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	FACULTY OF ELECTRONICS
SUBJECT CARD

Name in Polish: Komputerowa symulacja procesów dynamicznych
Name in English: Computer simulations of dynamical systems  
Main field of study:  Electronics
Specialization: Applied Computer Engineering  
Level and form of studies: 2nd level, full-time 
Kind of subject: obligatory 
Subject code ETEU714.
Group of courses YES 


	
	Lecture
	Classes
	Laboratory
	Project
	Seminar

	Number of hours of organized classes in University (ZZU)
	30
	
	15
	
	

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

	Form of crediting
	crediting with grade
	
	crediting with grade
	
	

	For group of courses mark (X) final course
	X
	
	
	
	

	Number of ECTS points
	4
	
	
	
	

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

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


*delete as applicable
	PREREQUISITES RELATING TO KNOWLEDGE, SKILLS AND OTHER COMPETENCES
1. K2EKA_W01 


\
	SUBJECT OBJECTIVES
C1. The acquisition of knowledge in description and analysis of continuous and discrete linear dynamical systems.
C2. The acquisition of knowledge and skills in methodology of building mathematical models of simple dynamical systems.

C3. The acquisition of skills in computer implementation of models of dynamical systems.

C4. The acquisition of knowledge and skills of running computer simulation studies.

C5. The acquisition of knowledge in numerical solving of differential equations and errors caused by the methods. 
C6. The acquisition of knowledge in domain of continuous and discrete nonlinear dynamical systems and methods of their studies.

C7. The acquisition of knowledge in chaotic behavior of nonlinear dynamical systems. 

C8. The acquisition of knowledge in application of dimensional analysis in modeling.


	SUBJECT EDUCATIONAL EFFECTS
relating to knowledge:

PEK_W01 – student knows principles of analysis of continuous and discrete linear dynamical systems 
PEK_W02 – student knows principles of analysis of continuous and discrete nonlinear dynamical systems 
PEK_W03 – student knows numerical methods of differential equations solving 

PEK_W04 – student knows about errors of numerical methods 
PEK_W05 – student is friendly with methodology of building models of dynamical objects and processes 
PEK_W06 – student is acquainted with methodology and methods of computer simulations 
PEK_W07 – student is aware of using dimensional analysis in modeling 
…

relating to skills:

PEK_U01 – student is able to apply firmware software for numerical solving of n-th order differential equations   

PEK_U02 – student is able to implement selected numerical methods for solving differential equations   
PEK_U03 – student is able to write application of model in software like Matlab/Simulink 
PEK_U04 – student is able to analyze influence of parameters on behavior of processes with various dynamics 
PEK_U05 – student can develop a plan and carry out simulations of selected dynamical systems
PEK_U06 – student can interpret simulation results
…

relating to social competences:

PEK_K01 – – student is aware of necessity to search and collect technical information  permanently and to analyze the data critically 
PEK_K02 – student understands the need of self-education and development of capacity for applying of possessed knowledge and skills


	PROGRAMME CONTENT

	Form of classes - lecture
	Number of hours

	Lecs1-2
	Introduction. Dynamical processes – history of research, basic definitions. Examples of dynamical systems – growth models.
	4

	Lecs 3-4
	Numerical methods of solving differential equations. Errors of numerical computations. 
	4

	Lec 5
	Analysis of one-dimensional linear dynamical systems: discrete and continuous.
	2

	Lecs 6-7
	Analysis of multi-dimensional linear dynamical systems: discrete and continuous. Analysis of phase trajectories.
	4

	Lecs 8-9
	Analysis of one and multi-dimensional nonlinear dynamical systems: discrete and continuous. 
	4

	Lec 10
	Chaos and strange attractors.
	2

	Lecs 11-12
	Reality versus models. Elements of the methodology of formalization. Methodology of building models of dynamical objects and systems.
	4

	Lec 13
	Methodology and methods of computer simulations.
	2

	Lecs 14-15
	Dimensional analysis. Examples of applications in modeling.
	3

	Lec 15
	Summary
	1

	
	Total hours
	30


	Form of classes - laboratory
	Number of hours

	Lab. 1
	Safety measures in the labs. Organizational topics. Introduction. 
	2

	Lab. 2
	Solving 1st order differential equations (growth equations) with use of Matlab procedure ode.
	2

	Lab. 3
	Solving 1st order differential equations with use of numerical methods of solving differential equations: Euler method, modified and improved Euler methods, Runge-Kutty method. 
	2

	Lab. 4
	Solving 2nd order differential equations (pendulum equation) in Matlab. Analysis influence of parameters and forces.
	2

	Lab. 5
	Simulation of nonlinear models in Simulink: predator-prey model, Van der Pol equation.
	2

	Lab. 6
	Analysis of discrete logistic equation. Chaotic behavior.
	2

	Lab. 7
	Simulations of strange attractors.
	2

	Lab. 8
	Summary. Discussion of results. 
	1

	
	Total hours
	15


	TEACHING TOOLS USED

	N1. Traditional lecture using transparencies and/or slides
N2. Laboratory
N3. Consultation

N4. Individual study – self-study to prepare for a laboratory 

N5. Individual study – self-study of literature end preparing for a crediting 


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

	F1
	PEK_U01 ( PEK_U06

PEK_K01 ( PEK_K02
	oral replies 

observation of exercise realization 

software implementation of algorithms

written reports from laboratories 

	F2
	PEK_W01 ( PEK_W07
	written test

	P = 0,4*F1 + 0,6*F2


	PRIMARY AND SECONDARY LITERATURE

	PRIMARY LITERATURE:
[1] A.Czemplik, Modele dynamiki układów fizycznych dla inżynierów, WNT, Warszawa 2008

[2] A. Żuchowski; Uproszczone modele dynamiki, Politechnika Szczecińska 1998

[3] J.C. Friedly; Analiza dynamiki procesów, WNT Warszawa 1975

[4] J. Kudrewicz, Fraktale i chaos, WNT Warszawa 1995, 2007

[5] A. Czemplik, Praktyczne wprowadzenie do opisu, analizy i symulacji dynamiki, Skrypt internetowy dostępny pod adresem http://anna.czemplik.staff.iiar.pwr.wroc.pl/

[6] S. Osowski; Modelowanie i symulacja układów i procesów dynamicznych; Oficyna Wyd. PW, Warszawa 2007

SECONDARY LITERATURE:
In POLISH
[1] R.H. Cannon, Dynamika układów fizycznych, WNT Warszawa 1973

[2] D.P. Campbell; Dynamika Procesów, PWN Warszawa 1962

[3] Z. Fortuna, B. Macukow, J. Wasowski, Metody numeryczne, WNT, Warszawa, 2001
[4] J. Halawa, Symulacja i komputerowe projektowanie dynamiki układów sterowania, Oficyna Wyd. PWr, Wrocław 2007

[5] H-O. Peitgen, H. Jürgens, D. Saupe, Fraktale. Granice chaosu, cz.1-2., PWN, Warszawa, 2002

In ENGLISh
[1] S. Strogatz, Nonlinear dynamics and chaos, Perseus Books, 1994

[2] J.Guckenheimer, P.Holmes, Nonlinear Oscillations, Dynamical Systems, and Bifurcations of Vector Fields, Springer, 1983
[3] S.Wiggins, Introduction to Applied Nonlinear Dynamical Systems and Chaos, Springer, 200

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

	dr hab. inż. Iwona Karcz-Dulęba, 71 320 32 68; iwona.duleba@pwr.wroc.pl


MATRIX OF CORRELATION BETWEEN EDUCATIONAL EFFECTS FOR SUBJECT
Computer simulations of dynamical systems  
AND EDUCATIONAL EFFECTS FOR MAIN FIELD OF STUDY Electronics
AND SPECIALIZATION Applied Computer Engineering  
	Subject educational effect
	Correlation between subject educational effect and educational effects defined for main field of study and specialization (if applicable)**
	Subject objectives***
	Programme content***
	Teaching tool number***

	PEK_W01 
	S2EZI_W01
	C1
	Lec5… Lec7
	1,2,3,4,5

	PEK_W02
	S2EZI_W01
	C6, C7
	Lec8… Lec10
	1,2,3,4,5

	PEK_W03, PEK_W04
	S2EZI_W01
	C5
	Lec3, Lec 4,
	1,2,3,4,5

	PEK_W05
	S2EZI_W01
	C2, C3
	Lec2, Lec11, Lec12
	1,2,3,4,5

	PEK_W06
	S2EZI_W01
	C4
	Lec13,
	1,2,4,5

	PEK_W07
	S2EZI_W01
	C7
	Lec14, Lec 15
	1,2,3,4,5

	
	
	
	
	

	PEK_U01
	S2EZI_U01
	C3
	Lab2, Lab4, Lab5
	1,2, 4

	PEK_U02
	S2EZI_U01
	C3, C5
	Lab3
	1,2, 4,

	PEK_U03
	S2EZI_U01
	C3
	Lab2, Lab4, Lab5
	1,2,3,4

	PEK_U04
	S2EZI_U01
	C1, C6
	Lab4
	1,2,3,4

	PEK_U05
	S2EZI_U01
	C4
	Lab4, Lab5, Lab6
	1,2,3,4

	PEK_U06
	S2EZI_U01
	C3, C4
	Lab2, Lab4, Lab5, Lab6, Lab7
	1,2,3,4

	
	
	
	
	

	PEK_K01,  PEK_K02
	S2EZI_K01
	
	Lec 1( Lec 15

Lab1(Lab8
	1,2,3,4,5


