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	Academic work
	Components
	Acad. hours

	In-class work
	Lectures
	45

	
	Seminars
	

	
	Practical exercises (school internships)
	30

	Total in-class work
	

	Out-of-class work
	
	30

	
	
	15

	
	
	

	
	
	15

	
	
	

	
	
	45

	
	
	

	
	
	

	
	
	

	Total out-of-class work
	105

	TOTAL ACADEMIC WORK
	180

	ECTS credits in-class work
	2,5

	ECTS credits out-of-class work
	3,5

	TOTAL ECTS CREDITS
	6,0

	№
	Grade components

	% of the grade

	1. 
	Practical exam (examination in practical skills)
	20

	2. 
	Final exam
	50

	3. 
	Workshops 
	                        10

	4. 
	Project
	                         20

	Outline of the course:

	The course is optional for bachelor students who aim at understanding how to obtain results in several fields of physics with the help of computers (computer-aided physical results). Most of the cases studied are applications of physical methods in finite-size systems such as nanostructures, clusters of atoms (molecules). To achieve the goal, the students learn how to develop realistic models of measurable phenomena, how to select a suitable numerical method for analyzing small systems (differential /integration methods), how to interpret the results obtained.  The students perform computer experiments that illustrate the lectures.   


	Preliminary requirements:

	 The course requires:

· the introductory level of quantum mechanics (equivalent to a class in physics at a third-year college level) 

· statistical mechanics and thermodynamics

· calculus

to be already taken.


	Key competences acquired:

	Students can use ready-made modules to compile a code corresponding to built their model. Able to analyze the role of limited dimension and know mathematical techniques to transition from limited to infinite systems. Know the role of fast and slow processes of evolution of the system and can select ready computational codes (Monte Carlo, Molecular Dynamics).


Lessons plan 

	№
	Topic:
	Acad. hours

	
	Lectures
	

	1
	Introduction to the probability theory: Probability space. Correlations. Regression. Emergence of computer simulations. Models. The role of dimensionality
	3

	2
	The Monte Carlo Methods – general definition. Deterministic and random systems. Random and pseudo-random numbers, random number generators, generators qualities. Monte Carlo integration - an example for the study of a deterministic system with a random process of area coverage.
	3

	3
	Comparison with polynomial methods of integration. Importance sampling - a way to reduce the variance in the Monte Carlo Calculations.
	3

	4.
	General Theory of Percolation and applications. Percolation in a two-dimensional system. Percolation in a three-dimensional system.
	3

	5.
	Particle penetration through a substance. Cross-sections for interactions – how to guide the choice. Spin and spin-less particles. Targets with different geometries. Role of boundary conditions.
	3

	6.
	Hypothesis testing .Statistics z-, t-, F-. Examples: A comparison of results of measurement of gamma activity in two different laboratories.
	3

	7.
	Percolation on a square lattice - the role of lattice size. Statistical significance of the results 
	

	8.
	Self -avoiding random walk. Applications for protein folding. 
	3

	9.
	Random walks and transport equations 
	3

	10.
	Cellular automata – properties. Algorithms and applications in physics, biology, and economics. 
	3

	11.
	Simple realization of Molecular Dynamics method – equations of motion and correlation functions 
	3

	12.
	Stability in differential equations solving Calculations of transport coefficients 
	3

	13.
	 Molecular Dynamics at constant temperature – thermostats and their mathematical models 
	3

	14.
	Nano-sized systems – density functional theory 
	3

	15.
	Spin and time dependent density functional theory 
	3

	
	Seminars/Practical exercises
	

	1
	1.  Tests of the  quality and the properties of linear congruent random number generators
	3

	2
	2.  Calculations and statistical analysis of the results obtained with the program SRIM
	6

	3
	multidimensional integration by the Monte Carlo method 
	6

	4.
	Random walk
	6

	5.
	Cellular automata
	6

	6.
	3.  Hypothesis testing
	3


Topics Covered on the Final Exam

	№
	Topic

	1
	Probability space. Correlations. Regression. Emergence of computer simulations. Models. The role of dimensionality

	2
	The Monte Carlo Methods – general definition. Deterministic and random systems. Random and pseudo-random numbers, random number generators, generators qualities. Monte Carlo integration - an example for the study of a deterministic system with a random process of area coverage.

	3
	Comparison with polynomial methods of integration. Importance sampling - a way to reduce the variance in the Monte Carlo Calculations.

	4.
	General Theory of Percolation and applications. Percolation in a two-dimensional system. Percolation in a three-dimensional system.

	5.
	Particle penetration through a substance. Cross-sections for interactions – how to guide the choice. Spin and spin-less particles. Targets with different geometries. Role of boundary conditions.

	6.
	Hypothesis testing .Statistics z-, t-, F-. Examples: A comparison of results of measurement of gamma activity in two different laboratories.

	7.
	Percolation on a square lattice - the role of lattice size. Statistical significance of the results 

	8.
	Self -avoiding random walk. Applications for protein folding. 

	9.
	Random walks and transport equations 

	10.
	Cellular automata – properties. Algorithms and applications in physics, biology, and economics. 

	11.
	Simple realization of Molecular Dynamics method – equations of motion and correlation functions 

	12.
	Stability in differential equations solving Calculations of transport coefficients 

	13. 
	 Molecular Dynamics at constant temperature – thermostats and their mathematical models 

	14. 
	Nano-sized systems – density functional theory 

	15.
	Spin and time dependent density functional theory 
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�	 Depending on the course specificity and on the requirements of the teacher, other types of activity can be added or the unnecessary ones can be removed. 






