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	Academic work
	Components
	Acad. hours

	In-class work
	Lectures
	30

	
	Seminars
	0

	
	Practical exercises (school internships)
	30

	Total in-class work
	60

	Out-of-class work
	Homeworks and independent practice
	60

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	Total out-of-class work
	60

	TOTAL ACADEMIC WORK
	120

	ECTS credits in-class work
	2 

	ECTS credits out-of-class work
	2

	TOTAL ECTS CREDITS
	4

	№
	Grade components

	% of the grade

	1. 
	Practical exam (examination in practical skills)
	50

	2. 
	Final exam
	50

	3. 
	
	

	4. 
	
	

	Outline of the course:

	The use of computation and simulation has become an essential part of the scientific research. Computational physics, together with theoretical and experimental physics is often regarded as one of the three pillars of the modern Physical Science. Being able to transform a theory into an algorithm requires significant theoretical insight, detailed physical and mathematical understanding, and a working level of competency in programming.  This course provides an introduction for physics students to computational physics. The will learn various techniques for solving physics problems numerically, using  programming techniques.


	Preliminary requirements:

	The students are expected to have some basic knowledge in programming.


	Key competences acquired:

	The aim of the course is to teach the students all necessary basis for independent work in this field.


Lessons plan 
	№
	Topic:
	Acad. hours

	
	Lectures
	

	1
	Introduction to the topic. Computation and science. The emergence of modern computers. Computer algorithms and languages. 1 
	1

	2
	Approximation of a function. Interpolation . Least-squares approximation. Example: fitting a data. Spline approximation. Random-number generators. 2
	2

	3
	Numerical calculus. Numerical differentiation. Numerical integration. Roots of an equation. Extremes of a function.  Example: particle motion. 
	3

	4.
	Ordinary differential equations. Initial-value problems. The Euler and Picard methods. Predictor-corrector methods.The Runge-Kutta method. Example: dynamics of a driven pendulum. Boundary-value and eigenvalue problems. The shooting method. Linear equations and Sturm-Liouville problem. Wave equation.
	5

	5.
	Numerical methods for matrices. Matrices in physics. Basic matrix operations. Linear equation systems. Zeros and extremes of a multivariable function. Eigenvalue problems. The Faddeev-Leverrier method. Complex zeros of a polynomial.
	3

	6.
	Spectral analysis. Fourier analysis and orthogonal functions. Discrete Fourier transform. Fast Fourier transform. Example: Power spectrum of a driven pendulum. Fourier transform in higher dimension. Wavelet analysis. 3
	3

	7.
	Partial differential equations. Partial differential equations in physics. Separation of variables. Discretization of the equation. The matrix method for differential equations. The relaxation method. Example: Groundwater dynamics. Initial-value problems. Example: Temperature field of nuclear waste storage facilities
	5

	8.
	Basic methods for many-body systems.  3
	3

	9.
	Modeling continuous systems. Hydrodynamic equations. The basic finite element method. Higher-dimensional systems. The finite element method for nonlinear equations. The particle-in-cell method. Hydrodynamics and magnetohydrodynamics. The Boltzmann lattice-gas method.
	3

	10.
	Monte Carlo simulations. Sampling and integration. The Metropolis algorithm. Applications in statistical physics.
	2

	
	Seminars/Practical exercises
	

	1
	Interpolation . Least-squares approximation. Example: fitting a data.
	2

	2
	Spline approximation.
	2

	3
	Numerical differentiation. 
	2

	4
	Numerical integration. 
	2

	5
	 Finding numerically roots of an equation.
	2

	6
	Solving numerically ordinary differential equations. 
	6

	7
	Work with matrices. 
	4

	8
	Discrete Fourier transform. Fast Fourier transform. 
	2

	9
	Solving numerically partial differential equations. 
	6

	10
	Random number generators and applications. 
	2
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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. 





