UCNI NACRT PREDMETA / COURSE SYLLABUS

Predmet: Modelska fizika
Course title: Modelling Physics
Studijski program in stopnja Studijska smer Letnik Semester
Study programme and level Study field Academic year  Semester
Fizika 2. st. 1 1
Physics 2" degree 1 1

Vrsta predmeta / Course type

Univerzitetna koda predmeta / University course code: |

| obvezni/compulsory

Predavanja Seminar Sem. vaje L;?)tc)).r\;?é? Teren. vaje Samost. delo ECTS
Lectures Seminar Tutorial work y Field work  Individ. work
30 0 | 30 | 30 | 0 200 || 10
Nosilec predmeta / Lecturer: | Aleksander Zidangek
Jeziki / Predavanja /| slovenski/Slovenian in/and angleski/English
Languages: Lectures:
Vaje / Tutorial: | slovenski/Slovenian in/and angleski/English

Pogoji za vkljucitev v delo oz. za opravljanje
Studijskih obveznosti:

Prerequisits:

Ni zahtev. Priporoeno znanje iz osnov klasi¢ne
fizike, programiranja in matematicne fizike.

None. Recommended basic knowledge of classical
physics, programming and mathematical physics.

Vsebina:

Content (Syllabus outline):

- Univerzalni numeriéni modelni sistemi

- Grafiéni prikaz podatkov: obdelava s
programskimi orodji

- Nakljuéni sprehajalec: pokrajinsko in koraéno
pravilo, evolucijski modeli, aplikacije v zivi in
nezivi naravi

- Celiéni avtomati: modeliranje samo-
organizirano kriti€nih pojavov

- Nelinearni sistemi: kaos, fraktali,
karakterizacija

- Univerzalni fenomenoloski modeli: opis
modela, ravnovesni pogoji in enacbe, izracun
merljivih odzivnih funkcij, kriti€no obna&anje

- Metode Monte Carlo: simulacija pojava,
analiza podatkov

- Metode molekularne dinamike: simulacija
pojava, analiza podatkov

- Fazni prehodi: analiza kriti€nega obnaSanja za

izbran primer s programskim orodjem

- Evolucijsko programiranje: genetski algoritmi

- Nevronske mreze: u¢na pravila, globoko
ucenje, konvolucijske nevronske mreze
- Kvantni raéunalniki: Shorov algoritem,

Groverjev algoritem, BB84, Hadamardova vrata

- Universal numerical model systems

- Graphical presentation of data: software tools

- Random walk: landscape and step rule,
evolution models, applications in nature

- Cellular automata: modeling of self-organized
critical behavior

- Non-linear systems: chaos, fractals,
characterization

- Universal phenomenological models:
description of the model, equilibrium conditions
and equations, evaluation of measurable
response functions, critical behavior

- Monte Carlo methods: simulations and data
analysis

- Molecular dynamics: simulations and data
analysis

- Phase transitions: analysis of critical behavior
for a given case using a software tool

- Evolution programming: genetic algorithms

- Neural networks: learning rules, deep learning,
convolutional neural networks

- Quantum computers: Shor algorithm, Grover's
algorithm, BB84, Hadamard gate




Temeljni literatura in viri / Readings:

1. F.J. Vesely, Computational Physics: An Introduction, Springer, 2012.

2. P.Bak, How Nature Works: The Science of Self-Organized Criticality, Springer, 1996.

3. M. Mitchell, An Introduction to Genetic Algorithms, The MIT Press, 1998.

4. lan Goodfellow, Yoshua Bengio and Aaron Courville, Deep Learning, The MIT Press, 2016.

5. C. P. Williams, Explorations in Quantum Computing, Springer, 2010.

6. C. Bernhardt, Quantum Computing for Everyone, The MIT Press, 2019.

7. Novejsi ¢lanki v Physical Review Letters, Nature, Science in drugih sorodnih revijah./ Recent articles in
Physical Review Letters, Nature, Science and similar journals.

Cilji in kompetence: Objectives and competences:

e Studentje pridobijo teoreti¢na in prakti¢na e Students get theoretical and practical knowledge
znanja s podrocja modelov v fiziki. from the models in Physics

e Prilaboratorijskih vajah samostojno pripravijo e Student prepares one model in the scope of the
projekt in izraun enega modela. laboratory work

e Seminarsko delo je namenjeno pripravi e Seminar work is designed for preparing
teoretiCne razlage modela theoretical justification of the model.

Predvideni Studijski rezultati: Intended learning outcomes:

Znanje in razumevanje: Knowledge and Understanding:

e Razume in uporabi razli¢ne fizikalne modele. e The student understands and applies various

e Ustvari kompleksne fizikalne modele. physical models.

e Analizira fizikalne modele, jih resi in ovrednoti e The student creates complex physical models.
dobljene rezultate.

e The student analyses physical models, solves
them and evaluates the obtained results.

Prenesljive/kljuéne spretnosti in drugi atributi: Transferable/Key Skills and other attributes:

e Delo z modeli je prenosljivo na druga, ne- ¢ Work with the models is transferable to non-
fizikalna podrod&ja, npr. ekonomijo. physical fields, for example to economy.

Metode poucevanja in uéenja: Learning and teaching methods:

Razlaga, razgovor, Studij primerov, problemsko Lecture, discussion, case studies, problem based

ucenje, laboratorijsko delo z racunalniki. learning, laboratory work with computers.

Delez (v %) /

Nacini ocenjevanja: Weight (in %) Assessment:
opravljene laboratorijske vaje z 35 completed lab work with a logbook of
dnevnikom laboratorijskih vaj laboratory work
seminarska naloga 35 seminar work
ustni izpit 30 oral exam

Reference nosilca / Lecturer's references:

GUDIMALLA, Apparao, THOMAS, Sabu, ZIDANSEK, Aleksander. Phase behaviour of n-CB liquid crystals
confined to controlled pore glasses. Journal of molecular structure. [Print ed.]. 2021, vol. 1235, str.
130217-1-130217-12. ISSN 0022-2860. DOI: 10.1016/j.molstruc.2021.130217. [COBISS.SI-ID 66828547]
J0zZIC, Primoz, ZIDANSEK, Aleksander, REPNIK, Robert. Fuel conservation for launch vehicles: Falcon
Heavy case study. Energies. 2020, vol. 13, no. 3, str. 1-10. ISSN 1996-1073. DOI: 10.3390/en13030660.
[COBISS.SI-ID 25125640]

PUC, Uros, ABINA, Andreja, JEGLIC, Anton, ZIDANSEK, Aleksander, KASALYNAS, Irmantas,
VENCKEVICIUS, Rimvydas, VALUSIS, Gintaras. Spectroscopic analysis of melatonin in the terahertz



https://www.amazon.com/Quantum-Computing-Everyone-MIT-Press-ebook/dp/B07P7KN23F/ref=sr_1_1?keywords=quantum+computing&qid=1560345346&s=books&sr=1-1

frequency range. Sensors. 2018, vol. 18, no. 12, str. 4098-1-4098-12. ISSN 1424-8220. DOI:
10.3390/518124098. [COBISS.SI-ID 31962407]

JAZBINSEK, Mojca, PUC, Uro$, ABINA, Andreja, ZIDANSEK, Aleksander. Organic crystals for THz
photonics. Applied sciences. 2019, vol. 9, no. 5, str. 882-1-882-45. ISSN 2076-3417. DOI:
10.3390/app9050882. [COBISS.SI-ID 32214055]

VASUDEVAN, Aswathy, SHVALYA, Vasyl, ZIDANSEK, Aleksander, CVELBAR, Urog. Tailoring electrical
conductivity of two dimensional nanomaterials using plasma for edge electronics : a mini review.
Frontiers of Chemical Science and Engineering. 2019, vol. 13, no. 3, str. 427-443. ISSN 2095-0179. DOI:
10.1007/s11705-019-1805-4. [COBISS.SI-ID 32306471]




