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Racunarska analiza elektri¢nih kola
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Racunarski (softverski) alati

 Mathematica, MuPAD, Maxima, SymPy
 MATLAB, Scilab, Octave, FreeMat
 LTspice, ngspice, QucsStudio, XCircuit

* Python, MathCAD, MAPLE,
Spe(Q Mathematics...

Free/Libre Open Source Software (FLOSS)
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Pratilac napona

Odrediti naponsko pojacanje kola sa slike, koje
se naziva pratilac napona (voltage follower).

@
i
1
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SymPy Live

Symbolic Python Live, http://live.sympy.org/

£) SymPy Live - Mozilla Firefox
Fle Edt View History Bookmarks Took Help

ymPy Live L&l

&

vz sympy.org cl - Pln

Python console for SywPy 0.7.1 (Python 2.5.2) &

These commands were executed:

»»> from _ future_ import division

>»> from sympy import *

s> %, ¥, Z, t = symbols('x ¥ z t!

>»> K, m, n = symbols('k m n', integer=True
s> £, g, h = symbols('f g h', cls=Function

Docuwentation can be found at

>»»> # Pratilac napona (voltage follower
. vari'iug, iR, i10P, iZOP, ug, uR, ulQOP, uzQP, R'
. jednacine = [
. Egiliug + i10P, 0), Eq{iZOP - ilOP + iR, 0),
. Egqiug - uloP - uzOP, 0), Eq(uzOP - uR, 0],
.. EqiulOP, 0), Eq(ilOP, 0], EgiuR - R7iR, 0)
-1
. promenliive = [
.. diug, iR, ilOP, iZ0P, uR, ulQOP, uzoP
coo
>»>> odziv = solve(jednacine, promenljive
>>> odziv

{nup;o. 120?;7%. a'R:%. fug: 0, uwlOP:0, u20P:ug, 'uR:'ug}

»»» pojacanie = (uR/ug) .subsiodziv)
»»> pojacanie

Clear

Fullscreen
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Python console for SywPy 0.7.1 (Python 2.5.2)

These commands were executed:

#rrx from _ future  import division
>»» from sywpy import ¥

Frr X, ¥, E, L = symbols('®x ¥ z t')
x> k, m, n sywhols('k m n', integer=True) @
*>»> £, g, h symhols('f g h', cls=Function)

Documentation can be found at o +

>»> # Pratilac napona (voltage follower) u
. war ('iug, iR, i10OP, iZ0OP, ug, uR, uldP, uZ0OP, R') 9
. Jjednacine = [
. Egqiiug + i10P, 0}, EqiizZOP - il0P + iR, 0}, —
.. Egiuy - uldP - u2CF, 0), Eg{uzCP - uR, 0],
... EqiuloP, 0), Eg(ilOF, 0), Eg(uR - R*iR, 0)
-1
.. promenlijive = [
. iug, iR, 1i10P, iZOP, uR, uloP, uZoP
e ]
Frx o ood
Frx o ood l{(} l{(
o

110P : 0, 20P: — = 1R ?5; , tug:0, ulOP:0, u20P:ug, uR:ug

>»> pojacanie = [(uR/ug).subs(odziv)
>r» pojacanie

B D:\eKola\Zbirka\Alati\ad Pratilac\PratilacNapona. py - Notepad-+ g@@l
X

Fle Edit Search Wiew Encoding Language Sefttings Macro Run Plugine Window 7
&

ZURBELON ROE 0 ¢ @A HBE 2T
[= PratilacHapona.py }
1 # Pratilac napona (voltage focllower)

var('iug, iR, 110P, i20FP, ug, uR, ulCP, uZoP, RE")
jednacine = [

Eg(iug + ilop, 0), Eg(izop - 110P + iR, 0),

Eg(ug - ulCP - uZ0OP, 0), Eg(uZ0P - uR, 0),
Eg(ulop, 0), Eq(ilop, 0), Eg(uR - R*iR, 0)

1
promenlijive = [

% iug, iR, 110F, 1i20P, uR, ulCOP, uzOP
10 1
11 odziv = solve(jednacine, promenlijive)
12 pojacanje = (uR/ug) .subs (odziv)

»

Notepad++, http://notepad-plus-plus.org/

Co =1 gy U1 = Lo D

Python file length : 369 lines : 12 Ln:l Col:l Sel:0 Doswindows AMST INS
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MATLAB: Symbolic Math Toolbox

J) MATLAB 7.11.

0 (R2010b)

file Edit Debug Deskiop Window Help

29 o & B | @ | curent Foider: | CDocuments and SettingsiNadaiMy DocumentsiMATLAR | [ (£)

D& %R

Shortcuts (&] Howto Add (2] What's New
Workspace w02 x
@ o | 83 B | |0 select datat... -
Hame Value
©Ir <1zl sym
&) iop <1x1 sym>
&) izop <1zl symz
R <1zl symz
&g <1kl syms
odziv <lxl strucks
) pojacanie <1xl sym
flutop <1zl symz
&) uzor <1x1 sym>
0w <1zl symz
Ll <1kl syms

< I >
Current Folder w0 a x
() « MATLAB - ol @® -
Name

Details v

4\ start

Select a file to view details

ommand Window

'@ Mews to MATLAB? Watch this ¥ideo, see Demos, or read Getting Started.

MATLAE desktop keyboard shortcuts, such as Ctrl+S$, are now customizable.
In addition, many keyboard shortcuts have changed for improved consistency

across the desktop.

To customize keyboard shortcuts, use Freferences. From there, you can also
restore previous default settings by following the steps outlined in Help.

Click here if you do not want to see this message again.

»» & Pratilac napona
syms iug iR i10F i20P ug uR ulOF uzOP R
odziv = solvel...

"iug + 110P = 0', '1i20P - il0F + iR = O',..
‘ug - uloF - uzZOP = O', 'uzOF - uk = 0',..
‘ulOP = 0', 'i10P = O', 'uR = RFiR',..

'iug, iR, i10F, i20F, uR, ulOF, u2OF')
pojacanie = subs(uR/ug, uk, odziv.uk

odziv =

i10P: [1x1 sym]
i20P: [1xl sym]
iR: [1xl sym]
iug: [1x1l sym)
uloF: [1x1l sym) D

g A X

Notepad++, http://notepad-plus-plus.org/

uzOP: [1x1 sym] fle Edt gSearch wiew Encodng Language Settings Macra Run Pluging Window 2

uR: [1x1 sym] @Q %%

B Frotlachsporam |

HRET 6 ZAANR (O DEEEH

pojacanie =

. 1 Pratilac napona 1
o | 2 syms iug iR i1i10P i20P ug uR ulOP u20P R
3 odziv = solve(...
4 'iug + 1i10P = 0', 'i20P - ilOP + iR = 0',...
5 'ug - ulOoP - uzobP = 0", 'u20pP - uR = 0"',...
pojacanie = 6 'ulop = 0', 'i10P = 0', 'uR = R*iR',...
1 7 'iug, 1R, 1ilOoP, 120P, uR, ulOP, u20P') |
§ pojacanje = subs(uR/ug, uR, odziv.uR)
T et 752 v 3 ERTIC T T
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MATLAB: MuPAD

i/} PratilacNapona - MuPAD

Fil= Edit Wew Mavigation Insert Format  Motebook  ‘Window  Help
DU NPy 100 mbBQ @R exmmer suve oy >
. d
Pratilac napona (voltage follower) Cojman Ba]:_m =
[f/ FPratilac napona = x—)afv an'
jednacine := {iug + ilCOP = 0, iZ0F - 110FP + iR = O, _If'dxv f:’}' an'
ug - ulCP - uZoP = 0,u2CP - uR = 0, ulcP = 0, 11l0P = 0, uR = R*iR} @
oot f=r T
{ui0P —uR = 0, iZ0F —il0OF +iR = 0, i10P +fug= 0, i10F = 0, wlOP = 0, uz —u20P ~ulOP = [, uk = RiR} { & oi 4 e @
| a=4#h a=4b
[assu.me(R>D) v v + R
b ! Sz
promenljive := {iug, iR, i110P, iZCP, uR, ul0OP, uZOFP} o, m B ug
{i1OF, i20F, iR, iug, ulOF, u20F, uR} ma_ @ Oy
- &. oo .0 mk: = =
odziv := =zolve(jednacine, promenljive) - :
{[ilOP=D, 20P= -£ iR="E g=10 ulOP=D,u2OP=ug,uR=ug]} B W&
- w General Math
pojacanje := uRfug | odziv
1 w Plot Commands_
Jjednacine := {iug + 110FP = 0, 1Z0F - 110P + 1R = 0O,
ugy - uldP - uZoP 0,uZoF - uk = 0, ulcoP = 0, 110P = 0, uRk = R*1iR}
{u20F -uR =0, 120P —110P +1iR = 0, 110OF + g =0, 110F = 0, wlOP = 0, ug - w20OF —ulOP = 0, uR = R1iR}
Vo 7 M8, [assume{R}D}

promenlyiwve := {iug, iR, iloOP, 1Z0P, uR, uloP, uZoP}

{110F, 120F, iR, mg, ulOF, u20F, uR}

[ odziv := solve(jednacine, promenliive)

{ i10P =0, 20P = -5 iR = =% iug= 0, wlOP = 0, u20P = ug uR=ug]}
__pnjacanje = uR/ug | odziw

1
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Maxima

Maxima, http://maxima.sourceforge.net/
wxMaxima, http://andrejv.github.com/wxmaxima/index.html

@ wxMaxima 12.01.0 [ PratilacNapona.wsmx |

File Edit Cell Maxima Eguations Algebra Calculus  Simplify  Plot  Mumeric  Help

U@E® &¥s V0@ > O e

E Pratilac napona (voltage follower)

7Figure 1:

(%11) Jednacine: [iug + 110P = 0, 120P - 110FP + iR = 0,

ug — ulOP - uz20P = 0, uZOP - uR 0,

ulopP = 0, 110P = 0, uR = R*1iR];
(zo0l) [110P+1iug=0,iR+120P-110P=0,-u/0FP-ulCFP+ug=0,uZ0P-uR
=0,ul0OP=0,110P=0,uR=1RR]

(312) odziv: linsolve (Jjednacine,
[iug, iR, 110P, 120P, uR, ulCP, uz20P]);

(%02) [iug=o,1R=%§,iiop=o,12op=—%§,uR=ug,ulop=o,u2op=ugj

[

(
(

13) pojacanije: uR/ug, odziv;
o3) 1

oo oe

Ready For user input
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MATLAB: Simscape

5y Pratiacapora* . T gl — e e TR, ) | O )

File Edit Miew Display Diagram Simulation  Analysis Code Tools Help

% - & BG-EH- 4OP = @ 3| @-a-
Model Browser += | Pratlachapona |
Pal Pratiachaporl @ |[Pa]eratiachiapona T
Ed - - mgm o= - -
Foundation Library, Utilities, Simulink

fix)=0
Solver l
Configuration |

Voltage Sensor Electrical Reference2

4"_>_= ﬂ@p > PS S ]

Op-Amp —»
DC Vdltage Source Resistor PS-Simulink Scope
Converter

%
Electrical Reference1 —  Electrical Reference

:
=
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MATLAB: Simscape
Foundation Library, Utilities, Simulink

fx) =0 rn Scope - l‘:}J l':' | (=] |_ﬂh]
Consﬁ(;::reartion 1 IE @ M{" ';‘ IE' % % |E| E] -Et

Voltage Sensor

—  Electrical Reference2

>
> >IPS S » ]
5 —
DC Voltage Source Resistor PS-Simulink Scope
] Converter L
_L L i
— Electrical Reference1 — CElectrical Reference Block Parameters: Resistor
Resistor

Block Parameters: DC Voltage Scurce g

The voltage-current (\V-I) relationship for a linear resi R B ---------- """""" """"" """""
ohms. : : : :

The positive and negative terminals of the resistor are
convention, the voltage across the resistor is given by
flowing through the device from the positive to the negifjfiii=ti==a00]
absorbed by a resistor is always positive.

View source for Resistor

DC Voltage Source
Parameters

The ideal voltage source maintains a constant vo
flowing through the source. The output voltage if | Resistance: 1000] Ohm -
real value.
View source for DC Voltage Source |

L oK ] [ Cancel ] [ Help Apply
Farameters =
Constant voltage: 1 v -

oK ] [ Cancel ] [ Help Apply
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MATLAB: Simscape
Electronics, Utilities, Simulink

'Di PratilacMapena * - Simulink

File Edit Wiew Display Diagram Simulation  Analysis Code Tools  Help

- - e -EH-wg® P ZRaE | » @ ~| @& -

PratilacMapona

@
fix)=0
Q

Solver

3 Configuration —= Electrical Reference1

=5 Voltage Sensor

P &) -
Vi—— [+ PS5 L

Band-Limited Op-Amp
] C . PS-Simulink Scope
_ ) DC Voltage Source Resistor Converter
& —— Electrical Reference — Electrical Reference2
B

125% auto(ode23t)

Ready
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4] Scope =

File Tools View Simulation Help »

MATLAB: Simscape o sore o ma
Electronics, Utilities, Simulink

fix)=0

Solver
Configuration

Electrical Reference

Voltage Sensor

.:'f;\]J
MY [~ PSS
Band-Limited Op-Amp - g -

4
N ; PS-Simulink Scope
| _ ) DC Veltage Source Resistor E Converter

= <
J: Electrical Reference — Electrical Reference2

i

Y

|P4| Black Parareters: Resistor

Resistor Ready Sample based |Offset=0 T=1.000

This block models a resistor with optional tolerance, operational limits, fault and thermal noise medeling. To model
temperature effects, select the thermal variant of this block by right-clicking on the block and selecting Simscape
block choices and Show thermal port.

Settings

[*&l Block Parameters: DC Violtage Source Main  Operating Limits  Faults  Noise

DC Voltage Source

Resistance: | 1 | | kOhm w |

The ideal voltage source maintains a constant voltage across its
flowing through the source. The output voltage is defined by the  Tolerance (%): |5 |
real value.

Tolerance application: MNone - use nominal value -
Source code

Settings
Parameters Cancel Help Apply

Constant voltage: 1 | | v w

Cancel Help Apply
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Operational Amplifier LM7301

i3 Texas
INSTRUMENTS LM7301

SNOSETH —AUGUST 1858-REVISED MAY 2018

LM7301 Low Power, 4-MHz GBW, Rail-to-Rail Input-Output Operational Amplifier in

SOT-23 Package
1 Features 3 Description
. At Vs =5V (Typical Unless Otherwise Noted) The LM7301 provides high performance in a wide

range of applications. The LM7301 offers greater than

* Tiny, Space-Saving, 5-Pin SOT-23 Package rail-to-rail input range, full rail-to-rail output swing,

* Greater than Rail-to-Rail Input CMVR: -0.25 V to large capacitive load driving ability, and low distortion.
52V
, . o With only 0.6-mA supply current, the 4-MHz gain-
* Rail-to-Rail Output Swing: 007 V to 4.93 V bandwidth of this device supports new portable
+  Wide Gain-Bandwidth: 4 MHz applications  where  higher power  devices
- Low Supply Current: 0.6 mA unacceptably drain battery life.
*  Wide Supply Range: 1.8 Vo 32V The LM7301 can be driven by voltages that exceed

both power supply rails, thus eliminating concerns
over exceeding the common-mode voltage range.
The rail-to-rail output swing capability provides the
maximum possible dynamic range at the output. This
is particularly important when operating on low supply
voltages.

» High PSRR: 104 dB
* High CMRR: 93 dB
= Excellent Gain: 97 dB

2 Applications

* Portable Instrumentation Operating on supplies of 1.8 V to 32 V, the LM7301 is

- Signal Conditioning Amplifiers/ADC Buffers excellent for a very wide range of applications in low

, wer systems.
= Active Filters po y

Placing the amplifier right at the signal source

*+ Mod
odems reduces board size and simplifies signal routing. The
» PCMCIA Cards LM7301 fits easily on low profile PCMCIA cards.

9 Power Supply Recommendations

The LM7301 is specified for operation from 1.8 V to 32 V (+0.9 V to +16 V). Being a rail-to-rail input and output
device, any operating voltage conditions within the supply voltage range can be accommodated.
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Op-Amp LM7301

D Package
8-Pin SOIC
Top View
1 _/ 8
NC — — NC
2 7
INVERTING INPUT - —  *
- 3 6
NON mvam;rﬁ . S oUTEUT
4 5
¥« — = NC

OPEN LOOP GAIN (dB)

140
120
100
80
60
40
20

-20

Gain and Phase

140

120

100

80

60
40

Vs

20
0

-20

1

10

100 1k 10k 100k
FREQUENCY (Hz)

™

10M

PHASE MARGIN (°)
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Parametrizacija realnog operacionog pojacavaca na
osnovu dokumentacije proizvodaca

Q& & gt

&« (& | 8 Secure | https;//www.mathwarks.com/help/physmody/elec/ug/parameterize-an-op-amp-from-a-datasheet.html

4\ MathWorks-

Documen’raﬁon Search R2017b Documentation Documentation

— CONTENTS Close
< Documentation Home Parameterize an Op-Amp from a Datasheet R2017b
¢ Simscape Electronics o The Triangle Wave Generator example model, also described in Triangle Wave Generator Model,
< Integrated Circuits contains two op-amps, parameterized based on a datasheet for an LM7301. The National Semiconductor

datasheet gives the following data for this device:
Parameterize an Op-Amp from a

Datasheet Gain 97dB = 7.1e4
Input resistance 39MQ
Slew rate 1.25V/us
Bandwidth 4MHz

The Band-Limited Op-Amp and Finite-Gain Op-Amp blocks have been designed to work from
manufacturer datasheets. Implementing detailed op-amp device models, derived from manufacturer
SPICE netlist models, is not recommended, because it provides more accuracy than is typically
warranted and slows down simulations. The simple parameterization of the Simscape™ Electronics™
op-amp blocks allows you to determine the sensitivity of your circuit to abstracted performance values,
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Block Parameters: Band-Limited Op-Amp
Band-Limited Op-Amp

This block models a band-limited op-amp. If the voltages at the positive and negative pins are denoted Vp and Vm, then the
output voltage is given by

Vout = A*(Vp-Vm)*1/(s/(2*pi*f)+1)-Tout*Rout
where A is the gain, Rout is the output resistance, Iout is the output current, s is the Laplace operator, and f is the 3dB

bandwidth. The input current is given by (Vp-V¥m)/Rin where Rin is the input resistance. The no-load output voltage is limited
the range Vmin to VYmax, and the slew rate is limited to +-Vdot.

The Initial output voltage, V0, sets the initial op-amp output voltage. Note that this does not take account of any voltage drop
across Rout. The initial condition is not used if you select the Start simulation from steady state option in the Solver
Configuration block.

Settings

Parameters

Gain, A:

Input resistance, Rin:

Output resistance, Rout:

Minimum output, VYmin:

Maximum output, Vmax:

Maximum slew rate, Vdot: |1.25,"le-6

Bandwidth, f: |4e6

Initial output voltage, VO: o




< I | @ Secure | https://www.mathworks.com/products/connections/product_detail/cadence-allegro-pspice-slps.html

4\ MathWorks-

Third-Party Products & Services v

Cadence PSpice Systems Option

Cadence® PSpice® integrated with MATLAB and Simulink to provide a
complete system-level simulation solution for PCB design and

implementation

Highlights
» Co-simulate Simulink and PSpice together for complete system simulation
» View PSpice simulation results in MATLAB

« Use MATLAB functions directly in measurement expressions within PSpice

» Export behavioral models from Simulink to PSpice using Cadence’s Device
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Integracija PSpice & Simulink

P4 PMSM SpeedControl * - Sumubnk
fle [St Yew Displey Digam Semadeton &nshss GCode Tooks Mel
%-o-8 Eo-=- SRON " R e SHEREE

e oeedCor o

RSy

& "5 NS _SoreaContrel

@
[+
=
s L ] ==
= ot Data & quisition fad
— SO s S ccrd
T = N
TARTAY e Lo s Vi)
J-—_m — Certrotior . |
=5 8
Losd
Ivenren
|
Pole pairy
" b
A il
*:-old 'l “Blotor spend wn (radh v \/E
e Source
Vv T 1
PSpice >_"Qm:m-u.-a:m-.--lourwa- =]
Systems oI
A NSy AN o
> Far— :
=
-

l | «Seator current 1n_n (A}
| <Stator current 'n_b{A}>

=

¥

| Ready ) 100%

odelxd
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Instrumentacioni pojacavac

« Odrediti napon v, otpornika Rg?

 Nacrtati grafik napona v, otpornika
Rg U funkciji vremena?

» Kolika je snaga izvora?

Vrednosti elemenata su poznate.
R,=R;=R,=R. =R, =R, =Rg=R
R=1kQ, R =2kQ, Ry;;=R ;,=1kQ
Ugy (1) = U h(t), ug,(t) = U h(t-T)
U=10V,T=1s
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Modifikovana metoda potencijala ¢vorova

(1) jgu +(V; —V5)/Ryy =0

(2) ng +(V2 _V4)/Rg2 =0

3) J; _(V11 —V; )/ R; +V;3/Rg =0
(4)_(\/2 _V4 )/Rgz + iu|2 =0

(5) - (Vl —V; )/ Rgl T iu|1 =0

(6) J, + (V6 —Vio )/ R, _(Vs —Vq )/ R, =0 Iy, =

(7) j1 T (V7 _V9 )/ R3 T (V7 _Vll)/ Rs =0 o =

(8)— 1y, _(Vg _VS)/Rl "'(Vs —Vq )/Rz =0 lys =0 Vi=u
(9) -1y _(V7 -V, )/Rs T (Vg —V; )/Rl =0 Vs=V, V,=uU
(10) = (Vs ~Vio )/ Ry + s V3o /[Rs =0V, =V,

(11)- (V7 _Vll)/ R — s + (V11 -V, )/ R, =0V, =V,




ap Munka Ilorpeouh, Banpeanu npodecop, IIpakmukym uz pauynapcke ananuse kona, Y aupep3utet y beorpany — Ejnekrporexunuku gaxyarer, 2017.

MATLAB: MuPAD "y
Jednacine

E InstrumentacioniPojacavac - MuPAD - — I

File Edit View Mavigation Insert Format Notebook Window Help

W () R = Q\ o (1 T T (7]

' jednacine:= {jgl + (vl-v5)/Rgl = 0,

vl = ugl,

JgZ + (wv2-wié)/Rg2 = 0,

v2a = ugl,

i3 + v3/R8 - (vll-v3)/R7 = 0,
EInsin.lmentaciuniPojacmrac-MuF‘AD - p— —{VQ—V‘I},-"'RQ‘Q + iulz = 0, —{vl—vS},-"Rgl + iull = 0,
File Edit Yiew MNavigation Insert Format MNotebook Window Help j2 + {VE—Vlﬂ}fR4 _ {VB—VE}fRQ =0,
G L e 9o (O] w % @ i1 + (v7-v11)/RS + (v7-v3)/R3 = 0,

-iul2 - (v5-—v8)/Rl + (vB-vg)/R2 0,
—iull - (v7-v9)/R3 + (v9-vA)/Rl = 0,

[Hea ine:= {4gl1 + 1-v5) /Bgl = 0, .
Jednacine:= {39 (v1-vS)/Rg —(v6-v10} /R4 + v10/R6 + iull = 0,

vl = ugl,
jg2 + (v2-v4)/RBg2 = 0, - (v7-v11) /RS + (v1l1l-+3)/R7 -1ul3l = 0,
v2 = ugl, _iull = 0, 1ul2 = 0, iul3 = 0, v5=v%, wi4=v8, 10 = +11}

132 + v3/RE —(vl1ll-+3)/RT = 0O,

—({v2-v4)/Rg2 + iul2 = 0, -{vl-v3)/Rgl + 1ull = 0O,
12 + (ve-v1l0) /R4 - (wvB-vE&)/R2 = 0,
i1 + (v7-vll)/R5 + (v7-v9)/R3 = 0,
—iul2 - (v%-v8)/Rl + (v8-vg)/R2 =
—iull - (v7-v9)/R3 + (v9%-v8)/R1l =
-({ve-v10) /R4 + +v10/RE6 + 1ull = 0,
-(v7-v11)}/BS5 + (v11-+3)/R7 -1iull = 0,

iull = 0, iul2 = 0, iul3 = 0, w5=v9%, wdé=v8, 10 = wll}

0,
O:

vip _v6—vI0 _ 4 Be¥3 . vi-vll _, 2=+ vo—vE  v6-vI0 _ 4 i+ vi-ve  v7-wll _ 0, ull = 0, ful2 = 0,

Ko R4 : RS K7 : Rz R4 : R3 K5

{vl =ugl, v2 =ug2, v4 =v8, vi=v9, vl0 = vll, mul3 +

vl —w3 . V2
=0 ig? =
el . 182 T

v
a? TORI R2 Rl B3 R7 Rs

- - ‘r"l - '\-“5 B '\-'-_} - ‘-“4
= —_ = ? —
ﬂﬂ3 [], ﬂﬂl []_, ﬂ]]_

— —vA _g VB-vE _ w6-vEB o 0. —iull _vB-vI _ w7 -v9 _ 0, iz = Y3 oIl vT-wll D}
g

=0, jgl +
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MATLAB: MuPAD
assume, Promenljive, solve...

|a55'._1.me{Rgl>C' and RBg2>0 and R1>0 and R2>0 and R3>0 and R4>0 and R5>0 and R&>0 and R7>0 and RB>0 and R>0)

promenlijive:={vl, w2, w3, w4, w5, wvé&, v7, w8, 5%, w10, +11, 1, j2, 33, 1ull, iul2, iul3, jgl, jg2}

{mll, ml2, mi3, j1. j2. 33, jgl. jg2. v1 v2, v3. v vi, v6, v7, vB. v, v10, v11}

| odziv:=soclve (jednacine, promenliive)

|assume{Rgl>D and Rga>0 and R1>0 and R2>0 and R3>0 and R4>0 and R3>0 and R&>0 and R7>0 and R8>0 and R>0)

:promenljive:Z{vl, v2, w3, v4, v5, v6, ¥7, v8, ¥9%, w10, 11, j1, j2, 33, iull, iul2, iul3, jgl, Jg2}
{mall, ml2, i3, 1. 12, 33, jel. jg2. vl v2, v3, w4, v5, v6, v7, vB. v9, v10. w11}

odziv:=solve (jednacine, promenljive)
{ |:1'Ull =0, ul? = 0, uld = 0, _]1 _ _ R1FR4 ugl +R1 R6 ugl +E3 R4 vzl —R1 R6 ugl +F2 R6 vzl —R3 R4 ugl -R2 l:x’._é vl +F3 B6 vgl +R4 RS vgl -E3 R6 ug2 —R4 B5 wg2 +R5 R6 vzl -R5 R6 1.;_22__

Y1

— R1ug2-R3 ugl +R2 “-Ef{ﬁ;:-ﬂR‘;‘“ se2 R ugl~R6usd 3 (R1R4R7ugl <RI R4 RS ugl —R1 RS R6ug2 +R2 RS R6ugl + R1 R6 R7 ugl —R2 R5 R6 ug2 = R3 R4 R7 ugl —R1 R6 R7 ug?

2=
+RIR6RSugl +R2R6R7ugl —-R3IR4RTug?2 +F3IR4 RS ugl —-RIR6R8ug2 —-R2ZR6R7Tug2 +R2R6 RS ugl —-RIR4R8ug?2 +RIR6 R7ugl —F2R6 R8 ug2 —R3IR6 R7ug2 +R3 R6 R8 ugl

—~R3IR6R8ug2)/(R1R5 RS (R4 ~R6)), jgl = 0, jg2 = 0. v1 = ugl, v2 = ug,

i

_RIR4R7 vgl -R1R3R6 vg2 +E2R5R6 vgl +R1R6R7 vgl -R2 RS R6 ve2+F3 R4 RV vgl -R1R6R7 vgl +R2R6R7 vgl -R3 R4 BT vgl -E2R6 R7 vg2 +E3IR6 R7 vgl -R3IRERY L;gl_. v4 = ug2, v5 = ugl, v6 = =

vi= —
Y1

v7- RLalsRS sl RS2 \g_ ug) 9 ugl, v10= o, vil = 52]}

where
o, =RIR5 (R4 +R6)

Rt’:s3

g,= =
< R1(Ré+R6)

oy =Rlug? -R2ugl +R2ugl
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MATLAB: MuPAD
Zamena..., sSimplify, heaviside, plot...

[ zamena:={R2=R, R3=R, R4=R, R5=R, RE=R, RT=R}
{R2==R5R3=,R,R4==R,R5==R5R6=,R,R?==R}

-v3|odziv
_RIFR4R7ugl -RIR5R6ug2 +R2R5R6ugl +RIR6 RTugl —-R2R5R6ug2 +R3R4RTugl —-R1R6 R7ug2 +R2R6 R7ugl —-RIR4R7ug2 ~R2R6 R7ug? + R3R6 R ugl —R3I R6 R7 ug?
R1 RS (R4 +R6)

v3|odziv | zamena
_4R'ugl —4R%ug? +2 R*Rlugl —2 R* Rl ug?
2R*RI

:simplify(VSIOdzivlzamena}
_(2R+RI) (ugl —ug?)
Rl

assume (U>0 and T>0 and £>0): pobude:={ugl=U*heaviside (t),ug2=U*heaviside (t-T) }
{ugl = U, ug? = U heaviside(r — T}

_simplify(v3|odziv|zamena}Ipobude jplot(uRS(t}, t=0..5)
(U —Uheaviside(r —T)) (2R +RI) t
El
I y A ¥ ; H —

_vredncsti:={U=lO, T=1, R=1000, R1=2000}
{R= 1000, R1=2000,T=1 U = 1[}3l

uRB (t) :=simplify(v3|odziv|zamena) |pobude |vrednosti 51
20 heaviside(r — 1) — 20

-0t

151

S |
-20

pg:=jgl*ugl+jg2*ug2 |odziv
]
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MATLAB: Simulink

Sources

EE Simulink Library Browser

ES Simulink Library Browser

Enter search term v|-"?.*..|‘ ™| = l:?_;l
Simulink
»  Simulink
Commeonly Used Blocks fonY
Continuous :ﬂ ET
Dashboard =
D?s::ontinuities Commeonly Continuous Dashboard  Discontinuities
Discrete Used Blocks
Logic and Bit Operations
Lookup Tables -
Math Operations ‘hl' ;ﬂ yef{u) : :
Model Verification i
Model-Wide Utilities em—— Logi i Loak e
iscr gic and Bi up |
Ports & Subsystems . .
Signal Attribustes Operations Tables Operations
Signal Routing
, In#
Sinks Misc ® x P
Sources @' &c AN
User-Defined Functions
Additional Math & Discrete Model-Wide Maodel Ports & Signal
Utilities Verification Subsystems Artributes
Aerospace Blockset ¥S
Audio System Toolbox
Communications System Toolbox e \t:
F— —- - -
Communications System Toolbox HOL Sy LAY J‘
Computer Vision System Toolbox
Control System Toolbox Signal Sinks Sources User-Defined
Data Acquisition Toolbox Routing —— Functions

DSP System Toolbox

DSP System Toolbox HDL Support
Embedded Coder

Fuzzy Logic Toolbox

HOL Coder

Additional Math

B Digreats

“C:' = ?
Simulink/Sources
¥ Simulink Fill AN P
Commeanly Used Blocks
Continuous Counter Counter
Dashboard Free-Running Limited
Discontinuities
Logic and Bit Operations .
Lookup Tables Digital Clock Enumerated
Math Operations Constant
Model Verification m» untiled xlsx |
Model-Wide Utilities Sheet:Sheetl
Ppns B Su.bsystems From File From Spreadsheet
Signal Attributes
Sinks =
Sources From Ground
User-Defined Functions Warkspace
Additional Math & Discrete
Aerospace Blockset Inussignali @ (D
Audio System Toolbox
Communications System Toolbox In Bus Element Inl

L4

Communications System Toolbox HDL Sy
Computer Vision System Toolbox
Control System Toolbox

Data Acquisition Toolbox

DSP System Toolbox

DSP System Toolbox HDL Support
Embedded Coder

Fuzzy Logic Toolbox

HOL Coder

HOL Verifier

Image Acquisition Toolbox
Instrument Control Toolbox
Medel Predictive Control Toolbox
Neural Network Toolbox

OPC Toolbax

Phased Array System Toolbox
Report Generator

RF Blockset

Robotics System Toolbox

Robust Control Toolbox
SimEvents

Simscape

Simulink 3D Animation

Simulink Coder

Simulink Control Design

Simulink Design Optimization
Simulink Design Verifier

m

Pulse
Generator

=

Random
Number

.

Repeating
Sequence
Interpolated

[Growp 1

E Signal 1

Signal Builder

)

Sine Wave

Iy

Uniform Random
Number

N

i
3

=

gﬁ
5d
23

=)
vl =8 mﬁ'% Ha_r'
a = &
=]
g8 g8
- - - [ = -
[l

Step

£

Waveform
Generator
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'bi Likrrary: fI_lib - Sirmulink

MATLAB: Simscape

Foundation Library B - - =9

fl_lib

Electrical, Electrical Sources © [Falnmw»

P4 Library: simscape - Simulink — O X

File Edit View Display Diagram Analysis Help ‘
r U = &
lﬂ - Ij v iEl e a @ -

: simscape

® @ simscape

Electrical I ‘ Gas ! Hydraulic
T
Elecirical Elements Electrical Sensors ‘ Electrical Sources l i

| I I 1 | I

bi Library: fI_lib/Electrical/Electrical Sources - Simulink —
| File Edit Wiew Display Diagram Analysis Help

E-o-8 e 2 B8

O&E B e

Foundation Utilities Driveline Ele| Eectrical sources v
L‘brary (] ﬁ_Il'b » Electrical » Electrical Sources -
&
' El @ ey — é) AC Voltage Source @ g::zhd Current @ g::ghd Voltage
4 fa [y
s
Multibody Power System -

Current-Controlled Current-Controlled
C) Current Source C) Voltage Sourca ¢) DC Current Source CTP DC Voltage Source

Simscape 4.2

Copyright 2006-2017 The MathWor

= ®

[ + +
Voltage-Controlled Voltage-Controlled
@ Current Source Voltage Source

» | K » |[@

Ready 100% Ready 100%
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P Library: simscape - Simulink = O X |

 File Edit View Display Diagram Analysis Help

B-o-8 =M

/1

Foundation Utilities Dr ibrary: nesl_utility~=Siaylink

Library

File  Edit & Display Diagram  Anatys el

\
&

&

]

O = 3
52 (B | 5 S[E| @~
& nes| _\glity
‘ ) ® Ra!_utility \ \
Multibody | &

D‘F‘SS} e )SPSI:-
- Cannelgn Port PS-Simulink Someenen Simulink-PS

=TI T - muienl
‘Converter Cilm;?'g?'lt Converter

= @

O
- flx) =10 b | b
>> i Salver Tweo-Way
Configuration Spectrum Connection
o Analyzer
Ready 100
» |[|a

Ready 100%
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MATLAB: Simscape

=
Source Block Parameters: ugl

Source Block Parameters: ug2 -

Step
Output a step.

Step
Output a step.

Parameters Farameters
Foundation Library, Utilities, Simulink
Step time: Step time:
‘Pi InstrumentacioniPojacavac * - Simulink u
File Edit View Display Diagram Simulation Analysis Code Teools Help Tl ralires Tnitial value:
Hi = »
%-=-8 OB @GO P = [N | o o
InstrumentacioniPojacavac Final value: Final value:
® [nstrurnenmcimiPojacavac 10 10
s Sample time: Sample time:
LEY .
0
3
- Interpret vector parameters as Interpret vector parameters as 1-D
Enable zero-crossing detection Enable zero-crossing detection
[ ok ][ d oK || cancel ||
£
O | — L = =
B S PS B
—> ©
- ——ANA——
ug1 Simulink-PS Rat
Converter1 ontrolled Voltage 9 R7
Source
Voltage Sensor 1
Elactrical Reference g — Electrical Referenced o
- :D @\}T plPs s — » [
Op-Amp3 ] »
L PS-Simulink ug2 Scope
RE Converter
fix) =0
Solver
» S PS I ! Configuration
- —> © A
ug2 Simulink-PS Ra2 R4 R6
Converter2 Cagntrolled Voltage g ~—— — Electrical Reference3

Source2

Electrical Reference2

=T
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Sample based
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MATLAB: Simscape

Foundation Library, Electronics, Utilities, Simulink

'bi InstrumentacioniPojacavac_SimElectronics * - Simulink — *
File Edit View Display Diagram Simulation Analysis Code Tools Help
e = » . idd
E-=-8 @ -E-@g®Pb = -6 ] e RICRY]-
InstrumentacdioniPojacavac_SimElectrenics
=]
@
o S PS =
- —> © AA—
| - + AW
- ug1 Simulink-PS Rat
Converter1 nLrsaIIed V?Itage 9 Band-Limited Op-Amp2 aa R5 R7
ource
Electrical Reference Vollage Sensor Elactrical Refersnces gl
O - R1 FD ‘@J PSS = [ ]
— ul
BandiLimited Op-Amp —
L PS-Simulink ug? Scope
RE Converter
fixy=0 p
R2
Saolver
Configurati
S PS !}: & A AAA AAAA L onhguration
ug?2 Simulink-PS Ra2 Band-Limited Op-Amp1 R4 RE
Converter2 ntrolled Voltage 9 “—— — Electrical Reference3
Source2 —
Electrical Reference2
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MATLAB: Simscape

Electronics, Inteqrated CII’CUItS

"i Library: simscape - Simulink
File Edit View Display Diagram Analysis Help
B BE-0-

simscape

Foundation Utilities Driveline Electronics
Library

OrE Qe

ﬁ E Py Library: el

Multibody Power Systg File  Edit

Simscape 4.2 .
Copyright 2006-2017 The Math Wil

{’i Library: elec_lib/Integrated Circuits - Simulink
File Edit Wiew Display Diagram Analysis Help
Ul = 7
Pr-=m-8 < 4 mmE9-
Integrated Circuits
O X | @&
= ) [y B
Band-Limitad Op-Amp Comparator Finite-Gain Op-Amp
- A
»
Lagic
. P
Operational
Multiplier Transconductance
Amplifier
-& = TRIG “DISCH
Walt
OUT  THRES - Osc
Fluids [!_EI RESET _CONT
» o Timer
Ready 100%
ec_lib Ngimulink — O >
View Disp Diagram  Anglysis  Help
f_ﬂ =] U =
T3~ TEl=

&

$ N @&

Ready 100%

OR BB e

Semiconductor

Actuators & Drivers Integrated Circuits Passive Devices Davices

Sensors l Sources I

Simscape Electroenics 2.11
Copyright 2007-2017 The MathWorks, Inc.
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Band-Limited Op-Amp: LM7301

Block Parameters: Band-Limited Op-Amp >

Band-Limited Op-Amp

This block models a band-limited op-amp. If the voltages at the positive and negative pins are denoted Vp and Vm, then the
output voltage is given by

Vout = A¥(Vp-Vm)*1/(s/(2*pi*f)+1)-Tout*Rout

where A is the gain, Rout is the output resistance, Iout is the output current, s is the Laplace operator, and f is the 3dB
bandwidth. The input current is given by (Vp-Vm)/Rin where Rin is the input resistance. The no-load cutput voltage is limited
the range Vmin to VYmax, and the slew rate is limited to +-Vdot.

The Initial output voltage, VO, sets the initial op-amp output voltage. Note that this does not take account of any voltage drop
across Rout. The initial condition is not used if you select the Start simulation from steady state option in the Solver
Configuration block.

Settings

Parameters

Gain, A: |7.1e4 |
Input resistance, Rin: 39 | | Mmohm v |
Output resistance, Rout: o | | ohm v |
Minimum output, Vmin: -20 v v |
Maximum output, Vmax: 120 v v |
Maximum slew rate, Vdot: [1.25/1e6 | |wis v|
Bandwidth, f: |4e6 | | Hz v |

Initial output voltage, VO: E v v |
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Simulation  Help
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ABCD parametr1 mreze

 Otpornosti otpornika I a-parametri (ABCD-
parametri) mreze sa dva pristupa su poznati.
o Odrediti:
— Koli¢nik napona A = u,/ u,
— Ulaznu otpornost mreze R, = u,/I,
— Struju i,
» Smatrati da su a-parametr1 mreze realni 1
razli¢iti od nule

I 1 I-.-z

R’ 1
+ —WN—=— >
i, U a U
. _




ap Munka Ilorpeouh, Banpeanu npodecop, IIpakmukym uz pauynapcke ananuse kona, Y aupep3utet y beorpany — Ejnexrporexunuku gaxyarer, 2017.

i/ ABCD-parometri-MuPADT ™ BT T -

o T B e

File Edit View Navigation

U EE N

Insert Format Motebook Window Help
oK

TC: 11{:

Generic Monospace

~ 11~ B L Y x x? :—3 A A

_jednacine:= fug = R1*i1 + ul,
u2 + R2*1i2 = 0,
ul = all*u2 + al2*(-12),

11l a2l*u2 + al22%(-i2)}
{2 +R2i2=0,i1=a21u2-a22i ul =allu2 -al2i2 ug=ul +R1il}

promenlijive:={ul, u2,
{il. i2, ul. u2}

i1, iz}
:Ddziv:=solve{jednacine, promenliive)

{lil=0.i2=z ul =0, u2=0]} if R2=0ral2=0r222=0 ug=10

“_i,'ﬁ=— L ,u1=t},xﬁ=u'} fR2=0AR1=0A212=0r222=0

if al2+R1a22=0AR2=0ral2=10

if al2+R1a22=10

if o, =0AR2=0

{[{uw,-g:_g,uhw,ﬂ:mg“
’Jl ’Jl ’Jl T

zlz22+R2221) - z(212+R2 211) 1 :
{[11= e ,Q=—m,u1=-T,u2=z} 1f51=DAM;EDAug=D
]

where

g, =al2+RZall +Rl al2 +RI1 R2 all

odziv[E]

{|:11= ﬂlug—mﬂlu;-’ﬂ: _

B! o

B oul=

T

ve (212+R2 a11) = Rue
1 ’ I

where

o,=al2+R2all +Rl a22 +R1RZ all

if R2=0r2al2=0A(R1=0wa22=0

MATLAB: MuPAD

Jaug=10

AR2=0mn2al2 =0 ug=10

if [:51 =0A(R2=0wvug= E}}j vi({al2+R1a22=0v{al2=0A(R1=0wa22=0))) nR2=0nrug= 0}

D= - gl=2= |’_112—R_2 all:|
a o §= —_—

Y1

u? =

where

g, =al2+R2all +R1a22 +R1R2all

(a:=(u2|odziv[6]) /uag
R2
al2 +R2all +R1a22 +R1 R2 a2l

_Ru:=5implify{ (ul/1i1) |odziv[6])
al2 +R2 all
a?? +R2 a2l

simplify(il|odziv[&])
ug (222 «R2 a21)
al?2 +R2 all +R1a22 +R1 R2 a2l
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-] . .
LF_J", ABCD-parametri_assumtion® - MuPAD

BEwE® 4 y 1300 wt80 ers ATLAB MUPAD

[ jednacine:= {ug = R1*il + ul,
u2 + r2*i2 = 0,

ul = all*u2 + al2*({-i2),

|11 = a2l*u2 + a22*(-i2)]

{u2+R212=0,11 =a2l u2 —-a22 12, ul =allu2 -al2 2, ug=ul +R1 11}
prome:ljlve:=[:l; ud, il, 12}
{il, 12, ul, u2}

I [ass‘;me{all*aEE—alE*aElﬂiibE and R1>0 and R2>0 and ':.gf.::::}:l assume
e e o

odziv:=solve(jednacine, promenljiwve)

if o

LA IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII*IIIII.

.

. - a22 ug+R2 a2l ug - ug ug (al2+R2 all) B2 ug - -
{.[-JI:5—..]2:—5—..“1:5—..“2:{5—1} |fﬁ|_'1f[] :

T ssssnsnnnlsannnnnnnnnnalannnnnnnnnnhannnnnnnnnnidn EEEEEEEEERY

where

op=al2+R2all +R1 a22 +R1 R2 a2l

v | Az= (u2|odziv[2]) /fug
- R2
'3" ziv[2] 2 2 2 2
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