UCNI NACRT PREDMETA/COURSE SYLLABUS

Predmet:
Course title:

Clanica nosilka/UL Member: ULFS

Navadne diferencialne enacbe in linearna algebra - PAP

Ordinary differential equations and linear algebra - PAP
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Vrsta predmeta/Course type:

Jeziki/Languages:

Vaje/Tutorial:

Pogoji za vkljucitev v delo oz. za opravljanje studijskih
obveznosti:

Vsebina:

Navadne diferencialne enacbe

1. Osnovni pojmi.

- Modeliranje z diferencialnimi enacbami. Primeri
navadnih diferencialnih enacb. Grafi¢na metoda. Enacba
z locljivima spremenljivkama.

2. Metoda integrirajocih mnoziteljev.

- Linearne diferencialne enacbe 1.reda. Homogene in
nehomogene enacbe. Splosna metoda za resevanje
linearne enacbe prvega reda.

3. Aplikacije.

- Populacijska dinamika. Bernoulijeva enacba.
Homogene enacbe drugega reda s konstantnimi
koeficienti. Karakteristicna kvadratna enacba.

Predavanja/Lectures:

Aljosa Peperko, Bostjan Gabrovsek, Janez Zerovnik

Obvezni splo3ni predmet/Compulsory general course

Slovenscina

Slovenscina

Prerequisites:

Content (Syllabus outline):

Ordinary differential equations.

1. Basics.

- Modelling with differential equations. Examples of
ordinary differential equations. Graphical method.
Separable ordinary differential equations.

2. Integrating factors.

- Linear differential equations of first order.
Homogeneous and nonhomogeneous equations.
General method for solving a linear differential equation
of first order.

3. Applications.

- Population dynamics. Bernoulli equation.
Homeogenous linear differential equations of second




4. Nehomogene enacbe drugega reda.

- Metode za reSevanje nehomogenih linearnih
diferencialnih enacb drugega reda: variacija konstant,
metoda nedolocenih koeficientov.

5. Primeri iz fizike in tehnike.

- asno-vzmetni sistemi. Vsiljene oscilacije. Resonanca.
Euler-Cauchyjeve enacbe.

6. Prevedba preprostih sistemov linearnih
diferencialnih enacb na linearno diferencialno enacbo
drugega reda.

- Uporaba Laplaceove transformacije za reSevanje
linearnih sistemov diferencialnih enacb. Uporaba na
fizikalnih primerih.

Linearna algebra; vektorji in matrike

7. Koordinatni sistem v prostoru (kartezi¢ne, polarne,
sferi¢ne, valjaste, naravne koordinate).

- Definicija vektorja. Osnovne operacije v
brezkoordinatnem in koordinatnem zapisu.

8. Standardna ortonormirana baza.

- Linearna neodvisnost vektorjev in baza prostora.
Skalarni in vektorski produkt. Osnovne lastnosti
produktov. Fizikalni pomen produktov in uporaba za
racunanje kotov, navorov, ploscin.

9. Mesani produkt, determinante reda 3, prostornine.
- Dvakratni vektorski produkt. Enacbi ravnine in premice
v prostoru.

10. Uporaba enacb ravnine in premice za racunanje
razdalj med geometrijskimi objekti (razdalja med tocko
in premico, med tocko in ravnino, med dvema
premicama) in za reSevanje drugih geometrijskih nalog.
11. Matrike in osnovne operacije.

- Sestevanje matrik, mnoZenje matrike s stevilom,
mnozZenje matrik. Determinante. Osnovne lastnosti
determinante.

12. Inverzne matrike.

- Karakterizacija obrnljivih matrik. ReSevanje matri¢nih
enacb. Sistemi linearnih enacb. Zapis sistema enacb v
obliki matri¢ne enacbe.

13. Gaussov postopek.

- Analiza resljivosti sistema enacb. Racunanje inverzne
matrike z Gaussovim postopkom. Cramerjev izrek o
resitvah enoli¢no resljivega sistema linearnih enacb.
14. Lastni vektorji in lastne vrednosti matrik.

- Metoda za racunanije lastnih vrednosti in lastnih
vektorjev.

Linearni sistemi diferencialnih enacb 1.reda

15. Linearni sistemi diferencialnih enacb kot modeli v
inZenirstvu.

- Splo$na resitev. Metoda lastnih vrednosti in lastnih
vektorjev za homogene sisteme 1.reda s konstantnimi
koeficienti. Partikularna resitev nehomogenega sistema.

order with constant coefficients. Characteristic square
equation.

4. Nonhomeogenous linear differential equations of
second order.

- Methods for solving nonhomogeneous linear
differential equations of second order: variation of
constants, methods of unknown coefficients.

5. Examples from physics and engineering.

- Mass-spring systems. Forced oscillations. Resonance.
Euler-Cauchy equations.

6. Solving special simple systems of linear differential
equations by solving an associate linear differential
equation of second order.

- Application of Laplace transform for solving systems of
linear differential equations. Applications on examples
from physics.

Linearna algebra; vectors and matrices:

7. Coordinate system in Euclidean space (Cartesian,
polar, spherical, natural coordinates).

- Definition of vectors. Basic operations in coordinate
and noncoordinate form.

8. Standard orthonormed basis.

- Linear independence of vectors and basis of space.
Scalar and vector product. Basic properties of the
products. Physical meaning of the products and
applications for calculation of angles, torque, volumes.
9. Mixed product, determinants of order 3, volumes.

- Double vector product. Equations of planes and lines
in the Euclidean space.

10. Applications of these equations for calculation of
lengths between geometrical objects (length between a
point and a line, between a point and a plane, between
two lines) and for solving other geometric assignments.
11. Matrices and basic operations

- Sumation of matrices, multiplication with a scalar,
multiplication of matrices. Determinants. Basic
properties of determinants.

12. Invertible matrices.

- Characterization of invertible matrices. Solving matrix
equations. Systems of linear equations.Linear systems
written in the form of a matrix equation.

13. Gauss algorithm.

- Analysis of solvability of linear systems. Gauss Jordan
algorithm. Cramer rule.

14. Eigenvectors and eigenvalues of matrices.

- Method of calculation of eigenvalues and
eigenvectors.

Linear systems of differential equations of order 1

15. Linear systems of differential equations as models
in engineering.

- General solution. Method of eigenvalues and
eigenvectors for homogeneous systems of order 1 with
constant coefficients. Particular system of
nonhomogeneous system.



Temeljna literatura in viri/Readings:

1. ZEROVNIK, Janez. Matematika Ljubljana: Fakulteta za strojnistvo, 2014.
. ZEROVNIK, Janez. Tehniska matematika 1. izd. Ljubljana: Fakulteta za strojnistvo, 2010.

3. NOVAK, Tina, PEPERKO, Aljosa, RUPNIK POKLUKAR, Darja, ZAKRAJSEK, Helena. Tehniska matematika 1 : naloge
in postopki reSevanja. 2. dopolnjena izd. Ljubljana: Fakulteta za strojniStvo, 2015.

4. NOVAK, Tina, PEPERKO, Aljosa, RUPNIK POKLUKAR, Darja, ZAKRAJSEK, Helena. Tehniska matematika 2 : naloge
in postopki reSevanja. 2. dopolnjena izd. Ljubljana: Fakulteta za strojnistvo, 2019

5. ZEROVNIK, Janez, BANIC, Iztok, HRASTNIK LADINEK, Irena, SPACAPAN, Simon. Zbirka redenih nalog iz tehniske
matematike. 4. izd. Ljubljana: Fakulteta za strojnistvo, 2011.

6. E.Kreyszig, Advanced Engineering Mathematics, Wiley, 9th Edition, 2006

7. PEPERKO, Aljosa, PERMAN, Mihael, RUPNIK POKLUKAR, Darja. Matematika 3 : naloge in postopki reSevanja. 1.

izd. Ljubljana: Fakulteta za strojnistvo, 201 184 str.,
8. Vidav, Visja matematika I, Il, Ill, Ljubljana 1976

9. MIZORI-OBLAK, Pavlina. Matematika za Studente tehnike in naravoslovja. Del 2. 6. izd. Ljubljana: Fakulteta za
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Cilji in kompetence:

Cilji:

1. Studenti spoznajo osnovno teoreti¢no podlago iz
podrocij navadnih diferencialnih enacb in linearne
algebre.

2. Spoznajo teoreti¢ne osnove metod za resevanje in

izpeljavo resitev nekaterih fizikalnih in tehniskih
problemov

Kompetence:

1. Sposobnost uporabe pridobljenih matemati¢nih
znanj s podrocij navadnih diferencialnih enacb in
linearne algebre za modeliranje, resevanje in
evalviranje strokovnih tehniskih problemov v
strojnistvu (S1-PAP, S2-PAP, S6-PAP, S4-PAP, S5-
PAP, P2-PAP)

2. Sposobnost samostojnega pridobivanja ustreznega
matemati¢nega znanja za namen reSevanja
strokovnih inZenirskih problemov (S5-PAP, S1-PAP,
S2-PAP, S6-PAP, P2-PAP).

Predvideni studijski rezultati:
Znanja:

e  Obvladajo osnovne metode iz podrocij podrocij
navadnih diferencialnih enacb in linearne algebre
(212).

e Razumejo matemati¢ne modele nekaterih fizikalnih
in tehniskih problemov (Z1).

Spretnosti:

e Spretnost samostojnega matematicnega eksaktnega

Objectives and competences:
Objectives:

1. Students learn theoretical basis the of linear algebra
and ordinary differential equations.

2. Students learn theoretical fundations of methods to
solve some physical and engineering problems.

Competences:

1. The ability to apply the obtained mathematical
knowledge linear algebra and ordinary differential
equations for analysis, modelling, and solving of
mechanical engineering problems (S1-PAP, S2-PAP,
S6-PAP, S4-PAP, S5-PAP, P2-PAP)

2. The ability to acquire new adequate mathematical
knowledge for solving professional engineering
problems (S5-PAP, S1-PAP, S2-PAP, S6-PAP, P2-
PAP).

Intended learning outcomes:
Knowledge:

e Mastering the basic methods of ordinary differential
equations and linear algebra (Z1).

e Understanding mathematical models of some
problems from physics and some technical
problems (Z1).

Skills:

e The skill of independent mathematical exact



modeliranja primerno zahtevnih strokovnih
problemov (51.2, 51.3, 51.4).

e Trdna analiticna spretnost razmisljanja in analiti¢no-
sinteti¢nega resevanja eksaktnih problemov (51.2,
$1.3,51.4).

Metode poucevanja in ucenja:

P1 Avditorna predavanja z reSevanjem izbranih - za
podrocje znacilnih - teoreti¢nih in prakti¢no uporabnih
primerov.

P2 Obravnava snovi po urejeni in vnaprej razlozeni
sistematiki.

P3 Avditorne vaje, kjer se teoreti¢no znanje s predavanj
podkrepi z racunskimi primeri.

P12 Individualizirane domace naloge v spletni ucilnici

modelling of suitably demanding professional
problems (51.2, 51.3, 51.4).

e Solid analytic skill of thinking and analitic-synthetic
solving of exact problems (51.2, 51.3, S1.4).

Learning and teaching methods:

P1 Auditorial lectures with solving selected field-specific
theoretical and applied use cases.

P2 Presenting the content according to the explained
system.

P3 Auditorial exercises, in which theoretical content
from the lectures is supplemented with practical
examples.

P12 Individualised homeworks in a web classroom.

Nacini ocenjevanja: Delez/Weight Assessment:

Ocena vaj: domace naloge, sprotno preverjanje. 50,00 % Homeworks, formative assesment.

Izpit (delni izpiti ali izpit ob koncu semestra). 50,00 % Exam (partial exams or final exam).
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