
SYLLABUS  2021/2022
	Level of study
	Master's Course


	Course title in Ukraine
	Моделювання фізичних процесів

	Course title in English
	Modelling of physical processes

	Course code 
	
	ECTS credits
	3

	Lecturer(s)
	Dr hab. Hoa Kim Nghu-Tarnwska, prof. UP


	Course objectives

(learning outcomes)
	During the course, students will learn about computer modeling of phenomena described by differential equations, which usually do not have analytical solutions. The application of mathematical and statistical functions to solving a physics problem will be discussed (e.g. modeling of ballistic throw, jump on bungee lines, particle motion in variable fields and others). The use of special methods and specialized software for simulating (animating) physical processes, such as Monte-Carlo, Wienk2 methods, STRIM / SRIM simulation program, SIMNRA, will be discussed in detail.


Prerequisites:
	Knowledge
	Basic knowledge of physics, computer hardware architecture


	Skills 
	Ability and elementary knowledge in the field of object-oriented programming



	Courses completed
	Programming languages and techniques, numerical methods, basics of physics


Learning effects:
	Knowledge
	Learning effects of the course 
	Relation of the learning effects to the specialization

	
	W01 - the student knows and understands the scientific method used in research in the field of physics.

W02 - The student knows the role of modeling and simulation in the field of physics.

W03 - The student describes the basic facts and defines the physical concepts
	K_W01
K_W03
K_W05

	Skills
	Learning effects of the course 
	Relation of the learning effects to the specialization

	
	U01 - The student is able to choose the appropriate software for the problem under consideration.

U02 - The student correctly describes and explains the physical phenomena observed in the experiments and explains the theoretical basis of the applied method of simulation and modeling.

U03 - The student is able to design computer software to simulate simple physical processes
	K_U01

K_U02  

K_U03


	Social skills
	Learning effects of the course 
	Relation of the learning effects to the specialization

	
	K01 The student is able to present effectively

and discuss and justify the results of their own actions 

K02 The student is aware of the need to constantly deepen their knowledge


	K_K01, K_K03



Course organization:
	Form of classes
	Lecture

(W)
	Group-exercises

	
	
	A (large group)
	
	K (small group) 
	
	L (Lab)
	
	S (Seminar)
	
	P (Project) 
	
	E (Exam)  
	

	Contact hours
	
	
	
	30
	
	
	Z

	Semester 
	  4

	Language 
	 English  


Teaching methods:

	1. Traditional lecture using transparencies, slides, demonstrations and demonstrations
2. Calculation exercises - solving and discussion of tasks.
3. Own work - solving tasks in preparation for the exercises.
4. Own work - independent studies on the material presented during the lecture.
5. Calculation exercises - written tests, reports
6. Consultations


Assessment  methods:
	
	E – learning
	Didactic games
	Classes in schools
	Field classes
	Laboratory tasks
	Individual project
	Group project
	Discussion participation
	Student’s presentation
	Written assignment (essay)
	Oral exam
	Written exam
	Other

	W01
	
	
	
	
	x
	x
	
	x
	x
	
	
	
	

	W02
	
	
	
	
	x
	x
	
	x
	x
	
	
	
	

	W03
	
	
	
	
	x
	x
	
	x
	x
	
	
	
	

	U01
	
	
	
	
	x
	x
	
	x
	x
	
	
	
	

	U02
	
	
	
	
	x
	x
	
	x
	x
	
	
	
	

	U03
	
	
	
	
	x
	x
	
	x
	x
	
	
	
	

	K01
	
	
	
	
	x
	x
	
	x
	x
	
	
	
	

	K02
	
	
	
	
	x
	x
	
	x
	x
	
	
	
	

	K03
	
	
	
	
	x
	x
	
	x
	x
	
	
	
	


Assessment  criteria:

	Criteria
	Ongoing verification of students' knowledge, papers and discussion, implementation and passing of exercises designated by the teacher, implementation of the final project.




	Comments
	The final grade is the average of the following partial grades:

• assessments of student preparation for laboratory exercises,

• assessment of activity during classes,

• grades for the manner and form of presentation of the final project.

· • evaluation for the documentation of the completed final project


Course content (topic list):

	Topics
	1. Solving equations of motion.

2. Modeling motion, e.g. ballistic motion without and with air resistance, bungee jump, parachute jump (fall with air resistance), braking motion, vibrating motion ...

3. Fundamentals of physics of band structure in solids.

4. Wien2k method to calculate band structure.

5. Interactions of ions with matter. Flexible binary collision. Rutherford backscattering spectroscopy.

6. SIMNRA simulation.

7. The range of ion retention in matter.

8. SRIM / TRIM simulation


Literature:

	Compulsory reading


	1. D. Frenkel and B. Smit, Understanding molecular simulation: from algorithms to applications. Academic Press: San Diego, 1996.

2. Art B. Owen, Monte Carlo tutorial, MCQMC 2012. statweb.stanford.edu/~owen/pubtalks/MCQMC2012-Owen-Tutorial.pdf
3.Wienk2 tutorial.
http://susi.theochem.tuwien.ac.at/features/3Quick_Start.html
4. James Ziegler, SRIM/TRIM, http://www.srim.org/
5. Matej Mayer, Computer simulation of RBS, ERDA, NRA and MEIS, http://home.mpcdf.mpg.de/~mam/

	Recommended reading
	Iwona Białynicka-Birula, ”Modelowanie rzeczywistości”, Wyd. Prószyński i S-ka SA, 2002.


Estimation of the total working time of students:
	Contact hours 
	Lectures
	

	
	Seminars/Classes/Laboratory
	30

	
	Other (consultation, meetings)
	10

	Students’ work

hours (without the lecturer)
	Reading books and preparation for the writing of a master’s thesis
	15

	
	Preparation of a short essay or paper after learning the necessary literature on the subject
	10

	
	Preparation of an individual presentation
	10

	
	Preparation to the exam
	

	Total works’ hours 
	75

	ECTS credits 1 ECTS = 25 h
	3


4

