FAKULTE / ENSTITU ADI

DERS BiLGi FORMU

Fen Edebiyat Fakiiltesi

BOLUM / PROGRAM /
ANABILIM DALI ADI

Fizik

DERSIN ADI

Deneysel Fizik Metotlari

DERSIN KODU

F172133

YEREL KREDISi

3

AKTS KREDISi

HAFTALIK DERS SAATI

HAFTALIK UYGULAMA SAATI

HAFTALIK LABORATUVAR
SAATI

0

ONKOSULLAR

Yok

YARIYIL

Giiz, Bahar

DERSIN DiLi

Tiirkce, Ingilizce

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

Murat ODUNCUOGLU

ASISTAN(LAR)

DERSIN AMACI

Bu dersin amaci, Ogrencilere modern fizik arastirmalar1 ve ileri teknoloji uygulamalarinda
kullanilan deneysel teknikler, veri toplama sistemleri ile ileri veri analizi ve gorsellestirme
yontemlerinin teorik altyapisin1 tanitmak ve bunlart uygulama becerisi kazandirmaktir.
Ogrencilerin bir deneyi tasarlama, veri toplama, istatistiksel analiz yapma, sonuglar1 yorumlama ve
bunlari bilimsel bir rapora doniistiirme siireglerini bizzat deneyimleyerek disiplinler arasi projelerde
etkin rol alabilmeleri hedeflenmektedir.

DERSIN iCERiGi

Deneysel tasarim ilkeleri; Belirsizlik ve hata analizi (istatistiksel yontemler, Al destekli hata
minimizasyonu); Sensorler ve doniistiiriiciiler (1s1, basing, manyetik alan, optik); Veri toplama
(DAQ) sistemleri ve programlanmasi (LabVIEW/Python temelleri); Sinyal isleme ve filtreleme;
Temel elektriksel dlgiimler ve devre tasarimi; Radyasyon 6l¢lim yontemleri ve dedektorler; Optik
ve optoelektronik Slgiim sistemleri; Nanomalzeme karakterizasyonu igin deneysel yontemler;
Deneysel verilerin Python (NumPy, SciPy, Pandas, Matplotlib) ile analizi ve gorsellestirilmesi;
Bilimsel raporlama ve etik.

DERS KiTABI / MALZEMESI /
ONERILEN KAYNAKLAR

Ders Ogrenim Ciktilar:
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Ders Kitaplari:

[1] Taylor, John R. An Introduction to Error Analysis: The Study of Uncertainties in Physical
Measurements. University Science Books.

[2] Dunlap, R. A. Experimental Physics: Modern Methods. Oxford University Press.

[3] McKinney, Wes. Python for Data Analysis. O’Reilly Media.

Onerilen Kaynaklar:

[1] Molin, Stefanie. Hands-On Data Analysis with Pandas. Packt Publishing.

[2] Ders Notlari ve Jupyter Notebook Laboratuvar Kilavuzlari.

Bu dersi basartyla tamamlayan grenciler,

1. Bir fizik deneyini modern deneysel tasarim ilkelerine gore tasarlayabileceklerdir.
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Farkl1 fiziksel biiyiikliikleri (sicaklik, basing, manyetik alan, 151k siddeti) 6lgmek i¢in uygun
sensor ve veri toplama sistemlerini kullanabileceklerdir.

Deneysel  verilerdeki  belirsizlik  kaynaklarmi  istatistiksel ~ yontemlerle analiz
edebileceklerdir.

Python programlama dili ve ilgili kiitiiphaneleri (NumPy, Pandas, Matplotlib) kullanarak
ham veriyi isleyebileceklerdir.

Temel bir veri toplama sistemini (DAQ) programlayabileceklerdir.

Disiplinler arasi bir takim icerisinde, bir deneysel fizik projesinin tim asamalarini (tasarim,
veri toplama, analiz, raporlama) yiiriitebileceklerdir.

Deneysel bulgulari bilimsel etik kurallarina uygun sekilde raporlayabileceklerdir.

DEGERLENDIRME SiSTEMIi
| Etkinlikler Say1 Katki Pay1

Devam/Katihm
Laboratuvar giivenligi ve etik kurallara uyum, derse aktif 1 10
katilhm

| Laboratuvar H H

| Uygulama H H

| Arazi Calismasi H H

| Kiiciik Siavlar/Stiidyo Kritigi: H 2 H 10

‘ Derse Ozgii Staj H H ‘

|Ouer | |

Sunum/Jiiri
Bilimsel yazim standartlari, analizin derinligi, sonuglarin 1 10
tartigilmasi

Projeler
Aciklik, zaman yonetimi, sorular1 cevaplama.

| Seminer/Workshop H H ‘
Ara Smavlar
Teorik kavramlarin anlagilmasi, problem ¢6zme ve analiz 1 20
becerisi.
| Final H 1 H 40 ‘
‘ Dénem i¢i Calismalarin 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
IDeneysel Felsefe ve Tasarim: Bilimsel yontem, hipotez kurma, kontrollii deneyler,
1 degiskenler. 1. Taylor Boliim 1-2. Basit bir
deney taslaginin hazirlanmasi
Uygulama: Laboratuvar giivenligi ve Python/Jupyter Notebook'a giris.
Belirsizlik ve Hata Analizi: Sistematik & rastgele hatalar, standart sapma, Gauss| 1. Taylor Bolim 3-4. Veri seti
2 dagilimi. tizerinde istatistiksel
hesaplamalarin yapilmasi
Uygulama: Python ile temel istatistiksel hesaplamalar (NumPy). (Python).
Sensquer ve Dotluusturuculer: Calisma prensipleri (termistdr, strain gauge, I. Belirli bir sensor icin
3 fotodiyot, Hall sensorii). oy . .
arastirma 6devi verilmesi.
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Uygulama: Sensorlerle basit 6l¢iim devrelerinin kurulmasi (6rn. sicaklik 6l¢timii).

\Veri Toplama (DAQ) Sistemleri: ADC/DAC, Ornekleme teoremi, yazilim|
entegrasyonu (LabVIEW/Python).

Dunlap Bélim 5. DAQ

4 sisteminin sanal
IPython (PyVISA veya benzeri) kullanarak bir osiloskop veya multimetreden veri simiilasyonunun yapilmasi.
okuma.

Sinyal Isleme: Giiriilti kaynaklari, filtreler (algak/ yiiksek gegiren), Fourier
5 doniistimiine giris. Giirtiltili bir sinyali
filtreleme uygulamasi.
Uygulama: Python (SciPy) ile sinyal filtreleme.
Optik Olciimler: Fotometri, spektroskopi, lazer giivenligi, kamera sensorleri. Dunlap Béliim 8. Bir LED'in

6 spektrumunu  analiz  etme

Uygulama: Bir web kamerasi ile basit bir spektroskop yapimi ve kalibrasyonu. tasariminin yapilmasi.
Ogrencilerin disiplinler arasi

7 IProje Teklif Sunumlart. proje fikirlerini sunmak icin

hazirlanmasi.

8 |Ara Sinav
Radyasyon Dedektorleri ve Niikleer Olciimler: Geiger-Miiller tiipii, sintilasyon|
dedektorleri. . .

9 Radyasyon giivenligi
Uygulama: Simiile edilmis veya giivenli radyoaktif bir kaynakla sayim deneyi ve veri protokollerinin incelenmesi.
analizi.

INanomalzeme Karakterizasyonu: SEM, AFM, XRD'e giris ve temel prensipler. flgili bir aragtirma

10 Uygulama: AFM/SEM goriintiilerinin  Python ile analizi ve tanecik boyutyl ma lfale?.511.}1n karakterizasyon

boliimiiniin okunmasi.
hesaplama.
Yerl Gorsellestlrme ve Bilimsel Hikaye Anlatimi: Etkili grafikler, veri gazeteciligi McKinney Béliim 9. Kotii bir
ilkeleri. - .
11 grafigi diizenleme
. . g alistirmasi.
Uygulama: Matplotlib ve Seaborn ile profesyonel ve etkileyici grafikler olusturma.
]eStlil}:nsel Etik ve Veri Biitiinliigii: Veri se¢imi, hatalar1 raporlama, intihal, yayin| Fabrication,  Falsification,

12 gl Plagiarism (FFP) vakalarinin
Uygulama: Siipheli bir veri setinin etik ag¢idan incelenmesi ve raporlanmasi. tartisilmast.

Danigman  §gretim  {iyesi

13 IProje Caligmasi. rehberlllg.mde proje

verilerinin  toplanmasi  ve
analizi.

14 Proje Caligmasi / Veri Analizi ve Rapor Yazimi. Proje sunumlarinin

yapilmasi.
Ders Tekrar ve Konu Tartigmalart. Oglencilerden gelen Oneri ve

15 ders ile ilgili talepler/Anketle

yapilmasi.

16 Final

AKTS iISYUKU TABLOSU

Etkinlikler

Toplam fsyiikii

Ders Saati

’ Say1 ’ Siiresi (Saat)
L

3

Laboratuar

| s |

Uygulama

Arazi Calismasi H H

Sinif Dis1 Ders Calismasi

||

Derse Ozgii Staj H H

Odev

Kiiciik Sinavlar/Stiidyo Kritigi

IE
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Projeler

Sunum / Seminer

Ara Sinavlar (Sinav Siiresi + Sinav
Hazirhk Siiresi)

Final (Sinav Siiresi + Sinav Hazirhk

Siiresi) 25

Toplam fsyiikii:

Toplam isyiikii / 30(s):

AKTS Kredisi:
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COURSE INFORMATION FORM

I FACULTY / GRADUATE SCHOOL Faculty of Arts and Sciences I

DEPARTMENT / PROGRAMME Physics

TITLE OF COURSE

Experimental Physics Methods

F17.2133

LECTURE HOUR / WEEK

PRACTICAL HOUR / WEEK

LABORATORY HOUR / WEEK

0

PREREQUISITE

None

SEMESTER

Fall, Spring

COURSE LANGUAGE

Turkish, English

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

Murat ODUNCUOGLU

ASSISTANT(S)

COURSE OBJECTIVES

This course aims to provide students with the theoretical foundation and practical skills of
experimental techniques, data acquisition systems, advanced data analysis, and
visualization methods used in modern physics research and high-tech applications. It is
designed for students to gain hands-on experience in the complete process of designing an
experiment, collecting data, performing statistical analysis, interpreting results, and
producing a scientific report, enabling them to take active roles in interdisciplinary
projects.

COURSE CONTENT

Principles of experimental design; Uncertainty and error analysis (statistical methods, Al-
assisted error minimization); Sensors and transducers (temperature, pressure, magnetic
field, optical); Data Acquisition (DAQ) systems and programming (LabVIEW/Python
basics); Signal processing and filtering; Basic electrical measurements and circuit design;
Radiation measurement methods and detectors; Optical and optoelectronic measurement
systems. Experimental methods for nanomaterial characterization; Analysis and
visualization of experimental data using Python (NumPy, SciPy, Pandas, Matplotlib);
Scientific reporting and ethics.

RECOMMENDED OR REQUIRED

READING

Coursebooks:

[1] Taylor, John R. An Introduction to Error Analysis: The Study of Uncertainties in
Physical Measurements. University Science Books.

[2] Dunlap, R. A. Experimental Physics: Modern Methods. Oxford University Press.
[3] McKinney, Wes. Python for Data Analysis. O’Reilly Media.

Recommended Readings:

[1] Molin, Stefanie. Hands-On Data Analysis with Pandas. Packt Publishing.

[2] Ders Notlar1 ve Jupyter Notebook Laboratuvar Kilavuzlari.
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Upon successful completion of this course, students will be able to

1. Plan and design a physics experiment according to modern experimental design
principles.

Select and use appropriate sensors and data acquisition systems to measure
different physical quantities (temperature, pressure, magnetic field, light
intensity).

. Analyze uncertainty sources in experimental data using statistical methods and
Course Learning Outcomes interpret the results accordingly.

Process, analyze, and effectively visualize raw data using the Python
programming language and its relevant libraries (NumPy, Pandas, Matplotlib).

Program a basic data acquisition system (DAQ) and integrate it with a physical
system.

Execute all stages of an experimental physics project (design, data collection,
analysis, reporting) within an interdisciplinary team.

Report and present experimental findings in accordance with scientific ethical
rules.

EVALUATION SYSTEM
Activities Number Percentage of Grade
‘ Attendance/Participation H 1 H 10
| Laboratory H H
‘ Application H H

‘ Special Course Internship (Work Placement) H H

Quizzes/Studio Critics

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:

| Field Work H H ‘
Ability to solve problems related to the theoretical topics covered in the course

Homework Assignments H

Presentations/Jury

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

* Format: Group presentations 1 10
* Detailed Assessment Criteria:

-Ability to accurately explain the topics learned -Proper use of presentation
techniques

| Project H 1 H 10

Mid-Terms

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

| Seminar/Workshop H H ‘
-Ability to carry out theoretical reasoning processes
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Final

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

|

TOTAL

|

WEEKLY SUBJECTS AND RELATED PREPARATION STUDIES

WEEKS COURSE OUTLINE Related Preparation
Ex.pe.rlmental Phllosophy & Dgs1gn: Scientific method, hypothesi Taylor Ch. 1-2. Prepare a draft
building, controlled experiments, variables. . .
1 design for a  simple
Practice: Laboratory safety and introduction to Python/Jupyter Notebook. experiment.
Uncertainty & Error Analysis: Systematic & random errors, standard Lecture Notes Section 2,
2 deviation, Gaussian distribution. Taylor Ch. 3-4. Perform
statistical calculations on a
Practice: Basic statistical calculations with Python (NumPy). dataset (Python).
Sensors & Transducers: Working principles (thermistor, strain gauge,
photodiode, Hall sensor). Lecture Notes 3. Research
3 assignment on a specific
Practice: Setting up simple measurement circuits with sensors (e.g., sensor.
temperature measurement).
IData Acquisition (DAQ) Systems: ADC/DAC, sampling theorem,
software integration (LabVIEW/Python). Lecture Notes Section 3,
4 Dunlap Ch. 5. Virtual
Practice: Reading data from an oscilloscope or multimeter using Python simulation of a DAQ system.
(PyVISA or similar).
Signal Processing: Noise sources, filters (low/high-pass), introduction to
5 [Fourier transform. Lecture Notes 5. Application:
Filtering a noisy signal.
Practice: Signal filtering with Python (SciPy).
Optical Measurements: Photometry, spectroscopy, laser safety, camera
sensors. Dunlap Ch. 8. Design an
6 experiment to analyze the
Practice: Construction and calibration of a simple spectrometer using a spectrum of an LED.
webcam.
Students present
7 IProject Proposal Presentations. interdisciplinary project ideas
in 5 minutes.
8 Midterm
Radiation Detectors & Nuclear Measurements: Geiger-Miiller tube,)
o scintillation detectors. Lecture Notes 9. Review of
Practice: Counting experiment with a simulated or safe radioactive source radiation safety protocols.
land data analysis.
INanomaterial Characterization: Introduction to basic principles of SEM,
IAFM, XRD. Lecture Notes 5. Reading the
10 characterization section of a
Practice: Analysis of AFM/SEM images with Python and particle size relevant research article.
calculation.
IData Visualization & Scientific Storytelling: Effective graphs, data
journalism principles. Lecture Notes 6. McKinney
11 Ch. 9. Exercise: Redesigning a
Practice: Creating professional and impactful graphs with Matplotlib and bad graph.
Seaborn.
Slc;e;;trlii;lrcn Efll[l,llfcsaﬁs;n i)t?ltizs Integrity: Data selection, reporting errors, Discussion of Fabrication,
12 plag P ' Falsification, Plagiarism
Practice: Ethical examination and reporting of a suspicious dataset. (FFP) cases.
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1. Data collection and analysis
13 IProject Work. for projects under the
supervision of the instructor.

1.  Writing project reports and

14 IProject Work / Data Analysis & Report Writing. ; .
preparing presentations.

15 IReview and Lecture Discussions. 1. Students Advice and  Offers
about lecture / Survey.

16 [Final

ECTS WORKLOAD TABLE

e
Activities Number Duration Total Workload
(Hour)

Course Hours H 14 H 3 H 42

Laboratory H 6 H 1 H 6

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) H

Final (Examination Duration + Examination Prep. Duration) H

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 ¢dzlimiinde
kullanabileceklerdir. / Use their
comprehensive theoretical knowledge in
fundamental sciences and physics for
analysis, interpretation, and problem-
solving at an academic level.

PS:-Z Uygulamal1 bilgilerini fiziksel
siireclerin modellenmesi, deneysel tasarim
ve problem ¢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

bilgilerini karmasik fizik problemlerinin
¢ozliimiinde etkili bigimde kullanarak, bu
problemlere yonelik uygun analiz ve
modelleme yontemlerini secip
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.

[[°N
1
I~
1))
1w

|93)
I~
|93)
|93)
|93)

PS ‘-4 Disiplinleraras1 bir yaklagimla,
farkli alanlarda edinmis olduklar1 bilgileri
sentezleyebileceklerdir. / Synthesise
knowledge acquired from  different
disciplines through an interdisciplinary
approach.

PS ‘-5 Fizik biliminin temel ve uygulamali
alanlarinda edindikleri bilgi birikimlerini ve
kuramsal analiz, deneysel uygulama ve
sayisal modelleme ve hesaplamali fizik
araglarmi  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 disiplinleraras1 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.

I
1w
I~
I
[9)]
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PS:-6 Fizik alaninda yaygin olarak
kullanilan en az bir programlama dili ile
bilgisayar ve yapay zeka teknolojilerini,
problemleri ¢ézmek, veri analizi yapmak ve
simiilasyonlar gergeklestirmek icin etkin
bi¢imde kullanabileceklerdir. / Use at least
one programming language and computer
and artificial intelligence technologies
widely employed in physics for problem-
solving, data analysis, and simulations.

1

I~

1

1

1

1

PC-7 Fizik ve ilgili alanlardaki bilimsel
ve teknolojik gelismeleri izleyebilecek,
kariyer firsatlarini degerlendirerek kisisel ve
mesleki gelisim hedeflerini belirleyebilecek
ve bu hedeflere ulagsmak i¢in hayat boyu
6grenme 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.

[°N

1%

I~

19}

I~

I

I

PQ-S Bilimsel arastirmalarini ve mesleki
faaliyetlerini  ylirlitirken ~ dogabilecek
hukuksal sonuglar1 ve toplumsal etkileri
dikkate alarak mesleki etik ilkeler, kalite
standartlar 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 principles, quality
standards, and universal values by taking
into account potential legal and societal
consequences of their scientific research and
professional activities.

)}

I

PS‘-9 Bireysel olarak ya da takimlarda
etkin bigcimde ¢alisabileceklerdir. /Work
effectively both independently and as part of
a team.

(IS

I

PC-10 Fizik alaninda giivenilir bilgi
kaynaklarina ulasarak literatiir taramasi
yapabilecek ve akademik arastirma
tasarlayip yiiriitebileceklerdir. / Access
reliable sources of information, conduct
literature reviews, and design and carry out
academic research in the field of physics.

PS ‘-1 1 Fizik konularmi, teorileri,

arastirmalar1 ve problem ¢6ziimlerini, fizik
terminolojisi kullanarak tiim paydaslara
Tiirkce ve Ingilizcede sézlii ve yazili 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.

(IS

19}

PS:-IZ Laboratuvar c¢aligmalarinda
bilimsel veri toplayarak teknik ve/veya
bilimsel raporlar hazirlayabilecek ve mevcut
raporlari yorumlayabileceklerdir
aktarabileceklerdir. / Collect scientific data
during laboratory work, prepare technical

(%)

I~

1

1

I~
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and/or scientific reports and interpret
existing reports.
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