FAKULTE / ENSTITU ADI

DERS BILGI FORMU

Fen Edebiyat Fakiiltesi

BOLUM / PROGRAM /
ANABILIiM DALI ADI

Fizik

DERSIN ADI

Atom ve Molekiil Fizigi

DERSIN KODU

F123432

YEREL KREDIiSi

3

AKTS KREDISi

HAFTALIK DERS SAATI

HAFTALIK UYGULAMA SAATI

HAFTALIK LABORATUVAR
SAATI

1

ONKOSULLAR

Yok

YARIYIL

Bahar

DERSIN DiLi

Ingilizce, Tiirkce

DERSIN SEVIYESI

Lisans

DERSIN TURU

Zorunlu @Fizik Lisans Program

DERSIN KATEGORISI

Temel Meslek Dersleri

DERSIN VERILIS SEKLI

Yiiz Yiize

DERSi SUNAN AKADEMIK
BiRiM

Fizik Boliimii

DERSIN KOORDINATORU

Hasan TATLIPINAR

ASISTAN(LAR)

DERSIN AMACI

Bu dersin amaci; 6grencilere atom ve molekiillerin yapisini tanitmak, kuantum teorisinin
matematiksel c¢ercevesini Ogreterek hidrojen ve c¢ok elektronlu atomlarin o6zelliklerini
anlamalarini saglamaktir. Ogrencilerin elektromanyetik radyasyonun atomlarla etkilesimini,
secim kurallar1 ve X-1ginlar1 gibi temel siiregleri kavramalari, iki ve ¢ok atomlu molekiillerin
yapisini 6grenmeleri hedeflenmektedir. Ayrica ders, deneysel teknikler (6rnegin katot 1511
tiipli ile e/m deneyi, hidrojen spektrumu, sodyumun ince yapisi) araciligiyla teorik bilgilerin
pekistirilmesini ve modern atom ve molekiil fizigindeki gelismelerin anlagilmasini
amaglamaktadir.

DERSIN ICERIGi

Atomlara iligkin temel kavramlar; kuantum teorisinin matematiksel g¢ergevesi; hidrojen
atomunun kuantum mekanigi; Zeeman olayi, ince yapi sabiti, hidrojen atomunun tim
ozellikleri; birden fazla elektronlu atomlar: He atomu; ¢ok elektronlu atomlarin yapisi,
elektromanyetik radyasyonun atomlar tarafindan absorbsiyonu ve emisyonu; se¢im kurallari
ve X-iginlari; iki atomlu molekiiller; ¢cok atomlu molekiiller; atom ve molekiil fiziginde
deneysel teknikler.

DERS KiTABI/ MALZEMESI /
ONERILEN KAYNAKLAR

Ders Ogrenim Ciktilar
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Ders Kitabi:

Demtroder, W. Atoms, Molecules and Photons. Springer, 2017.

Onerilen Kaynaklar:

[1] Bransden, B. H., & Joachain, C. ]. Physics of Atoms and Molecules. Pearson Education,
2003.

Bu dersi basariyla tamamlayan 6grenciler:
1. Atom ve molekiillerin yapilarimi ve etkilesim kurallarini agiklayabileceklerdir.
2. Atom ve molekiillerle ilgili temel hesaplamalar1 yapabileceklerdir.

3. Atomik ve molekiiler zelliklerin belirlenmesinde kullanilan deneysel yontemleri
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tanimlayabilecek ve agiklayabileceklerdir.

Atom ve molekiillerin elektronik yapilarni ve bunlarn fiziksel o6zelliklerle
iliskisini yorumlayabileceklerdir.

Nanoteknolojinin temelini olusturan atomik ve molekiiler 6zelliklerin teknolojik
uygulamalarini 6rneklendirebileceklerdir.

Cok elektronlu atomlarin  elektronik  yapilarim1  tamimlayabilecek  ve
karsilastirabileceklerdir.

Molekiillerin yapilariyla ilgili fiziksel ozellikleri agiklayabilecek ve analiz
edebileceklerdir.

DEGERLENDIRME SISTEMI

| Etkinlikler Say1 Katki Pay1

| Devam/Katilim H H

| Laboratuvar H H

| Uygulama (Sozlii Sinav) H H

| Arazi Calismasi H H

| Derse Ozgii Staj H H

Kisa Smavlar/Stiidyo Kritigi :
e Icerik: Islenen konular1 kapsayan sorularm sorulmast

e  Format: Yiiz yiize kisa sinav

2 %4
e Detayh Degerlendirme Kriterleri:
-Derste islenen teorik konular ile ilgili problemleri ¢ozebilme
o | | |
| Sunum/Jiiri H H ‘
[ | | |
| Seminer/Workshop H H ‘
Ara Sinavlar:
e  icerik: Smav haftasina kadar islenen konular1 kapsayan sorular
e  Format: Yiiz ylize. Sinav
. . . . 2 %656
o Detayh Degerlendirme Kriterleri:
-Dersin temel kavramlariimn anlasildiginin gosterilmesi
-Teorik konularla ilgili problemlerin ¢oziilebilmesi
-Teorik diisiinme siire¢lerinin yiiriitiilmesi
Final:
e  cerik: Dersin tiim igerigini kapsayan kapsamli sorular
e  Format: Yiiz ylize. Sinav
e Detayh Degerlendirme Kriterleri: 1 %40
-Derste islenen tiim konularin derinlemesine kavranmis
oldugunun gosterilmesi
-Ileri diizey problem ¢6zme becerilerinin kullanilabilmesi
Dénem i¢i Calismalarin Basar Notuna Katkisi %60
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o
Ill‘.g)
N 21Y
| Final Sinavimin Basar1 Notuna Katkis1 H %40 ‘
TOPLAM | %100 |

HAFTALIK KONULAR VE iLGILi ON HAZIRLIK CALISMALARI

HAFTALAR

KONULAR

On Hazirhk

Konu Anlatimi: Atomlara iligkin temel kavramlar.

Atomun yapist ile ilgili tarihsel bilgile
konularin1 igeren boliimlerin  okunmasi.

1 Smmif-i¢ci  Uygulama: Anlatilan konuyla ilgili uygulamal Kaynak: Kitap 1, Bolim 1-2.
lyaptirilmasi.
IKonu Anlatimi: Kuantum teorisinin matematiksel ¢ergevesi. Kuantum mekaniginin ortaya ¢ikisi vl
2 matematiksel ¢ergevesi konularini igere
Smmif-i¢ci  Uygulama: Anlatilan konuyla ilgili uygulamal bolimlerin okunmasi. Kaynak: Kitap 1,
lyaptirtlmasi. Boliim 3-4.
Bohr atom modeli ve hidrojen atomunun
T .o kuantum mekanigi konularin1 igere
3 Konu Anlatimi: Hidrojen atomunun kuantum mekanigi. boliimlerin okunmasi. Kaynak: Kitap 1,
Boliim 5
Konu Anlatimi: Zeeman olayl, ince yap1 sabiti, Hidrojen Zeeman olayt ve hidrojen atomunu
atomunun tiim &6zellikleri. ozellikleri konularii igeren bdliimlerin
4 okunmasi. Kaynak: Kitap 1, Bolim 5
Smif-ici Uygulama: Anlatilan konuyla ilgili uygulama
lyaptirilmasi.
Konu Anlatim: Birden fazla elektronlu atomlar: He Atomu. Cok elektronlu atomlarin temel dzelliklerini|
igeren boliimlerin okunmasi. Kaynak: Kitap
Smif-ici  Uygulama: Anlatilan  konuyla ilgili uygulama| 1, Bolim 6.
5 lyaptirilmast.
Kisa Smav 1: Ders basinda, dnceki derslerde islenen konulari
liceren kisa siavin yapilmasi.
Konu Anlatimi: Birden fazla elektronlu atomlar: ¢ok elektronlul Cok elektronlu atomlarin yapisi konulariny
atomlarin yapist. igeren boliimlerin okunmasi. Kaynak: Kitap
6 1, Bolim 6.
Smif-ici  Uygulama: Anlatilan konuyla ilgili uygulama
lyaptirilmasi.
Konu Anlatimi: Elektromanyetik radyasyonun atomlar tarafindan| Elektromanyetik radyasyonun absorbsiyon
absorbsiyonu ve emisyonu. ve emisyon siireglerini igeren bdliimlerin
7 okunmasi. Kaynak: Kitap 1, Boliim 7.
Simif-i¢ci  Uygulama: Anlatilan konuyla ilgili uygulama
lyaptirilmasi.
8 Ara Smav Smav haftasina kadar islenen konularm
rasina tekrar edilmesi
Konu Anlatimi: Secim kurallar1 ve X-Isinlari. Se¢im kurallar1 ve X-iginlar1 konularini
9 igeren boliimlerin okunmasi. Kaynak: Kitap
Simif-i¢ci  Uygulama: Anlatilan konuyla ilgili uygulama 1, Bolim 7.
yaptirilmasi.
Konu Anlatimn: iki atomlu molekiiller. iki atomlu molekiiller konularini igere
10 boliimlerin okunmasi. Kaynak: Kitap 1,
Simif-i¢ci  Uygulama: Anlatilan konuyla ilgili uygulama Bolim 9.
lyaptirilmasi.
Konu Anlatimi: Cok atomlu molekiiller. Cok atomlu molekiiller konularmni igeren|
1 bolimlerin okunmasi. Kaynak: Kitap 1,
Smif-ici  Uygulama: Anlatilan konuyla ilgili uygulamal Bolim 9.
lyaptirilmasi.
Konu Anlatimi: Atom ve molekiil fiziginde deneysel teknikler, Atom ve molekill fiziginde deneysel
lab1: katod 1s1n1 tiipii ile e/m deneyi. teknikler konularini igeren bdlimlerin
okunmasi. Kaynak: Kitap 2, Boliim 11.
12 Smif-ici  Uygulama: Anlatilan  konuyla ilgili uygulamal
lyaptirilmast.
Kisa Smav 2: Ders baginda, 6nceki derslerde islenen konulari
liceren kisa sinavin yapilmasi.
IKonu Anlatimi: Atom ve molekiil fiziginde deneysel teknikler, Hidrojen spektrumu konularmi igeren|
Lab2: Hidrojen Spektrumu. bolimlerin okunmasi. Kaynak: Kitap 2,
13 Bolim 11.
Smif-ici  Uygulama: Anlatilan konuyla ilgili uygulamal
aptirilmasi.
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Konu Anlatimi: Atom ve molekiil fizi§inde deneysel teknikler, 1. Sodyumun ince yapist konularmi igeren
Lab3 - Sodyumun Ince Yapist. bolimlerin okunmasi. Kaynak: Kitap 2,
14 Bolim 12.
Smif-ici  Uygulama: Anlatilan konuyla ilgili uygulamal
lyaptirtimasi.
IKonu Anlatimi: Atom ve molekiil fiziginde modern geligsmeler. - 1. Atom ve molekil fiziginde mode
|Ara Sinav 2 gelismeler konularini iceren bdliimlerin
okunmasi. Kaynak: Kitap 2, Boliim 12.
15 Smif-ici  Uygulama: Anlatilan konuyla ilgili uygulamal
lyaptirilmast.
Simif-i¢i Uygulama: Genel tekrara yonelik uygulama yaptirilmasi.
16 Final Islenen konularm tekrar edilmesi
AKTS isYl"JKI"J TABLOSU
Etkinlikler Say1 Siiresi Toplam is yiikii
(Saat)
Ders Saati H 14 2 28
Laboratuar H 3 H 5 H 15
Uygulama (sozlii Sinav) H 14 H 1 H 14
Arazi Calismasi H ‘ ‘ ‘ ‘
Sinif Dis1 Ders Calismasi H 14 H 4 H 56
Derse Ozgii Staj H H H
1 |
Kiiciik Sinavlar/Stiidyo Kritigi H 2 H 2 H 4
Projeler H H H
Sunum/ Seminer H H H
Ara Simavlar (Sinav Siiresi + Smav
Hazirhk Siiresi) 2 30 60
Final (Sinav Siiresi + Sinav
Hazirhk Siiresi) ! 25 2
Toplam Ts yiikii: H 202
Toplam fs yiikii / 30(s): H 6.73
AKTS Kredisi: 7
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COURSE INFORMATION FORM

| FACULTY / GRADUATE SCHOOL Faculty of Arts and Sciences |

DEPARTMENT / PROGRAMME

Physics

TITLE OF COURSE

Atomic and Molecular Physics

CODE

F123432

LOCAL CREDIT

3

ECTS

LECTURE HOUR / WEEK

PRACTICAL HOUR / WEEK

LABORATORY HOUR / WEEK

PREREQUISITE

None

SEMESTER

Spring

COURSE LANGUAGE

English, Turkish

LEVEL OF COURSE

First Cycle

COURSE TYPE

Required @ Bachelor Programme in Physics

COURSE CATEGORY

Core Courses

MODE OF DELIVERY

Face-to-Face

OWNER ACADEMIC UNIT

Department of Physics

COURSE COORDINATOR

Hasan TATLIPINAR

ASSISTANT(S)

COURSE OBJECTIVES

This course aims to introduce students to the structure of atoms and molecules and to
provide an understanding of the mathematical framework of quantum theory in order to
analyze the properties of hydrogen and multi-electron atoms. Students will gain
knowledge of the interaction of electromagnetic radiation with atoms, including
fundamental processes such as selection rules and X-rays, and will learn the structure of
diatomic and polyatomic molecules. The course also aims to reinforce theoretical
knowledge through experimental techniques (such as the e/m experiment with a cathode
ray tube, the hydrogen spectrum, and the fine structure of sodium) and to develop an
understanding of modern advances in atomic and molecular physics.

COURSE CONTENT

Fundamental concepts of atoms; mathematical framework of quantum theory; quantum
mechanics of the hydrogen atom; Zeeman effect, fine structure constant;
all properties of the hydrogen atom; multi-electron atoms: the helium atom; structure of
multi-electron atoms; absorption and emission of electromagnetic radiation by atoms;
selection rules and x-rays; diatomic molecules; polyatomic molecules; experimental
techniques in atomic and molecular physics.

RECOMMENDED OR REQUIRED
READINGS

Coursebook:

Demtroder, W. Atoms, Molecules and Photons. Springer, 2017.

Recommended Readings:

Bransden, B. H., & Joachain, C. J. Physics of Atoms and Molecules. Pearson Education,
2003.

Course Learning Outcomes

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

1. Explain the structures of atoms and molecules and the rules governing their
interactions.
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Perform basic calculations related to atoms and molecules.
Identify and describe experimental methods used to determine atomic and
molecular properties.

Interpret the electronic structures of atoms and molecules and their relation to
physical properties.

Ilustrate how atomic and molecular properties, which form the basis of
nanotechnology, are applied in technology.

Define and compare the electronic structures of multi-electron atoms.

Explain and analyze the physical properties of molecular structures.

EVALUATION SYSTEM

| Activities Number Percentage of Grade

| Attendance/Participation H H

| Laboratory H H

| Application (Oral Examination) H H

| Field Work H [

Special Course Internship (Work Placement)

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) 2 %4
e Detailed Assessment Criteria:

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

‘ Homework Assignments H

‘ Project H H

| Seminar/Workshop H H

Midterms:
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: 2 %056

-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

Presentations/Jury ‘
course
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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

Percentage of Final Examination

TOTAL

WEEKS COURSE OUTLINE Related Preparation

Lecture: Basic Concepts of Atoms.

1 Historical information about the structure of the atom
In-Class Discussion: To make an application related to should be studied. Source: Book 1, Chapters 1-2.
the subject described.
Lecture: Mathematical Framework of Quantum

2 Theory. The emergence of quantum mechanics and it
In-Class Discussion: To make an application related to rgg(t)f;(e;naélﬁzl t;‘:saréwfxvork should be studied. Source:
the subject described. » Lnap '
Lecture: Quantum Mechanics of the Hydrogen Atom. Bohr’s atomic theory and the quantum mechanics of the

3 In-Class Discussion: To make an application related to ggmtg?ns atom should be studied. Source: Book 1,
the subject described. plers.
Lecture: Zeeman Effect, Fine Structure Constant, All

4 properties of the hydrogen atom. Zeeman effect and properties of the hydrogen atom
In-Class Discussion: To make an application related to should be studied. Source: Book 1, Chapter 5.
the subject described.
Lecture: Atoms with more than one electron: He atom.

5 :Q'CI%S.S ItD:jscus;?ll)og: To make an application related to Properties of atoms with more than one electron should

€ subject described. be studied. Source: Book 1, Chapter 6.

Quiz 1: Conducting a short quiz at the beginning of the
lesson covering the topics studied in previous lessons.
Lecture: Structure of multi-electron atoms.

6 Structure of multi-electron atoms should be studied.
In-Class Discussion: To make an application related to Source: Book 1, Chapter 6.
the subject described.
Lecture: Absorption and emission of electromagnetic|
radiation ms. . _ . -

5 adiation by atoms Absorption and emission of electromagnetic radiation
In-Class Discussion: To make an application related to should be studied. Source: Book 1, Chapter 7.
the subject described.

8 Midterm Reviewing all topics covered until exam week.
Lecture: Selection rules and X-rays.

9 Selection rules and X-rays should be studied. Source:
In-Class Discussion: To make an application related to Book 1, Chapter 7.
the subject described.
Lecture: Diatomic molecules.

10 Diatomic molecules should be studied. Source: Book 1,
In-Class Discussion: To make an application related to Chapter 9.
the subject described.
Lecture: Polyatomic molecules.

1 Polyatomic molecules should be studied. Source: Boo
In-Class Discussion: To make an application related to 1, Chapter 9.
the subject described.

12 Lecture: Experimental techniques in atomic and Experimental techniques in atomic and molecular
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molecular physics, Experiment 1: e/m Experiment With physics should be studied. Source: Book 2, Chapter 11.
Cathode Ray Tube.

In-Class Discussion: To make an application related to
the subject described.

Quiz 2: Conducting a short quiz at the beginning of the
lesson covering the topics studied in previous lessons.

Lecture: Experimental techniques in atomic and

13 frolecular physics, Experiment 2: Hydrogen Spectrum. 1. Hydrogen spectrum should be studied. Source: Book 2,
In-Class Discussion: To make an application related to Chapter 11.
the subject described.
Lecture: Experimental techniques in atomic and
molecular physics, Experiment 3: Fine Structure of
14 Sodium. 1. Fine structure of sodium should be studied. Source:
Book 2, Chapter 12.
In-Class Discussion: To make an application related to
the subject described.
Lecture: Modern developments in atomic and
15 molecular physics. 1. Modern developments in atomic and molecular physics
In-Class Discussion: To make an application related to should be studied. Source: Book 2, Chapter 12.
the subject described.
16 Final Reviewing the topics covered.

ECTS WORKLOAD TABLE

Activities Duration Total Workload
(Hour)

Course Hours 2 28

Laboratory 5 15

Application 14

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) 30

Final (Examination Duration + Examination Prep. Duration) 25

Total Workload: H

Total Workload / 30(h): |

ECTS Credit:
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Ders Odrenim Ciktis1 & Program Ciktis1 Matrisi

PC-1 Temel bilimler ve fizik

alanindaki kuramsal bilgilerini
akademik  diizeyde analiz,
yorum ve problem ¢dziimiinde
kullanabileceklerdir. / Use their
comprehensive theoretical
knowledge in  fundamental
sciences and physics for
analysis, interpretation, and
problem-solving at an academic
level.

I~
I~
I~
I~
I~
I~
I~

Pg;-2 Uygulamali bilgilerini
fiziksel stireclerin
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.

PC-3  Kuramsal ve/veya

deneysel bilgilerini karmagik
fizik problemlerinin
¢Oziimiinde  etkili  bigimde
kullanarak, bu problemlere
yonelik uygun analiz ve
modelleme yOntemlerini segip

I~
I~
I~
I~
I~
I~
I~

uygulayabileceklerdir. / Use § § ﬂ § ﬂ § §
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 Disiplinleraras1  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 araglarimni
kullanma ve geligtirme
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-igi ve disiplinlerarasi

(Form No: FR-0315; Revizyon Tarihi: 02.07.2015; Revizyon No:04) Sayfa: 9/11



uzmanlik alanlarinda
geligtirebileceklerdir. /
Advance their acquired
knowledge in the fundamental
and applied fields of physics
and their skills in theoretical

analysis, experimental
application, numerical
modelling and wusing 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.

PQ-G Fizik alaninda yaygin
olarak kullanilan en az bir
programlama dili ile bilgisayar
ve yapay zeka teknolojilerini,
problemleri  ¢dzmek,  veri

analizi yapmak ve
simiilasyonlar gerg¢eklestirmek
igin etkin bicimde - - - - - - -

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 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.

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
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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.

PC-9 Bireysel olarak ya da

takimlarda  etkin  bigimde
caligabileceklerdir. /  Work - - - - - - -
effectively both independently
and as part of a team.

PC-10 Fizik alaninda

giivenilir  bilgi kaynaklarina
ulasarak literatiir ~ taramasi
yapabilecek  ve  akademik
aragtirma tasarlayip
yiritebileceklerdir. /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, aragtirmalari ve
problem  ¢oziimlerini, fizik
terminolojisi  kullanarak tim
paydaslara Tiirkge ve
Ingilizcede sozlii ve yazihi
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  velveya

bilimsel raporlar
hazirlayabilecek ve mevcut
raporlari

yorumlayabileceklerdir.aktarabi - - - - - - -
leceklerdir. / Collect scientific
data during laboratory work,
prepare technical and/or
scientific reports and interpret
existing reports.
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