EEM 206
ELECTRIC CIRCUITS
LABORATORY-II

EXPERIMENT BOOKLET

. . ] Prepared By: .
T. Ozge OZDING ONUR, Rifat HACIOGLU

BULENT ECEVIT UNIVERSITY
ENGINEERING FACULTY
ELECTRICAL-ELECTRONICS ENGINEERING DEPARTMENT

ZONGULDAK, 2024




INTRODUCTION

This booklet contains second class students of Electrical-Electronics Engineering Circuit

Analysis-2 lecture notes. The subjects are:

e Frequency, Amplitude and Phase Measurement for Basic AC /RC Circuits
e Basic AC RC and RL Circuits

e Serial AC RLC Circuits

e Parallel RLC Circuits

e Power in AC Circuits

e Application of Transformer

e Balanced Three-Phase Y-Y Connected Circuits

e Balanced Three-Phase A-A Connected Circuits

e Passive Filters

Students must prepare the reports by obeying the rules. So, for the reports:

e There must be a covering letter and it must be contain name of the lecture, experiment
number, the number of the group who prepared the report and their signatures.

e There must a purpose of the report and the study must be denoted clearly.

e The circuit realized during the experiment must be simulated by using PSpice and the
obtained results must be given.

e The obtained results must be commented in the conclusion section.

GOOD LUCK ...
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GENEL KURALLAR

» Mazeretsiz olarak deneye devam sartini yerine getirmeyenlere DZ notu verilecektir.

» Deneyler gruplar seklinde yapilacaktir.

» Deneyler siiresi icinde bitirilmek zorundadir. Bu nedenle 6grencinin deney icerigini

dikkate alarak zaman yonetimi yapmasi gerekir.

» Deney 6n hazirhiklan ilgili deneyin basinda yapilmasi istenen kisimdir. O hafta
yapilacak olan deneyin 6n calismasi deneye gelmeden dnce her grup iiyesi tarafindan
ayrt olarak hazirlanmalhidir. Deney o6n hazirh@, deneylerde yer alan

"PRELIMINARY STUDY" kisminda istenilenleri icermelidir. Deneylere on calisma

hazirlamadan gelen yva da deneyde kullanilacak malzemeleri getirmeyen ogrenciler

deneyi yapamayacaklardir.

» Deney raporlarmm her grup sadece kendi tecriibelerini kullanarak yazmahdir.
Baska bir grubun deney sonuclarimi veya baska kaynaklardan alinmis c¢iktilar

getirmemelidir. Bu durumda, deney rapor notu sifir verilecektir.

» Rapor zimbalanmalidir, ayr1 bir dosya kullanilmamahdir.

» Raporda kurulan devreler ve kullanilan elemanlar detayh bir sekilde verilmelidir.

Tiim olciim ve cizimlerde kullanilan birimler mutlaka yazilmahdir.

> Raporlarda bilimsel olarak anlamh diizgiin bir dil kullamilmahdir.

» Hazirlanan deney raporu, belirtilen tarihte laboratuar dersinin basinda teslim

edilebilecektir. Ders saatinden yva da belirtilen tarihten ve saatten sonra getirilen

raporlar teslim alinmayacaktir.
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What is PSPICE ?

SPICE (Simulation Program for Integrated Circuits Emphasis) is a program for simulating
electronics circuits in the computer environment. As for PSPICE is a computer aided design and

simulation program of Cadence/Orcad corporation works on Windows base.

Starting PSPICE

e Choose Programs>Orcad>Capture .

M) Modem Helper 3 I olarak alincel:
2 f§i Orcad Unison Suite |:| PSpice Accessories 4
Administrator |gsReIE, 4 ;
[T Tutarials »

9 Internet Explorer
L‘ﬁj Qutlook Express

'@: Mozilla Firefox

E Layout

H Layout SmartRoute Calibrate

. Uzaktan Yard
._)-|I-1icrosoft office Outlg) = 2o =AM

@ Windows Media Player
E WinRAR '_‘& Windows Messenger
3 Internet Explorer

E Online Documentation
,@ Orecad Unison Suite Documentation Gateway

ﬂ PSpice AD Basics

B Windows Mavie Maker
EF__I Microsoft Office Word 2CJ ) K-Lite Cadec Pack »

@ Bsplayer Pro subtitle edith () Adobe » i SPECCTRA
ﬂ Capture ) Dell Wireless b fﬁ Uninstall Orcad Unison Suite
i3 UL
i Wi
€4, COBurnerP Pro 3 A Mozila Firefox » @ Web Update

e Choose File>New>Project.

& Orcad Capture - Lite Edition - [Session Log]
3 File Wiew Edit Options ‘Window Help

& 1= 3

=  Qpen b Design

5 Chrl+5 Library
r E ' YHDL File

Texk File

e Then choose “Analog or Mixed A/D” option from the opening window and give a name
for your Project. It is suggested that not to use Turkish characters for your projects’ names.
Then click on “Browse” buton for choosing the place where your designs will be saved and

choose a proper file.
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Mew Project 5'

Ok

o | ok |
Iirw_sin‘l Cancel |
— Create a Mew Froject Lzing Help |

— Tip for Hew Users

(" PC Board Wizard Create a new Analog ar

Mized A/D project. The

o
% % Analog or Miked &/0

u e pr_u:uiect may be I_:ule_mk
. y.} ™ Programmable Logic ‘wizard of copied from an existing
o template.

i ™ Schematic

Location
C:hDocurments and Settingzh\balzantky Documentz\Chipshsaimu Browsze. .. |

e Choose the “Create a blank project” and click on OK button.

Create PSpice Projeck

™ Create bazed upon an existing project Ok

Iempt_l,l. op| j Browse...

Cancel

' ‘Create a blank project

Pl

Help

DRAWING SCHEMATIC

e For activating Toolbars, click on anywhere on the design screen.

e Byusing “I” and “O” keys on the keyboard, you can zoom in or zoom out to the design
screen.

e Keystroke to the “P” on the keyboard and choose the icon given in the figure from the

toolbar on the left.
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e C(Click on the “Add Library” button.

x
IEart: K |
Cancel |
Part List;
Add Librar_l,l...j——

Fart Search...

Filter...

[Poseh.
Do |
hep |

Help
Libraries: — Graphic
[esign Cache v [l@rmal
) Lorert
— Packaging

Partz per Pkg: 1

Eart: I TI

Type:

e Choose the libraries from the Pspice file, for choosing several elements please keystroke
on the ctrl at the same time. (for the basic elements for example Resistor, Capasitor

choose Analog.olb file and choose source.olb file for the sources.)
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Lack ir: | 3 pspice j = =k Ef-
| ) advanls @ 74f.olb @ 74s.0lb @ analog_p.olb |E
E 1_shok.alb @ 74h.olb @ 7400.0lb @ anl_misc. olb |§
E 74ac.olb @ 74he.olb @ abm.olb @ anlg_dev.olb |§
E Fdack.olb @ 74k, olb @ adv_lin.olb @ apex,olb |§
E 74als.olb @ 74l.olb @ ana_swit.olb @ apex_pwrn, olb |§
E 74as.olb @ 74ls.a0lb @ analog,olb @ bipalar,olb |§
< |

File narne: | Open

Cancel

il

Files aof twpe: IEapture Librarg(*.olb]

L

[ Dpen as read-only

&

e For adding the element we want, choose the element and then click on OK.

x

I

_ Cancel |
Part List:
7 - | icdLixay.. |
rAaMNaL0G_P
RADATACOMY Remove Librany |
RAFILTSUE
RA0=PT/DIODE Part Search... |
R711=PT/DIODE =
R712<PT/DIODE Filter |
R714=PT/DIODE i
F_wvar/aMaloG I
R_wvar/aMal0G_P
RakMak 1 break/BREAKOUT Hel
R 9K xBbreak /BREAKOUT hd e |
Libraries: — Graphic
SHINDNGN B + Momal

) Comwert R?
— Packaaing —/\f\f\/—
Parts per Pkg: 1 1 k

[ I - I

Type: Homogeneous E

e For adding the elements such as current and voltage sources, choosing shortcut
“G” buton and choosing the “ground” icon from the toolbar on the left is enough. Add
“CAPSYM” ve “Source” libraries by using “Add Library” button on the opening

window.
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Place ground

I

Swrbal; oK |
Cancel |
$D_HI
$D_L0O Add Librany...
]
Remove Library |
Help |
Libraries:
CAPSTM
Dezign Cache :
h Hame:

IMPORTANT: The name of the ground part must be “0” for Pspice.

e After adding the parts, by using “w” shortcut on the keyboard or cable icon on the toolbar

on the right side, you can piece with the parts. Cables can be named with “Net Alias”.
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il OrCAD Capture
File Edit ‘jew Place Macro PSpice  Accessories  Opkions  Window  Help

D|sd| 8| & B@ 2[R - BB R[&] v

tl=l)r %] 22l v 1]y
|/ - (SCHEMATIC1 : PAGE1)

5 + 3

R
1k

2 items selected Scale=102% ¥=0 Y=0

~| +|et =] b ]

n
p =
el

(]
=
o

.||.

EIET

7
=

<]/ %]
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FREQUENTLY USED PARTS

WVoltage Source with E
WVoltage-Control

E/ANALOG

ELEMENT ELEMENT NAMELIBREARY SYMBOL
L'
Ovide
DC Voltage Source VDC / Source
[ 1
DC Current Source IDC /Source e
|
v2
AC Voltage Source VAC /[ SOURCE 101:
' - V3
Sine Wave Source VSIN / SOURCE ool
FREQ =
vz N
Triangle Save Source VPULSE / SOURCE Lt
Square Wave Source TF=
PER =
Ground (reference voltage) | 0 / SOURCE 0
R1
Resistor R/ANALOG
1k
ct
Capacitor C/ANALOG
in
L1
Inductor L/ ANALOG ' 2
1 0w
3 L:I | 3
741 OpAmp uA741 / EVAL z
o1
Diode D1N4148 / EVAL
DiN4148
D2
Zener Diode D1N5232 / EVAL
D1N5232
Bipolar Junct p:
t
oen .IE}DEI —— Q2N3904 / BIPOLAR
Transistor e
E1

4
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F1
Current Source with F F/ANALOG @
Current Control —
Current Source with G _ r.-‘.1. .
WVoltage- Control G/ANALOG Li:
- . H1

Voltage Source with H W g i
Current-Control H/ANALOG ' I:H El '

¢ You can obtain the parts on the list or all the parts easily by writing on the following box

if their librariesare added.

[~
ME== AN

SIMULATION AND GRAPHIC ADJUSTMENTS

e It is necessary doing simulation adjustments after the desired circuit are set up. For this,

it is enough to click on the simulation buton shown in the following.

Macro PSpice  Accessaries  Oplions

‘_‘“J'|Q| =
— 1 slebiE] 2
| "

L]
[Mew Simulation Profile |

e Byusing “New Simulation” window, you can give any name for your simulation. Do not

use Turkish characters.
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New Simulation E |

tame:

Isweep‘l k
Cancel |

|mherit From:

Inu:nne j

Root Schematic:  SCHEMATICT

Choose the proper analysis type by using “Analysis Type” list in the “Analysis” tab.

Simulation Settings - sweepl

General Analysis |Inu:|u|:|e Filesl Librariesl Shirmuluz I Elptinnsl [rata Collection I Probe Windnwl
Analyziz bype:

Time Domain [Transient] j Riun to time: 1000ms

Time Domain [Tranzient]
DC Sweep
.":".E Ei IWee I.-"H |:|i:E:E:

Biaz Paint

Enter the time
value which
determines
what time the
simulation will
take.

Start zaving data after: |0 zeconds

I

" Tranzient options

b aximum step size: I zeconds

The nodes wanted to be watched are signed by using “Voltage/Level Marker” .

EREEREE

T |
|voltage /Level Marker |

e Simulation is started by clicking on the Run Spice.

PSpice Accessaries  Oplions

‘_‘“3"22||:

K==l

For signing the wanted points in the graphic, you must find the point by using

“toogle cursor” and then you can sign it with “mark™ .
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Bt [ e Souser Dsce Bol Took Wedes et gl g
i~ S-S e [oamaTicT w—t b m
BE G0 IR SR

Pl

(R

I B N R L G R L bl p=t = P | I | 4

JMark Label 5

Also, you can make mathematical operations with the variables in the simulation by

using “Add Trace” buton and you can transfer the results on the graphic.

R @A A% S 2% 85 of
88U ———

After you clicked on the “Add Trace” button, on the opening window you can see the
variables on the left list and mathematical functions on the right list. For example, if you
want to write the sum of the values of the currents on the R1 resistor and R2 resistor on
the graphic, you must write “I(R1) + I(R2)” on the “Trace expression” area and click

OK.
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Add Traces

Simulation Output W anables

|x
I[F1]

I[RZ]

I[L7:+]

IJ1:-]

[J1:0UT)

[T 4]

JINRES

IM1]

IME]

N3]

1= U1 Im741.c1)
I U774 .c2)
If=_ U774 .dc)
I U7 w_Im741.de]
I U774 .din]
If=_ U774 .dip]
If=_U7.w_Im741.dp)
[F4_UT.#_Imd 1 egnd)
If=_U7w_lm741.fb)
IF_U71.#_Imdd1.0a]
IF_U71.%_Im747.gcm)
If=_U7 I 741 hlim]
IF4 U1 s Im7 47 iee]
If=_U1w_Im741.02)

Full List

# W Analog
=
Iv “oltages
Iv Currents
v Power
=
v Alias Mames

[v Subcircuit Modes

<

199 vanables listed

Functions or Macros

|.-’-'-.na|u:|g Operators and Functions ﬂ

0
¢
@

ABS[)

ARCTAM()

ATAN()

AVG[ )

AVGE]

Cas()

D(]

DE()

EMYM&x] )

EMYMING . ]

ExP[]

G(]

IMG[

LOGI)

LaGIa[)

M)

Pl ] b

Trace E=pression; ||

(] | Eancel‘ Help |

PSPICE A/D ANALYSIS TYPES AND OPTIONS

1. DC Sweep Analyse:

You can realize the simulation by making the current and voltage values constant in the circuit.

Also, you can make simulations when there are current and voltage changings between certain

two values. For DC analysis, you can make browsing as from initial value up to final value step

by step. For every input voltage value, circuit is analysed and results are saved. The DC transfer

characteristics of the circuit is extracted. Scanning can be linear, logarithmic or as part of certain

values. Also you can realize, Secondary DC Sweep Analysis, Monte Carlo/Worst Case Analyse,

Parametric Analysis, Bias Point Analysis as choices of DC analysis.
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Sitmulation Settings - pamukkale |-£_?'-J

Gereral Analysis llnclude Files] Libraries] Stimuluz ] Elptiu:uns] Drata Collection ] Probe Windnw]

Analvziz type: Sweep vanable

DL Sweep ﬂ * ‘olage source M ame:
_ 7 Cument zource
Optiares:

" Global pararmeter

" Model parameter

Primary Sweep

[]5econdany Sweep ~ l—
[(IMonte Carlofsforst Case Tempersture

[(JParametric Sweep

[T emperature [Sweep) Sweep type

[15ave Bias F'u:u.mt Start walue:
End value:
Lineer tarama
Logaritmik tarama Increment;
Dederler listesi |

Tamanm | iptal ygula Y ardim

If it is containing multiple source DC scanning it is used VSRC, otherwise VDC is used for
voltage. Similarly, IDC is used for current and if it contains multiple source DC scanning ISRC

1s used.

1.1. Primary Sweep:

We can tell this by using an example:

Let’s scan V1 source between 0-20 V with 0,1 V value intervals and observe the changes on R1:

0 J!
=
1iac (:—:) W

TRAHN =

2l

e After set up the circuit, click on the Edit Simulation Settings ‘E button and choose the
DC Sweep choice.
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e Then, choose Voltage Source on Sweep Variable and write the source name on the
Name part.
e Choose Linear from the Sweep Type part and enter the initial, final and increase values.

Click OK.

Simulation Settings - pamukkale |£_§'-J

General Analysis llnclude Files] Libraries] Stimuluz ] Elptiu:uns] Drata Collection ] Probe Windnw]

Analyziz type: Sweep varable

DC Sweep | ' Voltage source M ame: W1
_ 7 Cument source
Optiams:

(" Global parameter

FUE ) S " Model parameter
[(]5econdary Sweep ~ I—
[[IMonte Carlofsforst Casze Temperature

[CParametric Sweep
[T emperature [Sweep) Sweep lype

[15ave Biaz Point & Linear Start value: 0
[]Load Biaz Paint o End value: lr
" Logarithmic |
Increment; 0.1

7 Walue list |

T amanm | iptal | ygula v ardim

e (Circuit is simulated by clickin on the Run Pspice ‘LI . The current change of R1 can be
seen on the graphic. If the scattered source is current source instead of the voltage source,

it must be used Isre. You can add the graphics you want by using Add Trace.
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pamukkale-5...

1.2. Secondary Sweep:

Let’s give an example. Let’s scan the current and voltage source values together. Scan the V1
source between 0—20 V with 0,1V value intervals and I1 source 0-5A with 1A intervals. Observe

the current changes of R1.

Ri R

1k 8

|

Ri Fid

D ) Did !
4 + [

1\ae 'C—) # Y ae C)
TRAN = TRAN =

Kl

e After you set up the circuit, in addition to the steps of primary sweep, choose the
Secondary Sweep in the Simulation Settings window.

e When click on the Secondary Sweep and choose Current Source from the Sweep
Variable. Then, write the source name on the Name section. Choose Linear from the

Sweep Type part and enter the initial, final and increase values.

e OKiis selected and exit there. By clicking on the Run Pspice ‘LI buton, simulation is
realized and current changes of R1 can be seen on the graphic. By using Add Trace, the

desired graphics can be added.
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Simulation Settings - pamukkale ﬁ

General Analysis llnclude Files] Libraries] Stimuluz ] Elptiu:uns] Drata Collection ] Probe 'W'inu:h:uw]

Analyziz ype: Sweep vanable

OC Sweep j " Valtage saurce M ame: 1
_ f* Cument source
O ptiores:

(" Global parameter

EF"nmar_l,l Swiesp E " Model pararneter
E 1 f_\' l—
Mante Carlofwf arst Caze Temperature

Parametric Sweep
Ternperature [Sweep] Sweep type

Save Biaz Point & Linear Start value: 0
Load Biaz Point
End walue: ]
" Logarithmic |
[nzrement; 1

v

" Walue list |

T amanm | iptal ygula v ardim

22| pamukkale-5

2. AC Sweep/Noise Analyses:

The frequency response of the circuit can be extracted or changing of impedance with frequency
by using AC scanning. Also, as options of AC analysis, Monte Carlo/Worst Case Analyses,
Parametric Analysis, Bias Point Analysis can be done. For voltage in AC scanning VAC is used
and for multiple sources VSRC is used. Similarly, in AC scanning IAC is used for current and

for multiple source ISRC is used. Let’s investigate AC analysis on a RLC circuit:
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R1 L1

a0 imh

e

n,eacE
Ohide:

L]

e After set up the circuit, choose AC Sweep choice on Simulation Settings window for

AC scanning. Choose OK. Simulation is realized by clicking on the Run Pspice ‘LI

button.

P

Simulation Settings - pamukkale

=3 |

Analyzis type: AL Sweep Type

[1tonte Carlo wiarst Caze
[CParametric: Sweep

(1T emperature [Sweep]
[15Save Bias Paint [ Enabled
[Load Biaz Paint

Moize Analysis

CQutput File Qptions

General Analyziz llnclude Files] Lil:-raries] Shirnuluz ] I:Ipticuns] Data Collechion ] Probe Windnw]

AL Sweep/Maize j ™ Linear Start Frequency: 110
e * Logarithmic End Freguency:  |10MEG

General Settings Decade - FPaointz/Decade:  |BO

111

[ Inchude detailed biaz point information for nonlinear
controlled sources and semiconductors [[OF]

T armarm | iptal

ygula

ardim
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1868Hz 1.8HHz 18MHz
o U{L1:2)

parnukkale-S..

e Voltage value on the capacitor changes according to the frequency on the graphic. This
variation can be seen by using Voltage Marker placed on the graphic. Here frequency
change is between 10Hz and 10MHz.

e For Noise analysis, choose the analizi i¢in Enabled choice on the Noise Analysis section.
Write the output voltage that you want to measure on the Qutput Voltage choice.

e Write a free input voltage or current that will be a input value for the measuring on the

I/V Source section. Write frequency interval on the Interval choice.

3. Time Domain (Transient) & Fourier Transform Analyses:

If you want to see the changing of the variables in the circuit according to the time, this simulation
mode must be used. At the end of the simulation, values of the variables are obtained as a function
of time. Time domain analysis always starts from t=0 and finals at the Tstop value with the steps
given by user. By using time domain analysis, responses of the circuits to the input signals like
sinusoidals or pulse can be examined (e.g rectifier, clipper, amplifier). As options of Time
Domain (Transient) analysis, Monte Carlo/Worst Case Anaysis, Parametric Analysis, Bias
Point Analysis can be done.

In the Time Domain anaylsis; for voltage: VSRC, VEXP, VPULSE, VPWL,
VPWL RE FOREVER, VPWL F RE FOREVER, VPWL N TIMES, VPWL F N TIMES,
VSFFM, VSIN sources, for current: ISRC, IEXP, IPULSE, IPWL, IPWL RE FOREVER,
IPWL F RE FOREVER,IPWL N TIMES, IPWL F N TIMES, ISFFM, ISIN sources can be

used.
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W= Rl

WE =
TO=0
TR=0
TF =0
P = 0.5
FER =1

1

Let’s examine Time Domain analysis for a RC circuit.

Settings section.

seconds on Run to Time.

After set up the circuit, Analysis type is chosen as Time Domain on the Simulation

Then, for determining simulation time, write the duration of simulation in terms of

You can determine when the data will be taken after the simulation started by using Start saving

data after.

P

Simulation Settings - pamukkale

—35 |

General Analvziz | |nclude Files] Libraries] Stimuluz ] Dptiu:uns] Data Collection ] Frobe Windnw]

Analyziz type:

Tirne Dramain [Trams

O ptions:

General Settings
[IMaonte Carlaorst Cagze
[IParametric Sweep
[]Temperature [Sweep]
[15ave Biaz Point

[]Load Biaz Paint

Run ta tirme:;

Transzient optians

b amirnum step size: zeconds

[ Skip the initial tranzient biaz point calculation [SKIPER)

] geconds [TSTOF]
Start gaving data after: |2 geconds

Cutput File Options. ..

Tamarn | iptal

| Yardim

e Click OK and exit. Start simulation by clicking on Run Pspicem button.
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2.08s 2.55
o WU1:+) =« U{@)

-4._8U

= pamukkale-S...l

You can write the maximum allowable time step size on the part of Transient Options of
Maximum Step Size. Also, you can see Fourier analysis option in the Time Domain
(Transient) Analysis type of OQutput Files icon. Fourier Analysis calculates the DC and

Fourier components of Transient analysis.

4. Bias Point (Working Point ) Analysis:

Bias point saves the detailed Bas point data fort he simulation exit files. Also, as an option of
Bias Point Analysis, it can realize temperature analysis. The reports data fort he exit files are: It
lists all of the analog and digital point voltages, and it shows the currents between all of the
voltage sources and their powers as you can see in the Qutput Files section. It realizes sensitivity

analysis. It lists small signal parameters for all of the elements.
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Simulation Settings - TRAM

X

General Analysis llnclude Files] Lil:-raries] Stimuluz ] I:Ipticuns] Data Collection ] Probe Windnw]
Analyziz type:

Cutput File Options
Bias Paint j [IF Inzlude detailed biaz point infarmation far nonlinear n:u:untru:ulled]

- zources and semiconductors [LOF)

phansz:

General Settings [ Performn Sensitivity analyzsis [SENS) 1
[]Temperature [Sweep] | J
[]15ave Biaz Point

[Load Bias Point [ Calculate small-zignal DC gain [ TF) 1

Tamam | iptal ygula “ardim

5. Monte Carlo Analysis

It calculates the response of the circuit by changing the values of elements randomly which are

described in a certain interval. You can run this analysis for defined number, it uses nominal

values for first run and variable values for the others.

Simulation Settings - dijital_kotu_dur um

Goneal  Aniahe: .Config.mtbn Filess | Dptinna. Dicta Colection l Pld:c‘w'lr'djwl
Analyzs tppe: & Mol Cala
|T|rne Do Hran&eﬂ]ﬂ T \wonstcass/S ensitivky Oulpu vaiable:  |Woue
D phies: Monts Carlo ophionz
|l General S etiings Mumber of rur: 0
% anbe Caros/ arst Case U ze dizhibutior: |Uniﬁ:||m j Diztiibutions...
C1Parameinc Sweep {
CiTampssits Siseg] R andon number s=ed: [1. 364 arlo P
[1Save Biaz Poirt 5 avie data from |,é,|| j |
[C1Lnad Riaz Foir : b Load pararater valuas fari fils:

; —_| Jsepz.mimp Browes. .

w Save parameter values nfle:
r |Eb|:.ml:|:| Buorvss...
MC Load5are. il
ety w ] o |
Tamam ] iptal | Uycuia
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6. Worst Case Analysis

It calculates the worst result for the maximum or minimum values of the elements with the closest
value to the nominal. Addition to the circuit definition, it can determined that what is the “’worst”’
definition and parameter tolerations. Tolerations data are defined in .MODEL definition,

"worst" definition is defined on the 'Simulation Settings' window for Pspice model.

UL T e

(]
Gienmal Aalpei | Corfgurahon Fil:z:] Options | Data Colection | F'll:ll:u:"-h"nl:ll:!.-'-]
il " Motz Cario
Time Domain [Transenl] x| Wb cazerSenstuily  Ooeput vaiabe: fifour
hi = = 3
Fln s Monte CarloiWorst-Case Cutput File Dptiens
[# General Seting: e
B Horke CorlodWonst Case k] sl
[ | Farzmetic 5 wesp The eollzing Functian iz paiformed on an oufpu: vanabls [for
| | Terperstes |5 weep| gxample, V111 The rzsul iz ligted i the owtpus [LOUT] file ani. P
[ ]5Save Biss Font
[ ]Load Biz= Pairt Findt | Ihe giealest dileienc= from e roming ron [P = |
Ewaluale anl) when be swesp vanable iz in the range:
| | o | -]
‘wiorel-Cage direction
r & Hi £ Lo
| Liat madel perameber valuss n the owpu; Fle for each run

+ RC Circuit

Fort his example, a basic RC circuit will be impelemented.

e Set up the circuit in the following by considering the knowledge given before.
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R1

+

V3

SVde—

10k

-0

e Capacitor has an initial value for t=0 time. For entering this value give as 1 Volt click

on the capacitor two times, so “Property Editor” is opened.

e For assigning a initial value with “Property Editor”, find “IC” value and right click on

the free space opposite of it and click on the “Display” choice.
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0|@|d| =] &[B|e] o]

|SCHEMATIC1-eem

=l Bler[B] £l

Mew Raow... | .ﬁ.pply|

Dlspla_l,l| Delete Property | Filker By: | < Cuiree

A |

e

Color
Designator
Graphic

SCHEMATICT : PAGE1

Ic

1]
Implementation
Implementation Path
Implementation Type
Location X-Coordinate
Location Y-Coordinate
Hame
Part Reference
PCB Footprint
Powver Ping Visible
Primitive

C
i ]
w -
F= 4
1)
5
o
5]
[l ]
g

PSpiceTemplate CAE@REFDES %61 %2 7TOL

Reference
Source Library C
Source Package

Source Part

TOLERANCE

Value

After marking “Name and Value” choice in the incoming window, then confirm it by

using OK buton.

Display Properties

Marme: IC ;‘;2:?

Value: Change... | IJze Default |

Digplay Format
: Calar
" Do Mot Display
T Walue Only |j
i+ Mame and Yalue Fiatation
" Wame Only oo 180
" Bath if ¥alue Exists g T Is
k. | Cancel Help
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e After these steps, you can see the circuit as given in the following. By clicking on

”IC” two times, you can write the desired 1V value.

R1
A —————
10K
| va — 2
5\de—— 1u
' IC =

e Simulation adjustments must be as seen below.

Simulation Settings - onur

General Analysis } Include Files ] Libraries ] Stimulus ] QOptions ] Data Collection ] Probe Window ]
Analysis type:
Time Domain (Transient | Fiun to tirmes 01z seconds [TSTOP)

Start zaving data after: |0 zeconds

Tranzient ophions

b axirum step size: (0007 zeconds

[ Skip the initial ransient bias point calculation [SKIPBP]

Options:

M General Settings
IMarte Caro/Worst Case
[ |Parametric Sweep

[ Temperature [Sween)
[|Save Bias Poirt

[Load Bias Foirt COutput File Optioks. ..

Tamam | iptal Yardim

e After yo urun the simulation, you can obtain the graphic given in the following.
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=

E

" B ro-SCHEMA...

e Replace the “Vdc” source with “Vsin” in the same circuit and adjust the value of

capacitor as “10u”. Place a “Voltage Marker” on the source for observing input source.

The values of Vsin source as given below.

R1

A

10k

V4
VOFF = '
VAMPL =1 9 — 2
FREQ =1 10u
IC =1V

-0
e If you adjust the “Run time” for 2 seconds in the simulation adjustments the graphic in
the following can be obtained. Here, V(C2:1) is the value of capacitor voltage

and V(RI1:1) is the voltage value of input source.
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Bs 8.2s
o U{C2:1) < U{R1:1)

e Finally, by replacing “Vsin” source with “Vpulse” source, we will be able to observe the
behaviour of RC circuit under square pulse. After adding “Vpulse” source, adjustments

must be as shown below.

R1

AT

10k
Wy A
TD=0 -FD — 2
TR=0 10u
TF=0
PW =05 IC =1V

PER = 1 _l_

-0

e You can obtain this graphic when yo urun the simulation.
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8.4s

o U{C2:1) + U{R1:1)

o-SCHEMA... |

+ Full Wave Rectifier

Set up the circuit given below. If you are using full version PSPICE, you can add diodes

from DIODE library.

D1 D2

V2

VOFF =0
VAMPL = 5 @

FREQ =1

D1N4148 D1N4148
D3 D4

-—

D1N4148 D1N4148

Simulation adjustments

CUE: Ifyou can not obtain smooth graphics, it means that you don’t take enough sensitive value
for “maximum step size”. If you obtain irrelevant graphics although this, you may be taking the

simulation duration too long or too short.
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Simulation Settings - ac
General Analysis l Include Files] IJI:uaries] Stimulus ] Options ] Data Collection ] Probe Window ]

Analysis tvpe:

Time Domain (Transient) ) Fun b time: 2z geconds [TSTOP]
T Start zaving data after: |0 gecondsz

% General Settings Tranzient options

[Monte Caro/Warst Casze b awirnurn step size: |0.001 zeconds

[[Farametric Sweep
[JTemperature [Sweep)
[[J5ave Bias Point
[JLoad Biag Point

[ Skip the initial transient bias point calculation [SKIPBP)

COutput File Options. .

I

| Tamam | iptal Yardim

ds
o W{D4:2)

fullwave-5C...

+ Parametric Circuit Element Usage

In this example, resistor value will change in the interval of desired values. Since the value of

resistor changes, it is a potentiometer simulation.
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PARAMETERS:
r=1k

. V3
DC=6Y —

R5
{rl}

1. Firstly, take the value for the circuit element which we want to change its value as
{rl}, the important thing is writing it in the braces, you can use any name. ( be sure that
you didn’t change the “value” instead of name )

2. Parga ekleme meniisiinden (kisayol P) PARAM/SPECIAL’I ¢izim ekranina ekleyin
. (SPECIAL kiitiiphanesi eklenmemisse , “add library *“ butonunu kullanarak ekle
yebilirsiniz.)

3. Open the properties window by two times clicking on the PARAM part. Here, write
“RL” on the name place and 1k on the value part by using “New Column” buton.

4. Choose Rl coloumn by clicking one time and then by right clicking open “display” menu.
Enter the "Name and Value” choice.

5. Now, simulation adjustment will be done.
Adjustments

Analysis type : DC Sweep

Options : Primary Sweep ( Not Parametric Sweep!)
Sweep variable : Global parameter

Parameter name: RL ( name in the braces)

Sweep Type : Linear
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Enter the values of Start, End, and Increment. These values determine the value interval that

parametric variable will take and the increment of the value. 0,1,10k,100 are used

respectively.

CUE: Be carefull about that resistor value doesn’t start from 0.

6. Finally, by placing a “probe” anywhere you want, you can observe the unstable value.

P
L

SCHEMATIC1-onur1 - PSpice A/D - [asda-SCHEMATIC1-onur1.dat (active)]

EE\IE Edit View Simulaton Trace Plot Tools Window Help g

A=) [ SCHEMATIC-orur1 [ »
& &AM E | %P oF

" B asda-SCHE..

+ Bode diagram of Inductive Lowpass Filter

Lowpass filter transfers the signals under the cut off frequency and doesn’t transfer above the cut
off frequency ideally. Bode diagram is the drawing of gain versus frequency. For obtaining this

graphic in PSPICE environment, “AC Sweep” simulation will be used. Firstly, set up the circuit

given in the following.
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L1
3H

V1
1Vac R1

OVdc 1Kk

Simulation Settings - Bode

General  Analysis l Include Files] Ublaries] Stimulus ] Cptions ] Data Collection ] Probe Window ]

Analysis type: AC Sweep Type
T | e Linea Star Froquency: [T
Options: * Lagarithmic End Frequency: |10k

Decade - Pointz/Decade; |1

CMorte Cardo\Warst Case
[|Parametric Sweep

[ Temperature [Sweep)
[]5ave Bias Paoirt [ Enabled
[JLoad Bias Paoint

Maoize Analyziz

111

Output File Optians

[ Include detailed bias point information for nonlinear
cohtrolled sources and semiconductors [(OF)

Tamam | ptal Yardm

In Ac Sweep analysis, for obtaining bode diagram, you must choose logarithmic option and then
you must enter the frequency values which will be scanned.
CUE: You must be carefull about “Start Frequency” value shouldn’t be degerinin 0 !

The obtained graphic is as given below.
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1E SCHEMATIC 1-Bode - PSpice A/D - [lowpass-SCHEMATIC1-Bode. dat (active)]

e Edit View Simulation Trace Plot Tgols Window Help g2

_ = x|
4- @2EHE [ GCHEMATICT Bode [ >
RAaad MExB % 8P - oF

Reading and checking circuit

Lo e

~ [
Circuit read in and checked, no enors |
Calculating bias point
Bias point calculated
AL [and Moize] Analyzis
AL Analpsis finished
Simulation complete v
<

Start = 1 Freq = 10.00E+03 End= 10.00E+...

Analysis A\v\u’alch )\ Dewces/

For Help, press F1

Freq = 10.00E403 0% [WAANENEEEN S

+ OPAMP Usage

For this example, it will be designed a complementer OPAMP system which has a gain about 1.
This means that the input signal will be multiplied by -1 in the output. Set up the circuit given in
the following. You can find LM741 in the OPAMP library for full version PSPICE.

R1
oA
0 1k
1
12
R2 ut
W3 L ose
VOFF =0 @ 1K o 6
VAMPL = 6
FREQ=1 | 2| 3
LM741
| =T
=0
L- vz
12
-0
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CUE: Here, supply voltage is given for 7 and 4 numbered jacks of LM741 OPAMP. Be carefull

that the 12V source is negative in the 4 numbered input. Also, two “voltage probes” are used

in order to see input and output simultaneously.

Simulation settings

As similar to other examples, “Transient Analysis” will be used.

Simulation Settings - opamp

General Analysis lll'u:lude Files] IJI:uaries] Stimulus ] Optiu:uns] Data Collection ] Probe ";"-.-'iru:lu:u'f'\']

Analysis type:

Ty —— Rur to time: 2z gzeconds [TSTOP]
T Start zaving data after; |0 zeconds

Tranzient options

[Mante CardoWWorst Case b awirnumn step size: (0.1 geconds
[|Parametric Sweep ) o i i i i
[JTemperature (Swesp) [ Skip the initial transient bias paint calculation [SKIFER)

[]15ave Bias Poirt

[|Load Bias Poirt Output File Options...

Tamam | ptal Yardim

In the graphic, V(V1) is input signal and V(R1) is output signal.

BB Mk S | %P oF

8.25
o U(R1:2) « U(U1:+)

"B opampSCH..
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INVESTIGATING TRANSIENT ANALYSIS FOR RL, RC AND RLC
CIRCUITS

If you want to investigate an electrical circuit in time domain, you must write either entegrated
differential equations or state equations of that circuit. As it is known, the solution for differential
equations has two parts: The first part of the solution is determined by the initial conditions in
the circuit and the second part of the solution is determined by the sources in the circuit. These
parts of the solution are named as Natural and Forced Solution respectively. For an
asymptotically stable circuit in other words for a circuit which as #— oo state transition matrix f{(¢)
goes to zero, natural solution arrives to zero and forced solution arrives to natural solution. In a
clear manner, for an asymptotically stable circuit after a while for investigating the circuit, exact
solution is nearly equal to the particular solution. For an asymptotically stable circuit, exact
solution is composed of transient solution and steady solution. For an asymptotically stable
circuit, the homogen solution of differential equation system is named as transient, particular
solution is named as steady solution. Although the transient solution is very large at first, after a
while for circuit running, it gets smaller and approaches to zero. Steady solution is the solution
which will continue so far as sources present in the circuit. Although its effect is too short,
transient solution is important for determining the circuit’s elements. It is important investigating
circuits in the time domain in terms of understanding their principles and functions.

After that, we will consider simple RC, RL and RLC circuits and investigate the solutions of these

circuits in case of they are stimulated by step, pulse and square wave sources.

RC Circuit:

Let’s consider RC circuit given in Figure 1. State equations of this circuit are,

R
——\W——
N y f | !
e(t) —> S — e = v, +——elr) (1)
dt RC RC
Figure 1
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If e(f)=Eu(?) is step function in the equation (1), the solution of the circuit is;
ve(r) = e "R ve (0) + E(1-e R (2)

If vc(0) = 0, the variance of voltages at the C and R are shown in Figure 2.

velt) , Velr)
Charging of Discharging of
the Capacitor the capacitor
| * ' * '
Figure 2

If you remove e(¢) source and its place is short circuited, (e(f) =0 in equation (1)), the solution
of equation (1),
velt) = e v H0) (3)

Variance of this voltage according to time is given in the Figure 3. RC is the time constant of the

circuit in equation (2) and (3); if you put R as ohm and C as farad, its unit is seconds.

vel(t) _
Decharging of
Capacity
Vel 0)
Vil () }i"'{’

RC

Figure 3
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e(t) source is a pulse source shown in the Figure 4a , (e(?) = E[u(¢) - u(¢+-D)]), vC(0) = 0 and
voltage of the capacity;

ve(t) = E(1- e " y(r) - E(1- e "8t - A) (4)

The voltages of C capacity and R resistor are shown as Figure 4b and Figure 4c.

e(t) 4 Velr) Vr(T) 1

Vel ;_\‘)

¥

(a) (b) -Vel(A) (c)
Figure 4

If e(t) source is a pulse source as shown in Figure 4a, one can think circuit in Figure 1 as Figure
5.

+

(]

— C

Figure 5

For this case, it is necessary to indicate that A key in Figure 5 is kept on 1 position for D time,
then it is taken to position 2. When A key is on position 1, in the interval 0 <t<A, the voltage
expression of C capacity is defined by curve from 0 to A shown in Figure 4b. If t = A, the voltage
of the capacity is vcA = vc(A). When t equals to A, the capacity will start to decharge since A

key is taken to position 2. The curve given in Figure 3 can be used for t * A but it is necessary to
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shift this curve by A and replace vc(0) with vc(A). The operation done on the Figure 3 is equal to
replacing t with (t - A) and vc(0) with vc(A) in equation (3). These explanations can be

summarized by the equation given below;

E(1 - e RCY 0<t<A
'l’(_"[f) = . . (5)
pe(0) e HARE 1= A

In equation (5), ve(0) = E(1 — e "*»/RC) 'IfE, R, C and t, A is given as numerically, vc(0) can be

computed as numerically, also. Similarly, vr(t) can be found as given below;

E e /RC c0<t< A
VR(r) = vR(t) = ()
(0) e UNIRC Ct> A

Let’s assume that e(t) source in Figure 1 is a rectangular wave source as in Figure 6. It is necessary
to compare the R.C time constant with the period of rectangular pulse when it is started to

investigate the voltage changing on the C capacity.
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e(t) 1t
E
(a)
:_ > % ‘.‘—': "r
T, T
T
l’(_“(?}
E
(b)
T, T, T;
VR(t)
(c)
g §

Figure 6

a) If R.C << T, capacity is charged during 7'1 time with primary pulse and it decharges until the
second pulse in the 72 time interval. Since the time constant is small, it can be assumed that
voltage in the capacity edges reaches to zero in the T2 time. The phenomena is repeated for
second and afterward pulses as the same manner; voltage of the capacity changes as in Figure 6b
periodically. By remarking that this voltage is periodic and replacing A with T1, it can be defined
with equation (5). The variance of voltage on the R resistors edges is as shown in Figure 6c¢.

b) If RC time constant is enough large to compare with the period, the variance of vc(t) will be

as Figure 7. Capacity will charge with first pulse, during T2 time, second pulse will come before
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the capacity discharge exactly. This situation will continue so for the pulses in the beginning.

After a certain number of pulses, variance of the voltage on the capacity edges will be periodic.

r

ve(t)

E,

i
L J

Figure 7

The time Tx when the phenomena became periodic can be considered as beginning. Because of

this, for explain the phenomena equations (2) and (3) can be used;

e VRCE 4+ B(1-e1'RC 0<t< Ty

vel(t) (6)

Ejﬂ_[t_Tl”RL' lt:_:'Tg

If it is assumed that vc(T1) = E2 at t = T1 time and vc(T) = E1 at t = T1+T2 time, by using
equation (6);

E,=E.e VRC 4 E( 1. TR,
(7)
E, =E,e 12/KC

From this;
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-TI/ RC -T2/ RC T/ RC
l-e e -e

Er=E —— Ei= E - (8)
[ e T/RC [ o T/RC

is found. If the pulse duration of rectangular wave is T1, period is T, amplitude is E and numerical
values of R and C are given by using equations in (8), E1 and E2 are calculated numerically and
also (6) equations which give the variation of vc(t) with time can be found numerically. If vc(t)

is clear, vr(t) can be found as given in Figure 8.

vt
A

Figure 8
¢) fRC >>T, (6) and (8) equations are valid again. In other words, if RC >> T,

e'RC= [ t/RC 0<t<T,

e (CTD/RC -1 (t_T,)/RC T,<t<T,

can be written. So, the variation of vc(t) will be linear as shown in Figure 9.
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_Vc{t} +
E ______ —_—— ey
l""-----__,__,__..—-'---'_'----—_ —_— e |
au T T -
t
I
Figure 9
RL Circuit :
Let’s consider RL circuit in Figure 10.
E
+
e(t) L = -(R/Lhpit) + cl(t) ()
r L
Figure 10

The structure of equation (9) is same as equation (1). You can apply all steps for RL circuit like
as RC circuit. The circuit shown in Figure 11 can be used for modelling an energy distribution

system simply. Here, e(t) is a source with S0Hz frequency.
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E[t) Wi

Figure 11

e
¥

|

|

e(t)=~2Esin(@t)

In this case, particular solution of equation (9) is;

/2

()= sin(@t - )

This equation is;

7 =R+ w*I?

” te( wL
= arctg

R
The solution of the homogen part of the (9) equation is,
—(RL)t

ip (t)y=1,¢€

Exact solution is;
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—

III— E
~(RIL)t | N4
[ )

ip(ty=1,e sin(@ t-yr ) (14)
Before it is short circuited, there is no current transition on the inductance, i.(0) is 0. This first

condition is yield in equation (4),

I,(t)= sin i (15)

is obtained. So, equation (14) can be written as;

— —

[Xs] b
'\'—"E {RALyt _‘_"\J'f—'E

ip(t)=( siny ye sin(w t-y) (16)

First term is transient solution and second term is steady solution in equation (16). After a time
as five times of (L/R), transient solution can be ignored. After a time stated from the short circuit
current is appeared, short circuit current pass whose effective value of the circuit equals to (E/Z).
iL(t) gets its maximum value for ot =1/2 + y. This value of current is named as short circuit pulse

current and defined as equations 17a and 17b;

- Rz 0
nE o L | —+w |
N = (4y] o L ]
I, = 1+ ——e M2 (17a)
z |z |
[=21) x (17b)
Here, 1" is the value of steady short circuit current and equals to E/Z.
([ g2 [P
x=1+|17] +1fe @iz o (18)
\I oy,
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As seen from equation (18), coefficient x is a constant dependent to R/(wL). If R=0, x value will
be 2. So, the current passes in the circuit because of the transient solution is the twice of steady
short circuit current. Consider that here, generator is modelled with a voltage source and an

internal resistance and an internal inductance connected series to it.

RLC Circuit:

Let’s consider RLC circuit given in Figure 12.

R L 1 .(0)

— ve(0)
Figure 12
State equations of this circuit are,
(D) 0 (1/C) | [ ve(v) 0
d _ e(t) (19)
dr | ip(t) (-1/L)y (-R/L) 1p(t) (1/L)
Characteristic equation of this equation system is,
" - i
p”+2¢ wop+@,” =0 (20)
1 R |C
w,=—— . {(=— = (21)
LC 2V L

By taking v.(0) = 0, i.(0) = 0, for three situation the variance of v.(t) with time is drawn in Figure

13 rudely.
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— L>1

Figure 13

—O R L
A OANN—FE
+ 2
E — C
Figure 14

As seen in Figure 13, the voltage on the capacity edges goes to E for both of the three condition.

Let’s consider e(t) is a source in the form of pulse as E(u(t)-u(t-D)). In this case, it will be easy

to interpret the circuit as Figure 14. After A key is kept on (1) position for D time, it will be taken

to position (2). Assume that the initial conditions are vc(0), iL(0). During the key is kept on

position (1), in the interval of 0<t< A, by considering value of z, one can use either equation (23)

or (24) and (25). At the time t= A, we can find iL(A) and vc(A) by using these equations. If key

is on the position (2), since there is no source in the circuit, only natural solution is obtained. For

t > A, in order to find vc(t) and 1L(t), it can be used one of the equations of (23), (24), (25) in

terms of z values. For t> A, in order to determine vc(t) and iL(t), it is enough to write (t - A)

instead of t; vc(0) and i1.(0) instead of vc(A) and iL.(A); zero instead of E. If we assume that A is

big enough, the change of vc(t) in terms of £ will be as shown in Figure 15.

Vit

I A I

U [
< ligin:

vl

)

f

C=1ligin:

Figure 15

EEM206 Electric Circuits Laboratory II Experiment Booklet

49




LABORATORY EXPERIMENTS

EXPERIMENT-I : Frequency, Amplitude and Phase Measurement for Basic
AC /RC Circuits

EXPERIMENT-II : Basic AC RC and RL Circuits

EXPERIMENT-III : Serial AC RLC Circuits

EXPERIMENT-IV : Parallel RLC Circuits

EXPERIMENT-V : Power in AC Circuits

EXPERIMENT-VI : Application of Transformer

EXPERIMENT-VII : Balanced Three-Phase Y-Y Connected Circuits

EXPERIMENT-VIII: Balanced Three-Phase A-A Connected Circuits

EXPERIMENT-IX : Passive Filters
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I. EXPERIMENT: Frequency, Amplitude and Phase Measurement for
Basic AC /RC Circuits

PURPOSE: The purpose of this experiment is to investigate amplitude and phase for serial AC
RL and RC circuits. Theorical knowledge about this subject is given in EEM 204 lecture.

PRELIMINARY STUDY: All formulas will be derivatized and each values will be calculated
for the circuit given below. So you can compare the theorical values calculated and experimental
values measured during the experiment and write conclusion at the end of the report about the

differences between these values you obtained.

EXPERIMENT :

1. Generate vy(t)=10cos(2000nt) signal by using function generator and show it on the
oscilloscope screen (channel 1).

2. Design the circuit given in the figure: Show Is, Vc1 and Vri on Channel 2.

3. Draw I, Vs, Vci ve Vri. Determine the frequency, period, amplitude and phase values by
measuring from oscilloscope.

4. Measure the RMS values of Is, Vs, Vci1 and Vri by using multimeter.

CIRCUIT DIAGRAM :
R
Mty
_—
's o1 RI=330Q  Ci=1,5 uF
RE

CONCLUSION and COMMENTS

1. Report all the procedures and measurements done in the experiment section. Add your
comments.

2. Compare the theorical and measurement values of the circuit.
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II. EXPERIMENT: Basic AC RC and RL Circuits

PURPOSE: The purpose is to learn about basic RC and RL AC circuits analysis in this

experiment.

PRELIMINARY STUDY:
1. Find the Vr and Vc voltages of basic AC-RC circuit given in Figure 1 by using phasor

representation. Input AC voltage’ frequency and values of elements used in the circuit are

given in the table. Vs=10Cos(2nft)

=c f (frequency) | 100 Hz, 1kHz, SkHz

@ % Ri1 1 kQ, 10 kQ

Figure 1. RC Circuit

2. Find the Vr and VL voltages of basic AC-RC circuit given in Figure 1 by using phasor
representation. Input AC voltage’ frequency and values of elements used in the circuit are

given in the table. Vs=10Cos(2nft)

. L f (frequency) 100 Hz, 1kHz, 2kHz, SkHz
@ s L 100 mH
R 330 kQ

H

Figure 2. RL Circuit

EXPERIMENT :

1. Design the circuit given in Figure 1 on the breadboard. Show the voltage Vs with Vi,Vr
voltages on the oscilloscope screen by changing input AC voltage frequencies for 100

Hz,1kHz, 2kHz, SkHz. Determine how measures differ if R and C values are changed.
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2. Set up the circuit given in Figure 2 on the breadboard. Show the voltages Vi,Vr with Vg
on the oscilloscope screen by changing frequency values of input AC voltage for 100
Hz,1kHz, 2kHz, 5kHz. Draw the graphics on the squared paper. Determine how the
measurements differ by changing R and C values.

CONCLUSION and COMMENTS

Compare and interpret the results you obtained from experiments. Express the results clearly.
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[ll. EXPERIMENT: Serial AC RLC Circuits

PURPOSE: The purpose of this experiment is to apply voltage divider rule for serial AC circuits.

The theorical knowledge about this subject is given in the content of EEM 204 lesson. Voltage

divider circuit will be analysed first mathematically, then experimentally. Lastly, the

mathematically and experimental results will be compared.

PRELIMINARY STUDY:

In the circuit below V(t) is defined as V(t)=5cos(10007t) .

1) Calculate the amplitude and phase angles for Vi, V2, Vr2 by using the values given in

the table.

2) Calculate the amplitude and phase angles for current Is.

Ry L
A AW A n
_l_
Vi C, = Resistor | Value
R 1 kohm
+ VZ
("_v V() R> 0.82 kohm
L: 100 mH, ImH
C2 0.2 uF
R» ? Vr2
E
EXPERIMENT:

1. Set up the circuit in the figure and obtain Vs voltage on the oscilloscope.

2. Measure the amplitude or phase angles of V> and Vg2 according to Vs (Channel 1). Note:

Connect the ground node of oscilloscope to E node.

3. Measure the amplitude or phase angles of Vi according to Vs (Channel 1). Note: Connect

the ground node of oscilloscope to A node.
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CONCLUSION and COMMENTS

1. Report all the procedures and measurements done in the experiment section. Add your

comments.

2. Compare the theorical and measurement values of the circuit.
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IV. EXPERIMENT: Parallel RLC Circuits

PURPOSE: The purpose of this experiment is to apply voltage divider rule for parallel AC
circuits. The theorical knowledge about this subject is given in the content of EEM 204 lesson.
Voltage divider circuit will be analysed first mathematically, then experimentally. Lastly, the

mathematically and experimental results will be compared.

PRELIMINARY STUDY:

In the circuit below V(t) is defined as V(t)=5cos(1000mxt).

1. Calculate the amplitude and phase angles for Vi, V2, Vr2 by using the values given in

the table.

2. Calculate the amplitude and phase angles for current Is.

4 1
tL1 c1
3100mH = 1.0uF
Vs |
C) 5V 2 1
~v 1100 Hz
— 0Deg R1 1R§k
1.0k
3 |
Figure 1
Resistor Value
Ri 1 kohm,10kohm
R> 10 kohm
L ImH,100mH
C 1 uF,10puF

EXPERIMENT :

1. Set up the circuit in the figure and obtain Vs voltage on the oscilloscope.

2. Measure the amplitude or phase angles of V, and Vr2 according to Vs (Channel 1).
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3. Measure the amplitude or phase angles of Vi according to Vs (Channel 1).

CONCLUSION and COMMENTS

1. Report all the procedures and measurements done in the experiment section. Add your

comments.

2. Compare the theorical and measurement values of the circuit.
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V. EXPERIMENT: Power in AC Circuits

PURPOSE: The purpose of this circuit is investigating the power analysis in AC circuits.

EXPERIMENT :

1. Set up the circuit given in Figure 1 except capacitor. Use values in the table.

Vs(t)=10cos(20007t).

2. Calculate voltage Vs and current I;. Calculate phase difference between Vg1 and Vs.

3. Connect capacitor as seen in the figure and repeat step 2.

4. Interpret the results.

Is

&)
Vs(t) =

Ry 100 ohm
R2 1 kohm
L 100 mH
C 1 uF

2 L

—
Ci
3
3Ly
Rl % VR2
Figure 1

CONCLUSION and COMMENTS

1. Report all the procedures and measurements done in the experiment section. Add your

comments.

2. Compare the theorical and measurement values of the circuit.
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VI. EXPERIMENT: Application of Transformer

PURPOSE: In this experiment, voltage, current and power analysis of basic transformer circuit

will be done theorically and experimentally.

PRELIMINARY STUDY:

1. In the figure below Vs(t) is defined as Vs(t)=5c0s(2000xt) . Find V; and L.
2. Determine the average power and reactive power which source generated.

3. Determine the average power and reactive power consumed on the load.

5:1
| >
Ri=2 ohm
V() @ ng v: % ]
| Ideal \j L=100 mH

EXPERIMENT :

1. Set up the circuit given in the figure. Measure the amplitude, phase and frequency of V2,
L.
2. Measure the average power and reactive power that source generated.

3. Measure the average power and reactive power consumed on the load.

CONCLUSION and COMMENTS

1. Report all the procedures and measurements done in the experiment section. Add your
comments.

2. Compare the theorical and measurement values of the circuit.
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VIl. EXPERIMENT: Balanced 3-Phase Y-Y Connected Circuits

PURPOSE: The purpose of this experiment is to investigate voltage, current and power analysis

for 3-phase Y-Y connected circuits experimentally and theoretically.

PRELIMINARY STUDY:

0.2ohm jl.6ohm 0.8 ohm j3.4ohm  790hm j55 ohm

a A

+

24020 (~
240£120° 0.20hm 1 ¢ oh 0.8 ohm 3.4 ohm j55 ohm|
: .6 ohm
a @ A J PO AAN——— N B)\M %22 5 BB\

2404-120@ 020hm  jl.6ohm  0.8ohm j340ohm 79 ohm j55 ohm

* _/\/\/\l YY) )\M MY )\/\/\,__NW\__

| [ c C

1. F is 2000 Hz for the 3-phase circuit given in the figure. Determine the line and phase
voltage and current for the load (as amplitude and phase).

2. Find average power that each load used up. Find the average power that load used up.

3. Find the total average power that load used up by using 2-wattmeter method. Compare
the result with you found in step 2.

4. Find the percent ratio of average power that got lost in the transmitting line (single phase)

to the power generated by source (single phase).

EXPERIMENT:

1. F is 2000 Hz for the 3-phase circuit given in the figure. Determine the line and phase
voltage and current for the load (as amplitude and phase).

2. Measure the power that each phase load used up (According to the ground). Measure the
total average power that load used up.

3. Find the total power that load used up by using 2-wattmeter method. Compare the result

with you found in step 2.
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4. Measure the average power lost in the transmitting line (single phase) and power

generated by source (single phase). Find the loss ratio.

CONCLUSION and COMMENTS

1. Report all the procedures and measurements done in the experiment section. Add your

comments.

2. Compare the theorical and measurement values of the circuit.
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VIIl. EXPERIMENT: Balanced 3-Phase A-A Connected Circuits

PURPOSE: The purpose of this experiment is to investigate voltage, current and power analysis

for 3-phase A-A connected circuits experimentally and theoretically.

IaA =

a A
| 1
Y *\  6900020° .
69000.£120° @ o~ 450j ohm g 600 ohm §
¢ ._@_. b 600 ohm : 450j ohné
49000.£-120 Top = :
- B 450§ ohm| (-
)\/\/\,__NW\_
600 ohm
IcC:
PRELIMINARY STUDY:

For the 3-phase circuit in the figure, fis 2000 Hz.

1. Determine the currents Iag, Isc, Ica, laa, Ibs, Icc, Iba, Icb, lac .
2. Find the voltages Vag, Vic, Vca .

3. Calculate the power in each phase of the load.

EXPERIMENT:

1. Measure the currents IaB, IBc, Ica, laa, IbB, Icc, Iba, Icb, lac .
2. Measure voltages Vag, Vac, Vea .

3. Measure the power in each phase of the load.

CONCLUSION and COMMENTS

1. Report all the procedures and measurements done in the experiment section. Add your
comments.

2. Compare the theorical and measurement values of the circuit.
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IX. EXPERIMENT: Passive Filters

PURPOSE: The purpose of this experiment is to investigate the responses of passive filters for

different amplitudes and frequencies.

PRELIMINARY STUDY:

Determine the transfer function for the circuits 1, 2, 3 and 4 and calculate the cut-off frequencies.

EXPERIMENT:

A) Low-Pass Filter

1) Design a low-pass filter circuit by using 10 kohm and 1pF for R and C, respectively. Adjust
the amplitude of signal source for 4 V (p-p), measure the output voltages for 1, 2, 4, 6, 8,
10, 12, 14, 16, 18, 20, 40, 60, 80 and 100 ( kHz) input frequencies.

2) Convert the voltage values you measured to decibel by using the formula given below,

dB=20 log (Vo/Vi) (Viis constantat4 V (p-p))

3) Draw the decibel values according to frequency by using semilog graphic paper.

4) Determine the actual cut off frequency by using drawing.

B) High-Pass Filter

Design a high-pass filter circuit with C=1 pF and R=4,7 kohm and realize the process steps 2-4

given above.

C) Band-Pass Filter

Design a band-pass filter circuit with C;=1 uF, C>=1 pF and R1=10 kohm, R>=10 kohm and

realize the process steps 2-4 given above.

D) Band Stop Filter

Design a band-stop filter circuit C1=1000 pF, C>=1000 pF, C3=2000 pF and Ri=47 kohm, R,=47

kohm, R3=47 kohm and realize the process steps 2-4 given above.
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CONCLUSION and COMMENTS

1. Report all the procedures and measurements done in the experiment section. Add your

comments.

2. Compare the theorical and measurement values of the circuit.
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