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	Academic work
	Components
	Acad. hours

	In-class work
	Lectures
	30

	
	Seminars
	

	
	Practical exercises (school internships)
	30

	Total in-class work
	

	Out-of-class work
	 Review of selected articles
	30

	
	Presentation (topic chosen by the student)
	30

	
	
	

	
	Interim project
	30

	
	
	

	
	Home work 
	30

	
	
	

	
	
	

	
	
	

	Total out-of-class work
	120

	TOTAL ACADEMIC WORK
	180

	ECTS credits in-class work
	2,0

	ECTS credits out-of-class work
	4,0

	TOTAL ECTS CREDITS
	6,0

	№
	Grade components

	% of the grade

	1. 
	Practical exam (examination in practical skills)
	50

	2. 
	Final exam
	50

	3. 
	
	

	4. 
	
	

	Outline of the course:

	Optional specializing course MODELING OF NATURAL PROCESSES is intended for students in master's programs in Theoretical Physics, Nuclear Physics  and elementary particle physics. It is useful for students and young researchers who want to deepen their knowledge of computer methods in statistical physics, quantum physics and to acquire specialized methods for numerical integration and differentiation and optimization procedures. The aim of the course is to gain experience in solving problems that modeling plays a major role: division (fragmentation) of cores passage of radiation (radioactive and high frequency) in various substances, phase transitions in small systems, chaos in deterministic systems

During the practice the students use computer programs modules that can then be used to develop a personal project.


	Preliminary requirements:

	Quantum mechanics (secondary level); electrodynamics; atomic physics, solid state physics


	Key competences acquired:

	Design of models suitable to imitate physical processes; optimization of computations in multidimensional systems; work with ready-for-use codes lice Abinit, Quantum Espresso, GROMACS.


Lessons plan 

	№
	Topic:
	Acad. hours

	
	Lectures
	

	1
	Short history of computer modeling in physics. Random and deterministic processes. 
	3  

	2
	 Important distributions in physics, mathematics, and mechanics and their realization for Big Data Analytics. Algorithms for data generation. Percolation as a simple sampling concept. 
	3  

	3
	Statistics in data analysis. Problems of convergence. Big data - hidden patterns, unknown correlations. 
	3  

	4.
	 Monte Carlo Integration – multidimensional case. Errors in the case of bottlenecks in the area of interest.
	3  

	5.
	 Radiation transport – simulation for the case of charged and neutral particles. Radiation protection. 
	3  

	6.
	 Boltzman transport equation – methods for calculations. 
	3  

	7.
	 Variational Monte Carlo Method – superfluid helium. 
	3  

	8.
	Car-Parinello Molecular dynamics.
	3  

	9.
	Ising model – exact and computational approaches. 
	3  

	10.
	Interaction potentials – the role of range.

	3 

	
	Computer exercises  
	

	1
	Random generators - tests
	3

	2
	Computational generation of distributions (Gauss, Poisson, exponential)
	3

	3
	Monte Carlo integration 
	3

	4
	Cellular automata
	6

	5
	JW Монте Карло – избягване на bottle-neck.
	6

	6
	Модел на Изинг – магнитни фазови преходи
	9


Topics Covered on the Final Exam

	№
	Topic

	1
	 Important distributions in physics, mathematics, and mechanics and their realization for Big Data Analytics. Algorithms for data generation. Percolation as a simple sampling concept. 

	2
	Statistics in data analysis. Problems of convergence. 

	3
	 Monte Carlo Integration – multidimensional case. 

	4.
	 Radiation transport – simulation for the case neutral particles. Radiation protection. 

	5.
	 Boltzman transport equation – methods for calculations. 

	6.
	 Variational Monte Carlo Method – superfluid helium. 

	7.
	Car-Parinello Molecular dynamics.

	8.
	Ising model – exact and computational approaches. 

	9.
	Interaction potentials – the role of range.

	10.
	Big data - hidden patterns, unknown correlations. 

	11.
	Errors in the case of bottlenecks – MK integration.

	12.
	Radiation transport – simulation for the case of charged particles.
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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. 






