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Course Description Form

1- Course Name :

Electric Circuit Analysis

2- Course Code :

3 Semester / Year :

First academic Year

4- Deszcription Preparation Date :

2024

5 Available Attendance Forms :

In Class Attendance

&~ Mumber of Credit Hours (Total) f Humber of Units (Total)

120 h {8 units

T- Course administrator's name {mention all, if more than one name) :

Mame : Anwar Sabah Ahmed
Email : injanw@atu.eduig

& Course Objeclives :

Course Objectives :

1- The Student will
learn to apply the
general electric
laws= in analyzing
electric circuits

2- learn to choose
the suitable
software for circuit
analysis

3- Learn the basic
theories for circuit
analysis and solve




mathematical
examples on it.

4- Learn to connect
the single phase
and three phase
loads and do the
the required
calculations on it.

9- Teaching and Learning Strategies

Strategy =

- Scientific lectures

- Practical Lab.
Experiments

- Scientific trips

- Daily, quarterly and
monthly tests

- Scienfific reports.

10- Course Structure -

Week Hours | Required Learning Wnit or Learning | Evaluatio
Outcomes Subject | Method |n Method
Mame
Week 1 4 Electricity ,Unilz System , | Eleciricity
Unitz Conversion , Basic
Unit for Eleciricity , Solve
Examples.
Week 2 4 DC Circuit analysis : Circuit
Series , Parallel Analysis
Combined , and Star —
Delta Circuit analysis and
Solving Examples
Week 3 4 Applications on series,

parallel, Combined, star,
-and Delta circuits

A- Kirchhoff's laws -
definition of Kirchhoff's
law - for current and
voltage, with solving
examples.




B- Maxwell - with solved
examples

Week 4

A- Thevenin's theory -
definition of the theory -
how to apply it in direct
.current circuits

E- Morton's theory -
definition of the theory -
how to apply it in direct
current circuits.

Week &

Applications of Thevenin
.and Morton's theorem

Matching theory -
definition of the theory -
applied steps in solving
direct current circuits that
contain more than one
source - examples of
solutions

Week 6

Definition of the current
source and the voltage
source (continuous power
distributor) and how to
convert from one to the
other

- The theory Maximum
Power Transfer - definition
of the theory and
derivation of its
relaticnships - applied
examples.

Altermating quantities




include - their definition,
properties of allermating
current - how to generate
alternating current and
draw itz vector and its
relationships - definition of
the effective value (RMZ)
and the average value
and their relationships to
find the formation factor
and value factor for
irregular waveforms with
applied examples.

Week 7

Altermating vector
quantities - their definition
- phase and directional
representation - phase
angle and how fo find if -
finding the resultant of
vector quantities,
including multiplication,
divizion, addition and
sublraction - with applied
-examples

Study the effect of
alternating current on a
circuit containing only
resistance - a circuit
containing only pure

induciance - a circuit
containing only pure
capacitance - finding the
phase angle between
voltage and current for




each circuit and solving
examples

Week &

Study the effect of
altermating current on a
circuit containing
resistance and inductance
in zeries - & circuit
confaining resistance and
inductance in series - A
circuit containing
resistance, inductance
and capacitance in series
- A circuit confaining
resistance and
capacitance in series -
Finding the relationship
between current and
voltage in the three cazes
- Phase angle - The tofal
impedance of the circuit
with applied examples.

Week 9

The effect of altermating
current on a circuit
confaining resistance and
inductance in parallel - A
circuit containing
resistance and
capacitance in parallel - A
circuit containing
resistance, inductance
and capacitance in
parallel - Finding the
relationship between
voltage and current in the
three cases - Conductive
phase angle, its definition
and how to find it - Finding
impedance - Permittivify
with Practical examples.




Week
10

- The description - ({J-
Operator) or the complex
coefficient to find the total
impedance, total
Admittance, current,
voltage, and phase angle
for circuits.

Week
11

Resonant circuits

- Series resonance circuit
- Current, voltage,
impedance, phase angle
and frequency at
resonance

- finding the beam width

- finding the gquality factor
- Drawing the
relaticnship between
inductive reactance and
capacitive reactance w
frequency

- Solving examples -
Parallel resonance circuit .
- Curmrent, voltage,
impedance, phase angle,
and resocnant frequency

- Drawing graphical
relaticnships with
frequency

- Finding the quality factor
- Solving examples.

Applying theories such as
Morton's theorem,
Thevenin's theorem.

Week
12

- Power in alternating
current circuits includes
calculating power in -
circuits containing




resistance only

- circuits containing
inductance only,

- circuits containing only
capacitor

- circuit containing
resistance, inductance,
and capacitance in series
and parallel - - definition
of active power and
reaclive power.

Week
13

- Total reactive power (ils
definition) - Power triangle
- Power factor

- Applied examples.

- Maximum power transfer
in alternating current
circuits

- applied examples.

Week
14

Measuring devices
include

- Types of measuring
devices

- nature of their work

- moving coil measuring
devices, their installation
and uses in measuring
voltage and current,
mentioning their
advantages and
dizadvantages and a
drawing of the device.

Week
15

The iron-core measuring
device

- installation and how to
use it in measuring

- advantages and
dizadvantages and




drawing the device’s
diagram.

Week
16

- Dynamo-meter
measuring devices

- installation - drawing a
diagram of the device

- arrangement in the
electrical circuit for
measuring power -
moment equations -
advantages and
dizadvaniages

- the oscilloscope device
- drawing of the device

- installation and
operation.

Week
17

- Practical methods for
measuring resistors of
high, medium and small
values

- an ohmmeter in series
and parallel

- the ammeter and
voltmeter method

- the compensation
method

- a test-stone bridge - the
voltage divider method

- the switching method

- examples of each
method.

Week
18

- Three-phase alternating
current circuits

- definificn and how to
generate alternating
current:

- single phase

- two phases

- three phases - with a




drawing of each circuit,
star and Delta
connections in three-
phase

- alternating current
circuits, and special
relationships for
calculafing line and phasze
current and voltage, total
power and line capacity
- phase power

- examples.

Week
19

Solve applied examples of
three-phase alternating
current, Delfta and star
connections, from
balanced and unbalanced
loads.

Week

Methods for measuring
power for three-phase
loads

- a wattmeter

- how to connect it to a
circuit to measure active
power and calculate
reactive power and
apparent power with an
example solufion

- measuring power using
a wattmeter and a voltage
- how to find the total
power in this way and in
the connecied state

Star and Delta.

Week
|

-Magnetism
- the magnetic circuit - an
infroduction to Morth and




South Pole magnetism

- types of magnetic
materials

- the basic characteristics
of magnetic materials

- magnetic driving force
- magnetic flux density
and factors that affect
magnetic flux
- permeability and its
effect
— Magnetic circuits and
the application of
Kirchhoff's laws fo them.

Solve applied examples of
magnetism.

Week

The intrinsic inductance of
the coil (eleciromagnetic
induction) - itz definition -
the special relationships
to find the self-inductance
of the coil - the mutual
induciance between two
coils - and the
relafionships to find the
mutual inductance
depending on the type of
connection of the two
coils, which includes:

A- Linkage of a mutually
reinforcing sequence

E- Reverse zerial
connection

Week

Transformers -
transformer installation

- fransformer drawing
- features




- working principle and
zpecial relationships,
types of transformers

Week

Applied Examples

Week
25 & 26

Curves of growth and
decay of current from a
dead circuit

- explanation of this
circuit and its effect on
direct current

- the general relationship
of growth and decay of
current in a coil

- drawing the current and
calculating the fime
constant

Week

Applied Examples

Week
288& 29

Charging and discharging
capacitors. It includes the
use of capacitors in direct
current circuits. The
general relationship of
charging and discharging
a capacitor and current
drawing - the effect of the
time constant and its
calculation.

Week
30

4

Applied Examples

11- Course Evaluation

Diztribution of the grade out of 100 according fo the tasks assigned fo the
student, such as :
- Daily preparation, daily oral Discussion and Contribution.

- Monthly written exams, reporis, eic.

- The Accumulative grade through the year should be 50 degres

- Final 2xam should be 50 degree.




12- Leamning and Teaching Resources

Required Textbooks (Curricular books , any) | Introductory to circuit Analysis -

Boylestad

Main Heferences (Sources)

Recommended Books References

El=ctronic References - Websiles
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Q1\ What is electricity?

Q2\ List the two types of electricity and give one example
of each.

Q3\ In which type of electricity
do electrons move in a closed
circuit?

Q4\ What is the difference
between DC and AC?

() Jlas ol (g i 0.0




Jeladlg g21p0il A 0pslaall 954:#\ JQ&Y\ d.‘.'h& L;Jgﬂ\ JmiY\ QQ‘%‘

(ot el cunl gl1) samll JLGRY) i) Sl Al LEAY) sl 8
gl LAY A ) ged) dpasdllidadaliiaty (Electrons) «big A< o Jddi]:
O Al Al Sl g ySIYNAS ja e 3ok (oo el )eSI )
Q1\ What is electricity? 4 isdnall Skl A <l Al
Q2\ List two types of electricity with 6.7, 8 claial _ - . ; . \
examples (Static Electricity) Aiskud) slygsll | ,Lad2:
Q3\ In which type do electrons move ina g, . 38 () 59 el e il aS) i gl gall @lSia) dais Ui sl
closed circuit? B A s
Q4\ What is the difference between DC g iniiall

and AC?

"5 _palaall Lled sl Al cilila) e 3Esill oDle ] daia gall cladiall B8 SN ¢ ga 1 Sy dral jall ddaadl =z



cu'_\\_u.@ﬁl\ J\.:\ﬁ\ -Ind SJ.:..;:\A.J\

Ohm's Law

cpall JlaS e)-*-“ S Lp.p
) mdl GaY) 5 YLtV s




pgi ggiliig dnglinil agall jluill :2 dpalanll ,J.\AS \ J\,mis‘j\(Pre-Test) P

5 pualaally 52l U8 dgalall clilan Gl il 5l e S s el e

Glual daaal) Ll ) dasall Le ((Ohm's Law) asl sl g o Al A(Resistance) 4xbgs 4dagiall puld 3aag 4 L o
(V) esh 2l Tl
V=IxR(i () (Volt) cugall (i ()
V=1/R(v () (Ampere) yuo il (w ]
V=R/I(z () (0hm -Q) pgill (2 [



e 1538 Gllall 5 S 3 palaall sda ol e

A sl 5 agadl g HLill iy jatie

A0l el LSl o3a (p ABDal) agh o

leie S0 daaiiieall 5 jeatyl s (bl Cilas g 43 jaa 0
Adayall Gllesll 3 (Ohm'’s Law) asl o538 Gakai o

Opall JlasS aM (5 pu 0,0



nge g s ullas g S e (s i 3 G 355 Bala O
L jeS diad K (il g SN (S f A1 2 Lavie
(Coulomb — C) a5t sSl) Bas gy A3 B} s

QL )

S 10 x 6.25 disd = a5l S 1

Opall JlasS aM (5 pu 0,0



i ga dllu 8 (g ast) Sale) Al gl liadl) 381 g2 )
ATl U B g (3¢a) Al gh aa g Laie L) iaay 3>
(Ampere — A) U Bas gy Ll &y >

I 054,

’o—> S RS

i TR VN iy

Gl JlaS oMl (6 pu 0.0



Boslall 8 el Al g iKY ads 3 5 gl g agall
sy 8 elall adyy (o3 Larall 40l
(Volt—=V) cl gl sas 51 (ulsy 3>

V e ey »

VOLTAGE

L]

o 2 sgic @
Lot HLall & a8 ¢yl i dgs 3% a9 o1 1)

Ol JlaS @Bl (5 o 0.0



el Ll 5 s s slall Lggas 3 Aailaall s
Ll 3B e lad) ¢l § LS B
(Ohm — Q) asY) sas g1l 3
R p»

More resisiance

Opall JlasS aM (5 pu 0,0

35 ?
\SADJM‘L\A}LSA L_,,_..»\.;.aé_\lu
BoS Al glae 1 s S (e



e gliall o Ll g aealdl o Aadu) 48Rl
V=IxR

RURREN

(Volt) LLoeSl sl vV

(Ampere) bl Ll (T

(Ohm) 4 seall :R

The Ohm’s Law ‘Tr"l'aryé

D Gla Sli€ay ¢yl i e 13) @

Ol JlaS aBh (g a0



Example 1:

If the resistance = 10Q and the current = 2A, calculate
the voltage.

V=IxR=2x10 =20V

Example 2:

If the voltage is 12 V and the resistance is 6 Q, calculate
the current.

1=V/R =12/6 =2A
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Answer the following questions:
1. What is the definition of electric current? What is its unit?
2. What is the difference between voltage and resistance?

3. If the resistance of a circuit is 4 Q and the source voltage
is 12 V, calculate the current.

4. In a circuit where the current is
3 A and the voltage is 9 V, calculate
the resistance.
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Q1\ Definition of electric current & unit

Q2\ Difference between voltage & resistance

Q3\ Calculate current (R =4 Q,V =12V)
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Homework

1. For the fig. shown, find:

a. Regy
b. I;
c.I4
d. I,
e. I
f. V,

g. V
h . V; lﬂ% IE% CS%

l. V3 Cadl) JlasS aBw (5 pu 0,0




Homework

1. For the fig. shown, find:

a. Regy
b. I;
c.I4
d. I,
e. I
f. V,

g. V1
h. V.,
i Vs
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5l ABISal) da glial) o (3 333\ 4 dadal) R <R\ B B g

(100, 200, 300 Adlsal dagliall Glus JUad\ u

-
Q) 5 fadal

dan) pall Aiadle: ciladaal) ald Y £ ga ) Athall ay(cladbadl) el Gl ol Abiad Jola e Slill ode | daagall, T



adalisal) i) gal) o 5th & Gth 3 jualaall
Combinational Circuits

cpall JlaS a)-“ S Lo.p
S BN | JAPEIN |
N amall e g VLAY LS




(A Ll

(Series and Parallel Circuits) ) sl s A sl A go; dalall 3 palaall (e

o e ki A0 Al 4asl L «(Series) A5 Ao Juagil) b il 8 a
fila glaall

s (D @ = ©

2 Ay glaia 09 Sl A L (Parallel) @ itsid) Ao Jua g 5408 A
Cila glaall A=A

o4 L4

s (D - @ o

Ol JlasS aBls (g pu, a0



Sjbh.d\ L_G\JA\

ilaie Gileglie o ggiad Al i sall Judas e ) ol dUall o) oSy o o
L s )l il e

B paic JSI A @l 5 Ll 5 RS Ao glial) Clua (e Ul S () o
aabia ) Al e SU 5 yalall

Crdl) Jlas oMl (5 ymu L0.0



Introduction 4eiia

5155 Y 9 i (Series) Aedu o LIS 28] glf & Al 1<) il gal)

L34 (Parallel)

A @—> ) . _ ) o
! f T radail agia g dedad Jaladl rlad A
(Regn) 481 A8l da glial) o
BC'> (It) ‘._.’JS.“ Jw‘ 0:0

¢

&

(.... ¢ 13 ‘ 12 . 11) Z-AJGAJSUAG JL.-.‘:‘-“ @
( 8 V3 ¢ Vz ¢ Vl) 2\-4\91.3-4 JS u..‘ﬁ J@%}\o:o
=G zan a3 (Parallel 3 Series) o ) ) Lasadiy 3 yilal) Jad L

Cadl) JlasS adlw (g pu 0,0

*



Ol JaS @Bl (5 o 0.0

e ) gl Julad Jga ciliaada

haglia Gluay 4jigiall godll Juad o
bl

S B aa g e cilagliall gad o

J9 agl Gl aladiuly agally LA Glua o

LY

Clagiall b g Jaladl die HBa) A o

REEON



Example 1

For the circuit shown, find R,,,.

Sol.

Lagd 2aai g oy ASY) <l glaally faus

3 G55 am e LgDle CilS 13
A e i) Y ey 5315
saa) g daslia o Jand Jia caigni Y
- Jiad il glaall S 1a

Requ

Requ —

2Q

6 Q

Ol JlaS aBlw (5 pu 0,0



Sol.

(parallel)
R,
R, / \
NN
2Q
_ R3X Ry
R3+R4 Requ_’ R3§ 4Q R4§ 4 Q
_ 4AX4
444 Rz

i W Y,

=20 Gl Jlas o3l 5 o L0




Sol.

Requ=R1 +R2 +Ra
=2Q+6Q+2Q

Regu = 10 O

Example 1

(series)

-

AN\

R equ \

2Q

Call Jlas Bl (5 pou 0.0



Example 2

R, R,
For the circuit shown, find Rgq,,. ——WW NNNN—
1200 Q 1 320Q
M R, § 720 Q R, R, %45 Q
R, R,
A (a0 [
AN ANNNN——
1200 Q l 320Q
parallel . § s 21 H - §45 o series
[ Cl) JlasS oMl (5 pou 0.0
\_ 9 y




Example 2

Sol. l
1200% 720 —
= R, Z450Q R R,Z 3650
Ra = 15007720 2 " 2
R, =450 Q [
R, =320+ 45
Rb — 365 Q

parallel

()5 = Ry s Ry 0= 30k (62 Ry SaY)

() JlaS S (5 o 0.0



Sol.

450%x 365

R —
“M™ 450 + 365

Requ =201.5Q

Example 2

Requ

§201.5 Q

Ol JlaS aBlw (5 pu 0,0



Homework

QI\ For the circuit shown in (Fig. 1), find Ry,

R1 R4 Rs

—N\N\Y NN NNNNY
40 16 Q 120

| - Rs §3OQ Re= 154 R, %189
Rs R7

R, 200 100

*—ANNNY
14 0Q

Gl JlaS 2 (5 pu 0.0



Homework

Q2\ For the circuit shown in (Fig. 2), find Ry,

45 Q

——\W——
25Q 30Q
———\\W AW

10 Q 20Q
m— ;
A Ol Jlas poht (5 ot 00

(Fig. 2)




Homework

Q3\ For the circuit shown in (Fig. 3), find Ry,

20Q

60 O 18 Q

10 Q 12 Q

8A

Call Jlas Bl (5 pou 0.0



<llayl Cm.q
R g VES  RLANIEY
agall) @ (S J) sl Dkl o (DY) J) s

5 palaall o3 (Homework) el Lady) clialy dilaial) gl pdl): Jad) dan e

Yool & 3l sill 5 A sill ol jal s Adalisall il gall Jalas dngia Q1& Q2& Q3
)l 5 & )55 gea— Example 1 (Al dgulail) Jal) &f gad Q1& Q2 & Q3

)35 & (V5 mer— Example 2 (ALl diulail) Jall ol slas Q1&Q2& Q3

Gl Jlas o (5 s, a0



(Star Y-Connection) (el )il :7th & 8th 3 alaall
k.
(Delta A-Connection) (siiall Jay )

7\ # El JlaS aSa (5o L.
m— ’ \ » : g o s \
DELTA-A STAR - Y e 4‘_5-3M AW.S

ol mead) (el g LA s and




(A Ll

(Combinational Circuits) ahalisall ) sall: 48l 3 jualaall (e
98 Lo LIE Laal) Bl gl B Aily et il gl Q

Lais ) i @ Lidé 5 ) @ 55 (s (go Ly o @

eAlalida 5,3 Jalad die Sale Baaiaal) A s¥) 5 ghil) Le a

I Gl 5 45 ) sl & 5 48l Juad 3l Bl S (518 (ke
5 yile A< 508 o @ oy s

Ol JlaS oMl (5 s, a0



oo T8 LI ()5S pnlanall 30 At 3

Jra 58 48 yha 5 (IS Eua (0 (A-connection) s (Y-connection) Ll o )-\-\CJL‘SAI‘
Sl

Jraill daasall il g8l sty (delta) s (star) b (e JS 28K da glaall Clua 2
Baixall i sall Jilasl (Y-A conversion) Legin SO gt ¢l ja) 3
AL eS8 ilall il A 5 Y G dasadll ) Lead zUas Al Glal) aaas 4

A luall il sall 93l dadasl 8 Uila g Hlis Jay )} dlead) clipaill agd S
Gl JlaS aBl (g 0,0



(Y- Connection) (=2l day )l

Ledl hal () oS3 5 (salaall ddasill) 4S jide ddads die dliaie Cila glae SO0 o
bl dliatia 4530l

(Neutral Point) salaall ddaaill & yidiall Cayhall o) o

Gl Jlas a3l (g i L0



(Y- Connection) (a3l Jay )

R: (Vphase) bJ:\LM.“ :\.LS.L“}J::A Lfi O J,@_;_“ ®

ER {Phase Voltage}
‘ V _ Viine
N phase /3

: —
Neutral Wire

Ey {Phase Voltage}

Pl laall = Ao glie S 4 bl o

EYB {Line
V

o Vol

Liine = Iphase

Cpall Jlas Bl (5 i Lp.0



(Y- Connection) (el Jay 1) cilaladiv

. (Y-connection) s

§ Sl sgall ddaif b ¥ gaall g il gl

380
+,b(% — \ ..‘ "\S.u.u

5 P 220 &0 2

w2 uz 2 (Star-Delta Starter) <\S y=all 3
e g

PHASE

() Jlas Bl (5 pou 0.0



( Y- Connection Shapes) (-aall Jas ) J&

Three ways in which star connection may appear in a circuit.

YT

Cadl) JlasS adlw (g pu 0,0




(A- Connection) (sbial) Jay

A4S yilia a.h\.;.czdas.:hjﬁyo

l, \
/'/ \
\ /
'\——'A e
\
R3 <~ “~7 R]
. L
\ )
— p S
\\
\
— jr pE———

Cpall JlaS a5 a0,



(A- Connection) (slial) Jay )l

Line Current = \/3Phase Curren t

'R' Phase
1

Lead ol bl aga = daglaa JS g e

Line Voltage = Phase Voltage

Vphase = Viine

Az Y 'Y' Phase

Line Voltage = Phase Voltage

B' Phase

(d:\.saﬂ‘t_tma) \/§ X.Liij‘)t:\S:aAjGAdsg‘)w‘.

Iphase = Ijine X V3

Cadl) JlasS adlw (g pu 0,0



(A- Connection) ¢iiall Jay 1) cilaladiidd

:® (A -connection) padiuy

R

w (A S o sl clile aa) Jiagy) @V adl 3

LA e

R B
PHASE

Cadl) JlasS adlw (g pu 0,0



(A- Connection Shapes) (iiall Jay 11 JIi

hree ways in which delta connection may appear in a circuit.

AW\

C’-‘-"'“ Jus aﬁ*“ G p.0



(Y-A Conversion) A 9 Y & Jpgaill

-

Delta X Star
SRy
R3 Rz
- y
RyR,+ R,R;+ R3R, R,R.
Ra — R1 —
Ry R,+R,+R,
RyR, + R,R;+ R3Ry R .R.
Rb = Rz =
R, R,+R,+R,
R = RyR, + R,R3+ R3R, i R.R,
= R; T R.+R,+R, ) Jas a3l 5



Example 1

For the circuit shown, find R,g,.

Ry

—— W
30

5V

Cl) JlasS oMl (5 pou 0.0



R,
—NNN\Y
30 R,
20
sv | R,
20

R24=R2+R4=4Q
R78=R7+R8=1Q

Example 1

Series

RZ R1
1Q

R4 3Q
1 30
30

R, ' 5V
Rg 0.50
0.5Q

Series

Ol JlaS @Bl (g o .0




Example 1

Sol.
——ANW AN—— —— AW
30 RséRb) (R.) 30
20 R
30
e ANNN
- s B R
2Q R3g 2Q Rg
10 10
ANNN—— ANNN——
RyR 2 x 4
Rjg =—25—= = 0.8880
R,R 3 x4
G = = 1.3330
R4Rp 3x2
= = = 0.666Q) ;
35 T Rg+Rp+R;  4+2+3 e



Example 1

Sol.

Rx :R35+ R6 — 2.666Q R

=RZS+ R78 — 2.333Q

Ol JlaS @Bl (g o .0



Example 1 R,

SOIO —'\I\N\t\‘
30 R,
R, 0.888Q2
— N\ Series
3Q R,
1.24Q
! |
Requ.
2.666%2.333 5.128Q
R, =R|| R, = = 1.240
2.666+2.333

Requ =3+0.888+1.24 =5.128Q
Ol JlaS @Bl (5 o 0.0 '



Example 2

For the circuit shown, find R,g,.

Cl) JlasS oMl (5 pou 0.0



Example 2

~
Requ
600 ¢
RiR>+R>R>+R2R 10004+20004+800
R =—"2"—"22""2=o — 1900
R, 20
RiR>+R-R2+R2R 10004+20004+800
RbA — 1012 213 311 s — 76Q
R, 50
Ri{R>+R>R-+R2R 10004+20004+800
RCA - 1112 21\3 311 — — 9SQ

R3 40 C).'."A'“ JLAS (aj.u S A0



Example 2

Z .
60+190 Gal) JlaS aMw (5 s L0



Example 2

Requ.
R, qe. 7.8Q2

8.83x68.4
equ- — 333+68.4

7.8Q2

Rf =R, + R, =22.8 +45.6 = 68.4Q2

Ol JlaS @Bl (g o .0



Homework

Q1\ Convert the Y network to an equivalent A network.

a Ra b
. e Rt e S 2 g >
\ “\\\ /// F
\ N //' )

. 1,50 75Q
- .
,.R, . N R2 .
N // / R
s Y b

() JlaS S (5 o 0.0



Homework

Q2\ Convert the A network to an equivalent Y network.

. a \ ,R\C‘ b
Jrommmiing VVV 7 O
\\ 25Q /
\ /
\\\ //
\ i
Z 10 Q 15Q o
R b " ‘"\ R a
\\ /
% /
. S
\ /

\l/ C
C Call Jlas Bl (5 pou 0.0



Homework

Q3\ For the circuit shown, find R,g,.

R1

R1= 1000 Q

R2= 4000 Q

R3= 4000 Q

R4= 4000 Q

1 R5= 4000 Q
mA R6= 4000 Q
R7= 8000 Q

R8= 2000 Q

R9= 6000 Q

R10= 4000 Q

Cl) JlasS oMl (5 pou 0.0



Homework

Q4\ For the circuit shown, find R p.

500 Q
WA
Al

200Q C 200Q

600 Q

Cl) JlasS oMl (5 pou 0.0

oe
O
-



Homework

Q5\ For the circuit shown, find R p.

A
6 Q 4 Q

3 Q 5Q

50 80 40

Cl) JlasS oMl (5 pou 0.0




Homework

Q6\ For the circuit shown, find R4p.

Cl) JlasS oMl (5 pou 0.0




Gl Jlas o (5 s, a0

w9
<llayl CM.A
8l JLaay) clla
A ) siall g 5l Juad) o ((SEN J) sl sl s sl e 3e) o (DY) O sl

5 palaall o3 (Homework) el Lady) clialy dilaial) gl pdl): Jad) dan e

(Y-A Conversion) el 5 canill Loy 3l 3 bl o il ja Q1 & Q2
— Example 1 sl gpkall Jall @l sha(Y-A) + il jua Q3& Q4
— Example 2 ALl Agphill Jall & sha(Y-A) + digpaill jua Q5 & Q6



:Qth & 10th 3_palaall

KCL bl b 5 S (o 53l

KVL 4t all Ca gl 5oS o) 4l
Voltage Divider Rule 4l ¢all auia oy 5il8
Current Divider Rule Wl ausa ) 5318

Branch Branch

Node " —>Node —— lode

Ol JlasS Bl (5 0.0
i - AL agaal)
Sl g CYlaly) CLES aud
() e

Branch




(A Ll

(Star & Delta Connections) (il bl 5 ceaill Jay )l dalull 3 jualaall (e

o AS jidia Aol aie Alatia Cila glia ENE 392 g0 SRai(Y)  (anil) Jay Q

oY) Ak @ saglaal) Al @ o il AL @

aladiuly (uSallyg Alial L) aadl) Ja gl (he Al Jgad oSay a

s e 058 (1) i () (YA deil 2o

Conversion)

Ol Jlas oM (6 puu, 2.0



5 yialaall Calaal

e 1538 Ul () 5Su 3 juialaall 28 dles

Al S0 305l e Al all 5 5Ll G g S () 6 Gkl ]
L_ﬂ.s.‘:-l\j 8‘5‘)9]\ PRt XD ‘)3\‘5.3]\ dﬁl&: 2

Bolae e ol m) ARG Ll s agadl anse (il 68 aladdul 3
Slaniall (il 85 g oS il 8 G day )l 4

] TL
TJTUTIT U

Crdl) Jlas oMl (5 ymu L0.0 B




631555 N g Cyni) 88 LRSS Y Bina Al 1S il 93 pa Jaladl ie o
: “ “ 9 s

Balaa CuilS Laga 3 5308 (6} Judadt Kirchhoff’s Laws
Adsa SVl A clibual)l bl Divider Rules

loop (aall el g branch g8 s node 348l ;G Suall) i o

Ol JaS @Bl (5 o 0.0



O o bl gl 1S G 58 Gl
L@AA:\.;)L;S\ u‘Jhﬂ\&Wngmam Lgiu_“:\.l;‘.ﬂ\ u\JM\ g sana
3 i=1 )

Currents IN

I,
|1+|2+|3—|4—|5= 0

Currents Entering the Node |, I3
Equals \ /

Currents Leaving the Node ¢—— Node
|1+ |2+ |3= |4+ |5

|5 |4
Ol Jlas aBlw (5 pu a0 Currents OUT



Ol e Al dll o gl S () 5ilE
| a5 sl Al dals () Jsa Al 8l (5 yual) & gandll
(NIR = Y E) 2@l i hasel g sane = 32l jolias g gana )

N N
1 %l{;
Ré |l Ei-E2=iRi+ iR~ iR~ iRy
F1—:_— - ks
AAAAA -

D R4 4 & Ol Jlas adlw (5 pat 0.0



For the circuit shown, find the current in each resistor.

i
B - <
i1 4 yi2
=
R1 R> ;_—-_12\/
10Q 40
R3
M 8Q)
E1 T -
20V
Ol JlaS aBh (g a0

>e
O



Sol.

By using KCL in node (C):
il = iz + i3
i3 =11 - iy |

By using KVL in loop (ABC):

+20 -

10i,

-4i2=0

20 = 10i, + 4i,

=

20 —4i,

10

equ. (1) ]

Ol JlaS aBlw (5 pu 0,0



Sol.

By using KVL in loop (ACD): y ciz B
+12 - 8(iy - i) +4i, =0 53 O gﬁé(\;_-ﬁv
12 = 8i, - 8i, - 4i, 1. %
8i1-12i, =12 equ. (2) > | ]
By substituting equ. (1) in equ. (2), we get:
3 (= ‘“2) 12, = 12

160 — 3212

( TR 12i, = 12) x10
160 - 32l2 = 120l2 — 120 Ol JlaS adlw (6 put 0.0



Sol.
i, =0.263 Ampere i

R1
10Q

By substituting the value of i, in equ.1,

we get:
. 20 —(4%0.263)

i 10
i1 = 1.895 Ampere

I3=101 -1, =1.895-0.263 = 1.632 Ampere

Crall Jlas oS (5 pou 0,0



(S Huaall A 8 3 g1) 1) 55 8 HIA (paaia Baa g daglaa e A gall alagY aadtoy
((UAS) ) Cpflaglia Jla B) o5

Vin ——

45V

R1

R2

R3

2 kQ
S kQ

8KkQ v,

Vi.n

Vout o

|

V()llt

R,

Vin{

(ol Jlas oMl (6 o 0.0

R: + Ry

}

. ?
e
N



(I 25250) 1@ )5 il ga A ardiug

(18 (e B Jla A) o

R, —
Il I( " }IT II’ Il
K+ I, |
R _"_35"" .I;LQ gzk()
Ie = : [ Rt
h (RI+R2] ' —

Ol JlaS Bl (5 g 0.0



Costlaall & Al s ) sl (e 8 Lagland 8 (a JiS) aga g Al (A5 ¢
KCLdLu_uLa(u LS‘)AY‘ u_ﬂ.AjLeA.“ d\‘).x;\u.c c_ah)_x\ &JSJMSIJ\;J\
L.a.:\d).\;.o.\\&)ﬂ\ IJ&\@McJM\M&ﬁgﬂ\node@

Cudl) Juas oMl (5 pmu 0.0 RX 5 RT



For the circuit shown, Determine:

Vags Vecr Veps Ve, VBE

Sol. R, = R+ R,+R;+R, = 8kQ +4kQ +2kQ +1kQ = 15kQ

Wi =W =R _R_l . 5[ T - 8volts
=V =Y R—T |- 15 f‘%%%J 4volts
V=V, RT 1\ L } = 2volts
Mo, ==V, I R—4 =13 [ 113000000 = lvolts

|

Gl JLalS a3l (6 paut 0,0



Sol.
a3 5 Al gia e sliall maas Cus KVL alasinds Vo z)oaial Lyl oSy 5 1ddaale
Vs = Vap-Vpc -Vep - Vpg =0
Vo =Vs = Vap-Vpc -Vep =1v

"Ro+Rs+Ry | "4k +2kQ +1kQ

V. = V{ R = 15[ T } = 7volts

E B Akl (e il il aan (00 Vi 7l oddal (Say 5l ddasdla

() JlaS Bl (5 0.0



BY using CDR, determine the current in each branch.

= IS0 m4

Cudl) Jlas oMl (5 pau 0.0




Ol JlaS Bl (g o 0.0



QI\ For the circuit shown, find I; , I,, I3

Vi
>——<
1 I3
I 150 Q
R; $1000 R,
R;
1kQ
V, (* 1%
30V 20V

— Ol JaS Bl (5 o 0.0



Q2\ For the circuit shown, determine the voltage drop across the current

source using KVL.

<

Iy (D 5A

) S 50
% 30

Ol JaS Bl (5 o 0.0



Q3\ For the circuit shown, use KVL to find I; and .

3 + 20 - b + 3() = C
—— W PAA——
Ry R,

5V CD V, D R{% 10 D v, G) 2V

g () JlaS aBh (5 o 0.0



Q4\ For the circuit shown, use current divider rule (CDR) to find:
I7, Ipq, Iy, In3. Use Ohm’s Law to find the voltage across each resistor.

Ir3

V=100V

Ol JaS Bl (5 o 0.0



Q5\ By applying current divider rule (CDR) and voltage divider rule
(VDR), determine the currents and voltages: I, I, I3, vy, vy, and v, in
figure shown.

R, I I Re
AMM—- ——AM
50 Is 260
Ry
20 1
3
+ +
Re . R, Rg
R ¢ Vy
\\ 3 \
70 100 § 40 60
e
Y e
+ Vz -
Ry Ry
L AAA . :

$0 50 Cad) Jlas eﬂ-«-ﬂ G- 0.0



Ol Jlas 2Bl (5 s, a0

QQ‘QY\ cm.q
R g VES  RLANIEY

i saill ¥alaa) 1 (G Ul salaal) Adadill) Car (JsY) Jl el

5 palaall o3 (Homework) el Lady) clialy dilaial) gl pdl): Jad) dan e

Y] 48y 523 o(KCL)  Jill gy () il Q1 (KCL)
— Example 1 <alal) 45, jhy JolSl) sulaili(KVE) + 4l 6l (o b )€ ) 6l Q2 & Q3 (KVL)
— Example 3 ke 3:Li(CDR) + il ada ) 58 goa Q4 (CDR)

35— Example 2 @aukill(CDR) + Ll auia s(VDR) ¢l anite poa Q5 (CDR & VDR)



:11th & 12th 3 palall
iy Al ¢Sl i) gall Jalas
Mesh & Nodal Analysis

Mesh Analysis Nodal Analysis

Ol JlaS Bl (g pu La,0
~.b ,: - Ta",.w\ w‘
i) (e g CVLATY) il aud



(A Ll

(Kirchhoff's Laws & Divider Rules) assall (il 8 5 8 93 1S il 8: A8l 3 jalaall e

salie (o) ) Alalall il £ gana o o Gal(KCL) bl v gl S ¢ il
5 b

L}ﬂmu\;M\Q) L@;ma%um\,w&w@ w\ga\g)ﬂ\&w@

513 (pada Baal g da gl 1 gh SaY p3330(VDR) 4 puiia 055 ()

A5 (1) 35 (=) smayinsie ()

Ol JlasS aBls (g pu, a0



3}’4@\ d\&i

e 1538 Ul () 5Su 3 juialaall 28 dles
sl Jilail KL (538 (30dai s Mesh Analysis 1aw agd

Ay yha IS aladil Aasliadl AV il

uA.LQ.iJl:.“ e\MbJJLAAJL_iLAjLSAoJQ ngmiﬁb)é)i\jad;

Crdl) Jlas oMl (5 ymu L0.0

Jall daa Jilas g bl 4l

A
) il g8 alaY KCL 0558 (uki s Nodal Analysis 1 agd |

LD W N



Why Mesh & Nodal Analysis

Gaa dladd) Jlail eacay 3ol & jealial) 33c 33 ) as
Sl all 5 Currents @l Ll alag) Jigud] Aungie dilad (3 )k aadius Sl
\Voltages

Al Jaladl dddaie Al ) 3k 4 Mesh & Nodal Analysis
Cagh oS it g Lo 13laied sanall 2l eSH

Ol Jlas o (5 o 0.0



Mesh Analysis

Ay Meshes 4dlzall cilalal) J s KVL ket e MJAM@JLGA
.Mesh Currents

Mesh — Loop — Mesh Current
A

Ol JlaS aBh (g ot .0



Mesh Analysis < gha

R, R .meshes <& jluall pas3 1

mesh JS L olad) Gl 58) 2

+ ] e mesh S KVL Guks .3
— [ Loop R, @ R, po o iaall Ll sl bl
d igall saiV G g mgdl ola

35 pally

Sy PN | IV O |

+4J3a 5L
u.nS\.’.A J\_\:\.“ @:‘93-“ D\A.\Y‘<—4_\.“.u 4.A.\3 QL\).@_L ‘JJ

Cudl) Jlas oMl (g yau 0.0



Example 1

For the circuit shown, use Mesh Analysis to find:

Ol JlaS aBh (g a0



Example 1

Sol.

Mesh 1:

7-1(i1-15)-6-2(i1-13)=0
T-11+15-6-201+2i3=0

i+l +2i3=-1  -—-——--- equ.(1)

Mesh 2:
-1(i5-11)-205-3(i,-13)=0
~ly+11-209-31,+3i3=0
+01-6i,+3i3=0 ------—-- equ.(2)

Crall Jlas oS (5 pou 0,0



Example 1
Sol.

Mesh 3:

+6-3(i3-15)-1i3-2(i3-i1)=0
6-3i3+3i5-13-2i3+2i1=0

2011+305,-6 i3=-6 - equ.(1)

By solving the equations, we get:
i1= 3A
i2= 2A

i3 = 3A Crall Jlas oS (5 pou 0,0



Example 1
Sol.

V=119 X 10}
Ux= (I1-i2) % 10
v,= (3-2)x 10
v,=1v
-adaada
DLl O Al sa Al gl gyl e slhadll 1) 4asladll (8 jLall Ll
(daslaall 28 8 ) Ll aay) Ll g <Y

Call Jlas Bl (5 o 0.0




Nodal Analysis

Node Voltages 2>2¥ nodes 8l sic KCL (ki (e aaiati 48 a4
Colalla, aall

Node — Node Voltage — Reference Node (Ground)

25

Ol JlaS @B (5 pou 0.0



Nodal Analysis <) gl

Ground daza yall 3282l sl ]
(V1,V2,...) 8l il @i 2
sasc JS 2ie KCL ki .3
OYaleddl Ja 4

) Sl Py
Ground Node () JaS @Bl (5 ot 0.0




Example 2

For the circuit shown, use Nodal Analysis to find:

Ol JlaS aBlw (5 pu 0,0



Example 2
Sol.

Node 1:
24272

Vl_ V2+O V3=4 ----- eqU(l)

Node 2:

Vo =V Vo =V
211+ 2 3_1=O

V2 — V1+ (1/5) Vz — (1/5) V3 -1 =O

—V+1.2V, 02 Va=1 -———equ.(2) Vgrouna=0
Cadl) JlaS aBl (g pu 0,0




Example 2
Sol.

Node 3:

Va =V V2 —0
243 "2 4L 3 — 0
5 4

2 + 02 V3- 02V2+025 V3=O
0 Vy- 0.2V,+0.45 Vo= -2 -—-equ.(3)

By solving the equations, we get:
Vi=41v
Vo=37v
Va= 12v
V,=37-12=25v (Ragial i)k o el bl o 3 )

Vground=0
() JlaS aBl (g a0



(')AAAA.,""“JH\ C e z\..bGA

Mesh Analysis
KVL le aaing
S ey

sgsdl gl ot

KVL: R1'i1 T RZ ('L1 == 22) = E1
Ryi, + Ry (i %4) =0
Mesh Analysis

Nodal Analysis
KCL e aaing
Gl 8l sy

Sl jabiadd cuulia

‘"R, R, R
. N
Nodal Analysis Gl JLaS s (g pmi 0.0



Pl )b JS JUd) e

B8 Mga jdlaa (5 giad 3 Al s 1Y) Mesh idl v/

348 L jduas s giad cils 13) Nodal i)Y

Ol JlaS Bl (g o 0.0



Find V1 & V2.

Homework

2V

G %8

1V,

m%




QQ‘@Y\ Cm.q
R g VES  RLANIEY

s 503 T (AN J) gl el il il ¢ gane) G (Y O sl

5 palaall o3 (Homework) el Lady) clialy dilaial) gl pdl): Jad) dan e

Yoaie S e+ KCL dpza jall 32801 il AliNodal Analysis < gha s g1l Il gl
— Example 2 «alsll Al Jilas daaaia jld jolas 2 g Bal) Jaladl JalS Coas aa gl J) guad)

e lNodal Analysis 4useis (wdi (385 lea (i IKCL  Aibles e dsi(Supernode) — widic Gw aile 4iils jrae Ao canl sl S 5 sing 4ba Lo

Gl Jlas o (5 s, a0



4381l i) gal,

Ay Hes) il gal) Jaseys

»
» L ]



— Mesh & Nodal Analysis 4@ sl

Mesh & Nodal Analysis alaaiuly il sall Jalat; 48l 3 palaall e

:Gmbi o siiMesh Analysis 4k Q

(KCL) bl s gl yS () 43l @ (KVL) 4l sall i g yS (538 @ Laé o gf ) 8 @

s 8 (s giad LaxieNodal Analysis aladia) Juad; e

B‘)...\:.'\Sdg_;‘).lha.a @ 3)_.?\5)1.33).3\.&44 @ LSSL.JL.\M&_\LAJ\.QA @



PN FERV.Y

e Dols CIB)] 995 Spolmall ods Dilgi 4

Sl Jud=5 (8 iealy (Thevenin's Theorem) il dyyla 0gd G
By Vth (35l (s gz Sl
olael clab| uas Rth d&0KJI (ral deglio luwe

Al &880 8515 ] Budas)! AL, gl Sl Jauwd

291 096 plusuiwl L Jomdl Hld Olus

oo/ b/éafﬁ)lw S PP



4,2l Lo g5 Thevenin's Theorem —

Rth 486 doglie o JIgdl AsVth (386 dg= Huuacs Lelluduwl (Sey dudas- 851 S/

a1 8,511 (Thevenin) &35! 8,511
—8 A h A
8,315 = o RL
bl =0 RL e B
q =

IL = Vth / (Rth + RL)

ool JLS v (S0 0 0



KCL / KVL

Jozdl daglie duds

LM HLadl sleo] wgllaall doglaadl su>

Jodd! Aty

8,511 (eRL Juadl

Vth clu=

Jezdl (3, dic d>gidall 5511 Ug

Short / Open

Vs : short

wﬂ/dwﬁﬂw Erv PP

Rth olu=

Jasdl 3, o A53Ka)l doglaall

Jodl HLS

IL = Vth / (Rth + RL)




Example 1

For the circuit shown, use Thevenin's Theorem to find /L.

Oldaso!
40 90 Vs = 50 V
N ' ANNN— Is = 3 &
Rl = 4 Q
() <.> - R2 = 50
il 60 RL
R3 =90Q
RL = 6 Q
. 2

ool JaS 2Maw (Sw 0.2



Example 1

Sol.

:RL 4| day (LY (§ Budall WeKCL Bandal 1Al 4 99 Ol

((v — 50)/4) -3 + (V/5) =0

Vth = 34.4 V

ol JGS pMav ($po o .0




Rth olu=Example 1 —

Sol.
Is (Open) < Vs (Short) :yoladl slab)
JellwVs = Short ( )zidls - Open (

Rth = R3 + (Rl || R2)

Rl | R2 = (4 x5) / (4 +5) =20/9=2.22Q

Rth = 9 + 2.22 = 11.22 Q

Rth = 11.22 Q

QH-U/JZA{,’OLU £Sre, P P



IL Jo=dJl JLGExample 1 —

A C )
Rth = 11.220
IL->
. IL = Vth / (Rth + RL)
34.4v RL IL = 34.4 / (11.22 + 6)

6Q

IL = 34.4 / 17.22

ol oS Mew (Spi 0.0



3Q

For the circuit shown, use Thevenin's Theorem to find IL:

Wy

AAN—— Vs = 10 v
RlL = 1 O

R2 = 3 Q

40

60 R3 =5 Q

R4 = 2 Q

R5 =4 Q

RL = 6 Q

ol oS Mew (Spi 0.0



Sol.

RL U] dasV2 9V1 widdall dis KCL Sadas

Node 1:

Node 2:

ol S @Mlaw w2



Sol.

t4 Qdegliadl § b e dgdll 9 Vth Of slash Jox O of

vd Q :

Vi Q = T 4Q * 4Q

Ml pdie Gaddal eI 4Q

I 4Q =1It * 2 / (2 + (3+4))




Sol.

RL §sb om Rth Gl

Rth =

Rth = Q

o IS pMews (S0 0.0




IL Jo=ddl JLSExample 2 —

. L

RL

e IL = Vth / (Rth + RL)

= + 6) /7 [ IL

ooV L,/Laffs)lw S PP



BuVth Ol (2 Bglas P.AT

St d5lgdl donuidl e 35Vt (§ el

) gl punito 91 L eunio ol KVL 9TKCL pldseins! (ySas
OYslaall (30 sue J81 Jaa3 () dioylall s

o S yobasd! slab)

Voltage Source - Short | Current Source - Open

ol JlaS" Mew (Spw 0.0



Jozdl (§,b wie d>giaall 8511 ug> Rth e JIgdl de= Vth 84das 8,515 Gl
“
load current= Vth + (Rth + RL) &3 086 (30 lplug Jasdl daglie ad) day A8KLJI dogliall

IL = Vth / (Rth + RL)




<alsHomework —

R1

)

R3

50

R2
50

3Q

IL. Sl L olagy (yidi 4y pLai anliv/ cslheall 5 45l

Vs =20V
RL R1=5Q
4.50

R2=5Q

R3=3Q

RL=45Q

IL.sVith sy a3 «Rth clund lexd ) < slhall dalial] a(RL) Jast] daslia of LaY

el JlsS e)‘-w S, e



) JLaaY) clils)

8 S i abad) @ (S J) sl ) KVLe: (ds¥) Jh sl
Yodle | BLAAL Bapand) dag Hadi( ol Ay a5 Gl g Ja A e

IL) & «RthsVth Glas (el 3) (RL pas3( Al (s 4y jlai gudat &l ghad

)s sl s il e la iy dgilie 3 aExample 2 (s— Example 1 Aasgial) (il JalSll Laal) gl

): Ao paaS iz yal( CAES Caal gb Jalst) Jal)

Vth=10V | Rth=55Q | IL=Vth+ (Rth+RL)=10+ (55+45)=1A
(&5 =RL: Vith = sl 2B _weR2s «Rth = R3 + (R1 Il R2))

Ol JWS 2Bl (5 s, )



Norton's Theorem

)w I z\f«ém\ﬁb.ﬂ\
)l &50,gS)1 sl Lo

RN LS Sz oD (S 0.0
oz~ il dgaed!
Sled! (polg CYLaiY| Ll eund

15th & 16t 5>l



2 L) ¢Say el 5,00 () o Ao (all 85 4y yhas 0

1ad 3 g e sl @ Rth e Vsl JeVth @ L 3Se Jl ydan @

b oo Aiiall 3l jilas slib) o) (Rth qlua s e

(Open) e @ (Short) L i @ Leinad e @

ol QS WDs (5 pm, 5,



PN FR-IRVY

e Dol ) 95w Spolall 0dts dolgs 3

oS dydas e (Norton's Theorem) (i) g0 ydad jaed

Joxdl (@b (m Sl 8511 LS IN ()98 HLS Slom

baoll slabl day (a5 deglio lgwds (29 RN (ygd daglie il
RN a0 $)lsl e IN HLS sduae iygid AidKe)l By51u1 o
IL=IN* RN / (RN + RL) 5l ouudio pliiinls 1L Joodll HUS ol

RN=Rth 9 Vth=IN*RN (ig9 oS Goskas o dasyll

Ol WS oD S . . 9



Norton's Theorem ()¢ dsydas Cayyas

dla wue]! BJ:\L.U‘ oD 9 <RN L9880 daglie & ‘:55‘55'” ul" IN @&"‘ HS Hauas Yluudw! L)S":.’ u—.}.‘.la.'é Ol ddas 8,315 (Sl
oy gd LI 8,510

(Norton) &3l 8,511 dudso ! 85Il

INCD RN g RL g ;:::

IL = IN x RN / (RN + RL)

Ol WS oD S . . 9



oy gd Al ByS1a1 ol ¢a

IN x9S

RL b clls 209 das 85101 de KVL 9l KCL (gasdais e (Short Circuit) Josd! ad e Josdl @b om Sy I )L 9

RN )9 deglie

A5 2,035 3 Rth Lgwd (29 (Vs = Short, Is = Open) « diiuel! jobasl! guaz slabl da Jasdl §,b o 238l dagliall  p

IL=IN xRN /(RN +RL) )kl euuito 093y o

el JleS PN G, 0. 0



Lgiwl)d alyall Jazdl doglio Byl Lag B 9 A (ndylall ous (RL Jooudl deglie dodsed

i)l )6 Clud B 9 A (w0 RL J 8w 2o :(Short) (ndslall a9 RL Al

IN cllud! HLS e Aadll dss 8,511 e KVL 9l KCL 3o :IN Gl

(Vs = Short, Is > Open) :jysladll clabl

(RN = Rth) ).)l.qa.o.” ;l.é.]o\ u\.au B 9 A o E\i.é&dl a.ogl.ﬁ.oj‘ w‘ ‘RN L:JLU.A?

IL=IN xRN / (RN + RL) L)l qundio 093l : IL luwmg 233K 85101 ouan

OVl JWS aMw (S, . o




AAS9 (ygd o A9

DI/ agdl yuuas

25601 o glioll

J.-Lga.«o.” M}S

Jozdl HLS

Logis d3Mal

18,8le Lagin Jogmdll (Sr— Bty dlaad Olgzg (S dylaig x5y g0 doylas

open 8,515 ug=> Vth

Rth

Rth 2o JIgdl e

IL = Vth / (Rth + RL)

Vth = IN x RN

OVl JWS oM (. . 0

short HL3 IN

RN = Rth

RN & gj!ﬂl e

IL=IN xRN / (RN + RL)

IN = Vth / Rth



Example 1

For the circuit shown, use Norton's Theorem to find IL through RL.

o ‘ R
Oldasxa) 6%) A
Vs=30V
R1=60Q
_ - R2 R3
R2=4Q +30V — 40 30 50
R3=3Q T
RL=5Q

Ol WS oD S . .



IN o9 HW Gl Example 1

4! s KVL Beadals RL §yb _pad s

R1

50 Lt )1 8511 e Yo3me R2 zrmasd il sai5 A-B: R3 _sad Jis

- lt=Vs/R1=30/6=5A
T radll @yb Wl HLAl S Gae= diglie el 0Y
IN=1t=5A

IN=5A

Lac V=00Y Lyl Jog il Ljlge doglin 3929 dic: da>dhe

Ol JWS oD (S . 0. 0



RN (¥)¢ do9lde Ol Example 1

: (Vs = Short, Is = Open) yobadl! slabl

(R2 + R3): Judaall 20 D150 R1 g Vs _pad oy

A-B: G b oo 8,k00
Jlsdl Je R2+R3=4+3=70
RN=R1||(R2+R3)=6117=(6x7)/(6+7)=42/13=3.23Q

RN =3.23 Q

1! ety IL Qlug O8I 8511 euwy: B a1 Bglasel
IL=INxRN/(RN+RL)=5x3.23 /(3.23 +5)=16.15/ 8.23

Ol JWS oD (S, 0. 0



LIS 83119 IL  Jed! yLS Example 1

oy g A1 8,511

1l

IL=IN x RN / (RN +RL)
IL=5x3.23/(3.23 +5)
IL=16.15/8.23
IL~1.96 A

IL=1.96 A

el JleS PN (. p. o



For the circuit shown, use Norton's Theorem to find IL through RL = 8 Q.

R1 R3
40 60

Vs =24 V —VW— AN
Is=3 A
R1=40 oAy = 3A<A> - "
R2=12() T 12 Q 80
R3I=60
RL=8Q

Ol JWS pdlw (§ . p. @



IN ol Example 2

1t y)l Bldall Wis KCL (Gaskaly A-B §ybo ad

A-B: ~ad J=
R1: £e Vs o S LI
| Vs=Vs/R1=24/4=6A
Bl J>bls=3A HLdl youase

A-B: (398 8udall die KCL Gualaio
| Vs+Is=IN + |_R2

IN=1_Vs+Is=6+3=9A

IN=9A

OVl JWS oM (. . 0



IL 9 RN <l Example 2

Is & Open ¢ Vs = Short :)sbasll clabl
A-B: §yb oo ladlly yabasll slabl day
R3 o Jlgidl (de @3 Vs 2 das S)lgdll e Lol R2 9 R1

RIIIR2=(4x12)/(4+12)=48/16=30Q
RN=(R1]R2)+R3=3+6=90

RN=9Q

Wl ey IL Sl
IL=IN xRN /(RN + RL)
IL=9%x9/(9 +8)
IL=81/17
IL=4.76 A

Rl JWS oM (§ . p. 0



Gaxillg ddlgd! dxidl Example 2

IN=9A RN=9Q
(Al duylass 3asedl
Vth=INXxRN=9x9=81V
)=Vth/(Rth+RL)=81/(9+8)=81/17=4.76 A vV S4IL (
a2l 3asll> dlae dadid
JUaJi
Example 1 5A 23.23 Q 1.96 A
Example 2 9A 90 4.76 A

Ol JWS pdlw G . p. @



ad HLdl Goldg Jasdl 3, o (Short) wad el o9 L IN Gl i tIN. Glued_paiii RL

Olusell § Gyd Y— Lguad 851 (5 doglie Lolad (S9lus (3355 dnglie :Le3ISRN = Rth

Voltage Source -> Short Circuit | Current Source - Open Circuit:zueue JS&0 yabadll slabl

Jauald 41 IN X RL/ (RN + RL) — eds IL=INx RN / (RN +RL)  Josedl )5 Slawed il ouendio

IL = Vth / (Rth + RL) 03 Vth = IN X RN :(bg=tb daedidl oo 3ol Ladls ey 10AlS pe gdoill

Ol JWS aMw (S, .




(Short Circuit Current) Je=d! @b ¢ 8madll 8,511 )L o

Rth jolad! slabl v d588)1 doglaa °
Wl eude 095l IL=IN x RN / (RN + RL) o
RN=Rth 9 IN=Vth/Rth 9 Vth = IN x RN e

IL=IN x RN / (RN + RL)

Ol JWS oM (. .




Homework J Al g/l

R1
50Q
M ‘ o
9l gl
- R2 R3§ R3 RL%
+40V_—_: 6Q 10Q 8Q 6Q . .
VRL 9 IL >l 03 RN 9 IN sl (15)95 doylas pusuiu
R1 R3
30 90
AMA— —AM S gl
HEPIIZIN]
+18V — 3(‘) R2 RL g B0 RN 9 IN slwl /1
T 60 120 IL clus /o
i) Al B3I gty Al (pe 3amI/
> <>

Ol JWS oD (S, p. 0




) JLaaY) clils)

(Short) a i) i (SGI J)sad) S5 eRth &) Vih < (JsY) Jlsed)

b_palaall sdgl(Homework) (sl JLaiy) clilaly dibiall gl pddl: Jad) dma e

— Example 1 a&lae 5 il Je JalSl 3ublaill5) + dag p3ll( (G50 4 kel & glad Q1
) — Example 2l Jlis 3 siae( Ll dithae 5 i Glo JalSll adaill+ 4y kil @l gl Q2 (<)
O ol dypadl) e Giatl Abadet iy (5 )8 O AN J 522 Q2 (g)

Ol Jls e)w S, e



17th & 18th 5 paladll

S|l |

Superposition Theorem

oladll elsaty fuladll i) all Julas
6#‘&)@\@@\—03)&@)@“}5

ol JS s (5 5
. . . _ : .-'..1\ “
& md) e 5 VLAY il and




s Ak Al 3 jualadll e

o B 5 00 i) o (i ¢ g Al Q

Rth e 5l SleVih @ RN e 5358 e IN @ L 5an A i @

g rpmvre | \ RGP ig I

(Open) dat ik (1) (Short) Jasdl i si () sadigsay ()

o) JS DMt (5 3, 0.



5 paalaall Cdlaa)

e T)olE Ll ()5S 5 puialaall 0dd Llgi 4

Aohadll i sall e aslai b 5 5 (Superposition Theorem) Sl fas agd
.Open Sls «Short SVs :zusa JS5 Aliiwal) jalaal) plik) n

osthall sgall o Lall 813 i shaa JS Latlus Glua H

(oY)l 5 L) sle) ye ae b clablocall 2aan n

Aaly ol B kg s sl g giad il ga e 4Bl Gl ﬂ



Superposition Theorem — S|l Jase iy g

O ALl claalual) £ ganan i (o) & 3gadl o) Ll Sl (Say (Jiiaia jlaa (e SST o (o giad el Al 148 B0 (o) B
A alaall Lk Laly 0a e Jars oA 9 sdaa JS

0 = 4dalll 4 Jidl — (Short Circuit) sl ¢l Jaiig 1Vs 3l jaaa slib) Sacld

Llai ¢ il aday — (Open Circuit) sdic 5 yilall zi&) ] Sl juaa plik) sacld

Lads Al Halias s laslia (s gind gl — ddas 3 Il (5S5 ()f Cany

(A e JS A )bl oladl Ble) e aa) Ll total = 1" + 1" + ... :glidl) asaas

Q.-J-*-n BPAS ej-*-“ S e




Short / Open

Bl jdiae dgdal aalg 13 La iluaall guas ¢lik n

., 151,25V ,1Vs 2aa Open-=>ls «Short Vs

Aliiual) jolaall 33

KCL / KVL / Ohm ALY slaall ) S
@p\sﬂmdﬂun e 550 5 n
Dbaal) 138 G 'V sl '] ol LY e daas

et

|_total=1"+1"+... LAY A (e <l

()ﬂﬂ‘ BPAS am-“’ B e



Example 1

.For the circuit shown, use Superposition Theorem to find | through R3

R1 R2

’7 a0 —e A — 6a
" Vs =20V

20V

o # e R3 30 Is=3 A
\B'A/ I_m R1=40
R2=60
R3=30

()ﬂﬂ‘ BPAS am-“’ S e



(Open->ls «kié y20Vs= :Js¥) suaall) .Sol —1 Example

Sol.

Vs ga (A5t Ao 3R9 2R TR gl 1 (560 d) s slika) xie

ooy R3 30
\Z(i\l/ Is=Open |_J

R_total=R1+R2+R3=4+6+3=13Q

I'=Vs /R_total=20 /13 =1.538A

C),-JJ‘ Jls 33\“ D R




(Short->Vs «kié A3|s=: A4l juaall) .Sol =1 Example

Sol.

L)) acda gadai — (531655 (3R +2 R) |11 R :(umad élla) Vs slik) sic

elll

& L]

Q?.?? =36/13 =(4+9)/(9x4)=9 ||4 =(3+6) |4 =(3R+2R) |1 R

1 ) amida e 31_R

I"=1sxR1/(R1+R2+R3)=3x4/(4+6+3)=12/13=0.923A

Q,-.ﬁ-“ Jls e)-“‘ G e



dailgdl) 4a5ll) — 1Example

Sol.

s ad) gl o5 jiaa JS (e atlesal) ot 1Sl 1 gy

A 1.538 = (ki V20Vs= o) | A 0.923 = (hi& A3Is= ) "I

"I_total = I' + | 0} udd ‘!,3 Cralal) S

| R3=1.538+0.923=2.46A




.For the circuit shown, use Superposition Theorem to find | through R3

R1 R2
,— 55 ® 20 | Cludaral)
N e Vsl =12V
12V 8V
W F N Xe Vs2 =8V
R3 6Q

I R -

R2=4Q

R3=6Q




(Short->2Vs «kié v12=1Vs :Js¥) suadll) .Sol —2 Example

1R & N5l Ao ol 5016 o lasal 3R 2R 1 dllc) 2Vs slik) aic

02.4 =24/10 =(4+6)/(6x4)=3R|I2R
04.4 =2.4 +2 =(3R|I2R) +1 R_total =R

|_total'=Vs1 /R total=12/4.4=2.727 A

4 A1.09 =4/10 x2.727 =(3R+2R)/2R x 'latot_I =3 I'_R
e .,



(Short>1Vs «kid V8=2Vs : A4l juaall) .Sol =2 Example

Sol.

2R o sl o &l g 5lsill e Glasali 3R TR :(unad dlu) Vs slik) sic

\ s

gV
\[/

Q1.5 =12/8 =(2+6)/(6x2) =3 R |1 R

05.5 =1.5 +4 =(3R|I1R) +2 R_total =R

|_total"=Vs2 /R _total=8/5.5=1.455A

1 A0.364 =2/8 x1.455 = (3R+1R)/1R x "latot_I =3 I"_R

Ol JlaS o3 (5 s a0




Gdaill g 4uilgdl) 4ailll — 2Example

Sol.

J A1.09V)=12=1sV)3 I'_R ™ A0.364 V) =8=2sV)3I"_R

(sbwd o) ) A0.726 =0.364 -1.09 =31"_R-3R_'1=31_R

|_ R3=0.726 A

v 0=0.726 -4 /(8-4.36) -2 /(12-4.36KCL: ( >V 4.36 =6 x0.726 =3 Rx3 V_A = |_R :Giail

()ﬁi‘ Js alﬂ G o .o




CAA.JI olasly| L'é.luaj 13} g — C)ln; 6_);3[ Jdaa (3 aaladl _)\,}ﬂ\ wSe 13 SJL&\J\ PSA,.! Sl alad)

c.q;.“ (';3 :\...33); C.))::H ¥ — _)JLAA 3\.3).3.\ 3_)3‘.) :W‘ JJL@AS\ e = ‘;\w\ KR~

A 3 Al e Jgeandl 40 5all il ol pand ¥ — dhd e 1(P) 34N o o e Y Ay
R?P = |

I .(Open) g dll Jadl :Current Source .(Short) <lluw 4lasinl :Voltage Source :gmasall jiuaal) slik)

C),-JJ\ Jls 33\“ D R



Summary — geil

(sl Judas) Gus) Y fasa (Short / Open) _ibaal slik|

slikae s AV jaliad) — oany Jary Hrae S g Al Juad > s onad dlls 3 Vs
(bl sle) yo a) ...+ 5l +4|_total = | Ak ye A8e LY sl e gadan Y Ay )

e + (2 L3aa) M+ (1 U2ax) 'I_total = |




Homework — (A3l calsl

£

Js¥) a6l

.For the circ R1 " own, use Sup ry tion Theorem to find V across R3

‘ 30 20 Vs =15V

+
/15\,\ 2N R3 100 et
" \ZIA/ || R1=30
R2=50
R3=100Q

el Gal gl

v &

-

(oidiall Jay 5 3R 2R g sl e 25V AR g sl e 1 Vs.06=3R « Q8=2R « Q4=1R «V 12=2Vs ¢V 24=1Vs : e s 535 il
Sl fasey 3R U | 22



) JLaaY) clils)

Jeall (b ) Gt (S s RN g 318 o) IN et (oY) s

b_palaall sdgl(Homework) (sl JLaiy) clilaly dibiall gl pddl: Jad) dma e

) — Example 1lls s(Vs Aiae s ila4) + Aoy pill( Sl e <l sha Q1
Vs2) — Example 25VS1 ¢ 1 )das( Lolai d8iUae 3 il Il fae <ol ghad Q2
Slaalicd) @AA.‘I die slaty) Cuus J\,}ﬂ\ '8ng\ aad bacla: :\.AG_A 4l Ql & Q2

Ol Jls e)w S, e
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Electric Power and Energy

Cnll JlaS emu S, oo
i i) sgad
ol e g VLAY s aud



(A Ll

(Superposition Theorem) <) il fase: 48l 3 paladl (e

G 08 Sl 2921 soeaa Uil o o) ) T gk o ()

(Open) 479 @ (Short) o)mg @ 43_\_\_195 u_nSg @

loal § 5l it (Y 081 3 e (@)

s (D - @ 0

Ol Jlas oM (6 puu, 2.0



b_paalaall Calaa)

rde 108 Calllall () oS 5 pualaall oda d3lgs

O s 23eall Legile (W) 4l oSl ddllall 5(P) 4l S 5 )a8l) o sgda agd 1
Al Sl bl S(Supplied) & el 58l s(Absorbed) duaieall 8 )all (u Huad
o JiPassive Sign Convention awuladl 3 LaY) 48 gals

' P = VI = PR = VZ/R.0l il alaialy e i) b daiaall 3580 cilua

o S WO N

) Auaiaall il 8l & gana= 3 jeaall 2l & sana( Al U5 5l 35 al Jaia (e (gia)

o) JlS (-J-w S, o p



— Power & Energy 4k <) 43Ual) g 5 a8l Ciy s

(Watt). L) sl Coyaiy e yuaic 8 40l o<l 28Ul ) a3 Jare A(P): 4l jg<U 5_aa))

= W] Ll P=Vx]|
(Joule). Jsall sl duls Lol gl (ul& g (a3l 8 Ay g e 508l & (W) Al el 48U
= J] Js>l W=Pxt=Vx|xt

(KWh) = 3.6 x 108 J e lu-Ll 5 LSl 45 jlall as )
Sl agaldl= 3l LY A8l

P=VI
asl Ol cwalR SV Jlaial (Sa): dadl) jeabiall( e laal) é
P=I1?R = V%R

il Ll (81 5 e ks (S Vs dgally sl 3 Tghs e A1 5 a8l Aaade

Cpall JlaS a3l 5y, . o



— Passive Sign Convention 4xlal) 5 LaY) 48l
W e sl 53 (i peaiedl 13 ppaail Al saclE 4 dluldl 5 LaY) 48l

(P> 0) 3,8 (aiay paiall— 3¢all(4) s sall Coylall e Ll o 1)) 32c Wl
(P < 0) 5,8 jea painll5 2gall(-) ) Cajhall (e Ll dan 1)
P =V x| =l IS
(Absorbing) uebaislt) — P = +VI — e da3(olad¥) pudi] 5V S 1Yo
(Supplying) sesi— P = -Vl —  GeSlaia cpalash] Vo S 13
P> 0WiyR) — ilasliall: 3 06l daiaall jualiall
P < 08ile(Vs, Is) — sl joliadl: s a6l 5 jeaall joaliall
iadll e adizi(Dependent Sources) — dxlill joliadl: jead sl paiad 8 il jualis)

— YP_absorbed = ZP_supplied 3 el @l a8l ¢ sana= daiaall <l Haill ¢ ganar 308l Jais

Ol JLeS a3l (5 ym, o, o



— Power in Resistors «lasliall 2 5,48l Glua

)LJ\}&L&(BJ\)}LAJ@D)@S\:@M\ d)mgla;_)m.\c‘;b:\.oj\&d\

P > Ofes e dasliall 8 duaiadll 506l () S5 Le Ladla

e glial) 3 0l b ZEDEN i gal)

P=Vx| oLl 5 agall alasiuly 1
P:IZXR Z\AJL&A}\}_)L}H\?\M" \.J 2
P=*]R A sliall 5 2gall alaaiudy 3

R = 60 deslie yel = 2A SV = 12V oS 13 Je
P=Vx|=12x2=24W
P=12xR=(2?x6=4x6=24W
P=V2/R=(12)2/6=144/6 =24 W

)3l S diaiaa( Ll 5; 24 Aagiill (s aed (3 jhall area

Cpall JlaS a3l 5y, . o



— Conservation of Power 4k ¢S 3 il 8 5 jadl) Jds

a5 g Ailaa 400 568 3 il (5l 8l ol ¢ ganar 3 a8l Jais ) ilE
’P=0
Gaaieal) 3l & gemez 3 jgaall )l & sanar HAT Jina
2P _supplied = 2P_absorbed
5 yal) Jads pa (gaadll
). oSwill/giall Jilaill JIKCL/KVL plasialy( g sl gren (o <l Ll caual
raic JS e agall cual
)5 LY A8l sle) ye gl P = V X | (Laaie JSI5 5080 (sl
Aamas AP = 0 — S 1) il aas

W N =

il Lale ()5l s Gadad (S Y A (P = I2R) dubad e a3 5 ail): daga Aaadla
P = total? x R. Guki il total S Hlall Clea Y5 Cany

Cpall JlaS a3l 5y, . o



58l Bda e (giadll g wais (S8 308 GluaExample 1 —

ildaxall
R1=4Q -
m—y Vs=12V
R1=4Q
| R2=20Q
R2=2Q ‘gl
| bl laad,

paic S Lf 'SJ.LQ‘ lua?
5 sl Lada e (3EaiI3,

Ol JlS Ak (5 s, o, a



)JallExample 1 — Sol. (
() LS Ll Gluad: 5 shaall

R total=R1+R2=4+2=6Q
|=Vs/R total=12/6=2A
paic JS A5 0l (lua?: 3 gladll
(Vs = 12V): Lr=dll
88 e sdaddl o caa gall Gkl ez an LN Vs = 12V 2l
)P Vs =-Vs x| =-12x2=-24 W (
R1 = 4Q; 4. 4sdl
VRI=IxR1=2%x4=8V
JoabaidlP R1 =12xR1=(2)2x4=4%x4=16 W (
R2 = 2Q): 4a 5ladll
VR2=IxR2=2x2=4V
JoabaP R2=12xR2=(2)2x2=4%x2=8W (
5 yaal) ads e (38230137 3 ghadll
>P=P Vs+P R1+P R2=-24+16+8=0V
(16 + 8 =24 W) V “aiedl 3 y2all= 24 W = 3 jeaall 3 )3l

Ol S 3l 5y .



S8 shaa g M sdaar b K Example 2 -

R1=3Q
+10V - rlidas o)

Vs=10V
4. )Jeiue JE Huasls =2 A (

R1=3Q
R2=6Q R2=60Q

1 stadll
R2 sR1 o il ],
paie JS A5l Glua?,
5l Jada (e (331113,

o) JlS (-J-w S, o p



)JallIExample 2 — Sol. (

(Ground). g 4l 2B 338R2. sR1 Vs = dlaiA sadall; Jalasl)
L Claad ;s 3 shall

)s_pilae s VLA Ly el JaacAr VA= Vs = 10 V (5l Lo 2gall

B) JJA <R1:1 R1=V A/R1=10/3=3.333A (=

B) JA «R2: | R2=V A/R2=10/6=1.667 A ( =

A:l Vs +1 Is=1 R1+| R2ssall SKCL

| Vs=1 R1+1 R2-1 Is=3.333+1.667-2=3A
paic S A3 08 QluaD: 3 ghall
) %x3Vs =10V: P_Vs =-Vs x| Vs =-10x3 =-30 W ( L=l
)i P Is=-V Is x| Is=-10%x2=-20 W (bl skl (e day Jlill s =2A:V Is=V_A=10V L=l
JualaiR1 = 3Q: P_R1 =V _A2/R1 = (10)2/3 = 100/3 = 33.333 W ( e sidl
Juab=ilR2 = 6Q: P R2 =V _A2/R2 = (10)2/6 = 100/6 = 16.667 W ( il
5 a8l) Jads pe (382113 3 ghadl)

SP = -30 + (-20) + 33.333 + 16.667 = -50 + 50 = 0 V/

(33.333 + 16.667 = 50 W) v 4aiadll 5 0ll= 50 W = 3 el 5yl

o) JlS (-J-w S, o p



— Important Notes 4ags claadla

Passive Sign Convention: 4xludl 3 jLaY) 4.8l
(P> 0) pabaial— agally el Jioe
(P < 0) Jxaio 2eall- e Ll Jae
‘P =I2R = VR > 0538 aiai Laily <l slidl)
).dsa Ll 30 ) Jsadi daiaal ddlLalle
t P = -V ¢ 05508 jead bole dlsiuall joliadll
). Slie A )y (el e Ay Sl S 13 Yo
5l Lale Superposition SIall Tase Gaki Sy ¥ dplad e dla 3 il
P = I2R. Gaki &5 Yl A lall (s Cange
Adleas il gl 8 TP = 058l Lais
Al )eSl) Jslall dasal Al 3aall oa 12ae

Cpall JlaS a3l 5y, . o



— Summary g<ils

=V x | [Watt] 48all Jy a5 Jaza(P): 4l ¢S 5yl
=P xt [Joule] seillx s l(W): dl el sl
il glaall 8 5yl
Juabiaie— 4 se WilaP = VI = I2R = VZ/R (
Aaludl 3 LEY) A8l
sl e JAy ldl(Absorbing) — (=bisle P > 0:
- e day HLEll(Supplying) — Jweade P < 0:
5 yaal) Jaas
2P =0 — 2P _supplied = 2P _absorbed

3 dls laleSuperposition Gakai Y— dgad yie 33l 503



— Homework (A 3all a2l gl

Jo¥) cal gl

R1=6Q R2=3Q R3=2Q

+ 24V -

For the circuit shown, find the power absorbed by each resistor and verify conservation of power.
:Vs=24V, R1=6Q, R2=3Q, R3 =2 Qulla=dll
B Lads (e (38all 5 daglie JS 8 diaian) 3081 Gl o sllall

A ) gl

vadl xe g )l JeR2 5V e il A2 Vs =18V, Is=3A, R1=4Q,R2=80Q. R1 e sia35 0
Bl his e 38l 5(Vs, IS, R1, R2) _saic JS 508l Caual: (o gllaall
. paic J BJ.ﬁM ) (ﬁ C'.ﬂ)‘.jﬂ‘ -3\4-‘,.>IKCL (a.)';l.u‘Hint:



QQQY\ Cm.q
R g VES  RLANIEY

5l =1 (S O sl deall Jaae yuad) o (DY) Ul sl

5 palaall o3 (Homework) el Lady) clialy dilaial) gl pdl): Jad) dan e

— Aallae 8ot 5 B LA (P=VISPREVAR) + ) Gl

Example 1 Qt

— Example 2 lxls sVS g dan dildae 3 jilat il shall g juall s Q2

Gl Jlas o (5 s, a0



:21th & 22ths y<alaall

‘..’Jm‘ Jw‘j (}M;‘;“ a (

|deal & Real Sources — Source Transformation

Q'J'J‘ dus ?m"‘“ S o
SESE u“”‘“ PPN |



(A Ll

(Power & Energy) b <l a8l ¢ 5 jasll; Alud) 3 palaall oo

Bl P L 5,50 (@)

P:V/l@ P:Vx|@ P:V+|@

0 i LS 5 b5 bis (@)

= B)@AA\ &.\\J.AAM &}AM EJAM: BJ.GAAM &jm .
: . ' : ' i |yt A1 31 3 sl
LAS\J . - - S‘ J M = J J\)J J

Call JlasS 2Bl (5 pui, a0



5_paalaal) Calaa)

rde 108 Calllall () oS 5 pualaall oda d3lgs

4aailad g(|deal Voltage Source) (Sl Al @l jaias a seda agd 1

Rs. adalll 4 il 50 5(Real Voltage Source) (fdall 4l @l juae juad 2

il o(Ideal Current Source) (JUall JLall jaas a seia agd 3

Rp. 4 sall 4a5ladl) 50 (Real Current Source) aall il juae judd 4

dagliag HS puaay Ml Je dagia a8 janae u(Source Transformation) ibaall i sad (Gaulas 5
SO e

sainall Ayl eI il gal) Jageail Jy saill aladiud 6



— Ideal Voltage Source (Jliall 4l 5il) jaas

o e A Ll e Skl ek 4 sk e Culi gea e Bl ki paie o (B ddl @ jaaar Cay il
(S el

Jledala— g+ Adle aad play —
rdau Yl ailiadll

)k A (Yl V = Vs (<l agalle

Jidie Rs = 0 Q (Aulalall e gladle

1 =Vs/R_loada sl deall (5o 22a%y jlaille

Al palie ga il e alia g (Sape

). Lol (s shaia WS 1Y) W)( s ) i) e Gl Al b 00 jhimn Java 68 (Sas Ve
(Short Circuit). o yhll jal xiceo ) Juay o) ¢Sy 5 kil Ll
Vs. dd aicV el e g.ui_) LaV-|: 4l

Cpall JlaS a3l 5y, . o



— Real Voltage Source &8al) 441 4il) juas

Rs. 4daly dalae e 5l JeVs e 4l joae (o S (R8s 4l juaar Ciy il

LSl el
JAlala 3 pra 4a RS ( ae A5l AeVs
L2t 73 sadll
V out=Vs-1xRs
:uaibadll

RS). e deall da g (L 30 3 J& (8 phall (e agalle
..)catilall Ao glia dy ) da slia( Aulalall 5 jlual) Jicie Rs
). 4 siall 5 yi0all 3¢a): V. out = Vs (Aa siia 3 53] = O ((ice
). »=adll JlH): | sc=Vs/Rs (»<iV out=0 (xce
1=Vs/Rs. 20 J=0 2ueVs (x saddsy Jile LaV-[: 48l
Rs = 0.5Q: &12V 4y Jha
|=2A:V_out=12- (2 x 0.5) = 11 V xice
| =6A:V out=12- (6% 0.5) =9 V xice
1 sc=12/0.5 = 24 A_=dll Hlde

Col Ja 23 (5, .



— Ideal Current Source (At JLall jaas

Adh e el ge hill Gk e e Gl U e Bilay (g )l paie e JL jaeasr iy el
(el el

DLl sl ) aiin(1) Ll agas aa byl
At )l pailiadll

) dad Y i | = |s (s gl

)Ldals da gida 3 pl— Adlia; Rp = 0 Q (4dalall 4 glialle

1V = Is x R_[oada )l deall (e 22a3; agalle

Al palie a5l e alia g (Sape

). Lol ( sbaaiia LIS 13 WI( (st Ao b HLs g yhan Jua 5 (S Ve
(Open Circuit). cpé_yhll 8 xiceo ) daay o)) Sy 5 kil agalle
ls. dad ic| sl o & LadV/-|: 48l

o) JlS (-J-w S, o p



— Real Current Source &8sl il jaas
Rp. sl dalia e g )il Jde|s (e JLd jaae e osSh Bla 0 jhaar cy pil)

(LSl el
JAdala S A dliaRp (@ gl Sels
|_out=1Is - (V/Rp)
‘oailiadll

Rp). e Sl s Guan( gl 33k 5 Ji o ) ile

o) OGN G o ad) A slaa( Adalall 3 5Leall Jidie Rp

). ) (Bl adll JL5): |_out = Is (Le=BV = 0 (e

).2a sidall 3 Al 2¢a): V. 0C = IS X Rp (A 5ide 3505 _out = 0 ((xiee
V=IsxRp. 10 V=0 2cls (e paidiy Jile LaV-|: 483l
Rp = 10Q: &5A 8 joaar Jhe

V=20V:1|_out=5-(20/10) =5-2 =3 A xice

V=40V:|_out=5-(40/10)=5-4=1A 2ice

:V_0oc =5 x 10 = 50 Vs sidall 5 plall agae

Cpall JlaS a3l 5y, . o



— Source Transformation _itasl Js g

Rp) esgilsdl lo(ls fle (hin i smn JIRs) en (Mol o (Vs i Al soan dysad oS ludll

rac | gall
W a4l jaias 1
*|ls=Vs/Rs

) sill (e Y (5515l e (81 ddall (uiie Rp = Rs (
3l s sall Caphall (e Ay Ll elasle
Al pras— L Hlas 2
Vs =Is xRp
)5 35l e Y i) e oS0 el uiie Rs = Rp (
DLl = g A oladl (A () 5S) o sl dadadlle
)hdd Le=d g iy (Jysadll 440G 44 5laall: Rs = Rp = R (&)
).@kie(V-1 Characteristic kié s )l Jeall ) glaia s il pailiad Je Bilay g gaill; 43l

Cpall JlaS a3l (5 s, o, o



Jsaill a8 aw Source Transformation —

+ a 1 a
Vs e \ o s

i saill Apzaly Sl BN

Rp = Rs 5. Is=Vs/Rs D Jdae— 4@ jras
Rs = Rp 5. Vs=IsxRp Al jaae— L jhas

Jes3lsill A i) cpar o Lgad g poay (A5 dagliddl: Rs = Rp = R (dasdke
Cpall J\-‘S(‘LLS‘)“. f. @



S e ) Al juaa JisaiExample 1 -

@ — Rs=30 - 4< Ly S i anall
\ )i dil g jaadVs =12V (
b

)il e AlalsdalRs =3 Q (

Rps3Q

).gﬁ_}‘)ﬂ‘ ‘519 a.AJGA &= J@ _).L.aA( @\SA.“ _).L.a.q.“ .)L.;gj: g._:)ua«.“

‘Jall
Is=Vs/Rs=12/3=4A
Rp=Rs=3Q

)=IsxRp=4%x3=12V =Vs Vassiadl 3yl a¢a: V. 0oC (8



Jlaal) Jagad aladiudy 5 il Jazw.,aExample 2 —

+ 8 _1 T _1
6)— Rs=6Q Ri=40 | Ly >— Ri=40

Rp=6Q i Bl
) ouadl ae s 3lsll o) ;) R1=3Q (sl Vs =18V, Rs=6Q (
| total. sV_ab sy & jibaddl Jisad aladinly 3 500l sy o gllagl)
‘Jadl
O pvae MA@l jras dyait: bshall
Is=Vs/Rs=18/6=38A
)L Huas a3l JeRp=Rs =6 Q (
@)l e Glaglaal) lapuusi@: 5 gladll
RpllR1 =613 =(6x3)/(6+3)=18/9=2Q
) sl (Al s jaae Al il ale|3: 6 shadll
Vs new=1Is x (RplIR1)=3x2=6V
Rs new =2 Q
) Vohll midxie: Vogb =6V (@3l

o) JlS (-J-w S, o p



— Important Notes 4ags claadla

DLl e kil e Gl sl R = 0 — (MGl 4l @) juas
(V = Vs — IRs). il 330 3 Ju 3¢all: Rs > 0 — Aasll 4l 6l jaias
Al g LRl (axy s il Rp = 0 — (G Ll jaas
(I =1s = V/Rp). 2l 3250 oy Jldll: Rp < 0 — 2aall ) jaas
(Source Transformation): Ladll Jy g3
)8 JRp=Rs g Is=Vs/Rs Jsill JcRs e Vs
Sl JdeRs = Rp &«— Vs = IsxRp )l sl JeRp < Is
tasadll 258
Is = Vs/0 = «. 0¥(Rs = 0) i diilsh jaae dysad Say Yo
Vs = Isxe = o, ¥(Rp = ©) e ki jaan dosad (Say Ve
i s Al Jeall | slata (pe 3l Gailad e Jailay Jy paille

oo il lan IKCL/KVL bt Ji 3 sal) Jasasi] ada jalaal) Jy sad alakiua)



— Summary geil

Rs = 0 ¢) @l V = Vs (el 4l dll jras

Rs > 0V =Vs-IRs  aall sl jas

Rp = © ¢) iz | = [s (i bl jaas

Rp < ¢l =1s = V/Rp sl )il jaas

L obadl o s
)s sl LeRp=Rs &) — Is=Vs/Rs (Jsil JeRs &Vs (
) sl (eRs = Rp &) — Vs =IsxRp (¢)lsd JdeRp als (

Aaasall jobaadl G 485k
)is sidall 3 lall s¢ae V. 0c = Vs =1Is x Rp (
) »adll Jlde | _sc=Is=Vs/Rs (
JAs,ls 4814 4 slialle Rs = Rp = R (

Cpall JlaS a3l 5y, . o



— Homework (A iall a6l
Jo¥) cal gl

:Vs =24V ,Rs=4Q, RL =38 Qb=
S Rs=4Q RL=80 s L
(B8 L saae Al @l jaae Jsad.,

DLl ade aladinl] Lo desdl s caal?,
Aaiill e (387 5) Jaall 32V | (a3,

A ) gl

), R1=10Q (s))si fe:ls =6 A, Rp =5 Q (“lhadll

t ) sl
6A R1=10Q

: L st

Bl Al B jaae J) L jaas dnd,
Rp=50 Bl 238 2ie) 8 )kl 3eaVab (a2,
Sl s e 33l SR1 Jaasi die| total a3,

Cpall JlaS a3l 5y, . o



Ol JlasS aBls (g pu, a0

<llayl Cm.q
LAY JLIAY) clls)
el 3 jeaall) car (SN JIgud) )P =V x [ (dsY) Jlsal

5 palaall o3 (Homework) el Lady) clialy dilaial) gl pdl): Jad) dan e

— Example 1 Lala daae 3 jilat >wa e )(VS—IS) + yabadll Jigatiac) @ Q1

V_ab) — Example 2 s+ Jas d8lal+ Jygai( Alae 3 5la+ ac) gal) b Q2



: 23th & 24th s <l
“.A.Ea." | 5JJ§3\ d\ﬁﬁ\ 4,3)5.\'
Maximum Power Transfer Theorem
Caall 5 y08 S Jain e

Q'J'J‘ dus ?m"‘“ S o
SESE u“”‘“ PPN |



(A Ll

obaall Jy gty il s sall jaadll: A5l 6 jualad) Ge

ZLBM\@M cé&)@)%&\éﬁh%ﬁﬁ)%dﬁjﬁ& a

|S:VSXRS® Is:Vs/Rs@ Is:Rs/Vs@

QAN Ja gliall dad L85 ¢ jobuaal) Jygal die a

s s (1) ez (3) et (2)

Ol JlaS oMl (5 s, a0



b_paalaall Calaa)

rde 108 Calllall () oS 5 pualaall oda d3lgs

ki e s(Maximum Power Transfer Theorem) oekasll s ) J) 4, yla agd 1
: RL = Rs._adl 4 jlia Jasll da lia (5 slus Lavie Jaall Ji5 5508 bl f il

. Pmax = Vth? / (4 x Rth). 23 slaatuly Jeall 41 gital) galaall 3 50 Clss
VY 3L 5(50%)  salaall 5l JUEE) die 5 lall 36l G

Gios o ol il i alaailliDC e e 4y kil Gk

DC. SAC i S(Impedance Matching) <lestaall (giai (5 8l agh

o o A WO DN

ol JleS s (5 . o, &



— Maximum Power Transfer Theorem _-abal) 5 i) Juii) 4, Jai iy g

Rth). si(Rs Zaalall jaadl de lis(RL) dead e slia 5 st Lavie Jaa ) stucaa (g0 4 b )38 acil Jail oy ol
1058 o e (RL sl 33,88 sl e Jguanll AT Jina,

RL = Rs = Rth
:\.L.u.n.l.d‘ B_).‘J\.A.“

S5 LeRL £Rth) — SIRs (= sl SeVth) sIVs (
' Jaall ‘;3 3_).33.3\

P L=1xRL=[Vs/(Rs+RL)]**RL
- JieY) L il

RL=Rs - P_L=Pmax =Vs?/(4 x Rs) ac

o) JlS (-J-w S, o p



— Mathematical Proof sl <Liy)

RL sRs e A5l Je: Vg 3 0l
skl & lall]: 3 skadl)
| = Vs/(Rs + RL)
RL Jasll 83 ,a8112:
PL=1?xRL=[Vs/(Rs+ RL)]?*xRL
P L=Vs?xRL/(Rs + RL)?
)ALEall( (cabaall dagll Alal3:
)saband) daiall & U L 3lldP L/ dRL =0 (
‘andll 3218 aladiuly
dP_L/dRL = Vs? x [(Rs + RL)? - 2RL(Rs + RL)]/ (Rs + RL)* =0
(Rs + RL)? = 2RL(Rs + RL)
Rs + RL=2RL
Rs = RL
RL = Rs xic Jii 5 )08 ail: 4ol
abanl) 33l Gluad: 3 sladl)
Pmax = Vs? x Rs / (Rs + Rs)? = Vs? x Rs / (2Rs)? = Vs? x Rs / (4Rs?)
Pmax = Vs?/ (4 x Rs) = Vth?/ (4 x Rth)

3 glal

o

Sy

oY

Cpall JlaS a3l 5y, . o



Cpall JlaS a3l 5y, . o

}Rs

— Circuit & P-RL Curve 5_) isiag 4ibl<al) 5 il

RL

Pmax

Rs RL
[ s (adall
Jdaa ¥  piRL = 0 — P = 0 ( e
)elaall idliRL = Rs — P = Pmax ( xiee
)Aa sida 3 JORL — 0 — P — 0 ( 2ice

Pmax: n = Pout/ Pin = RL/ (Rs + RL) = Rs / (2Rs) = 50% e 3¢l
eall Jiis Lghiai RS (A llgind 5 a8l Chuair Jinag



Cpall JlaS a3l 5y, . o

— Efficiency & Power Relations 54 < g 3¢l

daall (e 8 el 44K 3l
P_total = Vs x | = Vs2/ (Rs + RL)
Rs: dcadl o slia 8 datedl 5 il
P Rs=I2xRs = Vs? x Rs / (Rs + RL)?
RL: Jaall a5 8l
P RL=I2xRL=Vs?xRL/(Rs + RL)?
(Efficiency): 3¢l
n=P RL/P total = RL/ (Rs + RL)
A Yl
):n=0%,P RL=0,P Rs=Pmax,=i RL=0
):n =50%, P RL = Pmax = Vs?/(4Rs)&ie RL = Rs |
):n—100% ,P_RL -0, — Oz RL — oo (
1daga 4daadla
Pmax). 2 Y— RL >> Rs (4lle 3:US 3 i(Power Transmission) a8Uall Jas ikl 3
).<lesladl siPmax — RL = Rs (2 i(Communication) <¥laiy) dakl 3



Pmax s Js<all RL ) Example 1

4 — ‘Cildaxall
C Vs =20V

AL Rs=50
' Rl =
' gladll

Jaalls a8 adl s IRL 4,
Pmax. eball 3 il 4082
Pmax. xe| L3,
Pmax. xen s:lli4,

o) JlS (-J-w S, o p



)JallIExample 1 — Sol. (

Pmax e JsaslRL dagl1: 35kl
fsadandl 5 asl) Jlan) &y Hlay
RL=zRs=50Q
Pmax (sedaall 3 08l lua:
Pmax =Vs?/(4 xRs) =(20)?/(4 x5) =400/20 =20 W
Pmax e )Ll lua3:
|=Vs/(Rs+RL)=20/(5+5)=20/10=2A
:Pmax=1PxRL=(2)?x5=4x5=20W Vil
Pmax e sl (luag:
n=RL/(Rs+RL)=5/(5+5)=5/10=0.5=50%
ALl il
RL=5Q
Pmax =20 W
|=2A
n = 50%
(20W). Jdasll Jiisi Liai SRS (20W) 4 ellginsi 3,08 Caai «RL = Rs aie: ddaadl

i

o

s

[+ 2]

s

o

o) JlS (-J-w S, o p



C)m Z\.UBJ e\dﬁuh. 8% Bﬂ\dExample 2 —

RL=?

@ R1=6Q

R2=3Q

o) JlS (-J-w S, o p

;e
Vs =30V
R1=60Q
R2=80Q

B) SA o Jsasa( LsiRL =

1 gllaall

(Vth, Rth). ¢l dlsall 3 jilall alagld
Pmax. e JsaslRL a2,

Pmax. x=V L 5l L sPmax a3,
Pmax. xien selisll g,



)JallIExample 2 — Sol. (

il a8l 3 il alagl ] 3 gladll
B): sA O 4asiddl 5 yilall saVih (
Vth=VsxR2/(R1+R2)=30x3/(6+3)=90/9=10V

Rth=R1||R2=(6x3)/(6+3)=18/9=2Q

Pmax e JdsaslRL 4ai?2:

RL=Rth=2Q
V Ll L sPmax «lwa3:

Pmax = Vth?/ (4 x Rth) = (10)?2/ (4 x2)=100/8 =125 W

| L=Vth/(Rth+RL)=10/(2+2)=10/4=25A

VL=ILxRL=25x2=5V

:Pmax=V Lx| L=5x25=125W V@i
Pmax xic s:lali4:

n=RL/(Rth+RL)=2/(2+2)=2/4=0.5=50%

Y

o

Sl

o

Al maliill
RL=2Q, Pmax=125W, | L=25A, V.L=5V, n=50%

ol JleS s (5 . o, &



Rth=2Q

baal) Aadag CAdA A8Lal) s M Example 2 —

RL - 4dlida ad sic 54810 Jgan

0 5.0 0 0

+
10V

1 3.33 3.33
RL=2Q

2 (Rs) 2.5 5.0

3 2.0 6.0

4 1.67 6.67

6 1.25 7.5

10 0.833 8.33

‘Jsaadl e el
RL=0 — | =Vth/Rth=10/2=5A, V. L=0, P L =0 xce
)bl AdlRL=Rth=2Q - P_L=Pmax =12.5 W ( xice
i3 (alaaiV lag 3 8IRL > Rth — ice
Bell Curve) - JSERL = Rth ((Jss JBULP L vs RL (sl

i1

12.5 (Pmax)

12.0

Uikl

9.375

6.94

ol JleS s (5 . o, &



Important Notes 4age ciaadle

Adadll i gall e Jagd gadati  adaall 5 yaall Jlasl &y las
Pmax. o= Jsasll: RL = Rs = Rth sl L il
| sadanll 5 sl
) alasiule Pmax = Vth? / (4 x Rth) (
)i s plaaiube Pmax = IN2x RN /4 (
Jeall Jii LhaisRs 4 ellginsd 5 )08 Cani50%: Wil Pmax e ¢Sl

Akl Gyl
Impedance Matching). <lesiadl 3iPmax — RL = Rs (25 <¥laiyl dakile
Pmax). 25 ¥— RL >> Rs (4lle 3:.LS &y yir 48kl Jase
g ool e Jgeanll de Lol Ao slis ga oSl daslia (gildaiy < guall ) Sae

). 4881 yall Bainall A yall daSBalIZ] = ZS* ( maar blIAC: il sall 3

Aghad e A WEY(P = IPR) 3,8 e oSl Tase Ggadai (Sar Y



: oalaall 3,080 Ol 4y ks
RL = Rs = Rth xic Jeall 5 )38 .adf Jasi
| sadanll 5 sl
Pmax = Vth?/ (4 x Rth) = Vs?/ (4 x Rs)
Pmax: ic selasll
RL) & WiwaisRs 438l caain = 50% (
") gladl)
(IN, RN). s si(Vth, Rth) ol 28l 5 jilall alagl] |
Pmax. e Jsaal2. RL = Rth
Pmax = Vth?/ (4 x Rth). a3,
P vs RL: (2~
RL = Rth. s Jhlie w s JSSe
RL— «. sRL=0 x¢P=0
RL = Rth. 2ice Pmax
sCalanal)
: RL = Rs (Pmax).<¥lzile
).4dle 3.l RL >> Rs (48 Jawe

Ol JleS a3k (5, 0, o



— Homework (A jiall el gl

Jo¥) cal gl

Vs =24V, Rs = 4 Quldasdll
S Rs=4Q RL=? oy el
Jaall3 508 adl i AIRL dadd,

Pmax. xeV L sl L sPmax «lus?2,

Pmax. xen 3elSll Glua3,

RL=0,2,4,6,8,12 Q. 3P |Lvs RL (s au A,
A ) gl

A
@—m-m RL=? :Vs=12V ,R1=4Q,R2 = 6 Qb=
B. sA sl G J s seRL

Lo staal!
R2-60 (Vth, Rth). ¢l &8sl 3 ol alaglq
Pmax. e JspaslRL a2,
B Pmax. xeV L sl L sPmax «lua3,
Aba¥) 5l (a6 pdilaa 308l Qs dagiil) (e 8314,




Gl Jlas o (5 s, a0

pos 2 4
<llayl z Lida
4l JLEAY) clila)
Leria o aachy 5 Lgad) T (SN J) 5 ) Is = Vs / Rsw: (dsY) Jlsadl

5 palaall o3 (Homework) el Lady) clialy dilaial) gl pdl): Jad) dan e

5515) + dagp8ll( 5:USl P-RL (iaie3) + Ay JAlIRL=RS ((Aipa s il Gy o

AN 1
— Example 1 WLl daas Q
— )Y cand ) ALY Lol Aajas ¢ 2 Uit Baiea 5,0003) + Aoy ull( Ay ylail) iy s 02

Example 2



26 525 5 paladll
AC csliial) Ll oo dadia

Introduction to Alternating Current

Cpall JLaS 23 (5 s, .
( .Q:. R s .~'.~n ]‘
(sl ol CraY ) g VLAt s ik



(A Ll

oalaall 5 ) QU 4l ALl 5 pealadl (e

RL: Jeal) daslia (585 Latic Janll LiSas 5 0  uad] Jaa a

T a5 s @ Rth) SRS ( s s @ D (e i @

By cualPmax Jasll A giial kil 3,50 (@)

Pmax = Vth? / (4xRth) @ Pmax = Vth x Rth @ Pmax = Vth? x Rth @

Ol JlaS oMl (5 s, a0



-

5_paalaall Calaa
rde 1068 Cllall ) oSa 5 pualaall 028 44l
o 51 43S JAC sliiall Ll geda agh 1

DC. s<iwdl Sl sAC cbiiall Sl Gy (ol @A) e

Al el Adall Jas 8 aodied DL AC el 4 jaa

Peak. 45,3 4asl RMS  Allnal) asl) Cay yas

Axpal) Ax gall 4a 5l 5 ) sall 5 20 5ill agt

Al slal) b o glinall Ll dleal) Ciladal) 6 jae

o o A~ WO N

cnal) QLS pDhas (53, o



‘AC yliadl LAl o La

0N e 90 IS0 Al g aalad) ety AL S L il
Sine Wave. 4w 4a sal (o sall JSA
ranaly i) Aol
v(t) = Vm x sin(wt)
i(t) = Im x sin(wt)
(Peak Voltage) s salle Vm = 1&as
(Peak Current) ¢s,d dlle Im =
(Angular Frequency) 45\ 3l de yulle oy = 211f =
(S) e M 3y5all(HZ) , T= 2l f=

cnal) QLS pDhas (53, o



Sine Wave 4wl da gall

s gall jualic

+Vm (Peak)

S0V sgalle Vm:
* Vrms = Vm/\2
agia ) 5 ) galle T
 yille f = {/T:
*w = 2mf

T = Period

f=50 Hz
T=20ms
Vrms = 220V
Vm = 220%\2
=~ 311V

-Vm (Peak)

cnal) QLS pDhas (53, o



R
DC 5 AC O (A

S JLESDC - cylia JLSAC -
Cull oladle axia oladile
A5 dajbe 3 jatia dagie

Sl jUadle Al Sl asyille
Aol LDIAT)e <A galle
Gl 5 sl e ladl 5 Jlalle
Cule V = * v(t) = Vm-sin(wt)

cnal) QLS pDhas (53, o



— AC vs DC 43 \ial) Jgaa

lady) Lss sy St
>l Jal) Sine > NP TEN
A ) 50/60 Hz Ha
Al ) 220V (Iraq) 1.5V - 48V
ddUaly 4 sy Cililue e Jlad 3 ymadl) Cliliall
Y sl <Y gaall wa Jany Jony ¥
il plbas ¢J 3l iy jlay ey 5 )
Al L 5y ghad Sladl gall sic 55 5has i

cnal) QLS pDhas (53, o



TAC —gliiall Ll falal

AdUall i o3 4] ggus 1
Al gl A Al e anh (S AC it culal galle
e llae e 43Ul Ja 2
(P_loss = I2R). sl Jd&i s Y saall aladiuly agall ad 5 (Sage
400kV. 2> 500km 4dlus Je100MW  Jaiz Jliee
il 8l 3
DC. &Y saa (e sl &Y gaall g il galle
sl i\
e (220V) (Al (s siaall 2gall (s (Sape
Al Hiall Glaladsny) 5
A 3l 3 3 elial) (il eIl S jadlle

cnal) QLS pDhas (53, o



Peak 45,4 4ally RMS Alladl) a8l

(Peak Value): Vm 4,3 dal)
cVm =2 x Vrms = 1.414 x Vrms Gl ds sall Aad aile
RMS (Root Mean Square): altxill 4.l
Bl i aad SIDC J A8ISA) dagille
* Vrms = Vm / V2 = 0.707 x Vm
*Irms = Im /\2 = 0.707 x Im
(Average Value): dau giall daxl)
)JallS 3 53 dee Vavg = 0 (
)8,50 cauas Jee Vavg = 0.637 x Vm (
(Peak-to-Peak): Vpp 55,3 43 5 )All daxll
« Vpp = 2 x Vm = 2V2 x Vrms
Gl 8 Ul agar Jlia
*Vrms =220 V
*Vm=220%x1.414=311V
S iy +Vpp =2 x 311 =622V



cnal) QLS pDhas (53, o

Frequency & Period 43l 5 5all g 23 5l
Al s ALKl &l gall e (f): 23 il

f=1/T

(Hz) a: osball 3as go

f = 60 HzS i  f = 50 Hzd)oal) b

T =1/f

Bas) 55 50 JSY o 33 (e (T2 Axie 3V 5, 52l

(S) 4l ulsl) Bas ge

eT=1/f

: T=1/50=0.02 s =20 msgl_ll e
sV Ll Jana(n): Al de

ew=2mf=21T/T

rw =21 % 50 = 314 rad/sG! Al e
« 0 = wt = 27ft (8): 4l Sl 4y ) 50

= 360° oLl )= 211 AkalS 3 ) g0
ClaMal)

e w = 21rf



AC < liiall Ll culigda

OYLal) (laSal) (a3 elialle 1 Sluall g J ol 1
50Hz. 225 220V 2¢ae
shall AN Al 5SS yaalle e liall 5 ailiadl 2
ildae Lall ccilacaal) calalll 3 jgale
sl § & guall l Lle Y laiy 3
s Al 5 e I3 Calle
(132KV - 400kV). ¢l Adle 48all Jai Ja gade ;a0 il 5 Jaill 4
Aead) ad )/ aial OV saalle
MRI. rbalinall o i 5 sail) 3 3gale Akl 3 362Vl 5
ECG. 2l Lyl 3 jeale

cnal) QLS pDhas (53, o



AC 4a gall Elalas Glus Example 1

(Ut VRN

T Vrms =220 V
f=50Hz

1 slaall

Vm, Vpp, T, w

:Jadl

Vm = Vrms x \2 = 220 x 1.414
Vop=622V Vm =311V
Vpp=2xVm=2 x 311

Vpp =622 V

T=1/f=1/50=0.02 s

T=20ms

w = 21f = 21 % 50

w = 314 rad/s

cnal) QLS pDhas (53, o



cnal) QLS pDhas (53, o

3gall Abaall) 4l lws Example 2

rbkanall

v(t) = 311 sin(314t) V

1 sl

t=2ms =1, v(t)

t=5ms 22, v(t)

wt = /6 2= 3. v(t)

:Ja)

t=2ms =0.002 s: 2e1,

wt =314 x 0.002 = 0.628 rad

v = 311 x sin(0.628) = 311 x 0.588
v=183V

t=5ms =0.005s: 22,

wt =314 x 0.005 = 1.57 rad = 11/2
v = 311 x sin(m/2) = 311 x 1
v=311V=VmV

wt = 11/6 = 30°: 2 3.

v =311 x sin(30°) =311 x 0.5
v="1565.5V



— AC Generator c:gliial) jLill Al ge

O

—
N
| e
Coil Load
O
S\

(Load) J«x(Brushes) + Jii(Slip Rings) + 48Y¥ 3 s(Coil) + s ala(N-S) +  (urhalina: <l &4l
skile dga A g wbalinall 30l i daline 5 5eSH Caall 51 () 5 Tasall

cnal) QLS pDhas (53, o



Summary g<ila

L ey aaladl iy SWEAC: sbiiall L)
DC: SAC on G
By lile e Jaby ¢ ua ¢ priee AC:
by Ul g Sl g 58I ¢ aa i DC:
A Hll sl
« Vm = Vrms x V2
« Vrms = Vm /2
*Vpp=2xVm
5y gall g aa il
e f=1/T, w=2nf
:f=50Hz, T =20 ms, Vrms = 220V 3 _lle
: V(1) = Vm % sin(wt)dlalal
Aatdh oy caaylal) cplas ¢J Hler COlandatl)

cnal) QLS pDhas (53, o



Homework A all cal gl

- Vrms = 110 V| f = 60 Hzohadl  J5Y) cua) ol
1 sl
Vpp. sVm «walq,

W. 5T «uaal?2,
/\ V(). dballl Aalaall iSI3,
t =5 ms. aey(t) «uald,

\/ TG LR L NPOCCH IVIVON gt k| ST P

vi(t) = 170 sin(314t) V
v2(t) = 170 sin(628t) V
1 slall
faa s J 20 1) Let,
Pl ga IS A3l 5 5580 a2
N O 33 JaSS (i sall (613
— f=100Hz dASj ‘%53]\ UAJ]\ um @

$53a) 95 590 oY) Aa gall 4id

cnal) QLS pDhas (53, o



Gl Jlas o (5 s, a0

w ? 4
<llayl CM.A
Al LAY bl
) Vth?/(4xRth)l: (S J) sl Rth) s1) RL = Rs (< (JsY) Jsal

5 palaall o3 (Homework) el Lady) clialy dilaial) gl pdl): Jad) dan e

JIsadl 4l Ll latlasExample 2 59) + Example 1«8 il («TVppVm &us Q1

D) b 2ariiaalln=314 rad/s el ouiuw=211) «(f=L/T el 5535 200 cilidle Q2



27th & 28th 5 palaall
Power Factor 5l Jals

T 1 I O : W e e I SR L LR O

» all [ Lle cwesl a0aino ea0ing

6 )=l Jale (aa] d J Jiri J ‘ Leadln “‘\UJ ’
- o A A - 1 e L

Ol JleS 2 2Bl (5 pu, aa

& oand) a1 5 VLAY LS and]  Caad- ) agall



AR Y

r3

(Introduction to AC) «slitall Hlall (e 4ania; dilull 3 jpialaall e

mal) AasallVrms Adladl) dadll Vm - Ay gudl) Aadl) ¢y AB3Nal) G

Vrms = Vm x 2 @ Vrms = Vm / V2 @ Vvrms = Vm @

AENLE 3330 (e cniny gl 3l Ae e

w=f/21'r® w=2ﬂf@ w=1'r/f@

) GV s VLAtV L o] Caai- S dgaall O JLeS Bl (5 5, o,



b_palaall Cilaa)

rde 108 Calldall () oS 3 pualaall 028 dlgs

AC il 5 A 4l 4 e sPower Factor 3,3l dale iy ji
Leading psiall 3,38l Jale 5l agging Haliadl 508l Jale o
ao salall 3 yasll g Alleall 3 528l e 3 a8l Jale Gl
3l Jalay 4383e sPower Triangle 3,3l Culia agd
5ol dale e & gl g Adal) 5l Julas

CESA aadiuly 3,80 Jale (uad ok Guls

hﬁf&aﬁé!'&)ﬂ\ Jale MLM‘U&‘M@L&

Ol JWS a3l (5 s, a0, o ol e g VLAY il and

b ol I




33 yial) L) i) ga A B a8l iy i

Power in AC Circuits

Aty £ gl A (g Ay yeSl 38l () oS85 AC 2aiall Sl i sy b

) aal-Cl 8VA (32 52 4uliaS (Apparent Power): sl 5 ) o
)bl sWatt (32> 52 4P (Real / Active Power): allxdll 3 )l ¢

)delii jual-cil GVAR (32a 50 4lsaQ (Reactive Power): ddeladl 5 ol @

a )
S?2=P?+ Q2
S=V(P?+Q?)
2)dle il + Alladll= v( 4y jalall 3 sl
. J
[ Jaall LeSlginy Al Aalaal) 3 )36l AP Loy ¢ jaaall oy 35 Al S 5 0l a8 4y jaldall 5 jaall; ddaaSleA\ J

Cpll Jua ka6 . . o ) (5 g VLAtV IS ] e ] el




Power Factor 5,3 Jale iy s

S: dallall 58l P Alladl) 508 G Al a(PF) 5,080 Jale

PF =cos(0) =P /S =P/ (P? + Q%)

b agall (B skl Al alad s ga 3,508l Jales 4300 jall Aalill (g

[ PF = cos(08) = cos(@v - ¢i) J

1 (0<PF<1) 0 onzs SPF 4ad &

JAalelds 3 508 ax g0 W( Ay dala s IPF = 1: 2 @
)Mus)ﬁ;;.ﬁ\J(@smL«_\sbﬁ\PF=o; dic &
@L})@S.“ B).\.'ﬂ\ e‘.l‘:lu\ 5 W6S 2asPF ©

Opll LS o3 s pm . el G5 VLAY S and| Caai- ) agaal)




Power Triangle 3,4l &ulia

EONN il jaall igh) Jaiadl

AC: _).JU.)‘_’AC.:M\ Q\‘)Aﬂ\w:@w‘@aﬁwdﬂsw}é&)ﬁ‘&

Vil 5 s St Julleill 3 ,80): P = S x cos(8) [#Y! bl @
//: Jide i) 3,080: Q = S % sin(B) [l ol @
Jasde il /1Qf Joalll s,dl: 8 = V(P2 + Q7)) [5 ©
/ﬂ| Jlls seadl G skl Al 30 Ayl @
Jadtadl P (
g N
tan(0)=Q/P | sin(0)=Q/S | cos(8)=P/S =PF
. D

Gl JLaS s (5 . ., o)) (55 YLt LS | e ) Sgaal




548l Jale £ 6l

Lagging vs Leading Power Factor

Lagging PF _alial) 5,48 Jale1,

(Inductive Loads) 4fiall Jlaa¥) 8 sy @

<alalll uQY);.‘J\ c:\..,u\_\)gﬁ\ QLS);AJ\: JGa 2

(Current Lags Voltage) 2l oo saly jlall @

(0> 0) dn @ Lshll &5 .

(+Q) fn50Q Rdelit 5,280 .

Leading PF patial) 5 adl) Jale2,
(Capacitive Loads) 4 sl Jua¥) 3 cuasy
4 g IV Jlaal) (pany ccildi€all: Jlia
(Current Leads Voltage) 2= e bl
(0 < 0) il skl 4y

(-Q) WQ delall 3 )

alypaii Bale iy 30l Jale G, 1 jalic Bale 3508l Jale () oS5 <l «(Lagging) s & dcliall 4 Jlaal) alaza: dage daadle @
sl W ol dad Jlagging o

Ol JLaS 3l (5 s, o, o

& ad) ) 5 YUY LS and|  Caad- Al gl




Lagging _Atiall 3 adl) Jale- a3l Jiiadll

22l e DAl Ll sl Jeal)

B: sl v(t) el oei(t) Ll Laly O adl Jie( sl Jeall b

QY gaa- QS jaa(L) - Slaler Jaall @
A se: B = +ve (Lshll 4sl) .
Jase: PF = cos(0) (eodll dale @
VAR) dMivl: Q = +ve (Adeldl) 3 ) ®

G el 8 M 5 el ®

[ : Z=R+JjXL | @=arctan(XL/R) | PF = cos(8) = iall Jaall ]
R/|Z|

Ol S B (5 pu, . ) Y1y VL) il and| oo A1) agaall




Leading a<iiall 3 a8l Jale- Sa 3l Jiail

el G Ll (5 sadl Jaall

0: 4l av(t) 2eali(t) Dbl G ¢)ASall Jia( (5 orndl Jaall 4

A g IV Jlaa¥) any(C) - S Ja&1)
Jadle: B = -ve (Lshll 4y  ©
) sar PF = cos(B) (3, Jale ©
VAR) 2l5i: Q = -ve (4deldill 3 )l @

Ay g lelis s 588 o iy, 0} @

[ : Z=R-jXC | @=-arctan(XC/R) | PF =cos(8)= w.sull Jeall ]
R/|Z|

Cpll Jua ka6 . . o ) (5 g VLAtV IS ] e ] el




Al gl AWl A 3 Al Jale Aarl

SPF sy aigs 1Ll

— 1 =P/ (V x PF) 4l 5,08l sl slhaadl il ol 3y ¢ idiaPF die; Jaall L Juls
oS U8y ) I8y Ll J6 coc 2R Ja shadll b il 48Ul 68 S

EAPF i g8 dad zliad Uy <Y paall; Clanal) o Jilis

p=ididlPF e Gl e i i el e GlS il Joanill CallSs il

3 gall 35080 (Juzad] aladiiuly AUl 30 LS (pauen

Lo shall 8 Ji aga o g Jiay (mddiall Ll agal) Jo s JlsS

[ Sl cuiadl) ol 030,85 SIPF 2 0.9 (ki L lile: deliall i@ J

el JUeS o3 (g . o sl Y LY LS ] e ) Sgaal




Power Factor Correction 5,4l Jale (gl

Power Factor Improvement Methods

):slel 510.9 Bale((Bas gl () ol dad ) Axd ) g 50l Jale (s

o sad SISV A8 Hhll( Aal) Jeall ae s )5l o CliiKa A8l
Gl Jaai(Synchronous Motors) 4l e GiS jas aladiul?,
(Static VAR Compensators) & e sl 4l dau milia alaaiul3,

S jaal(No-load) 4astall Jual) Jiliig,

PF: (pead 2 CiiSall Jas Jasa
(+QL) 4ds Aleli s a8 cllgiug sl Jaal)
(-QC) Aasrm lelai s )28 iy )
Jasilial) Ao il 58 Jdi5 Qtotal = QL - QC (b Laglina 3 xie

PF = cos(0) &0 — _shll 4 ) Jliy 13a
Ol Gl b o, g & maal) Y15 VLAY Ol and|  Caad- A8 agaal)




4o glhaal) (ial) dad Gl

Capacitor Sizing for Power Factor Correction

cos(02): Acos(B;) <PF (st 45lkdllC aiSall dad sl

4 s @i€al) (pa A glhaal) dle Ll 5 a8l N
QC =P x (tan 6, - tan 6,)

)omanill JE( Al 3y 51 509, =
)Cmmmanill a4y sllaall 4551 500, =
\ )ail( Adledll 3 ,a8lip = /

Al A e Jiass «QC = V2 / XC = V2 x 211f X C (1

C = QC/ (V2 x 21rf) = P x (tan 0, - tan 8,) / (V2 x 21rf)

[ 60Hz). sI(50Hz _xadl 22 5 af 5 ¢(Line Voltage) Jdue sill sea a1 V das J

Ol JaS @3l (5 . . ) a5 VLAY LS andl| Caai I agadll




g aUal) 5 a8l
dlladl) 5l
dde a5 a8l
5_adl) Jale
A58
aiCall A e dnl) 5 a8l
ii<al) de

Cmeadl) 2y B ya8l)

cpll Js em S, o p

A fnnal) (aile

Summary of Key Formulas

S=VxIl=V/P?+ Q) [VA]
P=Vx|xcos0)=S xPF [Watt]
Q=Vx1|xsin(®) =S x sin(0) [VAR]
PF =cos(0)=P/S=R/|Z]

0 = arccos(PF) = arctan(Q/P)
QC = P x (tan 6, - tan 6,)

C =QC/ (V? x 21f)

)aallall s paal JdsS, = P/ PF, (

ol 51y VLAY il and] a1l gl




Jo¥) JEal)

i Jaal il aall 5 5080 Jele b

= lulanall

”

1V =220 V (rms) xadl 2 .

f = 50 Hz2o 5 ®
'R = 10 Qdeall 4a 5lia ®
- L = 0.05 Hdeall dilaa ®

:Jad) i

RL il Lo Jumia Jaall

XL = 2mfL = 2 x 50 x 0.05 = 15.71 Q
1Z| = V(R2 + XL?) = V(102 + 15.712) = V(100 + 246.8) =
V346.8 = 18.62 Q
|=V/|Z|=220/18.62 = 11.82 A

PF = cos(6) =R/ |Z| = 10/ 18.62 = 0.537 (Lagging)

call JuasS B g 0. . o (& ) Y g laiy) s and| a8 gl




Jo¥) JEal)

i Jaal il aall 5 5080 Jele b

s Ciladan o)
:V =220 V (rms)_xadl 22
£ =50 Hzaa 5
'R = 10 Qdasll 4a ia

' L =0.05 Hdeal) s

RL AT dosia dea
XL =2mfL=2m x50 x 0.05=15.71 Q 0 = arccos(0.537) = 57.5°
1Z] = V(R? + XL2) = V(102 + 15.712) = 18.62 Q P=Vx|xPF=220x11.82x 0.537 = 1396 W
=V /|Z =220/18.62 = 11.82 A Q=Vx|xsin(0) =220 x 11.82 x 0.843 = 2192 VAR
PF =cos(0)=R/|Z| =10/18.62 = 0.537 (Lagging) S=Vx]|=220 x 11.82 = 2600 VA

: PF = 0.537 Lagging | 6 =57.5° | P=1.4 kW | Q =2.19 kVAR | S = 4a.ill
2.6 kVA

Cpll Jua ka6 . . o ) (5 g VLAtV IS ] e ] el




A Jlal)

s Ciludan
' P = 50 kKW elia Jan N
Line-to-Line) «shll 53 V = 400 V (Jsddll 2¢a
: f =50 Hzao il &
: PF; = 0.7 Lagging Al 3,8l Jale "
PF, = 0.95 Lagging J\PF a8, skl 2

:Jadl
0, = arccos(0.7) = 45.57° — tan(B,) = 1.02
8, = arccos(0.95) = 18.19° — tan(6,) = 0.329
QC =P x (tan 6, - tan 8;) = 50,000 x (1.02 - 0.329) = 50,000 x 0.691 = 34,550 VAR
C = QC/ (V2 x 21f) = 34,550 / (4002 x 211 x 50) = 34,550 / (160,000 x 314.16)
C =34,550/50,265,600 = 687 x 107 F = 687 uF

| ) | QC = 34.55 KVARsh Js!: C = 687 pF (Al ]

ol JUS a3k (5 g, o, o S ad) ) g YUY LS and]  Caad- ) gl




daga cUaadla

Important Notes on Power Factor

el e Al Dkli(L) - Adhadl Jlaay & Sasal agging: DAl 5l Jale

3l G JLA(C) - Aprdl Jlaal) 8 Gasl eading: il 30 Jale

Qiny Aa glia 3l () 65 Lerie (1) 3aa sl (A el @IPF > 1 05 o) (S Y

Lad| Ll oS Ay jallall 5 a8l J85 (PF (aead die: LGP Aladll 58l

oS JS sl Q| Julss g coc PR D ghaaldl 8 2aall; aadll JWPF eas

Jeall aga asd caiadl) Mgl e o daad) ae o)) 5l o S dia g (551 5l e S

Gt e e 13 PF Leading gowas 38 daa 1S WS caal 130ver-correction: 1311 ¢l

PF = 1 Ciagiudi L 1,005 ¢<0.95 JIPF = 0.9 Chagiu 3ol il Gl

G b o s, . ) ey YUY L and] o ) sgadll




Summary 5 »alaall (eila

PF = cos(6)=P/S | 0<PF<1 PF 5,4l Jale o

| Q = +ve 3l ge Al Ll s das Lagging PF o
| Q = -ve 32l Grw JLA (g 5mm dea Leading PF e
S?=P2+ Q2 | tan(6) = Q/P 5a8l) culia o

Bl sl g L T AR PF ¢y o
C = P(tan 6 - tan 8,) / (V2 x 21f) ) A e
AT 8ol ppaent g il y il Jylis B il e

iaie a3 I




Jo¥i- (A el qual gl

38l dale lusHomework 1:

s Ciladan o)
: V=230V (rms) | f = 50 Hz_yadll 22 o
L=0.08 H 5: R =15 Q 00 0580 sl Ll Josia Joa ®
1 sthaall ®
| Ll | Z] Al 48 slaal) ousal/ | ¢
0 skl 45l 5PF 308l dale cual/ ®
S il Q el P allaill 5,0l aal/ ®
Power Triangle 3l &fia aws )i/ o "

L dbaIC Sl dad wal <0.95 Lagging SIPF &) La 1 13/ a ®

[ ® Hint: XL = 2mfL | |Z| = V(R + XL?) | C = P(tan 8, - tan 8,)/(V? x 21rf) ]

Cydll JLiS s 5 . . o ) (5 g VLAtV IS ] e, ] el




N 35l gl

4Ll 3 0y JdsiHomework 2:

Lom 0.7 H sifges goishill o ol =000 dailinlor 5 psi ils @
V=120V |f =60 Hzuyadl 22 ©

i siladl @

IT S L) S(IR g JS b il )/ | ®

S Jtally g 8 ISR skl 4yl ) caal/ o @

sl AU 3 a8l Jale canl/ 2 @

Al 3 WAlS Q P @l paall cual/ 2 @

S50 e Ala g GG S A caeal ((Unity) s3a sl JIPF (el 2 @
Cpeendll 2y g 8 S Ll 5 agall A 1) il gall Jalada o))/ 5 @

{ L glaall gl g il Ll Aliaald) 45y Hlall aadiial dy ) giall 3 5lall 8; 4nis A\ J




cllay) rlide

G LEAY) cils

) W = 27rfc () Jisal ) VIms = Vm / V2 (51 J) sl

b palaall 53¢12) 91 Glan oll( sradl JLEAY) cililaly Allaial) g p&l): Jad) Ay ya

I Jlall— Lalas d5heRL 58 5 53135) + o4 il all( 5080 Gabia sPF dipea )ag e HWL (

Sl Jadl— Ll e Jslase JisC=P(tanB1-tanB2)/(V2x21rf) + ESal dass dapa RHW1 (

130558 pualaall 038 8 Jslae 3l sia Jlie a5 Y dliadl 4 5) gl 5 300l e gadati oSl a5 5,08 Cifia sPF jana (e

Slals
DLl aitaKCL/ 3 palae (o Ll & 5 8 sy Sl — PRI

) GV s VLAtV L o] Caai- S dgaall O JLeS Bl (5 5, o,



AC Transformations

335781 Lt O

do¥ Al b | ) oWl VLAY ol | 8L Syl



— Power Factor 4@ jLadl

AC ils2 b 5Ll Jale: ALl 5 palaall e
ANl P 34l Jals

PF:PXS® PF:cos(e)=P/S@ PF=Q/S@

.53 O 88 Jale hay(Inductive Load) sl Jaal

(Lagging) i @ (Leading) #sic @ (Unity) sass @

Cnll JLs e)-w S, pp



— Introduction deJis

¢tAC C.J'))\.g}ﬁ P Oud! L

ool 0560 Jto DC (3 il g oyl et plasely 5,08y addsdlly Sl slg) a3 (AC) 5370 L1 fles 3
eoneds g (il W4 KCL (KVL

g Blas 4} el Blas 0 AC 35101 Jyef Yol g iy oLl SO

@ AC Source @ Resistance (R) @ Inductance (L) @ Capacitance (C)
el s LS i XL J2 X d) s
sl Glal) iy 24y DC WIS 55000 JalS ¢ Jysmt) sy
t-domain phasor domain




3 Al HLd Jm@ AC Source —

(t—-domain): . Sl & (phasor domain): ¢ dls §
i(t) =im - Sin(wt+ @) (A) I=Irms 2 (A)
v(t) =Vpn - Sin(wt £ @) (V) V=Vrms 2¢ (V)
Irm.s =iy, / V2 (A) Vrm.s =V, /V2 (V)
V2 \ ool gl = 20 Kyl 6]

U im e desd)l jamy (2 LS a5 @ &4l ((phasor domain) Jy(t-domain) . |remdl wie: 2>l @
i 1r.m.s



— AC Source Conversion Jtxs

Ex. If V4(t) = 750V2 - Sin(5000t + 30°), find V, in phasor domain.

(Sol.) s
0 Vs =Vrms 2@ : Vool B 2
° Vo=V [V2Z £p = 75082 /2 £30° i

© v.-75030 W e

Vs =750 £30° (V)

s Vs=750£30° (V) v




(Q) @»3@ Resistance (R) —

(AC). Jlgs Jo ks Jusf Y iz ¥y 2 LS AR Ls*

R
—AMN—— i
| 1daglill Yl
Vv
V=ixR P=I’rmsXR = V’rm.s /R
AC: j19s 8l oy
. - Watt (W) Bu=y R ¢ : e VAR sy C 0 Ly
Active Power (P) AL (W) 8y B 0 Reactive Power (Q) et

Slgzadl D) 5,03))

s




AC daglin §5lo— s

Ex. V¢(t) = 1202 Sin(250mt), R =50 — Find: (1)i(t) (2) Power in R

V= (120vV2/V2) £0° = 12020° (V) el 2
i=V/R = 120£0°/5 o 1
£ i=2420° A phasoromai
i(t) = (V2 x 24) - Sin(250mt) A t-domain
P=I’rm.s X R=(24)*x5 = 2880 W 543

© o

)WV(t) = 120V2 Sin(250mt

V= 12020° (V)



(H) @»3@ Inductance (L) -

- By
L (H) Vi =L-di/dt , i =ip Sin(wt)
—_—— Y Y

| V s VL =L iy * @ - Cos(wt) = i w-L-Sin(wt + 90°)
— [phasor domain]: V| = (im/V2) - JwL £0°

Aslall odsg XL Al W c(H) s>~ g L 14 44 AC 3,515 J.{ &

X1 =JoL () 3] Lotz

AC: jlgs & &3 ailes
i ga Ly oL = I2rmus X X1 (VAR) & (4)) Q Laselabh 4 Xy

Ul § deglieS LlE Jaledy () af sugs 1 X dla>ls



AC o Byila— Jlie

Ex. V¢(t) = 50v2 Sin(200t — 15°), L =50mH — Find: )i 2)QinL

Vs =50£-15° (V) T 3
X1 = Jwl = [%200%50%10™2 =]J10 0 L35 X7 Jud 50 mH
= Vs/¥; =50£:15% /10 (R = X[ ) pof 08 V() = 50V2 Sin(200t — 15°)
% i=5,-105° A ohasor A L

(’\) X[ =]10 Q

i(t) = 5V2- Sin(200t — 105) A t-domain

_ Vs =502-15° (V)
Q=I*’rm.s x X;, = (5)%x 10 = 250 VAR L




(F) @»3@ Capacitance (C) -

i ‘”IC’I“F i=C-dv/dt, Vy(t) = Vi Sin(ot)
|
v - i(t) = C-Vy'w-Cos(wt) = C- Vi, w-Sin(wt+90°)
- i(t) = CJw'VypSin(wt) «~ Vh=1/ (Jw()
XC =1 / (]O)C) (Q) Lt 3] e Y Y D Wy X

AC: 19 & dad) jailas

idlab asC=Prms x X, (VAR) &8 (=]) 4 Q “lloh4 X,

Gl G 24D1 ol TLQ danay amadl JLeb) 750y (1) ST] 5ol dnld) (31 ala>de




V= (10/V2) 20° (V) JRUAUNY:

Xc =1/(Jx1000x50x107%) = —]20 Q C — X kst @ 50 uF ——
i = Vs/Xc = (10/v2)20° / (—]20) sl 03t V4(t) = 10 Sin(1000t)
s~ i=0.354290° A phasor domain
i(t) = 0.354v/2 - Sin(1000t + 90) A t-domain
Q =(0.354)*>x (—20) = —2.5 VAR CsQ WL CiQ s dutsisp L 3 Q by




— Total Impedance (Z) 4! dailowl!

S asledl Ol & s S bt Yol et e C 5L 3 R Je 350001 (52 Loss

Z=R+ X, +X;) ()

R (2) X, =JoL (@) X, =1/JoC (2)
S RS Ao g Lasls Il Lsls
Jreseip +] —]
i=Vs/Z Dl e Jgeodl a9l 050 3l (Z Gl Ay

A(t) e s>l t-domain || Uz £ gl dad TL(P Bz 055 domgtd



8,51a—RLC Jbe

Ex. Vi(t) = 500 Sin(5000t + 60°), R =500, L = 32mH, C=5uF — Find i(t)

Vs = (500/v2) 260° V bl Jod .
50 0 32 mH uF
AMN——N
X, =]x5000%32x1073 =]160 Q X,
ﬁb)
Xc = 1/(Jx5000x5x107) = —J40 Q %o
V(t) = 500 Sin(5000t + 60°),
7 =50+ J160 + (—J40) =50 +J120 Q Z it

i =Vs/Z=(500/v2)260°/ (50+]120) i L

i(t) = 2.719v2 - Sin(5000t — 7.38) A At




— Active & Reactive Power duaz-yJlg dlaall §y4all

Z (impedance) =R+ J(wL — 1/wC) (Q)

S=P+]JQ (VA)
S Apparent Power P Active Power (in R) Q Reactive Power (in L, C)
VA Gus, W £y VAR i,

S: cld 3,k N

Js¥ 4, ai(1) 1wl i (2) Wl 14, L(3)

P =VI-Cos(6,—6;) , Q=
VISm(BV—B,)

P=1*R , O=I"X; S=VXxI*




RLC 8,515 (38— Power Jold Jts

Ex. V(t) = 7502 Sin(5000t+30°), R=90Q, L=32mH, C=5uF — Find: Dit) @§

i(t) °‘-‘~1® 90 0 32 mH S uF

V=750230°(V) , XL=J160Q , X C=-J40Q
V(t) = 750V2 Sin(5000t+30°),

7 =90 + J160 — J40 = 90 + J120 Q

. 90 0 1160 -1 40
i=750230°/(90+J120) = 52-23.13° A [
il
i(t) = 5v2 - Sin(5000t — 23.13) A V = 750230° (V)
A1 @) A>T j51 S ;t,sg@
(1) P=(5)*x90=2250W , Q= (5)?x120 = 3000 VAR
P =750 13) =2250 W , Q=750 in(53.13) = 3000 VAR

@ S =750430° X 5£+23.13° = 3750453.13° = 2250+]J3000




AC Source

Resistance (R)

Zagal)
<

Inductance (L)

’:.'l

Capacitance (C)

- I

Impedance (Z)

%] DY

t-domain — phasor

V/I.rms 4@

R (Q)

X, =]JwL (Q)

Xc=1/JwC (Q)

Z=R+ (X, +X¢)

o -~ 3 |
a5L,Sd) fladle pudl s

\

(Spn., A.A
= VoA

VN2 2




<alsgHomework —

C=25uF L =40 mH R =30Q R-L-C): V(t) = 100v2 Sin(10008) V s staxill 5 silal

Z. 3l 48 ) aa 5f &5 ((Phasor) goshll daadl ) agall jaae J3a) |

el Jaal) A1) i) S Oy shal (Bl lall Ll as f) oo

). il aief jAlia( Jeall & 55 s ¢S G ALkl 5Q Alelill P Allaill 55l 2a ) &

XC = 1/fwC) «: XL = jwL el

Cnll JLs e)-w S, pp



8N LAY il

Lagging _alis) I: (L)) PF=cos(B)=P/S | «: (JsY)

Jodke i sLaiAl saaall day JGWAC Transformations ((eals Js 4ma
(Vr.m.s 2@) goshl Jaadl ) agall jaas disad joa
Loalli(t) Glea slud puii— 33 3eC 5L sR - ALial
caad sl J s i Lol gilae— ALSLRLC 300al Juld JUie
aliall JS (2ALZ=R+j(XL+XC) Jisai Jsaa

): A p2aS lim yal( Jalsl) Jal)

XL=j40Q «XC==j40Q — Z=30+j0=3020°Q (c=.!) | 1=3.33320°A — i(t)=4.714 sin(1000t) A | P=333.3W «Q=0VAR ¢S=333.3VA — L ¢, jia Jea(PF=1)

C).-.’J\ dLAS ey‘“ S, pp
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SJluaiwl sl chal Ja

plle 6 a8 Tuaio Luuwwlg Mol s draus Bl dudall 0de J9ii i Jol
- .augislylg aul sl plgaJl

AU L3
W - iaill anooll 73 @l Jlas pilw suw p.p Sl &



