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IIpakTHKyM M3 pauyyHapCKe aHaJIM3€ KOJa
13E07211PK3, 19E072I1PK

« HacraBa ce u3Boam npema tekyhem cTyaujckom nporpamy koju je EjekrporexHuuku gpaxkyJjarer
akpeauToBao http://www.etf.bg.ac.rs

e  Crynujcku nporpam: EjleKTpoTeXHHKA U Pa4yHAPCTBO

*  M36opHo noapyyje (Moayn): @u3ndka ejjeKTpoHuka, CUrHaJIu U cucTemMu, TelekoMyHUKaLMje U
nHpoOpMaIMOHE TEXHOJIOTHje

. Hns. Uznarame 0oCHOBHIX KOHIIETIATa aHAIM3E IIOMONy padyHapa Koju ce KOpPUCTe Y COPTBEPCKIM ITAKETUMa 32 CUMYIIAIH]y eJICKTPHYHHUX KOJIa ca
TIICANIITA HHKEHepa U HCTPaKHBada eJICKTPOTEXHIKE. Y Bol)ermhe OCHOBA 3a aHAIHM3Y MOJIeNa eJICKTPOTEXHIYKUX CHCTEMA U HAIlPaBa 3a HyMEPUIKY H
CUMOOJIIUKY aHATH3y Y BPEMEHCKOM H (PPEKBEHIIH]CKOM JIOMEHY. M3rpaama OCHOBHIX 3Hamka aHAJIOTHE 00paie CUTHaNIA MOMOhy eeKTpUIHUX KO,

. Hcxopn. PazymeBame OCHOBHUX KOHIIEIIATA aHAIN3E €NEKTPUIHUX KoJia moMohy padyHapa U oAroBapajyhux MaTeMaTHUKUX ajdropurama. Pemasame
JMHEApHUX eJIEKTPUYHHUX KOJIa Y BPEMEHCKOM U (PPEKBEHIIN]CKOM JOMEHY oMohy cucTeMa KoMIjyTepcke anreope.
. Canpaxxaj. OCHOBHM KOHIIETITH padyHapCKe CHMYJIAIlHje eIeKTPUIHIX Koja ToMohy caBpeMeHux copTBepcknx anara. Pa3opcka anammza. O13uB Ha

MOYETHE YCIIOBE, MOOYY U MOTIYH 0a3UB. Pe3oHanmuja. @pekBeHIujcku on3uB. bogeoru mujarpamu. Tpodasna kosa. CHMOOIHUYKO peIIaBame
SJIEKTPUYHUX KoJia. Bo0BH.

*  HacraBaumm. /Ip Muaka [Morpeonh UBanum, penosuu npodecop, coda 64 (milka_potrebic@etf.rs);
Jp Huxoaa Bacra, noueHrt, coba 63 (nbasta@etf.rs).

 Capaanunu y HactaBu. Awa KoBaueBuh, mc. nnx., @uiann HemkoBuh, Mc. nHXK.
»  bernenike ca npenaBama 1 Jiad. BexOU, MpUMEpH UCIIUTHUX 3a/1aTaka U nmutama, http://tek.etf.rs

* JlonaTHu MaTepHjajiu U KOHCYJITauuje Ouhe opranu3oBanu npeko kaHajaa Ha MS Teams niargopmu
(mraKOBH 3a KaHase cy Ha aapecu http://tek.etf.rs)

*  Hauun oap:kaBama HacTaBe. PauyHcku 1ieHTap.

Hauwun nonarama ucnura. 1) PenraBame 3ajaraka Ha pauyHapy y napy (uiau cMoctainHo) y P, wim
aJITEepPHATUBHO
2) u3apaja aBa qomaha 3agaTka y mapy (MM caMOCTalHO) ca mpaTehnM u3BemTajeM y BUAyY MPe3eHTelajyje Koja
CE€ YCMEHO OpaHH.
Hcrut ce MoJKe MmojiaraTi y CBakOM HCITUTHOM POKY.
Ycmena onOpana qomahux 3ajaTaka ce 3akaszyje ca mpeJIMETHUM HaCTaBHUIIMMA.
3a u3apany nomahux 3agaraka japurtu ce e-nomrom Muiaku [lorpeouh UBanum.

* IlpaTturtu 3BaHUYHO MpEACTaBIbabE MPEAMETA U 00jaBJbUBAE OMIITHUX CIIYKOCHUX MOPYKa Ha aJIpecu

http://tek.etf. rs/




Pauynapcku (copTBEpCKHM) anaTu

Mathematica, WolframAlpha, MuPAD,
Maxima, SymPy, SymPy Live, SymPy Gamma

MATLAB, Scilab, Octave, FreeMat, Julia
L Tspice, QucsStudio, ngspice, Xyce, XCircuit
Python, MathCAD, MAPLE, GeoGebra, Sage

Symbolab, SpeQ Mathematics, meta-calculator,
Desmos, ...

Android apk: NCalc+, CalcES, SymJa CAS,
Scientific Calculator Pro, CYZSoft Scientific

Calculator Plus |
Free/Libre Open Source Software (FLOSS)
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MoaenoBame €IEKTPUYHHUX KOJIa

* PSpice, ngSpice, Xcos, SciLab, TINA-TI,
Micro-Cap, Plexim, 5Spice...

* Online Circuit Simulator: DoCircuits,
Circuit Lab, PartSim, EasyEda, Multisim,
PartQuest (SystemVision Cloud)...

 Android circuit simulator:
Electric Circuit Studio,
Circuit Safari SPICE Simulator...
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Mathematica
https://www.wolfram.com/mathematica/

Wolfram Mathematica: Modern = X | -+ - i}

< O M & https://www.wolfram.com/mathematica/ &y & = Signin @

WolframAlpha.com WolframCloud.com All Sites & Public Resourcq

wo LFRAM Products & Services v Technologies~  Solutions v  Learning & Support v+  Company v  Q, Searc

COMPUTATION MEETS KNOWLEDGE

a2 Get optimized technology for your remote, in-person or hybrid classes »

WOLFRAM MATHEMATICA

The world's definitive system for modern technical computing

Grid(Partition|PlotiO(Re[=], (=, y) ¢ 0, Boxed « False,
Axes -« None, PlotRasge -« ALL) & /@ funs, 3])

g <~z <l e
TP SOr IPCROU €O, SC0. DU TS 4490 DR 1 0 B0 L0808 120 A A ¥R w .
FRAM MATHEMATICA 0 d { .
st & e fom P Gohaten  §

e R L N T L T T TR e T WAL T
“age s maw s Trearet 2 o Subseripaine, o)

Available on desktop,

o ,:‘; ‘v 9 cloud & mobile

ShorvmetarPana0] {(wind{Sert(s * 2 #5 2] 1 s} Msemd (1.1} ] evsl « MatrisPropertyDistritbutionArg[Eigenvalues[x] ), x @ ClrcularUnitaryMatrinDistribution(2]];
[=winiBanls "3 wy* 3] ool (v 4] B, s « RandonSanple /0 RandosVariate evsD, 1045);

G 2 ey TamentToy 6at2 oy sk}, {rn =8, 8 b ~u8h (06, WistogramdBles, (-Pi, Pi, 0.2}, POF, PlotThese - "Detailed”)
Regiand wnitinn = Fomptaan| (+.7, 7).« <« 1y 220
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Mathematica free on every
Raspberry Pi!

https://www.wolfram.com/raspberry-pi/

@ ] () https://www.wolfram.com/raspberry-pi/ 18

WolframAlpha.com | WolframCloud.com | All Sitg

Wo LFRAM Products & Services ¥  Technologies ~¥  Solutions v  Learning & Support ¥  Company

COMPUTATION MEETS KNOWLEDGE
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| I [ www.wolframalpha.com

- Give your brain a quick workout with Wolfram Problem Generator.

3% WolframAlpha soe,

ﬁ y' +1000 * y = 10000, y(0)=-10 7 B B
2] B T = Examples == Random
Input: New fo
[y () + 1000 y(x) = 10 000, y(0) = 10} Wo.‘fmmeph&?

ODE classification:

first-order linear ordinary differential equation | ‘ ﬁ

e
Alternate forms: olframlalpha Ty ] é &
|¥'(x) = 10 000 - 1000 y(x), y(0) = —10} % TOMVI e

1/ (x) + 1000 (y(x) — 10) = 0, ¥(0) = — 10} ﬁ',*,*i?;‘ ﬁﬂ.-

Differential equation solution: | Approximate form l | [# step-by-step solution
a5
L) = 10 20 01000~ Take the Tour

Plots of the solution:

New!
y \ Wolfram Problem

Generafor
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Maxima
http://maxima.sourceforge.net/

& Maxima, a Computer Algebra Sy X | -+ — X
< O m (© Not secure | maxima.sourceforge.net P ¥= Signin &) -

Downloads Documentation Project Page Top

integrate ( 1 /v (1 + x*4), x);

4 sqrt(2) 4 sqrt(2)
2 x + sqrt(2) 2 x - sqrt(2)

In other languages:

Recent Releases

Maxima, a Computer Algebra System

Maxima is a system for the manipulation of symbolic and numerical expressions, including differentiation, integration, Taylor
series, Laplace transforms, erdinary differential equations, systems of linear equations, polynomials, sets, lists, vectors, matrices
and tensors. Maxima yields high precision numerical results by using exact fractions, arbitrary-precision integers and variable-
precision floating-point numbers. Maxima can plot functions and data in two and three dimensions.

Click on a version number to see the list of main changes.
5.44.0: June 8, 2020
5.43.2: Jan 27, 2020

5.43.1: Jan 20, 2020
The Maxima source code can be compiled on many systems, including Windows, Linux, and MacOS X. The source code for all

systems and precompiled binaries for Windows and Linux are available at the SourceForge file manager. 5.43.0: May 31, 2019

Maxima is a descendant of Macsyma, the legendary computer algebra system developed in the late 1960s at the Massachusetts 5.42.2: January 22, 2019

Institute of Technology. It is the only system based on that effort still publicly available and with an active user community, thanks

to its open source nature. Macsvma was revolutionarv in its dav. and manv later svstems,mfm*;ﬂsﬂd&"ia and Mathematica. were
icrosoft Store >
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Maxima on line

Maxima on line
http://maxima.cesga.es/

Servicio proporcionado por /j CESCA

Help: Espatiol, Enelish Galeso

solve(x"2-x+2=0);

expand((x-2)*3*(x+1/3)~2);

integrate(x * sin(x), x);

invert(matrix([2,3,1], [a,0,0], [1,4,8]));

draw3d(explicit(x*2+y*2,x,-1,1,y,-1,1));

AVISOLEGAL

(%11) expand( (x-2)*3*% (x+1/3)*2);

(%ol) 45

16 ¢t
3

Bzt

9

3

(%i2) solve (x*2-x+2=0) ;

(%h02) [I _

(%¥1i3) invert (matrix([2,3,1],

(%03)

0
2
5

Vil JTin
B

1
a

2

2
22 4,8

9

[aIOfO]I

[1,4,81));
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Maxima on Android

https://play.google.com/store/apps/details?id=jp.yhonda&hl=en_US&gI=US

< C @

' Google Play

Search

Categories w Home

8 Apps
My apps

Shop

Games

Kids

Editors' Choice

Account
Payment methods

Play Points New

Maxima on Android 1.1, Aug 11,2012

My subscriptions

Redeem powered by MathJax 2.0 for math
rendering
. written by Yasuaki Honda
Buy gift card
Maxima 5.27post http://
. . maxima.sourceforge.net
My wishlist using Lisp ECLII?.I

Distributed under the GNU Public License
See the file COPYING.

Dedicated to the memaory of William
Schelter

The function bug_report() provides bug
reporting infermation

%i1) 'integrate{exp(-x)+*sin(x),x,0,inf)=

My Play activity

Parent Guide

Top charts

(31 https://play.google.com/store/apps/details?id=jp.yhonda&hl=en_US&gl=US

New releases

Maxima on Android

Yasuaki Honda Education * % &k 2100 &

€ Everyone

A You don't have any devices

ﬁ .
MaximaonAndroid MaximaOnAndroid

[Topl [Contents] index] 2]
Maxima 5.28.0 Manual

Maxima is a computer algebra system,
implemented in Lisp.

Maxima is derived from the Macsyma
system, developed at MIT in the years
1968 through 1982 as part of Project
MAC. MIT turned over a copy of the
Macsyma source code to the Department
of Energy in 1982 that version is now
known as DOE Macsyma. A copy of DOE
Macsyma was maintained by Professor
Wwilliam F. Schelter of the University of
Texas from 1982 until his death in 2001
In 1998, Schelter obtained permission
from the Department of Energy to release
the DOE Macsyma source code under the
ML Byl | inansa and i 000 ha

10
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SymPy

WWW.sympy.org/

x |+ - X
) https://www.sympy.org/en/index.html ¥ 3=

Main Page | Features Download Documentation® Support Development Roadmap Donate Online Shell &

About Compute with Gamma
integrate(1 / (1 + x*2))

SymPy is a Python library for symbolic mathematics. It aims to become a full-featured computer

algebra system (CAS) while keeping the code as simple as possible in order to be comprehensible and

easily extensible. SymPy is written entirely in Python.

Get started with the tutorial = Download Now

Download Now

Latest Version

Why Sym Py Development Version
SymPy is...
¢ Free: Licensed under BSD, SymPy is free both as in speech and as in beer.
* Python-based: SymPy is written entirely in Python and uses Python for its language. Quick Links
¢ Lightweight: SymPy only depends on mpmath, a pure Python library for arbitrary floating point
arithmetic, making it easy to use.

¢ Alibrary: Beyond use as an interactive tool, SymPy can be embedded in other applications and
extended with custom functions.

Documentation

Downloads (source tarballs)

Mailing list

Source code

Issues tracker

Wiki 11

Introduction to contributing

See SymPy's features

Drr\ir\r‘l'r 1 I(‘il"\ﬁ C\lm D\i
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SymPy live

live.sympy.org

[ live.sympy.org

Main Page Download Documentation Support Development Donate | OnlineShell

These commands were executed: : Lrg |m
»»>» from _ future__ import division

»»> from sympy import *

3> X, ¥, 2, t = symbols{'x y z t")

»»> k, my, n = symbols('k m n', integer=True)

»»> T, g, h = symbols('f g h', cls=Function)

About this page
SymPy Live is SymPy running o
>>> diffeq = Eq(F(x).diff(x) + 1000%f(x), 10008) Engine
»»> diffeq e

Documentation can be found at http://docs.sympy.org/.

d This is just a regular Python sh
1000 f(z) + il f(z) = 10000 following commands executed

»»» from _ future_ import divis
. »»» from sympy import *
»»>» dsolve(diffeq, f(x)) »»» %, ¥, Z, t = symbols{'x y =
B »»» k, my, n = symbols{"'k m n', i
fl::{:} = e 1000z +10 »»> f, g, h = symbols('f g h', ¢
Please note that the Google Ap
o timeout of 60 seconds for com
due to a quirk in Safari on 05,

is 58 seconds.
--- The thumbtack icon is from ths
Bar Icon Pack and is used unde
m Iy may use the materials in thislf2
ear uliscreean
restriction to develop your apg
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SymPy Gamma

https://www.sympygamma.com/

X § SymPy Gamma x B

Examples

&) https://www.sympygamma.com/input/?i=integrate%28x**a*exp%28-x%29%2C + %28x%2C+0%

Random Example
ﬁ SymPy Gamma v Arithmetic

integrate(x**a*exp(-x), (x, 0, 00)) v Algebra

SymPy: v Trigonometry

integrate (x**a*exp (-x),(x,0,00 ))

v Calculus
/m“e_‘"’d:r

v Number Theory
0

v Discrete Mathematics

Antiderivative forms:
integrate(x**a*exp(-x), (x, 0, 00)) v Plotting

'fa+1) forre(a) > —1 .

o0 v Miscellaneous
[ z*e *dx otherwise

0

sympy.integrals.manualintegrate(x**a*exp(-x), (x, 0, 00))

—TI'(a+1,x) 13
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- G M () https://jupyter.org

s—
— Jupyter Install AboutUs Community Events Documentation NBViewer Jupyte
L

Sympy and the e ®
Jupyter NOtebOOlﬁupyter

for engineering
- e o o
CalCU |at|OnS . import sympy;sympy.__version__

‘1.4

Integral(exp(-x**2), (x, =00, 00))
Project Jupyter exists to develop open-source software, open
interactive computing across dozens of programr o
/ = dx
e

-0

_.doit()

7

14
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Google kaakyaarop

Google x*sin(x) X =m & Q

1, Cee E) Cnuke ) Buaeo @ Mane [E) Bectw t Jow MNogewaeawa Anatre
OKo 3.640.000.000 pe3ynTaTa (0.57 CERY HOe/ W)

MPadmKkoH 3a xX*sin(x)

1 -
+ 'S ¥
bl
g
=20 |18 -1p -1a bz - 3 af 2 2 |4 a 2’ 14 15 18| 20
G 1+1- Google npetpara x [+
- & O Ay 8 https://www.google.com/search?sxsrf=ALeKk02iKn_jfXOK7 1wFXI_|AsmEQLIWvg%3A16018
Google 141 X =m & Q
-10 / Q Cee [ECrmke Q@ Mane [ Bugeo B Bectw i Jow Monewasawa  AnaTke

Oko 25.270.000.000 peayntara (0,72 cekyHae/v)

www. mytutor.co.uk » Maths ~ MNpesenu osy CTPaHWULY

What is the integral of x sin(x) dx? | MyTutor © 112

Find the following integral: | x sin(x) dx This guestion is a good candidate fc

parts method, as it is the product of twe different 'parts’. R... L= = = ( ) % AC
Inv sin In 7 8 9 iz

www teachoo.com » category - MpeBedu 0By CTpAHWLY n w0 tog y 5 o .

Ex 7.6, 1 - Find integration of x sin x - Chapter 7 Clas X . : ) , . .

25.09.2018. - EX 7.6, 1x sinx [1- [xsinx 1 dx | | Algebraic TrigonometricW
001 dx=fx)[1g0x) ... e = . ’
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Graphing Calculator — Desmos
https://www.desmos.com/calculator

> C & desmos.com o O :
desmos Math Tools v Resources v About v Log In ®

Let's learn together.

We're on a mission to help every student learn math and love learning math.

Graphing Calculator

—

C @ desmos.com/calculator

Usin

+ « & «

* O i

Students B )
.\'-sm(.\fl) a A

Join your classmates?

Code /\

Go to Student Homepa [\ 10

AW

40 0 -20 -10 o 1 0 0
Globa \/ \/

16
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Symbolab Math Solver - Step by Step calculator

< c

& symbolab.com

mbo[ub () SOLUTIONS |/~ GRAPHING

https://www.symbolab.com/

- PRACTICE £ GEOMETRY

beta

Try our new Geometry solver!

= /= -
( = < = x
- - , ” -
. a d .
\- (0) & fD lim >
5 Most Used Actions

simplify
<« c

solve for inverse

[E] NOTEBOOK [\ GROUPS CHEATSHEETS ()  EN

Ea v @

»
q

Formatting Eips »

d
logg ™ 0 00 f ﬁ
(O) @ (feg) Ax) In e
sin cos tan cot csc sec
tangent line See All =

@ symbolab.com/solver/step-by-step/%5Cint_%7B0%7D%5E%7BT%7Dx%5Ccdot%5Csin%5Cleft(x%S5Cright)

mb°|ab (Q_ SOLUTIONS |/ GRAPHING - PRACTICE £ GEOMETRY [E) NOTEBOOK %) GROUPS  CHEAT SHEETS
= beta

Pre Algebra

Algebra

Pre Calculus

Calculus Functions

Step-by-Step Calculator Solve problems from Pre

Pre Algebra

Algebra

Pre Calculus

Calculus

Functions

Matrices & Vectors

Geometry

full pad »

Most Used Actions

simplify solve for

fOTx : sin(x)

Graph » Examples »

Solution

Matrices & Vectors Geometry Trigonometry Statistics

vE | = 2 |l 5 = | = n
I lim > 00 6 (f-g) H0
v
inverse tangent line See All =

< & &

Keep Practicing >

Physi

Solution Keep Practicing >

Show Steps.
Jp wsin(x)ex = sin(T) — Teos(T)
Steps

[ sint)ae

Apply Integration By Parts: u =x, v' = sin(x) Show Steps i@

= [—cos(x) — [ 7505(;{)&%

[ —cos(x)dx= —sin(x) Show Steps @

= [ness(e) = (—siaf) ) ]}
Simplify

= [—xeos(x) = sin(x)]g

A
Compute the boundares: [ ~xcos(x) = sin(x)]7 =sin(7) ~ Teos(7) Sl

=sin(T) — Teos(T)

Graph
. « Hide Plot
Plotting: xsin(x) assuming T=2m
1
View Larger +
1
E] T []

17

Bamlks



ap Muaka [lorpeouh UBanuu, pen. npod., np Hukosa Bacra, nouent, 13E072PRKS3, 19E072PRK, YHuBep3urer y beorpany — Esnekrporexnunuku ¢akyarer, 2023.

ScilLab

https://www.scilab.org/

siws  Home Page | www.scilab.org X |+ -
& O o & https://www.scilab.org pAd 3= Sign in

Search Q

SC] a L Download Software » Tutorials Applications + Services + Cloud v About ~

Download Scilab 6.1.0
Windows, Linux and Mac OS X

Open source software for numerical computation

hd  Software v  Tutorials  Applications + Se

\t

. . RSt
Xcos » Data visualization Scilab consenence

=
e Toolboxes » Algorithm development

ey s v » Toolboxes » Image Processing & Computer Vision
} *  Application development §
= = OO T TR T

(e : == Model Order Reduction

Scilab Code Generator

Signal acquisition & instrument control

18

Functional Mock-Up Interface (FMI) for Model-Exchange & Co-Simulation

' vviiaul 1D ovilaw | ]
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XCOS
https://www.scilab.org/software/xcos

siws - Xcos | www.scilab.org x |+ a |
& (ONEEA & https://www.scilab.org/software/xcos Yo ¥= (signin
Search Q
SC] d L Download Software ~ Tutorials Applications v Services + Cloud v About ~

Home Software v

1 | J | | Y
::‘:r — b ~ et  — .‘" —_— --" — 'r&.
. ¥
~ , velors plimd owsw .
Signal - — e —0[.-D—b
Bulder » :-| LTk J= - @. B
-

Signal

Puilder i
’ :
T SR i
. o f [ -

I- : EL T — . » - 1

- Tad o .

BIOChS CAN 158 SMIT (HMINIUS O B50rene SIDVANON pnals s T — +
Signal Processing Control Systems Mechanics/Thermodynamics Electronics

19
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GNU Octave

https://www.gnu.org/software/octave/

%% GNU Octave x |+ -
< -2 O o & https://www.gnu.org/sc;ftware/octave/‘ Yo | ¥

) GNU Octave About  Bugs Donate Download Get Involved News  Support/Help Docs

Need help? Try out our new user and developer forum Octave Discourse.

(,'. GNU Octave

1 Scientific Programming Language

0.8
» Powerful mathematics-oriented syntax with built-in 2D/3D plotting and

0.6

0.4 visualization tools

0'2 « Free software, runs on GNU/Linux, macOS, BSD, and Microsoft Windows
'0 « Drop-in compatible with many Matlab scripts

-0.2
Download

2 " | a
L \ .\\.\“- ) “ :‘ . _
0.4 :
= X
10 oTerel Documentation

20



ap Muaka [lorpeouh UBanuu, pen. npod., np Hukosa Bacra, nouent, 13E072PRKS3, 19E072PRK, YHuBep3urer y beorpany — Esnekrporexnunuku ¢akyarer, 2023.

Micro-Cap

http://www.spectrum-soft.com/index.shtm

< > C

A Notsecure | www.spectrum-soft.com/index.shtm

SpELthﬁ Spectrum Software

7

Sdod//‘

) 7

Aot 1

MC12 Revision History

Product Information

Features Tour

New MC12 Features

News:

Effective 7/4/2019,
Spectrum Software is
closed. Micro-Cap is now
free.

Technical support will be
available for at least 90
days via email at
Support.

You can download the
latest versions of Micro-
Cap here: Download

You can choose either the
executable program or
the entire installation CD
for MC10, MC11, and
MC12. If you have an
earlier version, download
and use MC12. These new
versions do not require

MC10, MC11, and MC12 are now free and need no key.

About Spectrum

Spectrum Software was founded in February of 1980
to provide software for personal computers.
Initially, the company concentrated on providing
software for Apple Il systems.

One of the earliest products was Logic Designer and
Simulator. Released in June 1980, this product was
the first integrated circuit editor and logic
simulation system available for personal computers.
More...

Help

Search our newsletter issues which contain
application notes for Micro-Cap or view our
Frequently Asked Questions section for common
questions that arise with Micro-Cap use.
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QucsStudio
http://qucsstudio.de

Octave engine

inside!

& QuesStudio 24.1 - Project: Simulation_Transient

=|olE)

File

Edit Pgsitioning |nset Project Jools

12 AEA30&a| o

8 x

Simulation View Help

N-;_‘_"’V \g‘\“\ @%m I 3&6‘“'

| autostart.htmi [

power SUDD‘Y S‘Ch E:!

s e 2

——

o~ * G & (¢l

R

| Projects

Content

Library l Components

Content of ‘Simulation_Transient'  Note
4 Schematics

RTD_oscillator.sch
astable.sch
buck_converter.sch
buck_converter_he.sch
dimmersch
doubling.sch
filebased_vs.sch
gilbert.sch
irlmIi6346trpbf.sch
irlmi6401.sch
loading.sch
noise.sch
peak_detector.sch
peltz_oscillator.sch
power_sim.sch
power_supply.sch
puls.sch
transmissionline_ideal.sch

Verilog

VHDL

Octave

C++ Sources

Data Displays

PCB Layouts

Datasets

Others

3-port
3-port

+

- conventional power supply:

transformer, 2-way-rectifier, fiter

. - R_prim . .
E] R=0.05 Ohm

~ transnent
: simulation

" TRY

" Typé=hn -

* Stop=60ms "
" Points=3001

m

e
.1.

c1 Ioad, i Load °

=1000 qu

|dc_vottage

R=100 Ohm

BRESRE AN KRR

File Edit Positioning Insert Project Tools Simulation  View Help

f iR F| K

[ 4

microwave_taper.m ﬂ test ¢

Content of 'Simulation_Octave’ Mote
» Schematics
Verilog
VHDL
4 Octave
LoadSnP.m
Rauschzahl.m
Test_SnPm
filter.m
filterz.m

test.m
» C++ Sources
Data Displays
PCE Layouts

| Library I Components ‘ Content | Projects

» Datasets

» Others

lclear all

14 FILENZME = "
15

16 TAPER_LE =
17 NUM_SECTm =
18 LENGTH_PER_SECT:
159

taps
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CircuitLab

https://www.circuitlab.com/

C @& circuitlab.com & e :

CIRCOIT

“W——LAB

Circuit simulation and schematics.

Build and simulate circuits
right in your browser.

Design with our easy-to-use schematic editor.

Analog & digital circuit simulations in seconds.
Professional schematic PDFs, wiring diagrams, and plots.
No installation required! Launch it instantly with

» Launch CircuitLab

or watch a quick demo video —

R 1-minute Tutorial

100 Q

1. Click and drag a wire from
the right of R1 to the top of C1.

4 @ ol 2. Click "Simulate.” ixtbook [ED

square
1 kHz

+1 e - Gk "Run| Tivie-tomaln Simulation” sctronic systems with CircuitLab's free,
and look at the filter output V(out)

10 pF k.
4. Double-click R1, change it to o . .
"1k", and simulate again. :al Circuit Design and Analysis

% 5. Run the Frequency-Domain
simulation and see the Bode plot.
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DoCircuits Circuit Simulator

Do Circuits

::)ercuﬁs

Experience virtual labs for electronics on browser. Work with
real looking components and devices. Bulld circuits - run,
analyse and save them in easy steps.

Reach us at info@docircuits.com

Launch Online Labs

Get started with some sample circuits !
Colpitts Oscillator Active Low Pass Filter Active High Pass Filter Clipper Clamper

an a particuta

made up of tw ipacitors and ar cut off frequency to pass though and

Fig. 1: DoCircuits - Home 24
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< C @ A Not secure

ngSpice

http://ngspice.sourceforge.net/

ngspice.sourceforge.net

MIXED MODE - MIXED LEVEL
CIRCUIT SIMULANTOR

SASED ON BERKELEY'S SPICE3FS

NGSPICE SUN\N\ARY

Ngspice Home

What is ngspice ?
Features, Exiras & Options
FAQ.

Tutorials

Sourceforge Developer Pages

ngspice - open source spice simulator

ngspice is the open source spice simulator for electric and electronic circuits.

Such a circuit may comprise of JFETSs, bipolar and MOS transistors, passive elements like R, L, or C, diodes,
transmission lines and other devices, all interconnected in a netlist. Digital circuits are simulated as well, event
driven and fast, from single gates to complex circuits. And you may enter the combination of both analog and

digital as a mixed-signal circuit.

ngspice offers a wealth of device models for active, passive, analog, and digital elements. Model parameters
are provided by our collections, by the semiconductor device manufacturers, or from semiconductor foundries.
The user adds her circuits as a netlist, and the output is one or more graphs of currents, voltages and other

electrical quantities or is saved in a data file.

ngspice does not provide schematic entry. Its input is command line or file based. There are however third

party interfaces available.

B tran]; s o _ 17, stage cmios o === =S

=Y *Dr\Spice_general\ngspice\examplesivancus\ro_17_4.cir - Notepad + +

BNy

Datei Bearbeiten Suchen Ansicht Kodierung Sprachen Einstellungen Makro

Ausfihren TedFX Erweiterungen Fenster 7
IHE sed D2 4

&

o| bandgap_002_tb.net | bandgap_002_th_s

X

me_000004.cir |y ¢ |*

61 nl l=0
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& Riso+DFB_Naw Trarzers - Schematiz Editor
Fie Edit Insart View Andlysis Interactive T&M  Tools Help

| stelals eyl T+ eloirbe | L1 a2 gl sl oalsl
C @ O npssmmsicomioo TN [4Tg %] @ @[T ¢ [+]~[=pthl=l~[olobsl=lel [ T |

Basic ]G\u::hes] Meises | Seurcas | Semicanduciors | Opiaslectiacic | Spice Macro: | Gams | Fiplieps | Lu;:le-'dC.Is| &0/D6555 ) NF | Anekeg Conrel| Special |

2m 2500u 52 00u TE00u 70000

Home Design resources

R1 4.5
wip TEXAS INSTRUMENTS ~ sear o -
1T [
",j- :f 667 - — W ‘ :
Products Applications Design resources ? el S _ = |° &n | ’
¢ R iz
[ i - 0.00-F=== T T | [

TINA-TI

SPICE-based analog simulation program

Overview  Downloads  Technical documentation = Support & training T I NA-T I
https://www.ti.com/tool/TINA-TI

Overview

& Fusc+ DFE Newe Transiers - Schematic Editor

TINA-TI provides all the conventional DC, transient and frequency domain analysis of SPICE and much more. TINA has B v A g

extensive post-processing capabhility that allows you to format results the way you want them. Virtual instruments allow you to %eﬂ—:é[_ﬁ;?g_ﬂ%
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Electric Circuit Studio

& @ (R () https://play.google.com/store/apps/details?id=com.ecstudiosystems.electriccircuitstudio&hl=en_US&gl=US

’ Google Play  search | Q|

EE AppS Categories v Home Top charts New releases

My apps
Shop
) Electric Circuit Studio
Games ECStudio Systems Education * Kk k k2709 &
Kids € Everyone
Editors' Choice .
Contains Ads
A You don't have any devices
Account

Payment methods

Play Points New
My subscriptions
Redeem 7 @ 4 & @
Buy gift card |
My wishlist 120k > Ra R4
My Play activity

c?

Parent Guide

~
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ClrcmtSafarl SPICE Simulator

& (3 https://play.google.com/store/apps/details?id=com.logipipe.circuitsafari&hl=en_US&gl=US

, Google Play  search KN

33 Apps Categories v Home Top charts New releases

My apps
Shop
. CircuitSafari SPICE Simulator
Games (Early Access)
Kids

Logipipe, LLC Productivity

Editors' Choice € Everyone

Offers in-app purchases
This app is in development. It may be unstable.

Account

Payment methods
A You don't have any devices
Play Points New

My subscriptions

Redeem

Buy gift card

My wishlist _ (e
' : . - BASE1
My Play activity i X e 5.3 - ' 2oy
y : g ) b t : ouT2

Parent Guide

g
" B2 B 2 B 2 2 B B BB
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4\ MathWorks MATLAB

4\ MathWorks - Makers of MATLAE X | -+ = X
& O @ & https//www.mathworks.com % | 3=

‘MathWorkS@ Products  Solutions Academia Support Community Events
Search MathWorks.com Q

Millions of Engineers and
Scientists Trust MATLAB

MATLAB® combines a desktop environment tuned for iterative analysis
and design processes with a programming language that expresses
matrix and array mathematics directly. It includes the Live Editor for
creating scripts that combine code, output, and formatted text in an
executable notebook. ce

Products by Category  Alphabetical § Trial software

SERVICES

Software Maintenance
Training

MATLAB Simulink Consulting j i

System Composer
LICENSE TYPES

Design Al models and Al-driven systems

MATLAB SIMULINK®

LIVE EDITOR VEW

PRODUCT FAMILY PRODUCT FAMILY

Ae that we have assumeda &
‘ame as the orbrtal distance.

NG the planet per unit

‘can be approximated by

Parallel Computing

il et e x Parallel Computing Toolbox Event-Based Modeling
e MATLAB Parallel Server Stateflow

S The nearest excplanet 13 srousa Proxiss Cen, 4.21 Lignt years from esrtn

R SimEvents Industry Use
(Lo Zm s Math and Optimization
iger over time. The planst - Student Use
et Lol ) ¢ Curve Fitting Toolbox Physical Modeling University Use
e Y Optimization Toolbox Simscape Startup Use
sing the planet's 1otal

N Global Optimization Toolbox Simscape Driveline Primary and Secondary School Use 29

SRR, 8 Symbolic Math Toolbox Simscape Electrical Home Use
ature. Rearranging for T, g

Mapping Toolbox Simscape Fluids
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&\ MathWorks

MATLAB

A hikkp: v rnakboworks, com)f

4\ MATLAB R2019a - m| X
HOME ﬁn%i’.*@@’@al R :
New Variable » Analyze Code 1 {0} Preferences & nY (% Community
'{IL:' 1[5 Find Fiies & E = L=t Wl = ) ©
£ Open Variable = {7 Run and Time (5! Set Path ‘57 Request Support
New New New  Open I£=| Compare Impirt Save Favorites Simulink ayout Add-Ons Help
Script Live Seript  » v Data Workspace [ Clear Workspace ~ ~ |7 Clear Commands ~ [l paratiel = - ~  [E] Lean MATLAB
FILE VARIABLE CODE SIMULINK ENVIRONMENT RESOURCES ry
€= HEA » C: » Program Files » Polyspace » R201%9a * bin » P
(Gl

Current Folder O]

Command Window

New to MATLAB? See resources for Getting Started,

Workspace

Name = Value

Name =

m3iregistry
IregIstny fx x>

registry
uti —
| @ System target file browser: Simulink2DSHplus |
£ wi

_I System target file: Description:
. Wil [asapz.z1c ASAM-ASAPZ Data Definition Target -

I_‘I cra dsh.tic Bozxland C++ DSHplus Real-Time Tazget witl

Visusl C/C++ DSHplus Real-Time Target wit
RTH Embedded Code
RTH Zmbedded Code:

Coder
C++ Pzoject Makefile only

dsh.tle
aute configuratier

erz.tle

de|
[ 1ed
[7 1ed
[ 1ed

to configures for ¢

{aute configures for ¢
L

fox

for WX
r

eal-Time Tazget
C++ Project Makefile only

4 mg s tle
mh| T
m | I T -
me
mv
wo
Simulink2D SHelus
Detais MathWorks

Toolboxes..

R2019a (9.6.0.1072779)
64-bit (win64)
March 8, 2019
License Number: 968398

v
MATLAB

Professional License

<) MathWorks® R2019a

«| Ready
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B3 simulink Library Browser - O X

< |simu|ink control design }Q rER-rEmr w2 @

Simulink
Communications Toolbox EF:- Eﬁ
Communications Toolbox HDL Support

- -
S I m I I n k Communications Toolbox Support Package for ADALM-PL Additional Math  Commonly Continuous
u Control System Toolbox & Discrete Used Blocks

DSP System Toolbox

DSP System Toolbox HDL Support o
Fixed-Point Designer
* AJIaTKa 3a HyMEPUYKY HDL Coder = @
Instrument Control Toolbox Dashboard  Discontinuities Discrete
aHaJIM3y MaTeMaTUYKUX v Simscape e =
Foundation Library T - y=f{u} & x
Utilities =
MOACJIAa _
I[ Electrical o Logic and Bit Lookup Math
Simulink 3D Animation Operations Tables Operations
» CucreM ce aepuHuIIe simulink Coder
Simulink Control Design g M @
Simulink Ext
Fpa(l)I/IIIKI/I, YMCTAEBCM S't:t:f'l';w e 9
Statistics and Machine Learning Toolbox Messages Model-Wide Model
OJIOKOBA U BbUXOBUM et oo & Events Utilities  Verification
I § ?
TIOBE3UBAKEM Y MPEKY P L T
Ports & Signal Signal
Subsystems Attributes Routing
S R [
21N “y
Sinks Sources String

MATLAB 4\ =RE
SIMULINK
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"iS Simulink Library Browser — O X

=] simulink control design v[Ay v Pl v (3~ = (Y

Simulink > e

Communications Toolbox
Communications Toolbox HDL Suppo

. @
Communications Toelbox Support Pa Electrica
Control System Toolbox
DSP System Toolbox %

DSP Systemn Toolbox HDL Support
Fixed-Point Designer

* bubnuoreka 3a cuMyJallj]y U HyMEPUUKY aHAIU3Y HDL Coder Foundation Library
Instrument Control Toolbox -
MYJITHAJIOMEHCKUX MpolJiemMa (MeXaHuKa, v Simscape "
Foundation Library
CJIEKTPOIMHAMHUKA, OTITHKA) Utltes Utites
Electrical
° 1 . Simulink 3D Animation
[Iprmep JeAHOCTaBHOT €JIEKTPUYHOT KOJIa: simuink 3D An

Simulink Control Design
Simulink Extras

KOJIO je 00pa30BaHO y TPEHYTKY ty =0 stateflow
Statistics and Machine Learning Toolb)
R i Recently Used

ey
C

U, R =1kQ
? C=1pF
u,(t)=Uh(t),U =10V
B Uc (t,)=U,=-10V

| < >
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B3 Simulink Library Browser — O X
- - i
S I I : > <~ Enter search term b po_J\ -3 =
I I I l u I I l Simscape/Foundation Library/Electrical
Simulink

Communications Toolbox

-
Electrical Elements
I I I l S‘ a e > Communications Toolbox HDL Support
Communications Toolbox Support Package fa

Electrical Elements

Control System Toolbox
DSP System Toolbox

- -
F n I n I I r r > DSP System Toolbox HDL Support Flectrical Sensors
Fixed-Point Designer

HDL Coder Electrical Sensors

Instrument Control Toolbox

|
v Simscape Electrical Sources
eC r I Ca v Foundation Library

Electrical Electrical Sources
Gas

Hydraulic
Isothermal Liquid
Magnetic

« CuMyJanyja JUHEApHUX U HEJIMHEATHUX Vecharical

Moist Air

Physical Signals
CJICKTPUYHMX KOJa Themmal
Thermal Liquid
Two-Phase Fluid
Utilities
Electrical
Simulink 3D Animation
Simulink Coder
Simulink Control Design
Simulink Extras
Stateflow
Statistics and Machine Learning Toolbox
Recently Used

MATLAB > Simscape >

Foundation Library, Utilities ‘ > 33
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Cumynaiuja eJICKTpUYHOT KOJIa KOpUIITNEeHEeM
Simscape > Foundation Library 6u6anoreke

P4 Library: simscape - Simulink = O X
File Edit View Display Diagram Analysis Help
[ =] U = >
\E v E v - U v
simscape
® |[Pa|simscape
(O}
- & e @ '@j) =3
: o - ’iuntitled--SimuIink — m] X
@ Foundation Utilities Driveline File Edit WView Display Diagram Simulation Analysis Code Tools Help
- L -8 He-=- % R rr— R
untitled
# @ ® [[Pa]untitled -
" @
Multibody Power Sy 3l
=
@ Simscape 4.2
Copyright 2006-2017 The Mathjil|
» | K
MATLAB > Simscape >
34

Foundation Library, Utilities

100%

VariableStepAuto




’i Library: simscape - Simulink -

[ X

P2 Library: nesl_utility - Simulink — X
File Edit View Display Diagram Analysis Help
File Edit View Display Diagram Analysis Help
U = 3
- cj v E g v v — -
i mo = © - LS = . Q-
simscape nes|_utility
©® |Palsimscape [Pa] mes_utility h
Q Q 5
- 0
&l Connaction Part —>| Component =
p v o PS-Simulink Simscape Simulink-P5
« 0\' " Companent "
b —
(& Foundation Utilities Driveline Electronics
Library [
- C =
- A ~ ot o =g
i S anfiguration Analyzer
"'i Library§fl_lib - Simulink #s
File Edit§ View Display Diagram Analysis Help » |l
ey =] O = y Ready 100%
@: Sl | & BE h O M
fi_lib
PL Library: fl_lib/Electrical - Simulink — >
File Edit View Display Diagram Analysis Help
=] U = y
. @ 3~ “ ‘Q‘ BE @~
a5
Electrical

® |[*alflib ¥ [Pa|Eectical »

Physical Signals

OB EES| e

Mechanical l

Two

Foun
Copyright 2005-3

MATLAB > Simscape >
Foundation Library, Utilities

Elecfrical Elements ‘

Electrical Sensors l Electrical Sources l

[ 3 -
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i'i Library: fl_lib/Electrical - Simulink

"i Library: fl_lib/Electrical/Electrical Elements - Simulink
File  Edit

E-Em-F < @

View Display Diagram Analysis Help

BB ©-

- O

X

MATLAB: Simscape
Foundation Library

File Edit View Display Diagram Analysis Help Electrical Elements
@: -3~ < i @E @ - [Pa|_iib ¥ [Pa| Electrical » [Ba| Electrical Elements
Electrical _ é
® |[PalA_iib » [Pa]Efctrical ¥ E - ) - %—Elec:hical Refer
E 1 Capacitor Diode
| Electrical Elements “ ‘ Electrical Sensars I Electrical Sources I
O 7
:E Z T free]s
Inductar

Ideal Transformer

'bi Library: fl_lib/Electrical/Electrical Sources - Simulink

File  Edit

Infinite Resistance

DEH@;@:@I@

View Display Diagram Analysis Help [ §H§ :D_' C:_[)Opmcim“
U = g Crp-Amp
el > 05 ~ < 4 EmE-© -H
Mutual Inductor
Electrical Sources ] Py 3
.ﬁ liby P .Electncal P .Elecl:ncal Sources Re. 100%
@ AC Current Source / (..:‘IE:) AG Voltage Source ® g"“"ﬂh
ource
2 ’i Library: fl_lib/Electrical /Electrical Sensors - Simulink
ile  Edit View Display Diagram Analysis Help
HE = 3
. ‘= & 4 EmE©-
‘Current-Controlled ‘Current-Confrolled DC Current Sourd
Current Source Voltege Source
(] .ﬁ I|N.Elecmcal e .Elecmcal SENSOrS
* * - | B
| KI |'\|i:|IlE|ge—ConlmIIa|:l Voltage-Contrg £3 -@1 Valtage Sensor
e Voltage Sournc a =

MATLAB > Simscape >
Foundation Library, Utilities

Current Sensor

W
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Cumynaiuja eJICKTpUYHOT KOJIa KOpUIITNEeHEeM
Simscape > Foundation Library 6u6anoreke

P2, Primer01_e2

File Edit View Display Diagram Simulation  Analysis Code TJools Help

© ~

[E:

Ev %E@"%@HD‘ .~ 1 Mormal -
Model Browser = Primer01_e2
Primer01_e2 ® |[PalPrimer01_e2 -
£ fx)=0 p
=3
Solver |
Configuration —  Electrical Reference1
Voltage Sensor
o |
a-AA\N-B a0
3 SN N
Resistor
_:L PS-Simulink Scope
Converter
DC Voltage Source Capacitor =
C
=
_T—_ Electrical Reference

MATLAB > Simscape >
Foundation Library, Utilities

oded5
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Block Parameters: Solver Configuration

Solver Configuration

Defines solver settings to use for simulation.
Parameters

[] start simulation from steady state

Consistency tolerance |1e-09

[ use local solver

Solver type Backward Euler

Sample time 0.001

[] Use fixed-cost runtime consistency iterations

MNonlinear
iterations

Mode iterations 2

Linear Algebra Sparse

Block Parameters: DC Violtage Source =

DC Voltage Source

The ideal voltage source maintains a constant voltage across its output terminals, independent of the current
flowing through the source. The output voltage is defined by the Constant voltage parameter, and can be any
real value.

Source code

Settings

Parameters

Constant voltage: 10 W e

Cancel Help Apply

Delay memory

budget [kB] 1024

Apply filtering at 1-D/3-D connections when needed
Filtering time
i 0.001

Cancel Help

MATLAB > Simscape >

Foundation Library, Utilities

Block Parameters: Resistor >
i
Resistor

The voltage-current (V-I) relationship for a linear resistor is V=I*R, where R is the constant resistance in ochms.

The positive and negative terminals of the resistor are denoted by the + and - signs respectively. By convention,
the voltage across the resistor is given by W{+)-V(-), and the sign of the current is positive when flowing through
the device from the positive to the negative terminal. This convention ensures that the power absorbed by a
resistor is always positive.

Source code
Settings
Parameters  Variables
Resistance: I | 1000 | | ohm v | I
Concel || nelp | Apply
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Block Parameters: Capacitor

Capacitor

capacitance in farads.

The Series resistance and Parallel conductance represent small parasitic effects. The parallel conductance can be
used to model dielectric losses and the series resistance used to represent the effective series resistance (ESR) of
the capacitor. Simulation of some dircuits may require the presence of the small series resistance. Consult the

documentation for further details.
Source code

IloueTHH ycnos...

Models a linear capacitor. The relationship between voltage V and and current I is I=C*dV/dt where C is the

>

Settings
Parameters = Variables
Capacitance: I le-6 F v\l
Series resistance: |L'l | | Ohm v|
*d\/dt where C is the capacitance in farads.
Parallel conductance: |L'l | | 1/0hm v|
wrallel conductance can be used to model
ice (ESR) of the capacitor. Simulation of
mentation for further details.
Cancel || Help Apply
Settings
Parameters  Variables
COverride Variable Priority Beginning Value Unit
| Current Mone <~ |0 A -
] Voltage Mone ~ |0 v v
I Capacitor voltage High ~ -10 v w
MATLAB > Simscape >
Foundation Library, Utilities Gancel | [ nep || A5
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Hanaxeme oa3MBa...

Simulation  Help

Sample based T=0.010

MATLAB > Simscape >
Foundation Library, Utilities
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HS Simulink Library Browser — ped
L= | simulink control design ~ f‘q rErE R @
- - - Simscape/Electrical
IMUIINK > SIMSCape - '~
Communications Toolbox
- Communications Toolbox HDL Suppo %
Communications Toolbox Support Pa
> e C r I C a Control System Toolbox Additional
DSP System Toolbox Components
DSP System Toolbox HDL Support
Fixed-Point Designer
° B 6 : HDL Coder —/_._.
H HHOTeKa 33 CI/IMYI[aHI/IJ y I/I Instrument Control Toolbox _\_.
v Simscape
Foundation Library Connectors &
HYMCPHUYKY aHAJIN3Y ronee ot
v Electrical
eHeKTp()eHepreTCKHX CHCTeMa Connectors & References
Control *@_’
Electromechanical
‘TpO(ba3HI/I I/I3B0pI/I, BOHOBI/I, Integrated Circuits Control
~ Passive
TPaHC(HOPMATOPH, IIOTPOLLIAYH S
Thermal
° Transformers .
TepMaﬂHa aHaJ—‘[I/IBa Semiconductors & Converters| | Electromechanical
Sensors & Transducers
Sources - -
Switches & Breakers - -
Utilities
,_Ad.dlﬁmaLCmmu.auu_\ Integrated Circuits
Specialized Power Systems
Simulink 3D Animation A —
Simulink Coder —rre
Simulink Control Design —A—
Simulink Extras =
Stateflow Passive
Statistics and Machine Learning Toolb
Recently Used @
< > v

Simscape > Electrical
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Cumynaiuja eJICKTpUYHOT KOJIa KOpUIITNEeHEeM
Simscape>Electrical 6ubnuorexe

-
T
|
[
T
=5
)
1]

PLOTS
New New
Seript Live Script ¥
FILE

duIj \¥ [ Find Files &

New Open (] compare

1]

v Data

Import Save

dﬁ gy New Variable
B’ Open Variable v
Workspace L._?/' Clear Workspace ¥

a4 B39 (2) |Search Documentation

-’ Analyze Code
f v i)
Favorites € B ETE VTS Simulink
- |## Clear Commands ¥

E (@ Preferences E%

=
Add-Ons Help = Request Support
L=l Learn MATLAB

Layout

-

(= Set Path
““ Parallel =

0 % Community

- b d

FP Hald ar M
Current Folder
Name =
') MATLABDriveTag
&) field_VED.m
FH fieldplusone_CHIDES_
FH fieldplusone_CHIDES_
FH fieldplusone_CHIDES_
[ fieldplusone_CHIDES_.
LU

Details

Select a file to view d¢g

~| Ready

TN

Simscape >

)i untitled * - Simulink student use
SIMULATION
JL |3 Open ~ i
' [F[E}
E Save w
New

Library
> | = Print ~ Browser

RARY

\:i’ Blank Model Ctrl+N

MODELING

PREPARE

Step
Back =

SIMULATE

Data v
Inspector

REVIEW RESULTS

]

@ Blank Subsystem

FROM TEMPLATE

\3’ Model...
@ Subsystem...

gy State Chart...

BB Library...

I__ll Project »

«

Jopadsur Apadold

Electrical

100%

VariableStepAuto
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Cumynaiuja eJICKTpUYHOT KOJIa KOpUIITNEeHEeM
Slmscape>EIectrlcaI 6H6JII/IOTCK€

Slmullnk Library Browser Slmullnk Library Browser - O

] | Enter searc

cn term

»CJ\V:LVI;jv-FI@

-2 @ <* ||E|'|tv;-r~:.ea-c-‘ term ~

Simscape/Electrical/Specialized Power Systems/Fundamental Blocks/Electrical

Simscape/Electrical/Specialized Power Systems/Fundamental Blocks/Elements
Sources

Simulink ~

Communications Toolbox
Communications Toolbox HDL Support
Communications Toolbox Support Package
Control System Toolbox

DSP System Toolbox

~
Simulink ~ .
Communications Toolbox @

Nonlinear Inductor

= AN~

Communications Toolbox HDL Support a
Communications Toolbox Support Package
Control System Toolbox

AC Current Source

DSP System Toolbox HDL Support Nonlinear Resistor DSP System Toolbox é\")
Fixed-Point Designer DSP Systern Toolbox HDL Support T
HDL Coder Fixed-Point Designer

HDL Coder AC Voltage Source

Instrument Control Toolbox Parallel RLC Branch

v Simscape Instrument Control Toolbox
Foundation Library wa;{nﬂ—- v Simscape o
Utilities Foundation Library Pt

. Parallel RLC Load it
v Electrical Ut'l't"_ff‘ Controlled Current Source
Connectors & References v Electrical
Control Connectors & References
Electromechanical Pi Section Line Control

Electromechanical
Integrated Circuits
Passive

Integrated Circuits
Passive

Semiconductors & Converters
Sensors & Transducers
Sources
Switches & Breakers
Utilities
Additional Components
v Specialized Power Systems
~ Fundamental Blocks
Electrical Sources
Elements
Interface Elements
Machines
Measurements
Power Electronics
Control & Measurements
Electric Drives
FACTS
Renewables
J Animation
oder

Saturable Transformer

T T

Series RLC Branch

Simscape > Electrical »

Semiconductors & Converters
Sensors & Transducers
Sources
Switches & Breakers
Utilities
Additional Components
v Specialized Power Systems
~ Fundamental Blocks
Electrical Sources
Elements
Interface Elements
Machines
Measurements
Power Electronics
Control & Measurements
Electric Drives
FACTS
Renewables
Simulink 3D Animation

||-@wfmn§-

Three-Phase Source

A
-
alN —@— Bp
c
Three-Phase

Programmable
Voltage Source

43
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Cumynaiuja eJICKTpUYHOT KOJIa KOpUIITNEeHEeM
Simscape>Electrical 6ubnuorexe

KOJIO je 00pa30BaHO y TPEHYTKY ty =0

R =1kQ

C=1uF

u, () =U h(t),U =10V
u(t,)=U,=-10V

Simscape > Electrical

DC Voltage Source (mask) (link)
Ideal DC voltage source.
Parameters

Amplitude (V):

10

I Measurements [NDI"IE'

[ oK ][ Cancel H

Primer01.1* E=
File Edit View Display Diagram Simulation Analysic Code Tools Help
. ok M=RNC N SECHEC T 1o -a-|
Model Browser = Primer01_1
Primer01_1 ® |[Palprimer01_1 M
@ I
£ i
- a0 = -
Series RLC Branch
a
L 1
-+
T DC Voltage Source p—
|
a
«
Ready 231% oded5
r = = ™
Block Parameters: DC Violtage Source u




ap Muaka [lorpeounh UBanuui, pen. npod., np Hukousa Bacra, nouent, 13E072PRK3, 19E072PRK, YHuBep3urer y beorpany — Esnekrporexnuuku ¢akyarer, 2023.

Cumynanuja eJICKTpUYHOT KOJIa KOpUITNEeHEM
Simscape>Electrical 6ubmmoreke

Primer01_1* E=8
File Edit View Display Diagram Simulation Analysic Code Tools Help
KOJIO je 00pa30BaHo y TPEHYTKY ty =0 - Ee-EH-AOP = @ wo @ | &
Model Browser = Primer01_1
Primer01_1 ® rimer01_1
R |
C g
Series RLC Branch
-
Block Parameters: Series RLC Branch : . ‘- M a

Series RLC Branch (mask) (link)

Implements a series branch of RLC elements.
Use the 'Branch type' parameter to add or remove elements from the
branch.

——1 | Parameters

[loneniaBame T sranch type:

Resistance (
R =1k nmapamerapa
C= 1MF Inductance (

Uy (1) =U h(t),U =10V CUMYJIalHje o3

I [T] set the ini Open circuit

U(tg) =U 0= 10V Capacitance (F):

le-6

1

[T] set the initial capacitor voltage

Measurements [None v]

Simscape > Electrical (o [concel ) [ vop J [ ooy |
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Cumynaiuja eJICKTpUYHOT KOJIa KOpUIITNEeHEeM
Simscape>Electrical 6ubnuorexe

'-Eile Edit VMiew Display Diagram  Simulation  Analysis Code TJools  Help
- & G -E-G4®P » @~ wo
Model Browser = Primer 012
P& Primer01_2 ® |[PalPrimero1_2
=—¢—/\/\/\/—=
| E3
= Series RLC Branch1
o
+ 1
- DC Voltage Source Series RLC Branch
[ ]
«
Ready 183% oded5

Kaxo ce Mepu HanoH?

Simscape > Electrical 46
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Cumynaiuja eJICKTpUYHOT KOJIa KOpUIITNEeHEeM

-

S8 Simulink Library B

File
E E »» | Enter =earch term

._S

|| Libraries

Edit  Miew Help

Simscape>Electrical 6nbnuorexe
WSl

EEey—

o

- M

E Simulink

P 5 Pl 1 P S S

Imscape > Electrical

| »

9 =
=] )

Commanty Used-Giocks
Continuous
Discentinuities

Discrete

Logic and Bit Operations
Lookup Tables

MatiT U perations

Model Verification
madelWide | tiiies
Ports & Subsystems
Signal Attributes

Signal Routing =
Sinks

Sources

User-Defined Functions
Additional Math & Discrete
Aerospace Blockset
Communicatiens System”
Computer Vision System’
Control System Toolbox
DSP System Toolbox
Embedded Coder

Fuzzy Logic Toolbox

HDL Verifier

Image Acguisition Toclbox
Instrument Control Toolbo:
Model Predictive Control 1
Neural Network Toolbox
OPC Toolbox

Real-Time Windows Targ
Report Generator

Robust Control Toolbox

P .

Library: Simulink/Sinks | Search Resulis: (none) I Frequen 4 [ »

Display :Il Floating Scope

Ot o :I Soope

Stop Simulation >|E Terminator

e

unfitied. matf To File

X Graph

| .

|| File Edit View Display Diagram Analysis Help

ECEIEER Y --RCE

Measurements

& powerlib [ 4 Measurements

(! :. iyl

IEI Curent Mess urement
Multimeter
ol +
vl
- s Vabch
Voltage Meas orement Izbe [y
o|B £ -1
blo
o Three-Phase
Impedance Measurement V-1 Meas urement

=]
.LDEI:IFIn\'EI-LE

BUS_1
253V
1pu
Odeg.
Measurements
]
» a N7
¥

Ready 100%




B primeti 3%
File Edit View
B -

Model Browser

Display Diagram  Simulation  Analysis Code
He-E-eop
+= | Primer01_3

Tools Help

ORI

Block Parameters: C
} Series RLC Branch (mask) (link)

(&) Primer01_3

© | [PalPrimer01_3

Implements a series branch of RLC elements.

+

OYE€THH YCJIOB, ped.
as A\ —n a

cMep...

Use the 'Branch type' parameter to add or remove elen
branch.

Parameters

v

R
+ o3HauaBa ped. cmep

Voltfge= Measurement

DC Voltage Source c

g
Branch type: C

Scope Capacitance (F):

l1e-6

Set the initial capacitor voltage

Continuous

Capacitor initial voltage (V):
-10

s
|

|
1
]
T
1

«

Ready 2075

powergui

Measurements | None

Cancel Help

oded5

ILi1oue koHae3aTopa ce pa3aukyjy!!!

Block Parameters: powergui
PSB option menu block (mask)

Set simulation type, simulation parameters, and preferences.

4| Powergui Initial States Setting Toel. model: untitled

Initial electrical state values for simulation:

Solver Tools  Preferences

Steady-State

Machine Initialization

Initial State

Impedance Measurement

(1 oc'c - lov. |

Simscape > Electrical

Set zelected electric
-10

Force initial electrica

() To Steady State

ID To Zero

FFT Analysis
Hysteresis Design

Generate Report

b Load flow settings

Use Linear System Analyzer
RLC Line Parameters
Customize SPS blocks

Load Flow

48

Cancel Help Apply
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o Configuration Parameters: untitled/Configuration (Active)

* Commeonly Used Parameters

Select:

Solver
Data Import/Export
» Optimization
» Diagnostics
Hardware Implementation
Model Referencing
Simulation Target
» Code Generation
» Coverage
» HDL Code Generation
Simscape
Simscape Multibody 1G
» Simscape Multibody

Simscape > Electrical

= all Parameters

Simulation time

Start time: {0.0

Solver options

Type: |Variable-step

b Additional options

— O .
L
Stop time: |0.01
- | Solver: |auto (Automatic solver selection) -
W
OK Cancel Help Apply
49
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‘@ Configuration Parameters: untitled/Cenfiguration (Active)

“* Commonly Used Parameters = All Parameters

Category: |Al | M |

Parameter

Solver » Simulation time
Start time

Simulation start time. Mote that the values that you specify as block i...

Stop time

Simulation stop time.
Solver » Solver options
Type

Choose a variable or fixed-step solver.

Solver

Choose a solver. If disabled, enable in "Additional options" by changi...

Solver » Additional options

Max step size
Maximum step size for a variable-step solver.

Relative tolerance

Specify the largest acceptable solver error, relative to the size of eac. ..

Min step size
Minimum step size for a variable-step solver.

Absolute tolerance

Specify the largest acceptable solver emor, as the value of the meas. ..

Initial step size
Specify the size of the first time step that the solver takes.

Shape preservation

Improve the integration accuracy by preserving the shape of states b...

— | s

L Search sele

ctec

Value

0.0

0.01

|"u'a riable-step

|v|

auto (Automatic solver selection)| + |

1e-4

1e-3

auto

auto

|EILITD

Disable Al

Command-Line Name

StartTime

StopTime

SolverType

Solver

MaxStep

RelTol

MinStep

AbsTol

InitialStep

ShapePreserveControl

oK

| Cancel || Help | Apply

Simscape > Electrical

>
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[Tokperame cumynauuje...

1 W Analysis  Code  Toocls  Help

1 Narmal

k!)'

v] @..

@ - g; ’ ‘@'
Primer01_3

& |[Palprimero1_3

Simscape > Electrical

| =_+_/\/\/\/ a * al+
_ﬂ - v
R o
& Voltage Measurement Scope
| + +
+ U(to_) — _10V —l
—— DC Voltage Source C
/T
o . Continuous
[}
I powergui
—_I—
202% 51 °
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Hanaxeme oa3zuea... Ocuunockon

For
agram  Simulation Analysis Code Tools Help
%E - - % @ HD [Normal
Primer01_3
1 e [PalPrimero1_3 -
@
£
=
H-I—/\/\/\/ o gl +
—HA| - v
R '
! Voltage Measurement Sco
il 1
+ —
—- DC Voltage Source
ST
o )
Continuous
o
; powergui
52
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i o e S .
g Smulson dnsb Code Took Hep Main Time Display Logging
EeR M=RMEYCN S ® -+ oot [Nerma

N = [ open at simulation start
“ [ pisplay the full path
- Number of input ports: |1 Layout
- ~AAN—= . o+, ] | |

l A | Sample time: |—1 |

R Voltage Measurement
9 Scope Input processing: Elements as channels (sample based) =
. l Maximize axes: Off -
DC Voltage Source c
T Axes scaling: Manual 4 Corr o - <
T Continuous onfiguration Properties: Scope
Main  Time Display  Logging
powergui J E
.L Time span: Auto
1
- Time span overrun action: Wrap
- % Time units: None
4| Scope -
) Time display offset: 0

File Tools View Simulation Help k]
- Time-axis labels: Bottom displays only
. @ ® = I |I| -| 4 & -

[ show time-axis label
4 Configuration Properties: Scope *
Main Time  Display  Logging

OK Cancel
Active display: 1 -

Title: |%¢ SignalLabel> |

[ show legend Show grid 4\ Configuration Properties: Scope

L] Flot signals as magnitude and phé  yain  Time Display  Logging
¥-limits (Minimum): |-12.49989
Y-limits (Maximum): [12.49898
Y-label:

J oK

[ Limit data points to last: | 5000
(] Decimation: 2

Log data to workspace

Variable name: ScopeData

Save format: Dataset

Simscape > Electrical 3.

Ready Sample based |Offzet=0 T=0.010
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%,.“ Configuration Parameters: untitled/Configuration (Active)

% Commonly Used Parameters = All Parameters

Category: Al
Parameter

Solver » Simulation time
Start time

Simulation start time. Mote that the values that vou

Stop time

Simulation stop time.
Solver » Solver options
Type

Choose a variable or fixed-step solver.

Solver

Choose a solver. If dizabled, enable in "Additional options” by changi...

Solver » Additional options

Max step size
Maximum step size for a variable-step salver.

Relative tolerance

specify as block i..

Value

0.0

| 0.01 |

-

Wariable-step

auto (Automatic solver selection)| -

t=RC=1ns
1/10 =0.1ms

I le-4 I

1e-3

Specify the largest acceptable solver ermror, relative to the size of eac. ..

Min step size
Minimum step size for a variable-step solver.

Absolute tolerance

auto

auto

Specify the largest acceptable solver ermror, as the value of the meas. ..

Initial step size
Specify the size of the first time step that the sclver takes.

Shape preservation

auto

Disable All

Improve the integration accuracy by preserving the shape of states b. ..

| >

Command-Line Mame

>

StartTime

StopTime

SolverType

Solver

Max5tep

RelTol

MinStep

AbsTol

Initialstep

ShapePreserveControl

oK

| Cancel || Help Apply

[ |

Simscape > Electrical

o4
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Simulink

* PelliaBame K0jla MOXKE C€ U3BPIIUTH HETOBUM
CBOhEHEM HA CUCTEM JIMHEAPHUX
nu(epeHIjaTHIX jeTHAaYMHA

e JlaTu cuctem MOKe Ce TIPEJICTaBUTH
JEIHOCTaBHUM OJIOKOM ca BHIIIE yjia3a U u3jasa

Simulink

"iS Simulink Library Browser — O X
<+ | Enter search term v| Ry - =~ R @
Simulink
~ Simulink ~
Commeonly Used Blocks Et‘ :ﬂ
Continuous
Df’ashbolard_ . Additional Math  Commonly
D!scontlnumes & Discrete Used Blocks
Discrete
Logic and Bit Operations U\ &,i.
Lookup Tables ;
Math Operations
Messages & Events Continuous Dashboard
Model Verification
Model-Wide Utilities \r“"\ j&
Ports & Subsystems
Signal Attributes Discontinuities Discrete
Signal Routing
1 >
glnks h; = e
ources <=
String |
User-Defined Functions Logic a”_'d Bit Lookup
Additional Math & Discrete Operations Tables
Quick Insert + —
Communications Toolbox + x E
Communications Toolbox HDL Support
Communications Toolbox Support Package fo Math Messages
Control System Toolbox Operations & Events
DSP System Toolbox
DSP System Toolbox HDL Support Misc @
Fixed-Point Designer @
HDL Coder Model-Wide  Model
Instrument Control Toolbox Utilities Verification
Simscape
Simulink 3D Animaticn ns ?
Simulink Coder @c H
Simulink Control Design
Simulink Extras Ports & Signal
Stateflow Subsystems Attributes
Statistics and Machine Learning Toolbox Y
Recently Used ‘lﬁ -;;{-
< Cimnal cre  HHY
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Cumynainuja eJICKTpHUYHOT KOJIa Ka0 YOIIITEHOT
cucteMa kopunthemeM Simulink-a

Fil Edit Wi Dizpl Diagr Simulati A i Cod Tool Hel .
ile iew isplay iagram |m|ur1 nalj,rsls ode Tools elp ;| x = Ar + Bl[
|- 8 G -E- 4P © - Cx+D
Model Browser = Primer01_s3 . y o o + U
Primer01_s3 ® |[Palrrimero1_s3 YL = 1‘0 .
Y s
u(t) > noodyna (ynas) &

€3 X(t) — nmpoMeHJbHBa CTarba
=
Xp — IIPOMEHJBHUBA CTamba Y TPEHYTKY ty
X' =Ax+Bu | |
> y = Cx+Du >
Step1 State-Space Scope1
«
159% odets || 56
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Cumynanuja eneKTPUYHOT Kojla Ka0 YOIIITCHOT
cucteMa kopunthemeMm Simulink-a

R [
—> U = U, (t) — nobyna (ynas)
+
J Ue =2 X = U (t) — HamoH KoHeH3aTopa (MPOMEHJBHBA CTakba U OJ3UB - U371a3)
g — :
U, B X(t; ) =U, — HanoH koHAeH3aTOpa y TPEHYTKY l;
T u, (t) = Rig +Uc (t) # = Ax+Bu
il _ dUC y=Cx+ Du
— lc = C .‘.L! = xg,
KOJIO je 00pa30BaHo y TPEHYTKY ty =0 dt )
Uc (t,)=U,=-10V
R =1kQ
e e e
Ug(t)ZU h(t),U =10V 0 () =U. =10V
3 c\to/ —%o —
uc(t,)=U,=-10V du. (1) 1

= AUg (1) + Bu, (1) = A=—— —=~1000, B =100
Uc(t)=Cu.(t)=C=1,D=0
Simulink Uc(ty) =U, =-10V 57



Source Block Parameter;:%q:ull

Step
Output a step.

Parameters

Step time:

State Space

UMYyJialuja
CICKTPUYHOT | '~

State-space model:
dx/dt = Ax + Bu
y=0Cx+Du

Initial value:
0
Final value:

10

Sample time:

0

Interpret vector parameters as 1-D

Enable zero-crossing detection

oK

J | concel ||

Simulink

Model Browser

KOJIa Kao =

e | .
== L eTa, qouent, 13E072PRK3, 19E072PRK, Y Ll Function Block Parameters:State-Space 1

x

YOHNIITCHOT
cucTeMa R
KopUIINemeM | -

= = Initial conditions:
Simulink-a
Absolute tolerance:

|spay Diagram  Simulation  Analysis  Code TJoels  Help auto

EE-E-4oPp
= PrimerQ1_s3

State Name: (e.g., 'position")

OR

Primer01_s3

® Primer01_s3

gl [ X

J [ concel |

Help

| X' =Ax+Bu
> y = Cx+Du

Step1

State-Space

Apply
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Source Block Parameters: Stepl

P Function Block Parameters State-Space I Jacta, nonent, 13E072PRK3, 19E072PRK, Vaus

State Space Step
State-space model: I/IMyJ_‘[aHI/IJ a Output a step.
dx/dt = Ax + Bu
y=Cx+Du
eHeKTpI/IqHOF Parameters
Parameters Step time:
A
KOJia Kao .
Initial value:
B:
1000 | YOIIIITCHOT | °
c Final value:
1 CUCTCMA =
D: Sample time:
D KOpuIIhemheM |
Tnitial conditions: . . | Interpret vector parameters as 1-D
-10 S I m u I I n k_a ¥| Enable zero-crossing detection
Absolute tolerance: B Scopel
auto EEIEERIEEEIEEE!

State Name: (e.g., 'position")

2 o [ corcel |9 , == i

Eile Edit View Display Diagram Simulation Analysis Code Tools Help

B -5 L2 @ - - < () > ORRE » (@) v G-

Model Browser v= | Primer01_s3

% Primero1_s3 © |[*a|Primer01_s3

b E e

X' =Ax+Bu
y = Cx+Du

State-Space
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Pemumo “pydyHo”™

R t =0

MA— 40 :

®
\

d
d
Vg = Ri = RC =

HHYKHU akyarer, 2023.
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MATLAB
Symbolic Math Toolbox (Live Script)

*bronmoTeKka 3a CHMOOJIMYKY padyH (aaredapcke u Ju(pepeHIM]aIHE J€THAYNHE)

*OMoryhaBa HyMEepUUKY aHaIM3y pe3yJiTaTa popadyyHa

H Live Editor - DAEngineering_Work\ETF\Teaching\PRK\RCKolo_v0.mlx

| plutol.m II templatel.m | RCKolo_vO.mix [+ |
9y, (1) = 10000 — 1000 v, (1) G
1 syms v_c(t) ot -
1 T
4 v_csol = dsolve(ode,cond) v_csol = 10— 201000z
6 flplot(v_csol, [e@ @.01]) o
|
6l
al
2r |
of /
a2l
4 b
8 -llnl
all
10!

SlmbO“C Math TOOIbOX 0 0001 0.002 0.003 0.004 0.005 0.006 0.007 0.008 0.009 0.01 61
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wxMaxima
@ wxMaxima 20.06.6 [ unsaved* ]

File Edit View Cell Maxima Equations Algebra Calculus Simplify List Plot Numeric Help

@R[, OE[E|RO [»A @ Mo . |
Mathematical Symbols
“ P ' Y i e h e /2717) Jednacine: [ug=R-iC+uC, iC=C-'diff (uC,t)]:
i 3 = o ¢ p
L S L [ug=uC+RiC,iC=C d uc|]
rcc ¢ ¢ h # 9 ! dat
V [ =2 « 2 £ 2 «
- : 2 vt~ - (¢i2) jednacineDuC: jednacine, 'diff (uC,t)=DuC;
A - A wm A s [ug=uC+R iC,iC=C DuC]
(213) Jednacinelzvoda: eliminate (jednacineDuC,
[1C]) ;
[—ug+uC+C DuCR]
Plot using Draw
2D 30 (%14) jednacineStanija: linsolve (JednacinelIzvoda, DuC);
Expression Implicit Plot
Parametric Plot Points [DUC: g —nC
Diagram title Axis CR
Contour Plot name
Line color Fill color ($15) JednacineDiff: jednacineStanja, DuC='diff (uC, t);
Grid Accuracy d ug -ucC
[— uC=———
dt CR
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zamene: [ug=U];

[ug=U]
vrednosti: [R=1000, C=10"(—-6), U=10, UO0=—-10];

1
[R=1000,C=—————,U=10,U00=-10]
1000000

7) JednacineDiffZamena: jednacineDiff, zamene;
d U—-ucC

— ulC=
[dt CR I

1) ode2 (JednacineDiffZamena, uC, t);

_t 10
. cr ( t ) 8 apon kondenzatora
uC=se cR — B
U %2 +3c 6 |
icl(%, t=0, ucC=Uo0); 4 _
t — 2 7
c—s. CF - = 0 ._
uC=3%e
Use | +U0-U > 2 i
-4 |
i177)uCt: ev (%, vrednosti):; 6 |
. —looot 1000 t
uc=se (103" F-20) 3 .
-10 | | 1 |
ywxplot2d (rhs (uct), [t,0,0.01], 0 0.002 0.004 0006 0.008 0.01
[xlabel," t [s] "1, t[s]

[ylabel,"™ uC [V] "],

[xtiecs, 0, 0.002, '0.011.
[legend, "Napon kondenzatora"], grid2d)s$
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