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Pauynapcku (copTBEpCKH) ajnaTu

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

« MATLAB, Scilab, Octave, FreeMat, Julia
 LTspice, QucsStudio, ngspice, Xyce, XCircuit
» Python, MathCAD, MAPLE, GeoGebra

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

Free/Libre Open Source Software (FLOSS)
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Mathematica
https://vwvw.wolfram.com/mathematica/

Wolfram Mathematica: Modern = X | -+ = [

& O & https://www.wolfram.com/mathematica/ & % v= Signin ' &

WolframAlpha.com WolframCloud.com All Sites & Public Resourc

Wo LF RAM Products & Services v Technologies v  Solutions v  Learning&Support v  Company v  Q Searc

COMPUTATION MEETS KNOWLEDGE

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

WOLFRAM MATHEMATICA

The world's definitive system for modern technical computing

Grid(Partition(Plotad(Re(a], (x, y) € 0, Boned « False,
Axes « None, PlotRange « ALL] & /@ funs, 3])

T — o *\(_
& WOLFRAM MATHEMATICA a . w .

o oot b E) re fomet e bekemen

Available on desktop,

7 ,w_(‘v ] cloud & mobile

L T e L L R et I (2 L P
“Mogs ehow® Ircere * 2 o Subscriptihe, o) ;
ShovectarPiotd0f {(wind{Sant(s * 2 o * 3], 1) ) INoem {1, 1)), evsD « MatrixPropertydistridbution(Arg(Eigenvalues(x)), x a CircularUnitaryMatrixDistridbution(2]];
(wondSon(s * 3 oy * 3 )} aemf (. 1)), &) o5 » RandonSanple /@ RandosVariatelevsD, 1045);
{420y 2 00nnt2 0y "2 endr,nt2 0y 02 snbi), . =5, ). b =55} (0.9, Histograsides, (<P, P{, 0.2), POF, PlotThese « "Detailed"”)

Leave a message
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&M thWorks' A\ bkt fvaaw mathworks, comy
— MATLAB

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

‘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

ce

executable notebook.

Products by Category  Alphabetical § Trial software

SERVICES

Design Al models and Al-driven systems

MATLAB SIMULINK®

PRODUCT FAMILY PRODUCT FAMILY Software Maintenance !
Training |
MATLAB Simulink Consulting ] |
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System Composer
Parallel Computing Y P

LICENSE TYPES

+reaching the planet can be x Parallel Computing Toolbox Event-Based Modeling
e MATLAB Parallel Server Stateflow
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SimEvents Industry Use
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Vied e o Btem ; Curve Fitting Toolbox 4 9 University Use
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Maxima
http://maxima.sourceforge.net/

& Maxima, a Computer Algebra Sy X | =+ — X
& O " @ Not secure | maxima.sourceforge.net Yz 3= Sign in z

Downloads Documentation Project Page Top

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

2 sqrt(2)

In other languages:

Recent Releases

Maxima, a Computer Algebra System

Maxima is a system for the manipulation of symbclic and numerical expressions, including differentiation, integration, Taylor
series, Laplace transforms, ordinary 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 Technelogy. It is the only system based on that effort still publicly available and with an active user community, thanks

to its onen source nature. Macsvma was revolutionarv in its dav. and manv later svstems,rubh—ﬂ?MmT and Mathematica. were
Microsoft Store »
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Maxima on line
http://maxima.cesga.es/

Servicio proporcionado por /j CESCA

Maxima on line

Help: Espatiol, Enelish Galeso

expand((x-2)*3*(x+1/3)~2);
solve(x"2-x+2=0);

invert(matrix([2,3,1], [a,0,08], [1,4,8]));
integrate(x * sin(x), x);

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

AVISOLEGAL

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

0,/ 4 1 2
Y%o0l) 6 16z | W 227 _8
( )z 3T 3 4z 3

(%i2) solve (x*2-x+2=0) ;
0402 fTi-1 Titl
{%002) [z R «%
(%i3) invert (matrix([2,3,1], [a,0,0], [1,4,8]));

o 1
o3) [0 o
2 3
5
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SymPy

WWW.sympy.org/

g SymPy X |+

< O m & https://www.sympy.org/en/index.html

" SymPy

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

Eaexrporexnuuku paxyarer, 2020.

-

£ o# 8 (e ®

About

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

Why SymPy
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.

¢ Lightweight: SymPy only depends on mpmath, a pure Python library for arbitrary floating point
arithmetic, making it easy to use.

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

See SymPy's features

Drninr‘l‘c‘ 1 I(—il"\l’\' C\Im D\.l'

Compute with Gamma
integrate(l / (1 + x"2))

Download Now

Latest Version
Development Version

Quick Links

Documentation

Downloads (source tarballs)
Mailing list

Source code

Issues tracker

Wiki

Introduction to contributing

X




ap Muuka Ilorpedounh, penoBuu npodecop, IIpakmukym u3z pauynapcke ananuse Kona, Yuusepsurer y beorpany — Enexkrporexunuku gakysrer, 2020.

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)) > N, ¥, Z, T = symbols{'x y z

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 the
--- Bar Icon Pack and is used unde
m * may use the materials in this fi
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)
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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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Google

Google kalkulator

x*sin(x) ) m 8 Q
Q Cee E) Crnuke ) Buaeo @ Mane =) Bectw t Jow Mogewasara Anatke
QKo 3.640.000.000 pesynTtata (0,57 cekyHOe/ M)
MPadmKkoH 3a xX*sin(x)
1
+ 10 b e
»
5
20 |18 -1 -14 biz -1 = af 2 2 \a 5 D 12’ 14 15 1aJ 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 peaynTarta (0,72 cexyHae/v)
www mytutor co uk > Maths ~ MpeBeaun oBy CTPpaHMLy
. . . 9 Te1=
What is the integral of x sin(x) dx? | MyTutor 2
Find the following integral: | X sin(x) dx This question is a good candidate fc
parts method, as it is the product of two different 'parts'. R... L= Deg "' ( ) it G
Inv sin In 7 8 9 +
www.teachoo.com » category « MpeBegu OBy CTpaHWLYy - cos - n 5 5 N
Ex 7.6, 1 - Find integration of x sin x - Chapter 7 Clas . o : : , , B

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

+ ts & «
Students B )
x- sm(.\ - 1) a A

w

Join your classmates?

Code
HEEEES |

Rl - E

dy

Go to Student Homepa
/\ AN

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




& symbolab.com

mbolub () SOLUTIONS |/~ GRAPHING - PRACTICE £ GEOMETRY

beta

Try our new Geometry solver!

<o
a]
oo

fD: lim >

Flo

Most Used Actions

simplify solve for inverse

< c

mbolab (Q_ SOLUTIONS |/ GRAPHING —‘(:)‘— PRACTICE

Pre Algebra Algebra Pre Calculus Calculus Functions

[E] NOTEBOOK [\ GROUPS  CHEAT SHEETS EN

Ea v @

»
&

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)

A_ GEOMETRY [E) NOTEBOOK /) GROUPS  CHEAT SHEETS
beta

Matrices & Vectors Geometry Statistics

Trigonometry

Step-by-Step Calculator Solve problems from Pre

Pre Algebra Ellpady

Algebra

Pre Calculus
Most Used Actions

Calculus simplify solve for

Functions T
fO X sin(x)

Matrices & Vectors

Graph » Examples »

Geometry

Solution

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

< & &

Keep Practicing >
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Symbolab Math Solver - Step by Step calculator
https://www.symbolab.com/

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

Bamlks
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QucsStudio
http://qucsstudio.de/

# QuesStudio 24.1 - Project: Simulation_Transient e

File Edit Pgsitioning [nset Project Jools Simulation View Help

1AM 4 N ey AQAQQ [R])

XPORDISFLL L FROTN D

B X | autostart.htmi power_supply.sch 3
Q- Home - QucsStudio X _|_ 1§ Content of ‘Simulation_Transient'  Note |+ o o = o
| 5| 4 Schematics - N - = .
& RTD_oscillatorsch conventional power supply:
Lo = AN VAN e W S il astablesch i © o transformer, 2-way-rectifier, filter
€ QusStudio 24,1 - Project: Simulation_System [E=SE—x] SRR E s CONC C L y A o E
File Edit Postioning lInset Project Jools Simulstion View Help .- R_prim .
12 @EMOR 4 LD A+ AARA BXHDA IS FLLLI-FQROTKR E1.05 O
& X | autostart.html DPSK_transmission.sch [ v R S’ec dc VO]Ia e *
s ol £ = : = e : . B Jdc_votag
" ‘ i
g ErE [ 1% NRZ DPSK transmitter channel with phase detectors X
'% system simulation Bit Generator Operation Lasar fiber & EDFA demodulator s
s & & D> || [Pou=tomw PD1 /; Load © * °
Delay frequency shift Attenuator Amplifier .| width=0.1 GHz 2 DU Func=norm 3 |output R=100 Ohm
2| + . | ase=-160dB FSR=40 GHz 7 LN \ ; g
2 D> X & O S E \ T
é OpAmp Phase Shifter Coupler Hybrid = MZM Fiber 1.7 r = % T=20 =
°| HiE D bias=05 a=10dB. EDFA - \ LPF - J
2| de Block QaM Bt Error Rat Vpi=05 D=4e-3. G=10dB PD2 \TIA Cutoff=35 GHz | = transient
| dcBlock @ TIORSee. F=8.dB Func=norm |\G=100 Order=5 ; &
3 put| [] U8 \ simulation
Noise Generator Pulse Shape quantization type=DNRZ \destructive
Z O} P Source "TR1
Filter Function Laser Mach-Zehnder E type=PRBS_16bit " Type=iin
O Stop=60 ms
DU Fiber Coder equation defined i system Points=3001
i ' |simulation
Frequency Domain S parameter file SYS1
rate=40 Gbps
npSym=32
numSym=128 + + + 4
0 1e-11. 2e11 . 3e-11, 4de11 . Se-nt 7 = S
time4096 =
‘ il B no wamnings 0:0
- no warnings 0:0

QucsStudio

a free and powerful circuit simulator
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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

. . RSt
Xcos » Data visualization Scilab consenence

At
=
2z Toolboxes » Algorithm development

o

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

' vviiaul 1D ovilaw | ]

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

Download Software ~ Tutorials Applications v Services + Cloud v About ~

Home Software v

1 | J | | Y
::‘:r — bJ et  — .‘" —_— --" — 'r&.
. ¥
~ ~ , velors plimd owsw
[ signe y+ — R
Bulder . | it [ o @. R
— o y A » |12
-
e | .
.

-
- - Om e o

EL - o -L"'- ~-

u'— -

bRoCks CAN S5 SPT (HMINIUS O DS0rete SITVANGN wgnals

Signal Processing Control Systems Mechanics/Thermodynamics Electronics
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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 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
0.6 » Powerful mathematics-oriented syntax with built-in 2D/3D plotting and
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 W i ,ﬂ. .
i 7z Download
0.4 2 .
> 5
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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 —

@ circuitlab.com/editor/#?id = 6c4Bepq 3cbBcifrom = workbenc

R 1-minute Tutorial

100 Q

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

Vi CD (out] :xthook [ED

2. Click "Simulate.”

square \/\
i +1  ¢q 3. Click "Run Time-domain Simulation™ sctronic systems with CircuitLab's free,
and look at the filter output V(out)
10 yF k.
4. Double-click R1, change it to
"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 8509 ! Download

:)Circuﬁs

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

Reach us at info@docircuits.com

Launch Oniine Labs

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

an a pant signal by another feve

tors and ar cut off frequency to pass though and

Fig. 1: DoCircuits - Home
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&\ MathWorks

MATLAB

A hikkp: v rnakboworks, com)f

a —
4\ MATLAB R2019 m| X
HOME ﬁn%i’.*@@’@al £ :
New Variable » Analyze Code = Preferences nY (% Community
'{IL:' r L Find Files J‘J’ E - ~ l’il = @ @) o
£ 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
€= EHEA » C: » Program Files » Polyspace » R201%9a * bin » P
Current Folder (OB Command Window Waorkspace ®
Mame = New to MATLAB? See resources for Getting Started, X1 | Mame = Value
Jireaiztry
m_?regl_tr} S
registry
uti —
| @ System target file browser: Simulink2DSHplus B
+ ’
= W?I System target file: Description:
Wil [asapz.t2c ASAM-ASAPZ Data Definition Target -
I:] cra ml.?ne Borland Ci+ DéHplus Real-Time Target with R2019a (9.6.0.1072779)
dsh.tle Visual C/C++ DSHplus Real-Time Target wit 64-bit (win64)
dejl [ezz.z1e OTH Embedded Ceder (ne aute esmfigurazier March 8, 2019
Ij ch ert_tle RTH Embedded Coder (aute configures for e License Number: 968398
ert . Coder {aute configures for ¢
I:I led|| [e=2 -2 CH++ Project Makefile only for tf
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What Is SimPowerSystems?

Starting with MathWorks Releaze 13, the Power System Blockset has been renamed to SimPowerSystems. A
part of the Physical Modeling family, SimPowerSystems and Simtechanics work tagether with Simulink ta mo
electrical, mechanical, and contral systems.

simPowersystems was designed to provide a modern design tool that will allow scientists and engineers ta rapidly and easily
build models that simulate power systems. SimPowerSystems uses the Simulink® environment, allowing a model to be built using
simple click and drag procedures. Mot anly can you draw the circuit topalogy rapidly, but your analysis of the circuit can include
its interactions with mechanical, thermal, control, and other disciplines. This is possible because all the electrical parts of the
simulation interact with the extensive Simulink modeling library. Since Simulink uses MATLAB® as the computational engine,
designers can also uze MATLAB toalboxes and Simulink blocksets.

[T 7 o PR
Q Examples

@ Tutorial

@ Case Studies

@ Advanced Topics

@ Blocks - By Categary

@ Blocks - Alphahetical List

@ Commands - Alphabetical List
Release Motes

'@ Frintable Documentation (POF)
@ Froduct Page (teh)

+ @ Simulink Peformance Tools

+ @ Simulink Report Generatar

£

+

+

+

+

+

TOTTITTICTT S TOUTE 07 INESE Sy SIENs 15 e USE Of POwel BIeComes and COTnroT Sy SteTne 10 aCTeve e
perfarmance ohjectives.

SimPowerSystems was designed to provide a modern design tool that will allow scientists and engineers to rap
and easily build models that simulate power systems. SimPowerSystems uses the Simulink® environment, allo
a model to be built using simple ciick and drag procedures. Mot only can you draw the circuit topology rapidly, t
your analysis of the circuit can include its interactions with mechanical, thermal, control, and other disciplines.
is possible because all the electrical parts of the simulation interact with the extensive Simulink modeling librar,
Since Simulink uses MATLAB® as the computational engine, designers can also use MATLAB toolboxes and
Simulink blocksets.

Users can rapidly put SimPowerSystems to work. The libraries contain models of typical power equipment suck
transformers, lines, machines, and power electronics. These models are proven ones coming from textbooks, al
their validity is based on the experience of the Power Systems Testing and Simulation Laboratory of Hydro-Clue
a large MNorth Arnerican utility located in Canada. The capabilities of SimPowerSystems for modeling a typical
L4 >
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= @ SimPowerSystems + Learn how to build a simple circuit from the powerlib library
+-[ae-Celiing-Stanted + Interconnect Simulink blocks with your circuit
i E%,.umiﬁ, The circuit below represents an equivalent power system feeding a 300 km transmission line. The line is compensated

by a shunt inductor at its receiving end. A circuit breaker allows energizing and deenergizing of the line. In order to
simplify matters, only one of the three phases is represented. The parameters shown in the figure are typical of a 735
kY power system.
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FFT Analysis Use Linear System Analyzer
Hysteresis Design RLC Line Parameters
Generate Report Customize SPS blocks
Load Flow

b Load flow settings

Cancel Help Apply
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o Configuration Parameters: untitled/Configuration (Active) — O >
]
* Commonly Used Parameters = all Parameters
Salect: Simulation time
S Start time: {0.0 Stop time: |0.01
Data Import/Export
> Optimization Solver options
» Diagnostics
Hardware Implementation Type: |Variable-step - | Solver: |auto (Automatic solver selection) -
Model Referencing
Simulation Target b Additional options
» Code Generation
» Coverage
» HDL Code Generation
Simscape

Simscape Multibody 1G
» Simscape Multibody

9 oK Cancel Help Apply
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'@ Configuration Parameters: untitled/Cenfiguration (Active) — O
“* Commonly Used Parameters = All Parameters
Category: Al | - | L Search selected category
Parameter Value Command-Line Name
Solver » Simulation time ~
Start time |D 0 | startTime

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

Stop time StopTime
Simulation stop time. | 0.01 |

Solver » Solver options
Type |"u"'ariable—step | - | solverType

Choose a variable or fixed-step solver.

Solver auto (Automatic solver selection)| + | solver
Choose a solver. If disabled, enable in "Additional options" by changi...

Solver » Additional options
Max step size |1e4 | Max5tep
Maximum step size for a variable-step solver.
Relative tolerance | 1e-3 | RelTol
Specify the largest acceptable solver error, relative to the size of eac. ..
Min step size [auto | MinStep
Minimum step size for a variable-step solver.
Absolute tolerance | auto | AbsTol
Specify the largest acceptable solver emor, as the value of the meas. ..
Initial step size |auto | InitialStep
Specify the size of the first time step that the solver takes.
Shape preservation |Disable All | - | ShapePreserveControl

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

9 OK || Cancel || Help |  Apply
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[Tokperame cumynauuje...

1 W Analysis  Code  Toocls  Help

E‘{I\ > &)~ 1 Mormal v] @vv
& |[Palprimero1_3
:t S —————
_ml- Vv >
R )
o Voltage Measurement Scope
o 1 +
+ U(to_) — _10V .
— DC Voltage Source C
/T
i _ Continuous
[}
powergui

MATLAB: Simscape
<Power Systems

292% o
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Hanaxeme on3zuea... Ocuunockon

T S
agram  Simulation Analysis Code Tools Help
4 - ME YO NS (®) v 0.001 [normal -] @ - -
Primer01_3
1 e [PalPrimero1_3 -
(o}
)
=
H-I—/\/\/\/ g . gl +
= >
R ”
! Voltage Measurement Sco
il 4
+ ——
— DC Voltage Source c
TN
n .
Continuous
(1]
L powergui

MATLAB: Simscape
Power Systems
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agm  Simulation Analysis Code Tools Help

Eg-=- 40P ® - oo [Nerma
Primer01_3

® [Balprmert 2

B U E

i o e S

4 Configuration Properties: Scope

Main  Time Display

O Open at simulation start
[ pisplay the full path

Logging

Number of input ports: | 1

| Layout

e AVAVAVES . al+ 1
l A Sample time: |—1
R Voltage Measurement
9 Scope Input processing:
+ l Maximize axes: Off
DC Voltage Source c
T Axes scaling: Manual
T Continuous
T - 9 [
powergui -
—l—
4. Scope — a x
File Tools View Simulation Help k] )
. @@ﬂp ;}vuv[ﬂ.ﬁﬁ'@.

Ready

Sample based |Offzet=0 T=0.010

Elements as channels (sample based) -

-

4\ Configuration Properties: Scope

Main  Time Display  Logging

Time span: Auto

Time span overrun action: Wrap

Time units: MNone

Time display offset: 0

Time-axis labels:

[1 show time-axis label

Bottom displays only

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
[ Limit data points to last: | 5000
Y-limits (Maximum): [12.49898
(] Decimation: 2
¥-label:
Log data to workspace
Variable name: ScopeData
J oK
Save format: Dataset
y 2 =
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'@: Configuration Parameters: untitled/Configuration (Active)

* Commonly Used Parameters = All Parameters

E—— ] — SR N i % P
£ Search selected category

Category: Al 2

Parameter Value

Solver » Simulation time

Start time |D.D |

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

Stop time I |D.I‘J1 i |

Simulation stop time.

Solver » Solver options

Type \Variable-step B3

Choose a variable or fixed-step solver.

Solver |auto (Automatic solver selectinnﬂ - |
Choose a solver. If dizabled, enable in "Additional options” by changi...
1=RC =1ms

1/10=0.1ms

Relative tolerance | 18-3 |
Specify the largest acceptable solver ermror, relative to the size of eac. ..

Solver » Additional options

Max step size I 1e-4

Maximum step size for a variable-step solver.

Min step size

- . auto |
Minimurm step size for a variable-step solver. |

Absolute tolerance

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

Initial step size

auto
Specify the size of the first time step that the sclver takes. | |

Shape preservation Disable Al |~ |
Improve the integration accuracy by preserving the shape of states b. ..

Command-Line Mame

StartTime

StopTime

SolverType

Solver

Max5tep

RelTol

MinStep

AbsTol

Initialstep

ShapePreserveControl

J oK

|| Ganeel ||

Help

Apply

>
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Simscape — Foundation Library, Utilities

P Library: simscape - Simulink = O X
Slmscape File Edit View Display Diagram Analysis Help
; UM = y
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simscape
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=
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H 0
» |k
Ready 1
&
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»

100% VariableStepAuto

Ready
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'Di Library: fl_lib § Simulink s
File Edit Vie Display Diagram  Analysis  Help » (@
Ready 100%

.- - < EE Q-

fib P2 Library: fl_lib/Electrical - Simulink —

P A_lib b*

File Edit View Display Diagram Analysis Help

o8 @0 4 BEE 9

Electrical ‘ Gas | Electrical

OB EEB®| e
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Mechanical Physical Signals $
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Two-Ph

o Copyrigh 003 2017 MATLAB: Simscape
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"i Library: fl_lib/Electrical - Simulink

File  Edit

E-TO-8 €

View

Display  Diagram

Analysis  Help

£ EEE-9-

"i Library: fl_lib/Electrical/Electrical Elements - Simulink
File  Edit
E-m-8 <«

Electrical Elements

View Display Diagram Analysis Help

£ EE-9-

- O x

MATLAB: Simscape
Foundation Library

[Pa|_iib ¥ [Pa| Electrical » [Ba| Electrical Elements

Electrical g
® |[PalA_iib » [Pa]Efctrical ¥ a !
_ I B - DA
Q Capacitor
E Electrical Elements ‘ Electrical Sensars I Electrical Sources lzl
O] 7
Inductar

Ideal Transformer

—é— Electrical Refe

Infinite Resistance

*i Library: fl_lib/Electrical/Electrical Sources - Simulink -
File Edit View Display Diagram Analysis Help [ §H§ :D_' J)Opmcimuit
U = Crp-Amp
E-O- ¢ & B0 LERfES
Mutual Inductor
Electrical Sources | 3
@® |[Pa|flib » [ Electrical b [PaElectrical Sources / Re 100%
CE \
Controlled Cu
lEl @ AC Current Source (% AC VWoltage Source ® Source
2 *i Library: fl_lib/Electrical /Electrical Sensors - Simulink
= ile  Edit View Display Diagram Analysis Help
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‘Current-Controlled ‘Current-Confrolled oG o t So
Current Source Voltege Source urren urg Electrica nNsors
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* T - I
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Eﬁ Current Source Voltage Sourc p =
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IE_EI ﬁ Current Sensor
» ¢ > T
Ready 100%
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P2, Primer01_e2 lof_X
File Edit View Display Diagram Simulation  Analysis Code TJools Help
k-8 Bme-E2- 4k (ORAE [oma ] @~ @y
Model Browser = Primer01_e2
[%a[ Primero1_e2 ® |[PalPrimer01_e2 -
£ fx)=0 p
=3
Solver |
Configuration —  Electrical Reference1
Voltage Sensor
o |
a-AANMA-o =
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Resistor ’
C PS-Simulink Scope
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Simscape
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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: Simulink
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 bt

e IToyeTHM ycnos...

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

Source code
Settings

Parameters Variables

Capacitance: I le-6 F w u
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.

Settings

Parameters Variables

COverride Variable Priority Beginning Value Unit
| Current Mone <~ |0 A -
] Voltage Mone <~ |0 v v
I Capacitor voltage High ~ -10 ) v
MATLAB: Simulink
Simscape

Foundation Library, Utilities Cancel Help Apply
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Hanaxeme oa3MBa...

\| Scope

Simulation  Help

Ready Sample based T=0.010
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Simulink i = Ac+ By
e N | _ (. D,

Eile Edit View Display Diagram Simulation  Analysis  Code  Jools  Help
(= = » (ol
-8 He-BE-40P = @ x|,_, =xp,
) . :t'_
Model Browser = Primer0l_s3 J

Primer01_s3 ® |[Pa|rrimer01_s3
@ u(t) - nodyna (ymna3s)
€3 X(t) — mpomMeHIbHBa CTarba
=
Xo — MPOMEHJBUBA CTamka y TPEHYTKY 1y
X' = Ax+Bu [ |
o y = Cx+Du >
Stepl State-Space ScopeT
«
150% oded5

Ready
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KOJIO je 00pa30BaHo y TpeHYTKY t; =0 x = Ax + Bu
y=Cx+ Du

Simulink ., =,

Uc=? U=Ug (t) > moOyna (yna3)

Ug —
U, B X = Uc (t) — HanoH KoHaeH3aTOpa (MPOMEHJBHBA CTarba U O3MB - U3J1a3)
l X(t, ) =U, — HamoH KoHJEH3aTopa y TPEHYTKY l,
— u, (t) = Ri; +uc ()
i —c
R =1kO dt
U, (t) =U h(t),U =10V dug(t) _ic _Y®-Uc® _ uc(®) , Ug(®)
dt C RC RC RC

u.(,)=U,=-10V
cllo)=Us uc(t5) =U, =-10V

W) _ A, 1)+ Bu, () = A=~ =-1000,8 21000
o RC
Uc(t)=Cuc(t)=C=1,D=0

uc(t,;) =Y, =-10V
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Step State Space

Output a step. || State-space model:
dw/dt = Ax + Bu

FParameters y=0Cx+Du

Step time: - - Parameters

Simu link |

Initial value: 1000

0 B:

Final value: 1000

10 3

Sample time: 1

0 D:
Interpret vector parameters as 1-D 0
Enable zero-crossing detection Initial conditions:

-10
[ oK I [ Cancel ] l Help ] Apply Absolute tolerance:
 Dizararn Siruletion Anaheeie  Code  Toole  Helo || @uto

Diagram  Simulation

Analysis  Code

Pel - B BEG-E-4ePb » @~ o

Model Browser = Primerd1_s3
Primer01_s3 PrimerU 1s3

Jools  Help

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

[ ok ][ cancel |[ Help aooty |

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

Step1 State Space Scope
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State Space Step
Stz::‘_dipjtfxnloedjl: Output a step.
y=G+Du Parameters
Farameters Step time:
| [ |
: S I I l I | l k |
I u I Initial value:
B:
| 0 |
1000
Final value:
c
1 10
D: Sample time:
0 0
Initial conditions: /| Interpret vector parameters as 1-D
-10 /| Enable zero-crossing detection
Absolute tolerance: Scopel R
auto EE IR E N
State Name: (e.g., 'position")
2 o ' == —m =i

Eile Edit View Display Diagram Simulation Analysis Code Tools Help
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Model Browser Frimer01_s3
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Pemirmo “py4dno™

R t =20 R
A AN . . -
C
® 7
Vs
dv
VR + Ve = Vstg(t) RCd—tC+v,: = Vgu,(t)
dve dv
— p— —— C
t=le dt t>0 RC—=+ve = Vs
, dv
vg = Ri = RC == —(1/RC)1
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MuPAD

duc (t)

dt

R =1kQ
C=1uF

= AU (t)+Bu, (t) => A=——
C() g() RC

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

—1000, B =1000

—
J/ PrimerD1_MuPAD1 - MuPAD | R -

File Edit View Mavigation Insert Format MNotebook Window Help
mupad | I e o 5 . % @ 2 cercrcors s -
I Command Bar >
[ Ve:=ode::solve ({ve' (£) = —1000%ve (£)+10000, wve(0)=-10}, wol(t)) Lf imf o5 g
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Symbolic Math Toolbox
syms vc(t)
Vc=dsolve(diff(vc)==-1000*vc+10000, vc(0)==-10)
ezplot(\Vc, [0, 0.01])

10 - 20 exp(-1000 t)

=
o

EDITOR PUBLISH WIEW
E

E:]:' : % IEFnes erl:

~| Compare + Comment
Mew Open Save =

© & A N O N b O ®
—

* w v [ZPrnt w Indent /
FILE /
| Untitled | Primer01_msymsLlm [ 4 | /
1 - swms e t) -10
2 - Wesd=olve (diff (ve) =-10004%vc+ 10000, woi(l)=-10] 0 0.002 0.004 0.006 0.008 0.01
esplot Ve, [0, 0.01]) t



