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	Academic work
	Components
	Acad. hours

	In-class work
	Lectures
	45

	
	Seminars
	

	
	Practical exercises (school internships)
	30

	Total in-class work
	75

	Out-of-class work
	Autonomous work with information resources
	45

	
	Preparation of reports on the fulfillment of practical exercises
	60

	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. 
	Independent work during the practical exercises / written tests
	20

	2. 
	Practical exam (examination in practical skills)
	20

	3. 
	Final exam
	60

	Outline of the course:

	The course is focused on an asortment of methods, algorithms and programming techniques for the performance of a range of applied mathematical tasks encountered in the practice of physicists who specialise in the field of nuclear technology, such as data modelling, solving of ordinary and partial differential equations, application of iterative methods for the solution of large sparse linear systems, usage of Monte Carlo methods for the modelling of physical processes, etc. Discussion of implementations related to the lecture topics and, where possible, based on representative physical problems. Study and/or creation of relevant FORTRAN codes.


	Preliminary requirements:

	Introductory courses in algebra and calculus, mathematical methods in physics, computer programming, computational physics, stochastic methods in physics, nuclear reactor physics


	Key competences acquired:

	Acquisition of knowledge about a range of computational methods used in the practice of physicists specialising in the field of nuclear technology.


Lessons plan 

	№
	Topic:
	Acad. hours

	
	Lectures
	

	1
	Sets of homogeneous linear ordinary differential equations. The matrix exponential method. Example: Xenon poisoning in nuclear reactor fuel.
	3

	2
	Fourier transform. Application to discretely sampled data. Fast Fourier transform (FFT). Application: computed tomography.
	6

	3
	Eigenvalues and eigenvectors of a matrix. Characteristic equation for the eigenvalues. Search for isolated eigenvalues and eigenvectors. Power iteration and inverse power iteration. Jacobi transformations for the diagonalisation of symmetric matrices. Householder reduction. Eigenvalue problem for the reduced matrix. The QR algorithm. Application: Schrödinger equation.
	9

	4.
	Singular value decomposition. Application: the least squares problem. Example: Analysis of a gamma spectrum.
	6

	5.
	Orthogonal polynomials. Approximation of functions. Data smoothing. Gaussian quadrature.
	3

	6.
	Monte Carlo methods. Generation of random deviates with a chosen probability distribution. Assessing the quality of the sample. Monte Carlo integration. Monte Carlo for particle transport problems. Variance reduction methods. Application: integral form of the neutron transport equation.
	9

	7.
	Partial differential equations. Von Neumann stability analysis. Diffusion initial value problem. Explicit, implicit and semi-implicit schemes. Application: the diffusion equation in nuclear reactor physics. Example: one-dimensional two-group problem.
	9


Topics Covered on the Final Exam

	№
	Topic

	1
	Sets of homogeneous linear ordinary differential equations. The matrix exponential method.

	2
	Fourier transform – definitions and properties. Discrete transform. Fast Fourier transform (FFT)

	3
	Fourier transform. Application: computed tomography.

	4.
	Eigenvalues and eigenvectors of a matrix. Characteristic equation for the eigenvalues. Search for isolated eigenvalues and eigenvectors. Power iteration and inverse power iteration.

	5.
	Eigenvalues and eigenvectors of a matrix. Jacobi transformations for the diagonalisation of symmetric matrices. Householder reduction. Eigenvalue problem for the reduced matrix. The QR algorithm.

	6.
	Eigenvalues and eigenvectors of a matrix. Application: Schrödinger equation.

	7.
	Singular value decomposition. Application: the least squares problem.

	8.
	Orthogonal polynomials. Approximation of functions. Data smoothing. Gaussian quadrature.

	9.
	Monte Carlo methods. Generation of random deviates with a chosen probability distribution. Assessing the quality of the sample. Monte Carlo integration.

	10.
	Monte Carlo for particle transport problems. Variance reduction methods.

	11.
	Monte Carlo methods. Application: integral form of the neutron transport equation.

	12.
	Partial differential equations. Von Neumann stability analysis. Diffusion initial value problem. Explicit, implicit and semi-implicit schemes.

	13. 
	Partial differential equations. Application: the diffusion equation in nuclear reactor physics.
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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. 






