Zał. nr 4 do ZW 64/2012

	FACULTY OF MECHANICAL AND POWER ENGINEERING

	SUBJECT CARD

	Name in Polish 
	Metody numeryczne

	Name in English 
	Numerical Methods

	Main field of study
	Power Engineering

	Level and form of studies 
	2nd level, full-time

	Kind of subject 
	obligatory 

	Subject code 
	ESN0502

	Group of courses
	No


	
	Lecture
	Classes
	Laboratory
	Project
	Seminar

	Number of hours of organized classes in university (ZZU)
	30
	
	30
	
	

	Number of hours of total student workload (CNPS)
	90
	
	60
	
	

	Form of crediting
	Examination 
	
	crediting with grade
	
	

	For group of courses mark (X) final course
	
	
	
	
	

	Number of ECTS points
	3
	
	2
	
	

	including number of ECTS points for practical (P) classes 
	0
	
	2
	
	

	including number of ECTS points for direct teacher-student contact (BK) classes
	1,5
	
	1,5
	
	


	PREREQUISITES RELATING TO KNOWLEDGE, SKILLS AND OTHER COMPETENCES 
Knowledge and skills acquired at Mathematical Analysis course done on 1st level of studies


	SUBJECT OBJECTIVES
C1. Providing of the basic knowledge, taking into account its application aspects, in the field of numerical methods. The basic algorithms of numerical methods in the fields of approximation of functions, numerical integration, solving non-linear algebraic and ordinary differential equations.

C2. Developing abilities in using of the gained knowledge for processing measurements data and solving simple engineering problems.  Developing skills to MATLAB software  to solve simple engineering problems.

 


	SUBJECT EDUCATIONAL EFFECTS 
relating to knowledge:
PEK_W01 – knows and understands the consequences for finite numerical representation of the real number in the computer. Is able to determine the precision of the performed computations (machine epsilon, round-off error)

PEK_W02 – knows and understands the concept of iterative solutions and basic MATLAB functions allowing to perform iterative calculations

PEK_W03 – understands the concept of  numerical interpolation and is able to determine interpolation polynomial, spline interpolation function and estimate interpolation error 

PEK_W04 – has knowledge in the field of the root mean square approximation and is able to use it to create empirical formulas

PEK_W05 – has knowledge in the field of the numerical integration, knows the Richardson extrapolation rule

PEK_W06 – has knowledge in the field of the basic operations on matrices and solution of linear system of equations

PEK_W07 – has knowledge in the field of the solution of non-linear algebraic equations (the bisection, false position, fixed point, Newton and secant methods)

PEK_W08 – has knowledge in the field of the  numerical solution of the ordinary differential equations
relating to skills:
PEK_U01 – is able to: use the basic features offered by the MATLAB/Octave software, use its graphics capabilities and write simple computational programs

PEK_U02 – is able to: find an interpolating polynomial, using Lagrange and Newton methods, and interpolating spline function for a given set of points

PEK_U03 – is able to: determine the numerical value of the integral using the midpoint, trapezoidal and Simpson methods

PEK_U04 – is able to: solve the system of linear algebraic equations using Gaussian elimination algorithm

PEK_U05 – is able to: solve the non-linear algebraic equation using the bisection, secant, Newton and  fixed point methods

PEK_U06 – is able to: numerically determine the value of the derivative of a function and solve ordinary differential equation using Taylor, Euler and improved Euler methods


	PROGRAMME CONTENT 

	Form of classes - lecture 
	Number

 of hours


	Lec1
	Introduction. Floating-point calculations. Machine epsilon, round-off error. An iterative method of solving numerical problems - simple iterations. Basic information about MATLAB.
	2

	Lec2
	Operations on polynomials in MATLAB. Creation of graphs. Introduction to help in MATLAB.
	2

	Lec3
	Conditional statements in MATLAB and the concept of the function. Input - Output instructions.
	2

	Lec4
	Basic operations on matrices. Definitions of selected matrices. Elementary principles of programming in MATLAB.
	2

	Lec5
	Approximation of functions: interpolation with Lagrange polynomials. Iinterpolation error. The concept of uniform approximation.
	2

	Lec6
	The Runge phenomenon. Chebyshev polynomials. Interpolation using roots of the Chebyshev polynomials. Barycentric algorithm for Lagrange interpolation.
	2

	Lec7
	Newton's interpolation formula. Divided differences. Derivative approximation with divided differences. Spline interpolation.
	2

	Lec8
	Root mean square approximation. Root mean square norm. Normal algebraic equation. The concept of orthogonal functions. Scalar product of two functions.
	2

	Lec9
	Creating empirical formulas. Linear regression. Transformation of selected functions to a form convenient for linear regression. Random number generators in MATLAB. Simulation of measurement errors.
	2

	Lec10
	Numerical integration. Midpoint and trapezoidal methods. Order of approximation. Richardson extrapolation. Simpson method.
	2

	Lec11
	Solving linear systems of algebraic equations. Gaussian elimination method. Measures of the matrix determinant.
	2

	Lec12
	Solving scalar non-linear algebraic equations. Bisection, false position and fixed point methods.
	2

	Lec13
	Solving non-linear algebraic equations. Newton method. Non-linear systems of equations. Matrix of first order partial derivatives – Jacobian matrix.
	2

	Lec14
	Numerical calculation of derivatives of functions. Solving ordinary differential equations. Taylor, Euler and improved Euler methods. Order of methods, stability.
	2

	Lec15
	Solving ordinary differential equations. Runge-Kutta method. Physical examples, ODE procedure in MATLAB.
	2

	
	Total hours
	30

	Form of classes - laboratory
	Number

 of hours


	Lab1
	Basic information about MATLAB. The use of control instructions. Reading data from a file. Creation of a graph - naming axes.
	2

	Lab2
	Approximation of functions: determination of the interpolating polynomial using the Lagrange method. Estimating interpolation error.
	2

	Lab3,4
	Newton's interpolation formula. Writing a program for calculation of divided differences. Numerical investigation of Runge phenomenon. Interpolation using roots of Chebyshev polynomial.
	4

	Lab5,6
	Determination of spline functions for a given set of points with different boundary conditions.
	4

	Lab7.8
	Running the program for the least-squares method. Determination of the empirical formula for a given data set using the least-squares method.
	4

	Lab9,10
	Numerical integration using midpoint and trapezoidal methods. Determination of the Richardson extrapolation formula and the Simpson method. Application of Newton-Cotes higher order methods. Determination of the order of approximation.
	4

	Lab11,12
	Numerical solution of the linear systems of algebraic equations. Application of Gaussian elimination. Determination of the condition number of the matrix. Creation of the LU decomposition.
	4

	Lab13
	Solving non-linear algebraic equations using the secant, Newton-Raphson and fixed point methods.
	2

	Lab14
	Numerical solution of systems of non-linear equations using the Newton-Raphson method.
	2

	Lab15
	Numerical differentiation of functions. Solving ordinary differential equations using Taylor, Euler and improved Euler methods.
	2

	
	Total hours
	30


	TEACHING TOOLS USED 

	N1. Traditional lecture with a use of slides
N2. Laboratories – computational exercises
N3. Laboratories - individual problem solving using MATLAB / Octave

N4. Consultation

N5. Self-reliant work – individual studies and preparation to the final exam


EVALUATION OF SUBJECT EDUCATIONAL EFFECTS ACHIEVEMENT- lecture
	Evaluation 
(F– forming (during semester), 

C– concluding (at semester end)
	Educational effect number
	Way of evaluating educational effect achievement

	C
	PEK_W01  PEK_W08;

PEK_U01  PEK_U06 
	Written exam


EVALUATION OF SUBJECT EDUCATIONAL EFFECTS ACHIEVEMENT- laboratory
	Evaluation 
(F– forming (during semester), C– concluding (at semester end)
	Educational effect number
	Way of evaluating educational effect achievement

	F1
	PEK_U01  PEK_U02; 
	Report

	F2
	PEK_U03  PEK_U04; 
	Report

	F3
	PEK_U05  PEK_U06; 
	Report

	P=(F1+F2+F3)/3


	PRIMARY AND SECONDARY LITERATURE 

	PRIMARY LITERATURE :
[1]  D. Kincaid, W. Cheney, Numerical Analysis. Mathematics of Scientific Computing”, Wadsworth,  2002 
[2]   G. Dahlquist, A. Bjorck,  Numerical Methods in Scientific Computing  .vol. I, SIAM, 2008
[3]   A. Quarteroni, F. Saleri, Sceintific Computin with Matlab and Octave, Springer , 2006
[4]    D. J. Higham, N. J. Higham : Matlab Guide,SIAM, 2005
SECONDARY LITERATURE:
[1]  J. Kiusalaas , Numerical Methods in Engineering with Matlab, Cambridge, 2005.

[2]  .J. H. Mathews, K. D. Fink, Numerical Methods Using Matlab,Prentice Hall, 1999
[3]  G.W. Recktenwald, Numerical methods with MATLAB - implementations and applications, Prentice Hall Inc. 2000, New Jersey



	SUBJECT SUPERVISOR (NAME AND SURNAME, E-MAIL ADDRESS) 

	Dr hab. inż. Henryk Kudela, prof. PWr,      henryk.kudela@pwr.wroc.pl


MATRIX OF CORRELATION BETWEEN EDUCATIONAL EFFECTS FOR SUBJECT
Metody numeryczne
AND EDUCATIONAL EFFECTS FOR MAIN FIELD OF STUDY
 Power Engineering
	Subject educational effect
	Correlation between subject educational effect and educational effects defined for 

main field of study/ specialization 
	Subject objectives
	Programme content
	Teaching tool number

	PEK_W01
	KENG_W02
	C1
	Lec1
	N1,N4,N5

	 PEK_W02
	
	
	Lec2 - Lec4
	

	PEK_W03
	
	
	Lec5 - Lec7
	

	PEK_W04
	
	
	Lec8 - Lec9
	

	PEK_W05
	
	
	Lec10
	

	PEK_W06
	
	
	Lec11
	

	PEK_W07
	
	
	Lec12 - Lec13
	

	PEK_W08
	
	
	Lec14 - Lec15
	

	PEK_U01
	KENG_U06
	C2
	Lab1
	N2, N3, N4, N5

	PEK_U02
	
	
	Lab2 - Lab8
	

	PEK_U03
	
	
	Lab9 - Lab10
	

	PEK_U04
	
	
	Lab11 - Lab12
	

	PEK_U05
	
	
	Lab13 - Lab14
	

	PEK_U06
	
	
	Lab15
	


4

