant]
and mixed tensors. Tensor fields,
Elementary operations with tensors.

In-Class Discussion: Operations wit 1. Reading the relevant section. Source: Coursebook 1, Chapter 5:
tensors. The Formalism of Tensors.

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

Lecture: Partial derivative of a tensor|

The Lie derivative. The affine connectio

and covariant. Differentitation. affing

ccodesics. 1. Reading the relevant section. Source: Coursebook 1, Chapter 6:
Tensor Calculus.

Quick Practice: The Lie derivative. The

affine  connection and  covariant]

differentitation.

Lecture: The Riemann tensor. Geodesics
coordinates. affine flatness. The metric.

In-Class Discussion: Affine flatness. 1. Reading the relevant section. Source: Coursebook 1, Chapter 6:

Quiz 2: A quiz at the end of the class| Tensor Caleulus.

covering the topics taught during the]
session.

Lecture: Metric geodesics. The metric]
connection. Metric flatness. The curvature
tensor. The Einstein tensor.
1. Reading the relevant section. Source: Coursebook 1, Chapter 6:
Quick Practice: The curvature tensor, Tensor Calculus.
The Einstein tensor.

In-Class Discussion: Metric flatness.

Lecture: Integration, variation and
7 symmetry.

1. Reading the relevant section. Source: Coursebook 1, Chapter 7:
Integration, Variation and Symmetry.
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Quick Practice: Variation.
8 Midterm 1 Review of all topics covered up to the exam week.
Lecture: Mach’s principle. Mass 1
9 INewtonian theory. 1. Reading the relevant section. Source: Coursebook 1, Chapter 9:
The Principles of General Relativity.
In-Class Discussion: Mach'’s principle.
Lecture: The principle of equivalence.
The lift experiments. The principle o
general covariance. The principle o
minimal gravitational coupling. Th
10 correspondence principle. 1. Reading the relevant section. Source: Coursebook 1, Chapter 9:
Quick Practice: The lift experiments. The Principles of General Relativity.
Quiz 3: A quiz at the end of the class
covering the topics taught during th
session.
Lecture: The field equations of genera
relativity. Non-local lift experiments.
1. Reading the relevant section. Source: Coursebook 1, Chapter 10:
The energy-momentum tensor. Incoheren The Field Equations of General Relativit
matter. Perfect fluid. Other energy d ¥
11 momentum tensors. The structure of th
field equations. Interpretation of the fiel
lequations. . . . .
2. Reading the relevant section. Source: Coursebook 1, Chapter 12:
In-Class Discussion: Non-local lift The Energy-Momentum Tensor.
experiments. Interpretation of the fiel
equations.
[Lecture: Schwarzschild solution. 1. Reading the relevant section. Source: Coursebook 1, Chapter 15:
12 Schwarzschild Solution.
Midterm 2
Lecture: Introduction. Classical Keple
motion. Advance of the perihelion o
Mercury. Bending of light. Gravitational
red shift. Time delay of light. The E6tvo
13 experiment. A chronology 0 1. Reading the relevant section. Source: Coursebook 1, Chapter 16:
experimental and observational events, Experimental Tests of General Relativity.
Rubber-sheet Geometry.
In-Class Discussion: Experimental an
observational events.
14 Lecture: Black holes. 1. Reading the relevant section. Source: Coursebook 1, Chapter 17:
In-Class Discussion: Black holes. Black Holes.
Lecture: Review of all topics covered.
In-Class Activity: Review of all topics
15 covered. 1. Reading the relevant section. Source: Coursebook 1, Chapter 5-6-7-9-10-12-15-
16-17.
Quiz 4: A quiz at the end of the class]
covering the topics taught during th
session.
16 Final Review of all topics covered.

ECTS WORKLOAD TABLE

Activities

Total Workload

Duration (Hour)

Course Hours

’ Number ’
| ]

I @

Laboratory

Application
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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)

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

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

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

level.

PS:-Z Uygulamali bilgilerini

fiziksel siireglerin

modellenmesi, deneysel tasarim

ve problem

¢Oziimiinde etkili ve amaca

yonelik bicimde 4 4 4 4 4 4

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  bigimde
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 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
tasarimi, niikkleer teknoloji ve
kuantum  teknolojileri  gibi

I
I
I~
I~
I~
I~

I
I
I~
I~
I~
I~

19}
19}
19}
19}
19}
19}
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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 gelismeleri
izleyebilecek, kariyer
firsatlarini degerlendirerek

kisisel ve mesleki gelisim
hedeflerini belirleyebilecek ve
bu hedeflere ulagsmak 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 standartlart 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  literatlir ~ 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 sozlii 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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