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Introduction:
Electrical engineering is an engineering discipline concerned with the study, design, and

application of equipment, devices, and systems which use electricity, electronics,
and electromagnetism. It emerged as an identifiable occupation in the latter half of the 19th

century after commercialization of the electric telegraph, the telephone, and electrical

power generation.
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*Boylestad, R. L. " Introductory Circuit Analysis", 4th 4 slhaall 3 ) jiall (sl ]
Edition, Charles E. Merill Publishers.

*Alexander C. K. and Sadiku M. N. "Fundamentals of (Lhaall) A )l aal yall 2
Electric Circuits", McGraw- Hill Companies.
*Alexander C. K. and Sadiku M. N. " Circuit Analysis,
Theory and Practice"”, 2nd Edition, Robbins & Miller.
*B.L Theraja, " A Text Book of Electrical Technology"
,4th Edition.
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2. University Department/Centre

4. Programme(s) to which it contributes

6. Semester/Year

8. Date of production/revision of this
specification
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10- Learning Outcomes, Teaching ,Learning and Assessment Methode

A- Knowledge and Understanding: If the student successfully completes this
course, he will be able to:

Al- Recognize the symbols, abbreviations, units and elements that are used in
electrical circuits.

A2- Distinguish between series and parallel circuits and the way energy sources
are transferred between them.

A3- Calculates voltage, current and power in DC circuits that contain resistors,
current sources, voltage sources, non-independent voltage and current sources,
and alternating current circuits containing inductance and capacitance

A4- Uses methods and theories to analyze electrical circuits

A5- Calculates the power consumed in the circuit, the power derived from the
source, and the maximum power transferred to the load

A6- Recognize the types of waves in alternating current circuits, the method of
generating them, and the elements that are used in these circuits

A7- Apply the theories that are used in the analysis of DC circuits to AC circuits
A8- Familiarize yourself with measuring devices
A 9- He is trained in the use of electrical laboratory equipment for different
measurements.

B. Course specific objectives. If the student successfully completes this course,
he will be able to:

B1 - designs and conducts practical experiments, and analyzes and interprets data
.that achieve the theoretical aspect

.BZ - Acquire the skill of using different electrical measuring devices

- Identifies electrical circuit problems

B4 Be able to master the mathematical, basic and engineering sciences necessary
to analyze and design electrical and electronic engineering systems.
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D. General and Transferable Skills (other skills relevant to employability and
personal development)

D1- Defining, formulating and solving engineering problems.

D2- Design and conduct experiments, and analyze and interpret data.

D3 - Using modern engineering techniques and skills and tools necessary to practice

the engineering profession.

Teaching and learning methods

To getto D1 - D3, it is benefited from addressing a practical engineering problem

related to electrical circuit engineering, and it is required to write it in the form of a

report and present its results within a specified period of time.

Evaluation methods

Take advantage of the method of evaluation of paragraph C of paragraph 9.
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11. Course Structure
Week Hours ILOs Unit/Module or Topic Teaching Assessment Method
Title Method
1 T1+2 To be able Symbols And theoretical Achievement test
to Abbreviations, Units, presentation class homework +
understan Electric Circuit & It’s Using some
d the Element. general engineering
2 T1+2 basics of The Direct Current principles Achievement test
electrical Network. class homework +
circuits Kirchhoff's Laws & Their
Use In Network Analysis.
3 T1+2 The Series Circuits, Parallel theoretical Achievement test
student Circuits, Series-Parallel presentation class homework +
should be | Circuits, Open and Short with the help of
able to Circuits, Source by schematics
distinguis Transformation illustration
4 T1+2 h between | Conversion Of Delta To Achievement test
series and | Star Connection And Vice class homework +
parallel Versa.
circuits
5 T1+2 The Nodal Voltage Method theoretical Achievement test
student presentation class homework +
6 T1+2 should be Loop (mesh)Current with the help of Achievement test
able to use Method. With equations and class homework +
7 T1+2 the Superposition Method. rules Achievement test
theories of for electrical class homework +
electrical circuits
circuit
analysis
8 T1+2 The Thevenin’s Theorem theoretical Achievement test
student presentation class homework +
9 T1+2 should be Norton’s Theorem with the help of Achievement test
able to use With equations and class homework +
10 T1+2 the Maximum Power Transfer rules Achievement test
theories of Theorem for electrical class homework +
11 T1+2 | DCecircuit [ Reciprocity Theorem circuits Achievement test
analysis class homework +
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12 T1+2 The Alternating Current theoretical Achievement test
Network presentation class homework +
Types of Alternating with the help of
Waveforms, Generation by schematics
of Alternating Current, illustration
and
Definitions related to
Alternating Waveforms.
13 T1+2 To be able The Mean Values of theoretical Achievement test
to Current and Voltage presentation class homework +
understan with the help of
d the by schematics
basics of illustration
14 T1+2 alternating [  The Effective Vales of theoretical Achievement test
current Current and Voltage presentation class homework +
circuits with the help of
by schematics
illustration
15 T1+2 Circuit Elements in the theoretical Achievement test
Phasor Domain presentation class homework +
with the help of
by schematics
illustration
16 T1+2 The Vector Diagram theoretical Achievement test
presentation class homework +
with the help of
by schematics
illustration
17 T1+2 Reviews for Complex theoretical Achievement test
Numbers and there presentation class homework +
mathematical operations with the help of
th by schematics
illustration
18 T1+2 The Series and Parallel Ac theoretical Achievement test
student Circuits presentation class homework +
19 T1+2 should be | The Instantaneous Power with the help of Achievement test
able to and Mean Power of AC, [ With equations and class homework +
identify Reactive and Apparent rules
the series Power for electrical
and circuits
parallel
circuits of
alternating
current
and apply
arithmetic
laws
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20 T1+2 The Using Kirchhoff's law's to theoretical Achievement test
student solve AC circuits presentation class homework +
21 T1+2 should be | Using Loop's method to with the help of Achievement test
able to use solve AC circuits With equations and class homework +
22 T1+2 theories Using Superposition's rules Achievement test
electrical method to solve AC for electrical class homework +
circuit circuits circuits
23 T1+2 analysis Using Thevenin’s Achievement test
theorem to solve AC class homework +
circuits
24 T1+2 The theoretical Achievement test
student presentation class homework +
should be | Using Norton's theorem to with the help of
able to use solve AC circuits With equations and
theories rules
AC circuit for electrical
analysis circuits
25 T1+2 The 3- Phase Current, 3- theoretical Achievement test
student Phase System, Y- presentation class homework +
should be Connection Delta with the help of
able to Connection. by schematics
understan illustration
26 T1+2 d the theoretical Achievement test
basics of presentation class homework +
three- with the help of
phase With equations and
circuits rules
The Solving 3-phase networks o elec_tromagnetlc
student . circuits
should be w!th balanced loads,
able to Sol\_/mg 3-phase networks
T with unbalanced loads
d the
basics of
three-
phase
circuits
27 T1+2 To be able Electromagnetism, Achievement test
to Permanent and artificial class homework +
understan Magnets, The Magnetic
d the Field, The flux density ,
basics of | The magnetic reluctance ,
electroma The permeability , The
gnetic mmf , The magnetic force
circuits , The electromagnetic
circuits.
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Required reading:
- CORE TEXTS

- COURSE MATERIALS
- OTHER

Community-based facilities

(include for example, guest
Lectures , internship , field studies)

Pre-requisites

Maximum number of students
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POWERS OF TEN

1=10° 1/10=  0.1=10"
10 = 10 1/100 =  0.01 =10~
100 = 10° 1/1000 = 0.001 = 107*

1000 = 10° 1/10,000 = 0.0001 = 10~*

10,000.L0=10,000.=10%4
R AA S

1 2 3 4

0.00001 =0.00001 =103
R AAAA

54 321
1 —n l 1N
T T
EXAMPLE:
] ] .,
— =103
1000 1073
b —L =L s
0.00001 10~

The product of powers of fen:

(10?3)(10”.') — 10(!?-1—}?.?)

EXAMPLE
a. (1000)(10,000) = (10%)(10*) = 10°** = 107

b. (0.00001)(100) = (107°)(10%) = 10" = 107°

The division of powers of ten:

10"

_ lo{n—m)
10™
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EXAMPLE
.
10?6?]00 _ 182 _ 10(5_3) _ 102
. Olgg(())l = 11001 = 1047 = 1047 = 107

The power of powers of ten:

( 1 On)m =1 O(Hm)

EXAMPLE

a. (100)* = (10°)* = 10°'% = 10°

b. (1000) 2 = (10> = 1092 = 107°
c. (0.0 =107 =10"2"Y=10°

Basic Arithmetic Operations

1- Addition and Subtraction
A X 10"+ B X 10"=(4 = B) X 10"

EXAMPLE

a. 6300 + 75,000 = (6.3)(1000) + (75)(1000)
= 6.3 X 10° + 75 x 10°
= (6.3 + 75) x 10°
=813 x 10°

b. 0.00096 — 0.000086 = (96)(0.00001) — (8.6)(0.00001)
=96X10°—86x%x10°
= (96 — 8.6) X 10°°
=874 x 107°

2- Multiplication
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(A X 10")(B X 10™) = (4)(B) X 10"

EXAMPLE
a. (0.0002)(0.000007) = [(2)(0.0001)][(7)(0.000001)]
=2 X 107%H(7 X 1079
= (2)(7) X (10" H(10"°)
=14 x 107
b. (340,000)(0.00061) = (3.4 X 10°)(61 X 107°)
= (3.4)(61) X (10°)(107%)

=207.4 % 10°
= 2074
3- Division
AX10" A4 _
. — = == X 10}’3 m
B X 10 B
EXAMPLE
0.00047 _ 47 x 107> _ (47\ (107"
0.002 2x 1070 |2 ) ‘10‘3)
=235x 107
690.000 _ 69 x10* _ (69, (10"
" 0.00000013 13 x 10°°® 1%) \108)
= 5.31 x 10"
4- Powers
(4 >< 10?!)?” — 4.’1? X 10?3.‘”
EXAMPLE
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a. (0.00003)* = (3 X 107°)° = (3)* X (107°)’
— 27 X 10—13

b. (90,800,000)* = (9.08 X 107)* = (9.08)" X (107)°

= 82.4464 x 10™
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Prefixes
Multiplication Factors SI Prefix SI Symbol
1 000 000 000 000 = 10" tera T
1 000 000 000 = 10’ giga G
1000 000 = 10° mega M
1000 = 10’ kilo k
0.001 = 10~° milli m
0.000 001 = 107° micro 7
0.000 000 001 = 10~° nano n
0.000 000 000 001 = 10~ '* pico P
EXAMPLE

a. 1,000,000 ohms = 1 X 10° ohms
= 1 megohm (M(})
b. 100,000 meters = 100 X 10° meters
= 100 kilometers (km)
¢. 0.0001 second = 0.1 X 10~ second
= 0.1 millisecond (ms)
d. 0.000001 farad = 1 X 10~ ° farad
= | microfarad (uF)
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EXAMPLE

a. 41,200 mis equivalent to 41.2 X 10° m = 41.2 kilometers = 41.2 km.

b. 0.00956 Jis equivalent to 9.56 X 10™° J = 9.56 millijoules = 9.56 mJ.

c¢. 0.000768 s is equivalent to 768 X 107° s = 768 microseconds =
768 ps.

8400m 84X 10°m /84 10°
d. = —— = X — | m
0.06 6 X 107" 6 ) \107*
=14 X% 10°m = 140 X 10° m = 140 kilometers = 140 km
e. (0.0003)'s =3 x107H*'s=81 X 107"°s

= 0.0081 X 107" s = 0.008 picosecond = 0.0081 ps
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Current and Voltage

Charge: the electrical charge is an electrical property of atomic particles of which matter

consists, measured in coulombs (C). The charge of an electron is ( —1.602x107*° C).

Electrical current: is the rate of change of charge, measured in amperes (A). The current

(I) is defined mathematically as:
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e Direct current (DC): is the current that remains constant with time. The symbol (I)
is usually used to represent such a constant current.

e Alternating current (AC): is a current that is varying sinusoidally with time. A time
varying current is represented by the symbol (i).

0‘ V4

Sinusoidal

Voltage: the voltage (or potential difference) is the energy required to move a unit of
charge through an element, measured in volts (V).

* For the voltage Vab, this mean that the potential of point a is higher than that of

point b.
Vab =Va-Vb

Power: is the time rate of expending or absorbing energy, measured in watt (W).

oW
t
Where P is the power in watt (W), w is the energy in joules (J), and t is the time in
seconds (s).

The power (P) is defined mathematically as:

P=7TI
o P

R
P = IR
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Resistance: the resistance R denotes the ability of an element to resist the flow of
electrical current, it is measured in Ohms (Q).

R
o MN o
For the material, the resistance R depends of the physical dimensions as follows:
[
R=p—
o

Where P is the receptivity of material.

Resistivity (p) of various materials in
ohm-centimeters.
|

Silver 1.645 X 107
Copper 1.723 x 107°
Gold 2.443 x 107°
Aluminum 2825 x 10°°¢
Tungsten 5.485 X 107°
Nickel 7.811 x 10°°
Tron 12.299 x 107°
Tantalum 1554 X 10°°
Nichrome 99.72 X 10~°
Tin oxide 250 X 107°

Carbon 3500 X 107°
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EXAMPLE: Determine the resistance of 30.48 m of copper telephone wire if the diameter
is 0.032 cm.

Solution:
A= _ (3.1416)(0.032 cm)” _ 8.04 X 10 *em’
4 4
R / _ (1723 X 10~ °Q0- cm)(3048 cm) 650
4 8.04 x 107*

e The resistance of a short circuit element is approaching zero.
e The resistance of an open circuit element is approaching infinity.

I1=0A
—— 5 %4
+ +
v V=0V
- -

Open circuit Short circuit

Conductance: the conductance can be explained as the ability of an element to conduct
electrical current, it is measured in siemens (S ).

OHM'S LAW: Ohm's low states that the voltage V across a resistor is directly
proportional to the current I flowing through the resistor.

EXAMPLE: Determine the current resulting from the application of a 9-V battery across a
network with a resistance of 2.2 Q.
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Solution:
1=V 9V 400A
R 220

EXAMPLE: Calculate the resistance of a 60-W bulb if a current of 500 mA results from an
applied voltage of 120 V.

Solution:

V__ 120 500

| 500x107

EXAMPLE: Calculate the current through the 2-kQ resistor of Figure below if the voltage
drop across it is 16 V.

. 16V B
—AWW
I 2 k()
Solution:
14 16V
J]=—=————=8mA
R 2X10°Q

EXAMPLE: Calculate the voltage that must be applied across the soldering iron of Figure
below to establish a current of 1.5 A through the iron if its internal resistance is 80Q.

I=15A

_—
— O
FE R 80 ()
— O

Solution:

E=IR=(15A)(80Q) =120V

EXAMPLE: What is the power dissipated by a 5Q resistor if the current is 4 A?

Solution: |
P=IFR=AA’5Q) =80W

EXAMPLE: Determine the current through a 5-kQ resistor when the power dissipated by
the element is 20 mW.

Solution:
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P 20X 10° W - _
I= |[== =V4x10°=2x107°A
\/; \V Sx10°Q

=2 mA
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Series Circuits:
Two elements are in series if

1. They have only one terminal in common (i.e., one lead of one is connected to only one lead
of the other).

2. The common point between the two elements is not connected to another current-
carrying element.

Ry

e The current is the same through series elements, but the voltage is different.
e The total resistance of a series circuit is the sum of the resistance levels.

RT:R1+R2+R3+"'+R‘N

[;1 — ]Rla "7-3 — [Rz, Iy_; — [R_;_, coog Ij\r — ]RN
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EXAMPLE: for the figure below

a. Find the total resistance for the series circuit.

b. Calculate the source current Is.

c. Determine the voltages V1, V2, and V3.

d. Calculate the power dissipated by R1, R2, and R3.

e. Determine the power delivered by the source, and compare it o the sum of the power
levels of part (d).

- +
E===20V R0 7
_ EE— -

Ry -

Solution:
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a Rr=R +R+R =20+10+50=80Q
E 20V
b I, = = = —25A
T R 8Q)

. Vi =IR, =Q5A)Q20) =5V
V,=IR, = 25A)(1 Q) =25V
V; =1IR; = 25A)(5 Q) = 125V

d P =1L =0GBV)25A)=125W
P, =R, = 25A)°(1 Q) = 625 W
Py=T2/R, = (125V)/5Q = 3125 W

e. Py =FEl=QR0V)25A) =50W
Pd61:P1+P3+P3
S50W=125W + 625W + 3125W
50 W = 50W (checks)

EXAMPLE: Determine RT, I, and V2 for the circuit of Figure below.

— 7, +

I R =70Q R,=40Q)
Ea==_50V R3§7Q
T —_—

RT
A
I Ry I
— MY —
- 70

Solution: Note the current direction as established by the battery and the polarity of the
voltage drops across R2 as determined by the current direction. Since R1 = R3 = R4,

R,=NR, +R. =(3)(7Q)+40=210+40=250Q
E 50V

[= = =2C =24
Rr 250

7, =1IR, = 2A)4 Q) =8V
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EXAMPLE: Given RT and I, calculate R1 and E for the circuit of Figure below.

4 k0
R, R,
—_—
Ry = 12k()
E === R; § 6 k()

1= 6]11A|

Solution:
R,=R, + R, + R,

12kQ =R, + 4kQ + 6kO
R, =12kQ — 10kQ =2 kQ
E=IR;=(6X107A(12X10°Q) =72V

Voltage Sources in Series:

Voltage sources can be connected in series as shown in figure below. The net voltage is
determined simply by summing the sources with the same polarity and subtracting the
total of the sources with the opposite.

E, £, £, I ET—I-
1ov 6V PAY 18V
(a)

Tl T I— -|-| - RN P
| | |
1 I - FI=
4\ 9V 3V 8V
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Interchanging Series Elements:

.
o 000
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The elements of a series circuit can be interchanged without affecting the total

resistance, current, or power to each element.

e

10 Q 200
10 Q) 50

Wy Wy
M W\v (Tb R, R,

[1' R, R,
+
+

5V

R:§5£1 v,

E==/=75V R3§20£1 ET
=

~
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VOLTAGE DIVIDER RULE:

In a series circuit,

the voltage across a resistor in a series circuit is equal o the value of that resistor times
the total impressed voltage across the series elements divided by the total resistance of
the series elements.

Where Vx is the voltage across Rx.

For example:
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EXAMPLE: Determine the voltage V' 1 for the network of Figure below.

+ 7y -
20 ) 60 )
MA———W
R, R,

E™=64V

Solution:
- _RE__RE _ Q00)64V) _ 1280V _ o
"R, R, +R, 200+600Q 80

EXAMPLE: Using the voltage divider rule, determine the voltages V1 and V 3 for the
series circuit of Figure below.
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E "= 45V R, §5 k()

R, § 8 k() 8

=
Solution:
p o RE__ QkOEASY)  _ QkO)HE5V)
'TR, T 2KQ + 5kQ + SkO 15 kO
_@x10°00@Esy) _ 90V _ o
15X 10° Q 15
o RE _ BKYASY) _ (8 X 10° Q)(45 V)
TRy 15 kQ 15 % 10° Q
_ 360V _ L.y
15

EXAMPLE: Design the voltage divider of Figure below such that VR1 = 4VR2.

4 mA
Ry

= 20V

by
il

Solution: The total resistance is defined by
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Rp=2= 220 = 5k0

Since Vi = 4V%,,

R, = 4R,
Thus R;=R, +R,=4R, + R, = 5R,
and SR, = 5 k()

R, = 1kQ
and R, = 4R, = 4 k()
NOTATION:

(a) (b) (0)

0+12V

(a) (b)
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R, R
R, - R, 5% --;
| |
| | A
| | -
(a) (b)
+ Ifﬂb _ _ Ifab +
. . Wy s o—AAN o——
1 R “ R 2T
{Ifa!'l = _) {r{ra& = _}
(a) (b)
EXAMPLE: Find the voltage Vab for the conditions.
v, =416V v, = +20V
o AMN o
a R b
Solution:
=V, =TV, =16V =20V

= —4V

EXAMPLE: Find the voltage Va for the configuration.
V, V=15V Py, =4V

Mo
a R b
Solution:
s =TV =T
V,=V,+1,=5V+4V
=9V
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EXAMPLE: Find the voltage Vab for the configuration.

OV, = 20V
+
R §10 kQ 7,
QVy =15V
Solution:
Vo =V, — V3 =20V = (=15V) =20V + 15V
=35V

Adndd 90 1ol - duwolsell Bu=gll
1 e ol Il 595 Of dudonll dolg 3 2390
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Parallel Circuits:
Two elements, branches, or networks are in parallel if they have two points in common.
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I 2 R 1 B 1 I Pl R K

b b

(a) (b) (c)

e The voltage across parallel elements is the same, but the current is different.
a

I lvjl ifz
+ +
E——/ TT— V1_§Rl V3§R3
_- b E=V1=V?2

e For parallel elements, the total conductance is the sum of the individual

conductances.
e The total resistance of parallel resistors is always less than the value of the

smallest resistor.

GT:G]+GZ+GS++G‘V
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EXAMPLE: Determine the total conductance and resistance for the parallel network.

@,
e
T
R1§3Q R3§6Q
—-
RT
Cr
Solution:
) 1 1 _
G,=G,+G,=—+ —=0333S+0.167S=05S
7T 30 60
and RT:_L:LZZQ
Gr 05S
EXAMPLE: Determine the total resistance for the network.
— -
R; T
R =2Q R3§4Q Ry =5Q — R1§2Q R3§4Q R3§SQ
@ O
Solution:
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50 70 50

and

* The total resistance of two parallel resistors is the product of the two divided by their

sum.

_ RR
' R +R

EXAMPLE: Determine the total conductance and resistance for the parallel network.

(‘TT . ~
nggg R3§6£2

Solution:
R\R, 30)6 0 0

R, =
""R+R 30+6Q 9

EXAMPLE: Determine the total resistance for the network.
O C';ET

RI—
R =2Q Rjgﬁz Ry =5Q — ngzg R3§4Q R3§SQ

Solution:
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, QO)4Q) 4
=7 — = "N ) =
r=2040 =60 "3
52)59)
R=R;II50="7"=10530Q
~0+50

EXAMPLE: For the parallel network.

( f( - ljl N ljl N

E==="27V R1§ 90r, R, § 1807,

a. Calculate RT.

b. Determine Is.

c. Calculate Il and I2, and demonstrate that Is = Il + I2.

d. Determine the power to each resistive load.

e. Determine the power delivered by the source, and compare it to the total power
dissipated by the resistive elements.

Solution:

BVE TR IVERTVE J.‘:.i Dolue) 4L ygSI) dodicgl! sl aliyy



Ministry of Higher Education & Scientific Research
Al-Rasheed University College
Computer Techniques Engineering Department

L po BB OOU8Q) 1620 _

TR 4AR 90 +18Q 27
E 27V

b. [, =—=""—=45A

* Ry 6Q

vy, E 27V

. Lh=—=—= =3A

“ "7 R TR 90
SV E 27V o
"R, R, 18Q 7
L=1+1

45A=3A+15A
45A =45A (checks)

d.PIZ
P, =

ity =EIL = (27V)3A) =81W
L =EL = 27V)(15A) =405W

e. Py =FE[=27TV)45A)=1215W
=P, +P, =81W+405W=1215W

6 Q

‘;daﬂ Caxdllg dla.)l ekl 8yl 9
daslndl wds i A8

gl Ol duwdid euud

EXAMPLE: Given the information provided.

a. Determine R3.
b. Calculate E.

c. Find Is.

d. Find I2.

e. Determine P2.

Solution:

dazmo Biax dgame 3.p.1 1 dlus

400 ¢S duokigh! el oy



Ministry of Higher Education & Scientific Research gd"ﬂ Caxdly Ql’-" M‘ 8)bg
Al-Rasheed University College daslndl wds i A8
Computer Techniques Engineering Department a

gl Ol duwdid euud

1 1 | 1

L ==t =+ —
“ R R R R
1 1 1 1
40 100 200 R
0.25820.18%—0.058+L
R;
1
025S=0.158S+ —
R;
LZO.IS
R;
1
Ri=—=10Q
37018
b. E=T,=15LR = (@AA)100Q) =40V
E 40V
L=—=""C=10A
“ LT R T 40
v, E 40V
d.]) — = - :2A

"R, R, 200
e. P,=1R, = (2A)’20Q) =80 W
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483 90. 103! - dwdludl Busgll

1A B poleall LBl
i e Hald CIlall 990 Of dudandl Dl 3 aB g

Sl il 8 e Cayail
Bf,bbu;“ CALCj./,a}A

duadlad)l Jlwglly daiiVlg Codladl

duodazd! J5lwgll dpardatd! ddaii¥lg cadlud! o
Cgul>lgr o Ol blad e

o2 lexr e el
5‘)_9.{.‘.«: [ ] ml.m [ J
pdBlg Byl e Clgzg Jlgw o
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CURRENT DIVIDER RULE:
e For two parallel elements of equal value, the current will divide equally.
e For parallel elements with different values, the smaller the resistance, the greater

the share of input current.
e For parallel elements of different values, the current will split with a ratio equal to

the inverse of their resistor values.

T Note difference in subscripts.
\Z
| Ru
]1 I —
R, +R,
v
ORI
=5
2 R, +R,

EXAMPLE: Determine the current I for the network using the current divider rule.
I,= 6A

RZHEO RZBKO
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Solution:
R\I (4 kQ)(6 A) 4 1
I, = = = —(6A)=—6A
TR +R 4KQ+8KQ 12 ) =304
=2A

EXAMPLE: Find the current I: for the network.

o —1] = 42 mA
—-
Rr l]l
ng 60 RS20 RS430
Solution:
_ (24 Q)(48 )) _
24 Q)| 48 Q) A0+ 480 16 Q)
16 (2(42 mA)
I, = = 30.54 mA
' 60 + 60 m

EXAMPLE: Determine the resistance Rl to effect the division of current.

Rl

—WV
I;=21mA
=27 mA.

R,

M

70
Solution:

R, I
] __ 2
"R +R,
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Ry + ), = R, 1
R, + R, I, =R,
RIII - Rz[ - Rz[l
_ R 1)
I
B 7 Q27 mA — 21 mA)
21 mA
5
~7a(5)- 20
21 21

R,

R

20
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B_I,bbusﬂ C)LC},G}A

dondadl JSlwgllg ddaiciVlg Ll
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Open and Short Circuits:

An open circuit can have a potential difference (voltage) across its terminals, but the
current is always zero amperes.

]:,

open eircuit = Evolts

Y
o))

A short circuit can carry a current of a level determined by the external circuit, but the
potential difference (voltage) across its terminals is always zero volts.

oAV ‘\ 7
- I = 0A
7 r=0al NNV
n T
E == 10V R ]r']shorr circuit ov
/] b oy
- “Shorted out” Short circuit R 0Q
EXAMPLE: Determine the voltage Vab for the network.
Ry R, I
A —— MW ——o
2kQ 4kQ *
+
E===120V v,
ob
Solution:
sy =E =20V

EXAMPLE: Determine the voltages Vab and Vcd for the network.
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E,

Rl a + I- — c
Wy 2 I °

N 30V
E=== 10V 7 Vea
B _ R, _
o MA o)
b 50 Q d

Solution:
s =E, =10V

+E1 - Ez - I"rc.d =0

ed=E —E,=10V-30V =-=-20V

EXAMPLE: Calculate the current I and the voltage V for the network.

1,
L
R, R,
M M\
. 5kQ) 10 kQ
E==—=18V
Solution:
I = £ = 18V = 3.6 mA
R, 5kq 0™
V=E=18V

= 18V

dazmo Biax dgame 3.p.1 1 dlus
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Series-parallel networks are networks that contain both series and parallel circuit
configurations

8 polxall ile gu g0

Talall Jila g 5 a5 iy

o)) J3lw gl dpandaid! daiii¥lg byl o
Cgwl>jlg> o Gyl blad e

o2 lexr e et
5)3{.‘» ° didl e
pdBlg Byl e Clgrg Jlgew o
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Series-Parallel Networks:
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Series-parallel networks are networks that contain both series and parallel circuit

configurations.

EXAMPLE: for the network find R, Is, IA, IB, and IC.

(U—h MA b
O
L 2 k0 vZp Ve
A, . B C
Ryjic - 7 1.0 _
) \T Blic glz kO §6m
L .
Solution:
(12 kQ)(6 k)
Rpjc = Rp || Re = = 4kQ
2lc = Rp || Re 510 + 61O
RT - RA + RB"C
—2kQ + 4kQ = 6kQ
1
A
EEsV R 6k
E 54V
[=—F—=——>=9mA
*" Ry 6kQ m i
L=1=9mA
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I,
lIB lfc
6 kO(L,) 6 1 f
— = [, = —0O mA) =3I mA 12 kQ 6 k()
ET 0t DR g kT 3 ¥mA=3m 2 2
17
PR 12, 2 g 00y = 6ma

L. = —
. 12KO+6KQ 187 3
EXAMPLE: for the network find the currents and voltage for each element.

14 R, A4 );
o M ’
40 l[B l!(-_-
B C
IST e R4§ 050

Solution:

A: R, =4Q
R 40

B: R:R“; R:R7 :7:7:20

B > || Rs 2113 N B

C: Re=R,+R;=R,s=05Q0+150=20Q
, HVas
—— W,

fsT Ry =410 lIB_ PC B
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I I 2
I;=1.= 24 = ,f* =1A

I
I, = I, = — = 05A

2
Vi=LR,=Q2A)4Q)=8V

Vg =1gRp = (1A)(2Q)=2V
Ve=T3=2V

EXAMPLE: for the network find the currents and voltage for each element.
iy

Rl
Wy
60
I R, I
r» M — + "
60 ] A
Ry Ry 114 ( - L=
— AM' T I 4
—— 0O > N —
E=== 24V 20 R, T8O RO =7, [Bj 7,
| 2]
Solution:

dazmo Biax dgame 3.p.1 1 dlus
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R 6 Q)
R1||3=?= ) =30
G2 6Q
R, = Rum = = =120
A 12113 3 Q + 2 Q 5
BM(12Q)  96Q
R, =R, = = =480
BB T 0+ 1200 20
+
Ryjjzils
120
I i+
Rr -

E 24V

[[=——= = 4A
R, 6Q

Vi =LRyps = 4A)(1.2Q) = 48V
Ve=ILRy: = (4A)48Q) =192V

| 192V
[, =—= =24A
R, 8Q
& V1 48V
L =——= = =08 A
- R, R, 6 ()
EXAMPLE:

a. Find the voltages V1, V3, and Vab for the network.
b. Calculate the source current Is.
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60 2220
+ V, — \
ab

R ¥ R

B «Ml a + 2 -
E,—== 6V 50 30 18V m=n E,
+ T - N
-qIS -

Solution:
I+ Vi Vs
R 25O TR 260
n - r ‘\}—
E==—=12V oa N )
— ‘:{&]ﬁfab _,/_'
R_§3Q R4§20
R.E
v, = 1 _ (5 Q)(l%V) _ 60V _ a5y
R, + R, 504+3Q 8
. R:E _ (6 Q)(12V) _ 72V _9gvy
 Ry+R, 60420 8

V) = Vst V=0
V(rb = I”r_; - V] =9V -75V=15V

I
I, = 1 _ 75V —15A

R, 50

Vs 9V
L= = =15A
R, 6Q

IL.=L+L=15A+15A=3A
EXAMPLE: For the network, determine the voltages V1 and V2 and the current I.
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g}wbnﬂ (Gl

= E,0 +18V
_|_
RS50 RS60 T,
W 7 Ei=-6%
R +
R, Z6Q7,
Solution:
a
_|_ —
R, =70 N R 60T
_ \J +
R4§69 Vy Ejm=m=GVa_ ) o
R <50 T * B, 18V
I, I a
Ti@ - l Tfl
=
V,=—E = =6V

_El + VVI _EZ :0
Vi=E, +E =18V+6V=24V

W& daw

3
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I=1+L+ 1

_ 7 n E, i E,
R, R, R, + R
24V " 6V " 6V
6 Q) 6 Q) 12 Q)
=4A+1A+05A

I=535A
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* Kirchhoff's current law (KCL) states that the algebraic sum of the currents entering and

leaving an area, system, or junction is zero.

8 polxall Oile gu g0

duala)l Jlwglly dasiVlg ol

duodazd! J5lwgll dpardatd! ddaii¥lg cadlud)! o
Gl Hlg=> Oyladl blad

02 e 8 po e 9
8) guss 4480w
P89 @by Slozg Jlgw

dazmo Biax dgame 3.p.1 1 dlus
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Kirchoff's Laws
* Kirchhoff's current law (KCL) states that the algebraic sum of the currents entering and

leaving an area, system, or junction is zero.

Or,

* The sum of the currents entering an area, system, or junction must equal the sum of the
currents leaving the area, system, or junction.

2] entering 2 ]leaving

I
System,
complex
network, 10 A
Junction
I
gA
Iy

II+I4:[: +]3
4A+8A=2A+10A
[12A=12A

* Kirchhoff's voltage law (KVL) states that the algebraic sum of the potential rises and
drops around a closed loop (or path) is zero.

267V =0
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+E-T171=-715=0

E=1+7T,
EXAMPLE: using Kirchhoff's lows. Find the currents and voltages in the circuit shown.
11 V-
—
8 12 l 13 l
N
30vV—=E 3% :,2

VS

Solution:

E-V1-V2=0 = 30-V1-V2=0
30-811-312=0 = |1:3O_83I2
V2-V3=0 = V2=V3
613=312 = |3=%
11=12+13 = 11-12-13=0

By substitute I1 and I3

dazmo Biax dgame 3.p.1 1 dlus
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30_3'2—|2—E:o = 12=2A
8 2
I1=30—3|2 _30-3(2) _3A
8 8
|3=E=3:1A
2 2

V1=811 = V1=8(3)=24V
V2=312 =V2=3(2)=6V

V3=613 = V3=6(1) =6V

EXAMPLE: using Kirchhoff's lows. Find the currents and voltages in the circuit shown.

11 “VL- 12 +«\£§
1 |1-|2l 2
+
4t + 2v ;EZ
6v — El 43\
Solution:
114 4(11=12)—~E1=0 wrvvvvere.. Q)
6+412

11+411-412=E1 = 511-412=6 = I1

212+ E2-4(11-12) =0 .voore. (2)
212-411+412=-E = 612—4I1=-2

By substitute I1
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6l2—4(6+54|2)=—2 = 6I2—%—%:—2:> 3012-24-1612=-10

1412=14 = IZ:EzlA
14

_6+4(1)

11 =2A

Vi=1l1=2V
V2=212=2(1)=2V
V3=4(11-12) =4(2-1) = 4V

EXAMPLE: using Kirchhoff's lows. Find the currents and voltages in the circuit shown.
11 +V1- 12 +V2-
A A

1 |1-|2l 2

N
v =& 43 0 ZACD v

Solution:
From the circuit I2=-2 A

114 4(11=12)=E1=0 rovvvvrooo 1)
11+411-412=FE1 = 511-412=6 — |1=6+54'2=6+‘;(_2) —_04A
20124V 4—4(11-12) =0 oo )

202-411+412+V4=0 = 612-411+V4=0 =V4=411-612=4(-0.4)—6(-2) =10.4V
V1=111=-04V

V2=212=2(-2)=-4V

V3=4(11-12) = 4(-0.4+2) = 6.4V
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If two or more current sources are in parallel, they may all be replaced by one current

source having the magnitude and direction of the resultant

i e Hal CIlall 990 Of dudanl Dl 3 aBgn

Bf,bbud\ CALC};,&}A

dandadl JSlwgllg dasiVlg )l

duondazd! S5l gll dpandard! daiii¥lg cudluY! o
Cguwl> g @ Oyladl blad e

2 lexr e Spole @0
Sygaw @ didle @
pMBls 3hy! e Clozs Jlgw o
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Current Sources in Parallel

If two or more current sources are in parallel, they may all be replaced by one current
source having the magnitude and direction of the resultant

O O
6A 10A 4A L
R=Z30 RaZ60 e ] R, =220
O O
= =
L= 10A — 6A = 4A
R =30]60=20

7A 3A ‘>R1§4Q<D4A —_— 8A RS§4§1

i L
I =T7A+4A - 3A=8A
R,=R, =40

Y-D (T-p) and D-Y (p-T) Conversions

Circuit configurations are often encountered in which the resistors do not appear to be in
series or parallel. Under these conditions, it may be necessary to convert the circuit from
one form to another.
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R Rp Ry

(a) b

A—>Y

__ ReRc
Ry + Ry + Re

__ RiRc
" R+ Rp+Re

Ry Rg

Y > A
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A

_ RiR, + RiR; + RyR;
A R]
R,R, + RyR; + R,R;
RB —
R,
R\R, + Ri\R; + R,R;
R~ =
R,

EXAMPLE: Convert the A toaY.

he
a®
c ®
Solution:
eo__ ReRe Q0100 2000 .1
' R4+ Rz + R, 300+200+ 100 60 }
r_  RRe QO M) _ 3000 _
7 R,+ Ry + R, 60 Q 60
R = R.R: _QoE0Q) _600a oo
R, + Rs + Re 60 Q 60
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EXAMPLE: Convert the Y toa A.
he

Solution:
_ RiR, + RiR; + RiR;
A Rl
_ (60 9)(60 Q) + (60 D)(60 Q) + (60 Q)(60 )
60 Q)
_ 3600 £ + 3600 Q) + 3600 Q2 _ 10,800 €2
60 60
R, =180
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a®

cC®

EXAMPLE: Find the total resistance of the network

G
RT g
O
Solution:
Two resistors of the A were equal;
therefore, two resistors of the Y will
be equal.
Ro_ ReRe __GO6O _180_ oo
R, +Rzg+R- 3Q0+30Q0+6Q 12
R, + Rz + R 12 Q) 12
R.R, GMH3Q) 90
R; = = = =0.75Q
* R, + Rz + R 12 Q 12
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AQ+150020+15Q)
GO+150)+20Q+150)

(5.5 0)(3.5 Q)
5504350

=0.750 +2.139Q
R-=2.8800Q

R, =0.750 +

=0.75Q +
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Methods of Analysis

8 aolxall ile guo g0
dandadl JSlwgllg daiiVlg bl

o)) J3lw gl dpardard! daii¥lg cudluY! o
Cgwl>jlg> o Gyl blad e

o2 lexr e Spolxe o) o
5)5{.«0 [ J 4..&;.5[»6 [ J
pdBlg Byl e Clgzg Jlgw o
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Methods of Analysis

Source Conversions
To perform a conversion from one type of source to another, a voltage source must have a
resistor in series with it, and a current source must have a resistor in parallel.

z gt

RL§ =-£ R§ R§
Rg 5 L

a a

My
e
=
Il
£t

— .
<{um =

O
b

|||——|I
try
=

O
b _;_

EXAMPLE: Convert the current source of the circuit below to a voltage source, and find
the load current for each source.
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S TIL E = IR, = 27v+_--_ TJL
= Z = b
(a) (b)
Solution:
R.1 (3 kQ)(9mA)
I = > = =3 mA
@ = R T 3ka+ ek O™
-

by I = E 27V “7V:3mA

R.+R 3kQ+6kQ 9kQ

Mesh Analysis (Loop)

e Assign a distinct current in the clockwise direction to each independent, closed loop
of the network.

e Indicate the polarities within each loop for each resistor as determined by the
assumed direction of loop current for that loop.

e Write the linear equations for each loop.

e Solve the resulting linear equations for the assumed loop currents.

EXAMPLE: Write the mesh equations for the network, and find the current through the
7-Q resistor.
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6 ()
A4 E—
_ : Il\|+ _r IZ\|_
| | |
ggg : 1 | §2Q 2 | §?Q
+1 =1+ I —
l \J l v
h il
+I L e
4V = 9V
Solution:
Ii: BQA+6Q+20,—R2MWL =4V
L: 7Q+2MWL QO = -9V
167, — 21, =4
9]2 - 2]1 - _9
16/, — 2, =4
_211 + 9]2 = _9
| 16 4}
-2 =9 —144+8 —136
L, =L = = - =
{ 16 - { 144 — 4 140
=2 9
=—=0.971A
EXAMPLE: Write the mesh equations for the network
+2() —
Wy
B l/ \l N l/ \l l/ \l B
| | eb— r | |
1sz_§: =4V |+_: —_—2\
1 |2 12303
I | I +{—1 [ I 1
2V =, | §10 S :§4Q
I D A Al L Y A A
Solution: :
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2d,— L+ 0=-2
6]2_ ]]_3]3:4
L —-—3L+ 0=2

EXAMPLE: Find the current through each branch of the network

Solution:

611—412=2 ........... @)
512-411=—-6 .......... (2)
611 —412=2
—411+512=-6

4
[ 5} (2x5)-(4x-6) _10-24 -14_
{ 4} (6x5)—(-4x—4) 30-16 14
4

(€3]

ILio=1,—-L=—-1A—-(-2A)=—-1A+2A
= 1A (in the direction of I;)
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L0 \\+ - \I
R1§1‘Q R §6‘Q I
o ; ;7 A : 4
o1 2 RI3§29
. e l
TSV BTV
e
Solution:
711-612=5-10 ............. )
812-611=10............. )
- 7]1 + 6]2 — 5
+6l, — 8, = —10
5 6
j=1=10 -8l _—40+60 20 _,
—7 6 56 — 36 20
6 -8
—7 5
Lol 6 —t0l_70-30_40_,
20 20 20

In,=L—1,=2A — 1A =1A 1n the direction of /,

EXAMPLE: Using mesh analysis, determine the currents of the network

A
YOO O 0%

Solution:
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I,=6A

I,=8A

21, — 161, + 81, = 0
2(6A) — 16, + 8(8A) =0

76 A
L=——"=475A
) 16

LoV =1, —L=6A—475A=125A
Lol =L —L=8A—475A=325A

EXAMPLE: Find the current through the 10-Q resistor of the network

10 Q Loa=1;
—WV—
2 \
| |
l 3 :
l\——_-sﬂ-_— ——————— 50 - L
—MW\— —W\—
(T T T T T \ (T T T T T \
2| Tl Rl I+
<\ m—— .
15V T 1 :_§:.Q 2 :_§29
! I y ' Ly
—_
Solution:
1;: BQA+3M —@MWM)L—-—BMW)L =15V

L: GQ+50+20ML -G, — (GO =
L BQ+10Q0+50L - @Y, — (YL =
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11 -3 15
-3 10 0
Iy = Iy = 8 > U
11 —3 -8
-3 10 -5
-8 =5 23

‘;daﬂ Caxdllg dla.)l ekl 8yl 9
daslndl wds i A8

gl Ol duwdid euud

111, — 8, — 3L, = 15
10, — 31, — 51, = 0

23I, — 81, — 5, =0
117, — 3L — 8L =15
—3I,+ 10, — S,=0
—8I, — 50, +23,=0

= 1.220 A
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Nodal Analysis

duadla)l Jlwglly dasiVlg odludl

duodazd! J5lwgll dpardatd! ddaii¥lg ! o
Cguwl> g @ Oyladl blad e

2 lexr e Spole 0,
5‘)_9.{.‘.0 [ J Mlm [}
Xl Slyg! e Clozg Jlsw @
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Nodal Analysis

e Choose a reference node and assign a subscripted voltage label to the (N _ 1)
remaining nodes of the network.

e Writ the equations of node so that the column to the right of the equality sign is
the algebraic sum of the current sources tied to the node of interest. A current
source is assigned a positive sign if it supplies current to a node and a negative sign
if it draws current from the node.

e Solve the resulting equations for the desired voltages.

EXAMPLE: Write the nodal equations for the network.
R5

M

30

1, Q)EA R1§6Q IJCDL%A R3§4!1

Solution:

= Reference
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Drawing current
from node 1

v (A L) - () le
1 6 () 30 1 30/ 2
/ \ﬁt_i
Sum of Mutual
conductances conductance
connected
to node 1
Supplying current
to node 2
, 1 1 1 ; l
o (70 * 10 )V— (70 )0 = +3A
> \7a "30)" \3a)h
y ,
Sum of Mutual
conductances conductance
connected
to node 2
1 1
Vy,—=rV, =-=2
1 2
2 3
1 7
-V, + —=J, =3
3 12

EXAMPLE: Find the voltage across the 3-Q resistor by nodal analysis.
Wy Wy Wy

20 6 () 10 Q

+
8

Solution:

= Reference

_|_ —
v § 40 V0 § 30 _1V

dazmo Biax dgame 3.p.1 1 dlus
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11 1
—17 - _I"v — 4
2" 67
—iV-+§V:=—01
6 1 5 ° '

11V, — 2V, = +48
—51, + 187, = —3

‘ 11 48

V= Vi = =5 -3]_ 33+ 240 _ 207 _ L101V
‘ 11 -2 198 — 10 188
=5 18

EXAMPLE: Using nodal analysis, determine the potential across the 4-Q resistor and it's
current.

|||—4

Solution:
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-

—_
r2
L=
I~
—
2
=)

8

22

L1V, — 057, — 0.1, =0
7, — 0.5V, — 0.5V, =3
0.85V5 — 0.5V, — 0.1V, = 0

1.1 —05 0
—05 +1 3
Ve= Vg = —0.1 =05 0 T _ 4 eusv

1.1 =05 -0.1
—-0.5 +1 =05
—0.1 —-05 +0.385

V3 4645

0= =1.16 A
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Superposition Theorem
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The current through, or voltage across, an element in a linear bilateral network is equal to

the algebraic sum of the currents or voltages produced independently by each source.

Bf,bbu;“ C)chj./,ajﬁ

duadla)l Jlwglly daiiVlg ol

duodazd! S5l gl dpardad! ddaii¥lg )l o
Cowl> > Oyladl blad

o2 e 8o lxs 13
81y 3l o>y Jlgw

dazmo Biax dgame 3.p.1 1 dlus
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Superposition Theorem
The current through, or voltage across, an element in a linear bilateral network is equal to
the algebraic sum of the currents or voltages produced independently by each source.

Number of networks _ Number of
to be analyzed independent sources
| i
E == mmp> 7 >
> 5 T
—0 —o0 o o

fuZ ) Rmr% I QD Th, - 3

Yo T
I Lo O 0]

The total power delivered to a resistive element must be determined using the total
current through or the total voltage across the element and cannot be determined by a
simple sum of the power levels established by each source.

EXAMPLE: Determine Il for the network.
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Solution:
1) Setting E=0V

R,.I 0 Q)I
= = =0A
" R_+R, 0Q+60

i

2) Setting I = zero

L =T +I",=0A+5A=5A
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EXAMPLE: Using superposition, determine the current through the 4-Q resistor

AWy
24 Q)
+ +
E\T== 54V R7§12 0O E, —: Y
4 Q)
—
3 f3
Solution:
1) Considering the effects of a 54-V source
R, f_]> Ry
A
m 777777 N 48-V battery Jﬁrv(g l I3
| replaced by short -
+ | . circuit 4 Rr
Em==54V R3§12-Q | - o =S54V 2120 ngﬂz
[
Iy

30

R =R, +R||R; =240+ 120||40=240+3Q0=27()
E

:—1=ﬂ=2A
R; 27 Q)

r R-1 B (12 Q)2 A) _24A

STRAR 120+4Q 16

1

1.5A

2) Considering the effects of the 48-V source
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Ry
WV - - - - - - ~ - — - — = —
24 Q) I I [
: Ry |
+ | +
R, §12Q EreEasV - R, §24 Q R3§ 120 B, 48V
,,,Rj,,,/ ___Rj__J
A MY
e T 40
54-V battery replaced
by short circuit
Rr=Ri+R [|[R=40Q+240Q(120=40+80=120Q
B4V _
TR, 120
f'SZ 1.5A
Wy
4 Q
L=I5-TI5=4A—-15A=25A "= 4A

EXAMPLE: Using superposition, find the current through the 6-Q resistor of the network,
and find it's power.

12 Q 1[1

£

+ 5
E==/="36V R3§60 I 9A

Solution:
1) Considering the effect of the 36-V source
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Current source replaced
by open circuit

R,
Wy
-2 Q > l
4 |
E—="36V R3§6Q
[ g
L
I E E 36V —9A

"R, R +R 120+60Q
2) Considering the effect of the 9-A source

‘Rl
12 Q)
C |
|
R3§6Q T I=9A
|
Q j”:*

RI  (12Q0)9A) 108A
R +R 120+60Q 18
L=I+I=2A+6A=8A

]”2 —

R3§6Q IL=2A I”:=6A»R3§GQ IL,=8A

 J \i

Same direction

Power = I'R = (8 A)*(6 Q) = 384 W

EXAMPLE: Using the principle of superposition, find the current I2 through the 12-kQ
resistor.
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ICD 6 mA

Solution:
1) Considering the effect of the 6-mA

6 mA 6 mA
1 i
I I

\J

ngﬁm Rgg 12 kO R1§6k0 R;§1zk0

ICD(SmA—O_O— »I(T)Gum [
Ry S14k0 R, S 35
3§Hl‘ 4§ S R5§14k0 R4§35k0

 RJI (6kQ)6mA)
R +R  6kQ+ 12kQ

(4

2 mA

2) Considering the effect of the 9-V voltage source
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3

L - 9V .
R R r
—
p M\ M\
| 7 6 kO 12 kQ
R1§6k0 R3§12LQ
ov 9V
I L
| - I
E E
R;§14k0 R4§35k0
RS R4
M
MEO O 3510
+ - 9V -

__E__ 9V
R, +R,  6kQ+ 12kQ

I, = 0.5mA

L=I+1,
=2mA + 0.5mA
= 2.5mA
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Thevenin's Theorem
Any two-terminal, linear bilateral dc network can be replaced by an equivalent cir
consisting of a voltage source and a series resistor,

cuit

Bf,bbu;“ C)chj./,ajﬁ

dondad) JSlwgllg ddaiciVlg Ll

duodazd! J5lwgll dpardad! ddaii¥lg cadlud! o
Caul>lgr o Ol blad e

o2 lexr e Spole 0,
Byguws ® &8l @
pdBlg Byl e Clszg Jlgew o
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Thevenin's Theorem
Any fwo-terminal, linear bilateral dc network can be replaced by an equivalent circuit
consisting of a voltage source and a series resistor,

"M ®a
Ry,
+
T En
e )
E 4 Q)
_III W’ a HAAF a
10 ()
12V n :
-
3 60 - | —sy
E, B
| ob ob
4V

(a) (b)

The following sequence of steps will lead to the proper value of RTh and ETh.

1) Remove that portion of the network across which the Thévenin equivalent circuit is
o be found.

2) Mark the terminals of the remaining two-terminal network.

3) Calculate RTh by first setting all sources to zero (voltage sources are replaced by
short circuits and current sources by open circuits) and then finding the resultant
resistance between the two marked fterminals.

4) Calculate ETh by first returning all sources to their original position and finding the
open-circuit voltage between the marked terminals.

5) Draw the Thévenin equivalent circuit with the portion of the circuit previously
removed replaced between the terminals of the equivalent circuit.

So the load current will be equal to
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| — Eth
“ R, +R
th + L

EXAMPLE: Find the Thévenin equivalent circuit for the network in the shaded area of the
network. Then find the current through RL for values of 2Q, 10Q, and 100Q .

Solution:

Ry, = R, || R, =

Ry

a

E|j===9V

m

30

R2§6Q

.

30)6Q)

304+460

)]

dazmo Biax dgame 3.p.1 1 dlus
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Ry
M Ra
30
_|_
E, == 9% R3§60 Ep
_ ¥

o~ RE_©6QOV) _ 54V _
" R,+R, 60+3Q 9

AWy
Ry, =2Q lIL
_l’_
T Ep =6V gRL
® )
ETIJ
=R R
Th L
R, =20 I; 206f20 1.5A
R; =10 () JL—ZQZV_IOQ—O.SA
R, =100Q: [, = 793\1/000 = 0.059 A

EXAMPLE: Find the Thévenin equivalent circuit for the network in the shaded area of the
network
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R2 a
MWy
20
{ZACD R S40 Rg§7ﬂ
.—
)]
Solution:
Ry
M o
20
12A<DI R1§451
eh
R,

Ry =R +R=40+20=60Q

A 0
I= 12A<D R1§4Q Eq,

V'n=LR,=(0)R, =0V
ET]! = I"rl = ]1R1 = ]Rl = (12 A)(4 Q) = 48 ‘.7
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a

o= Ep, = 48V R, § 70

b

EXAMPLE: Find the Thévenin equivalent circuit for the network in the shaded area of the
network

R,
L. 40
-
R1§6Q R4§3‘11 2 R, 220
¢ b
Solution:
R:

R, Circuit redrawn:
A
l a m l a
R1§6!1 flr” ng\zu L = £ ngm Rlém
T b “Short circuited” T b
= Rr=0Q20=00

dazmo Biax dgame 3.p.1 1 dlus
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_ _ 6@ 240
Rpy =Ry || Ry 6Q +40Q 10 240

R,
a% — _ 4 Q)
Eq, Eq, R1§GQ L 8V R §ZQ
l +
I}T + +

R, =40 -
B Ey =28\ R3§29
. +
Eq, Ry <61
R,E; (6 Q)(8V) 48V )
Ep = = = =48V
TR 4+R, 6Q+4Q 10
Wy K
Ry, = 240
—"—_ET,, =48V Ry §3 0
+

® )

EXAMPLE: Find the Thévenin equivalent circuit for the network in the shaded area of the
bridge network
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Solution:
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Rp, =R,y =R ||R; + R, || Ry
=6Q|3Q+4Q1]12Q
=20+30=5Q
4
[+ +
TR, 120 7,
E=== 72V E - -
40
P

RE 6Q)T2V) 432V
o _RE__ 6OV sy
R,+R, 6Q+3Q 9
. R,E  (12Q)72V) 864V
V, = = = =54V

TR+ R 120 +40

2(3 V=+FE m T I’y] - Iyz =0
Ep=V,—V, =54V — 48V =6V

MWy

RTh = SQ

®

16

3
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Norton's Theorem
Any two-terminal linear bilateral dc network can be replaced by an equivale
circuit consisting of a current source and a parallel resistor

nt

8 polxall ile gu g0

dondad) JSlwgllg ddaiiVlg bl

duodazd! J5lwgll dpardad! ddaii¥lg )l o
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Norton's Theorem
Any two-terminal linear bilateral dc network can be replaced by an equivalent circuit
consisting of a current source and a parallel resistor,

o
Iy § Ry
)
AM—— .
Ry = R
o Th N

I - Ep,
== Eqm = INRy Iy . §RN = Ry,

— « Th

The steps leading to the proper values of IN and RN are now listed.

1) Remove that portion of the network across which the Norton equivalent circuit is
found.

2) Mark the terminals of the remaining two-terminal network.

3) Calculate RN by first setting all sources to zero (voltage sources are replaced with
short circuits and current sources with open circuits) and then finding the resultant
resistance between the two marked fterminals.

4) Calculate IN by first returning all sources to their original position and then finding
the short-circuit current between the marked terminals.

5) Draw the Norton equivalent circuit with the portion of the circuit previously
removed replaced between the terminals of the equivalent circuit.

Then
Ry

| =1, —N
- YRy +R,

EXAMPLE: Find the Norton equivalent circuit for the network.
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Rl
a
WY :
30
_|_
E_-—_gv R2§6Q §RL
-
— b
Solution:
Rl
M ®
30
ETmm="9V R3§6Q
® )
= X,
MA, ® d
30
§]
R, §6 Q Ry
)
"))
(3 )6 Q) 18 )
Ry=R,||R,=3Q1|6Q= = =20
=R, || R, I 30160 5
1 R, Iy Iy Shortx\‘
W\, P \,'
30 lL =0 |-
+ + -
E=Y=/=9V T7,R, <60 Yy
= _
) ® D

Short circuited -~
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V,=LR, =(0)6Q=0V

a

CT);N: 3A §RN:2Q R;

b

EXAMPLE: Find the Norton equivalent circuit for the network external to the 9-Q
resistor.

>
(
R, 240 e RL§9_)

.—
= b
Solution:
Rl
5Q)
I —e
S
> Q
R'§ 4 10A
)
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Rl
50
———0 d
O O
e b

——

R3§4Q }){ 'I_N»Rl§4ﬁ 1(

R
)'IDA ‘§5 0

' 3] —
_ _ Iy
o RJI  (5O)(I0A) 50A 5556 A
YR +R  3Q0+4Q o
$ [
Iy 5.556 A RN§9 Q RL§ 90
J_ ® )
EXAMPLE: Find the Norton equivalent circuit for the portion of the network to the left of
a-b.
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R, <40 R3§QQ
E, -|- 7V Eymmmm 12V
&
L b
Solution:
®
R1§4Q
I(DSA ngéﬂ
El_-|-_7\-'
L *7
B a
®
Ri<4() O
R3§GQ Ry
Q
®
- b

4O)6Q) _ 240

Ry =Ryl By =4 Q016 0Q=""6"""0= 1o

=240

1) (Using superposition) for the 7-V battery
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Short cir\:\:ui‘red

ol Codly Jladl @dasdl 8139

a

—

! :\.'

o E, TV
YR 40
2) (Using superposition) for the 8-A source

Short circuited
4 ~

~

I’y=I=8A

Iy=I"y—Iy=8A—175A=625A

b

Vs
- ~
s ~
R=Z40Q .
I l)SA R2§60 | W
1"y
I'v | Iy
-+

daslndl wds i A8
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Maximum Power Transfer Theorem

A load will receive maximum power from a linear bilateral dc network when its total

ol Codly Jladl @dasdl 8139
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gl Ol duwdid euud

8 rolxall L3l

1 e ol Ilall 5gSh Of dudonll dolg § a8 9%

resistive value is exactly equal to the Thévenin resistance of the network as "seen” by the

load

8 polxall ile guo g0

Examples
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Maximum Power Transfer Theorem

A load will receive maximum power from a linear bilateral dc network when its total
resistive value is exactly equal to the Thévenin resistance of the network as “seen” by the
load.

R; = Ry,
I ET]: ET]J
Rﬂr + RL’ 2RTF:
2 ET/? > E%F:th
P, =IR;, = R 5
: . (2erf ) T ARy,

Or

_ IyRy

‘Emax 4

EXAMPLE: Determine the RL necessary to transfer maximum power fo RL, and calculate
the power of RL under these conditions.
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Solution:
R, = R, = 40 kQ

_ LRy (10mAY(@0kQ)

1w
Linax 4 4

EXAMPLE: For the network. Determine the value of R for maximum power to R, and
calculate the power delivered under these conditions.

R, Ry
M M
6 () 80
_I_
E===12V R3§SQ R
Solution:
Ry Ry
Wy WN—
) 60} 80
R, <30 -—
. '§ Ry,
°
6 MHE D)
Ry =R.+R||R, =8Q+—""=80+20
T]? 3 1 || £ 60 + 3 Q
R=R; =10
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+ 7, =0V -
R, Ry
-
6 () 80 a
a +
ETe= 12V ;}B Eq, E,
o
R.E B M)(12V) 36V .
En = - = T =4y

R+R 30+6Q 9

P = En  @4V)
Loinse —
max 4RTF: 4(10 Q)

— 04W

EXAMPLE: Find the value of RL i for maximum power o RL, and determine the maximum power.

Ry Eq
AWM——]—
340 68V
IQ>6A Rzgloﬁ §RL
R,
9]
20
Solution:
JRl
—®
30
(@]
R, §10 0 ~
o Th
20
W\, °
R

Ry =R, +R, +R,=30+100+2Q=150Q
R, =R, =150Q
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\ |
MY +|= *
= 3( - —
B Ri=30 "y
1= IA§R3 = 100 Ep,
6A o
6 A T1= 6a =2 +
@
Ry =20
+ V=0V -

Fi=V,=0V
7, = LR, = IR, = (6A)(10 Q) = 60V

s V=~V,—E +Ep=0
Epp=T,+E =60V + 68V =128V

Ey, (128 V)?
max AR 4(15Q)

=273.07W
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Magnetic Circuits
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Magnetic Circuits

Magnetic Fields: is a field of force produced by a magnetic object or particle, or by a
changing electric field.

Magnetic Flux Lines: is a measure of the magnetic field strength existing on a two
dimensional surface, the unit of magnetic flux is the (weber). The symbol for magnetic flux

is (®).

Same area
)]

* The magnetic flux lines around a current-carrying conductor (right-hand rule).

. . Conductor
Magnetic flux lines

"~ //"‘\

N\ /
o\ \ v\

/
/

* The Flux distribution of a single-turn coil.
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Flux Density: The number of flux lines per unit area, is denoted by the capital letter B,
and is measured in teslas (T).

Where
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B :is fluxdensityinteslas(T)
@ :ismagnetic fluxinwebers(Wb)

A:iscross - sectional areain sequremeters(m?)
EXAMPLE: determine the flux density B in teslas for the figure below.

e -
Lyl

/ (])—h-IA|
|~

d=6x 107 Wb
A 1.2 X 1073 m?

Solution:

P _ 6X10"Wb
4 12x107 o’

=5x 10T

Permeability: is a measure of the ease with which magnetic flux lines can be established in
the material, the symbol for Permeability is (u ), the units of Permeability is Wb/A- m.

* The permeability of free space u, (vacuum) is
7 Wb
, =41 X 107 ——
# " A-m
* The permeability of material u is
H = HoHy

Where u, is the relative permeability of material.

Reluctance: It is analogous to resistance in an electrical circuit, but rather than
dissipating magnetic energy it stores magnetic energy. the symbol for Reluctance is (%),
the units of Reluctance is (At/Wb).

Where
| -isthelengthin meters(m).

L - isPermeability
A:iscross - sectional areain sequremeters(m?)
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Ohm's Law for Magnetic Circuits: the magnetomotive force (mmf) 7, which is the
external force (or “pressure”) required to set up the magnetic flux lines within the
magnetic material. The opposition to the setting up of the flux @ is the reluctance®.

* The magnetomotive force F is proportional to the product of the number of turns
around the core is

N
i ()]
I —_—

EN turns

F = NI (ampere-turns, At) I

Magnetizing Force: The magnetomotive force per unit length.

H= (At/m)

The magnetic force H of the number of turns around the core is

H= (At/m)

EXAMPLE: determine the magnetic force if NI= 40 At and I= 0.2 m.
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N turns

Mean length/ = 0.2 m
Solution:
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Sinusoidal Alternating Waveforms
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Sinusoidal Alternating Waveforms

The terminology (ac) voltage or (ac) current refers to alternating voltage or
current. The term alternating indicates only that waveforms alternate between two
prescribed levels in a set time sequence. To be absolutely correct the term sinusoidal,
square, friangular must be also applied.

Ay Ay & Vv

- L
IR Y2 \/;

Sinusoidal Square wave Triangular wave

-~ Y
=

The pattern of particular interest is the sinusoidal ac waveform voltage.

SINUSOIDAL ac VOLTAGE DEFINITIONS
The vertical scaling is in volts or amperes and the horizontal scaling is always in units of
time.

f e

[ ]‘1 - |= ]‘1 |
Max | ______________ __
J
el Em
| |
> ¢ E
10 2 p-p
]
!
E
” m
I
!
/
. S
Max -
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Waveform: The path traced by a quantity, such as the voltage plotted as a function of
some variable such as time (as above), position, degrees, radians, temperature, and so on.

Instantaneous value: The magnitude of a waveform at any instant of fime; denoted by
lowercase letters (el, e2).

Peak amplitude: The maximum value of a waveform as measured from its average, or
mean, value, denoted by uppercase letters (such as Em for sources of voltage and Vm for
the voltage drop across a load).

Peak value: The maximum instantaneous value of a function as measured from the zero-
volt level.

Peak-to-peak value: Denoted by Ep-p or Vp-p, the full voltage between positive and
negative peaks of the waveform, that is, the sum of the magnitude of the positive and

negative peaks.

Periodic waveform: A waveform that continually repeats itself after the same time
interval.

Period (T): The time interval between successive repetitions of a periodic waveform (the
period T1=T2=T 3),

Cycle: The portion of a waveform contained in one period of time.

le—— 1 cycle ———— le—— 1 cycle ——— le—— 1 cycle ————
- T - T - T

Frequency ( f ): The number of cycles that occur in1s.
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B T=1s _| ) ls ._| 3 ls _|
T=04s T=105s

(a) (b) (c)
(a) is 1 cycle per second, and for (b), 2 1/2 cycles per second. If a waveform of similar
shape had a period of 0.5 s (c), the frequency would be 2 cycles per second.

1 hertz (Hz) = 1 cycle per second (c/s)

= 1 f=Hz
T 1" = seconds (s)
1
T -
f
EXAMPLE: Find the period of a periodic waveform with a frequency of
a. 60 Hz.
b. 1000 Hz.
Solutions:
a. I' = % = 601Hz = 0.01667 s or 16.67 ms

(a recurring value since 60 Hz 1s so prevalent)

1 1
b IT===——
£ 1000 Hz

=1073s=1ms

EXAMPLE: Determine the frequency of the waveform
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4e
0| 5 15 25 35 7 (ms)
Solutions:
From the figure, 7 = (25 ms — 5 ms) = 20 ms, and
1 1
=—=————"—=50H
S T T 0% 107 s “

THE SINE WAVE

The sinusoidal waveform is the only alternating waveform whose shape is unaffected by
the response characteristics of R, L, and C elements.

In other words, if the voltage across (or current through) a resistor, coil, or capacitor is
sinusoidal in nature, the resulting current (or voltage, respectively) for each will also have
sinusoidal characteristics.

4 Sine wave

0°|  90° 18¢° 270° F60° o

27 rad = 360°
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m radians
(3.14 I‘adians)_!l_ .
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2 radians
(6.28 radians)

Radians = (l;TOO) X (degrees)
Degrees = ( ) X (radians)
90°: Radians = 1872)0 (90°) = ;T rad
30°: Radians = ——(30°) = — rad
adians 1800( ) 6la
T rad: Degrees = 150 (W = 60°
3 T \3
3’—ﬂ-rad: Degrees = 180 (371-) = 270°
2 T \ 2
AV, i, etc.
! Sine wave
1 1 1
1 1 1
R
L1
ol = 7T 3,
i 2 14
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Angular velocity: The velocity, with which the radius vector rotates about the center, can
be determined from the following equation:

distance (degrees or radians)
time (seconds)

Angular velocity =

w = 2% (rad/s)
w = 27f (rad/s)
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GENERAL FORMAT FOR THE SINUSOIDAL VOLTAGE OR CURRENT

1 e ol CIlall 59 Of dudonll dolg 3 2890

Bf,bbu;“ CALCj./,a}A

dandadl JSlwgllg daiiVlg bl

o)) J3lw gl dpadard! daiii¥lg byl o
gl g Cyladl bolad

o2 e 8 polxe 19
5)5{.««: 48
P89 Bl Slozg Jlgw

dazmo Biax dgame 3.p.1 1 dlus

40U 581 duwtigl! puasl ol




ol Codly Jladl @dasdl 8139
daslndl wds i A8

gl Ol duwdid euud

Computer Techniques Engineering Department

Ministry of Higher Education & Scientific Research
Al-Rasheed University College
g

GENERAL FORMAT FOR THE SINUSOIDAL VOLTAGE OR CURRENT

The basic mathematical format for the sinusoidal waveform is:

A, sin «

where Am is the peak value of the waveform and X is the unit of measure for the
horizontal axis.
a =wt

m, 180° 2w, 360°

4 s wt

“+m

For electrical quantities such as current and voltage, the general format is:
i =1,smwt=1,smn «

e=F,smwt=EFE, sin«

EXAMPLE: Givene=5sin ,determineeat & =40° and @ =0.8 = .

Solution:
For o = 40°,

e = 5sin 40° = 5(0.6428) = 3.214V
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For o« = 0.8,
180°

o ()=

and e = 5sin 144° = 5(0.5878) = 2.939V

(0.87) = 144°

EXAMPLE: Sketch e=10sin 314t with the abscissa
a. angle (&) in degrees.
b. angle (& ) in radians.
c. time (t) in seconds.

Solution:
A€
10
I
i 180° 270°  360°
0° | 30° 90° o ()
10
(a)
A€
10
I ix
i T 2 2
0| = n Of(raci)
6 2
10

(b)
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27 2w
. 360°: = — = —=
c. 360 T » 314 20 ms
180°: gz 202““3 = 10 ms
90°: z = 20 ms = 5 ms
4 4
T 20 ms
300 — = = 1. '
0 2 D 1.67 ms
A
«— 7 = 20 ms
| 10
i 10 15 20 -
0167 5 7 (ms)
10

EXAMPLE: Given i= 6 * 103 sin 1000 t, determine i at t = 2 ms.

Solution:
o = wt = 10007 = (1000 rad/s)(2 X 10> s) = 2 rad
a () = 180 (2 rad) = 114.59°
7 rad

i = (6 X 10™%)(sin 114.59°)
= (6 mA)(0.9093) = 5.46 mA
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PHASE RELATIONS

* If the waveform passes through the horizontal axis with a positive going (increasing with
time) slope before 0°.

A, sim(wt + 6)

* If the waveform passes through the horizontal axis with a positive-going slope after 0°,

A, sin(wt — 6)

m

— A, sinf / \/ «

* If the waveform crosses the horizontal axis with a positive-going slope 90° (7 /2)
sooner, it is called a cosine wave.

sin(wt + 90°) = sin(wr + %) = cos wt
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A
cos o .
A | sin o
> -~ (
T 3
_T / BN =T
2 2 AT 2 2T
—— 0 \ / «
90° \ Y]
- P
-~ -

EXAMPLE 13.12 What is the phase relationship between the sinusoidal waveforms of
each of the following sets?
a. v= 10 sin(wt + 30°)
i = 5sin(wr + 70°)
b. i = 15 smn(wt + 60°)
v = 10 sin(w?t — 20°)
c. i = 2 cos(wf + 10°)
v = 3 si(wr — 10°)
d. i = —sm(wt + 30°)
v =2 sm(wr + 10°)
e. i = —2 cos(wr — 60°)
v = 3 si(wr — 150°)

Solutions:
a) i leads v by 40°, or v lags i by 40°.

/]

S~
< 40°7 30°
H_}

70°

b
Y

()
3
g

b) i leads v by 80°, or v lags i by 80°.
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C)
i =2 cos(wt + 10°) = 2 sin(wf + 10° + 90°)

= 2 sin(wf + 100°)
1 leads v by 110°, or vlags 7 by 110°.

[

i\ﬂ

100°

-
- ) —

lt— 10—

d) _
—sm(wf + 30°) = sin(wr + 30° = 180°)
= sin(w? — 150°)
v leads 7 by 160°, or 7 lags v by 160°.
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3
- L— ot
2
10°
= 200° >
360° -
e)
/By choice
i = —2 cos(wt — 60°) = 2 cos(wt — 60° — 180°)
= 2 cos(wr — 240°)
A
Vv
: f
2 i 3 4
1 1 ‘ - 1 1 1 * 1 :’ 1 » it
o 0 TS| T 3 _ 2m iﬂ- 3T
> 2 2 (I
+—— [ 50° —»
However, cos a = sm(a + 90°)

so that 2 cos(wr — 240°) = 2 smn(wf — 240° + 90°)
= 2 sin(wt — 150°)
v and 7 are in phase.
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AVERAGE VALUE (mean)
The average value of alternating waveform is the equivalent (DC) value over a
complete cycle. In general the average value of a waveform is given as:

algebraic sum of areas

G (average value) =

length of curve

EXAMPLE: Determine the average value of the waveforms

L VA

v, (g : 2
Square wave )
14V

10V —
0 1 2 3 4t (ms) 0 1 2 3 4 ¢ (ms)
. -6V
~10V
(b)
(a)
Solutions:

a) By inspection, the area above the axis equals the area below over one cycle, resulting in
an average value of zero volts.

G = (10 V)(1 ms) — (10 V)(1 ms)

2 ms
0
= =0V
2 ms
b)
G — (14 V)(1 ms) — (6 V)(1 ms)
2 ms
14vV-6V 8V
B 2 -5 o

EXAMPLE: Find the average values of the following waveforms over one full cycle:
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a)
Av(V)
<«— 1 cycle 4‘
0 4 8 .
R S I { (ms)
b)
b 7 (A)
< 1 cycle -
T
0 6 8 R
DY B . 4 _I—l 10 - f (ms)
-10
Solutions:
W G = +BV)dms) —(AV)dms) 12V -4V _ 1V
8 ms 8
b G = —(10V)(2ms) + (4 V)2 ms) — (2 V)2 ms)
' 10 ms
—20V+8V -4V 16V
= = - 2Y — _16V
10 10

The area of sine wave (for one half) can be calculated by the following:

w
= J o SIn o do
0
A

Area = 4,,[—cos «]p
= —4,,(cos T — cos 0°)
—4 [ 1 — (+ l)] Am(_z)

m
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Area = 24,, ’ j’”

G = 0.6374

m

EXAMPLE: Determine the average value of the sinusoidal waveform

A
—— 1 cycle

A?ﬂ
0 n 27 o
A?ﬂ
Solutions:
The average value of a pure sinusoidal waveform over one full cycle is zero.
G = +2‘4m o 2‘41711 -0V

2w

EXAMPLE: Determine the average value of the waveform

Ay

2 mV
N, N\

= f

Solutions:
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The peak-to-peak value of the sinusoidal function is 16 mV + 2 mV = 18 mV. The peak
amplitude of the sinusoidal waveform is, therefore, 18 mV/2 = 9 mV. Counting down
9 mV from 2 mV (or 9 mV up from -16 mV) results in an average or dc level of -7 mV.
EXAMPLE: Determine the average value of the waveform

pv V)
- 1 cycle |
10F — — - — =
Sine wave
0 T 2w -0
Solutions:
. 24,+0 2(10V) _
7 = = =3.18V
27 2w
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The effective value (or the rms value) of an alternating waveform is given by the

steady (dc) current which when flowing through a given circuit, for a given time produces
the same heat produced by the alternating current when flowing the same circuit for the
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EFEECTIVE (rms) VALUES

The effective value (or the rms value) of an alternating waveform is given by the
steady (dc) current which when flowing through a given circuit, for a given time produces
the same heat produced by the alternating current when flowing the same circuit for the
same time.

Effective value of the sinusoidal is:

Le = 0.7071,

E.; = 0.707E,,

The effective value of any quantity plotted as a function of time can be found by using the
following equation:

_ Jarea (z'z(r'))
Ieﬁ _ \/ T

EXAMPLE: Find the rms values of the sinusoidal waveform
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b v
bi (mA) 4i(mA)

|
B AN e
VAR AR VA

(a) () (©)

Solution:

For part (a), Irms = 0.707(12 * 103 A) = 8.484 mA. For part (b), again Irms = 8.484 mA.
Note that frequency did not change the effective value in (b) above compared to (a). For
part (c), Vrms = 0.707(169.73 V) = 120 V.

EXAMPLE: Find the effective or rms value of the waveform

AV(V)
- 1 cycle >

LS ]

Al-===== 1(s)

Solution:

Vims = \/ O)X4) ; & _ /4—;’ =2236V

EXAMPLE: Calculate the rms value of the voltage

AV (V)
- 1 cycle >

—10

BVE TR IVERTVE J.‘:.i Dolue) 4L ygSI) dodicgl! sl aliyy



Ministry of Higher Education & Scientific Research gd"ﬂ Caxdly o.él’-" M‘ 8)bg
Al-Rasheed University College daslndl wds i A8
Computer Techniques Engineering Department a

gl Ol duwdid euud

Solution:
_ (002 + d6)2) + B2 _ (240

I"1'1118 10 10
=4899V

EXAMPLE: Determine the average and rms values of the square wave.

v (V)
40
0 10 20 f (ms)
40 - =
<— 1 cycle —

Solution:

. — [(1600)(10 X 10~) + (1600)(10 X 10”°)
rms 20 >< 10_3

20 X 107°
Vims = 40V

3 X 107°
_\/2,000 107 _ /e

BVE TR IVERTVE J.‘:.i Dolue) 4L ygSI) dodicgl! sl aliyy



ol Codly Jladl @dasdl 8139
daslndl wds i A8

gl Ol duwdid euud

Ministry of Higher Education & Scientific Research
Al-Rasheed University College
Computer Techniques Engineering Department

A,85 90 :oyopl 019 nally AN Bl

B o loxall LBl

i e Hald CIlall 690 Of dudanl Dl 3 aBgn

RESPONSE OF BASICR, L, AND C ELEMENTS TO A SINUSOIDAL VOLTAGE OR
CURREN
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RESPONSE OF BASICR, L, AND C ELEMENTS TO A SINUSOIDAL VOLTAGE OR
CURREN

1) Resistor
For a purely resistive element, the voltage across and the current through the
element are in phase, with their peak values related by Ohm's law.

!

—_—
o
+
g R v
o
For v =T, sin wt,
v  V,smowt T, | :
f:E: ” R = ; sin wt = [, sin wf
I'f
L” — 1
R

Or
v=1IiR =, sinwHR = I,R sin wt = V,, sin wf

Vv, =1,R

m i

S~
|
I

H
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2) Inductor
For an inductor, vL leads iL by 90°, or iL lags vL by 90°.

di;
vp =L —
g dr
— i = I, simwt
O
%L Vi
o,
di; d , _
I = E(]m sin wf) = wl,, cos wt
diy |
v; = L — = L(wl,, cos wt) = wlLl, cos wt

dt
v; =V, sin(wt + 90°)

V,

m

= wll]

ni

i; = 1, sin(wf £ 0)

v, = wLl, sin(wf + 0 + 90°)
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L: v leads i; by 90°%,
v
I]?’H -
/ L
1 3
;2 T
2 90° 2

dazmo Biax dgame 3.p.1 1 dlus

40U 581 duwtigl! puasl ol



Ministry of Higher Education & Scientific Research g‘l"ﬂ Caxdly Ql’-" P.“.“l’:"“ 8)bg
Al-Rasheed University College daslndl wds i A8
Computer Techniques Engineering Department a

gl Ol duwdid euud

The quantity oL, called the reactance (from the word reaction) of an inductor, is
symbolically represented by XL and is measured in ohms; that is,

X; = ol (ohms, ()

Fa

X, =" (ohms, )

m

X; = wl = 2nfL = 2nlf

3) Capacitor
For a particular capacitance, the greater the rate of change of voltage across the
capacitor, the greater the capacitive current.

dve
j(:- — (_Y (_
dt
o ic =7
+
CA~ Ve = V,sinwt
C
dve o )
o = E(Pm sin wt) = wl,, cos wt
dve ] ]
ic=C df‘ = ((wV,, cos wf) = wCV,, cos wt
ic = I, sin(wr + 90°)

— T .r
]m - wCIm

For a capacitor, i€ leads vC by 90°, or vC lags iC by 90°.
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Ve =V, sin(wt = 6)
i = wCV,, sin(wt = 6 + 90°)

The quantity 1/ w C, called the reactance of a capacitor, is symbolically represented by XC
and is measured in ohms; that is,

1
X =— (ohms, ()
wC
Vin
Xc (ohms, ()
I
m
1
X =
27fC
C: icleads v by 90°.
L
V?”
i /' /e VC
—m——o 3. [2r o
2 90°

EXAMPLE: The voltage across a resistor is indicated. Find the sinusoidal expression for
the current if the resistor is 10Q. Sketch the curves for v and i.

a) v = 100 sin 377t

b) v = 25 sin(377t + 60°)

Solutions:

a)

;o V, 100V 0 A
" R 10 Q)
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(v and i are in phase) i = 10 sin 377¢
X
v, =100V | Ve
In phase
I, = 10A _
0 i 7" 2T«
b)
7 I’,,,_25V_25A
m R | 10 Q .
(vand 7 are in phase) i = 2.5sin(377¢ + 60°)
A
_ 25y —L Va
IR In phase s
—1 —~l0 _7;' I I 21“1' E\(
2 60° 2

EXAMPLE: The current through a 0.1-H coil is provided. Find the sinusoidal expression for
the voltage across the coil. Sketch the v and i curves.

a)i=10sin 377t

b)i=7sin(377t _70°)

Solutions:
a)
XL = wL = (377 rad/s)(0.1 H) = 37.7 ()
V., =1X;, = (10A)37.7Q) =377V
v leads 7 by 90° v = 377 sin(377¢t + 90°)
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vleads i by 90°.

b)
Ve = L,X: = (TA)37.7Q0) =2639V
v leads 7 by 90° v =263.9 sin(377t — 70° + 90°)

v = 263.9 sin(377¢ + 20°)

1 1
20c_>| | T T 3?1_ 27 o
| 70° 2 2
w_/
90°

‘\

vleads 7 by 90°.

EXAMPLE: The voltage across a 1- u F capacitor is provided below. What is the sinusoidal

expression for the current? Sketch the v and i curves.
v =30 sin 400t

Solutions:
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1 1 10° Q)
X-= = _ = = 2500 Q)
© wC  (400rad/s)(1 X 10°°F) 400
v, 30V
I =-"= =0.0120A = 12 mA
" X. 2500 Q '

i leads v by 90° i =12 % 1077 sin(4007 + 90°)

\
— 7V =30V
ic
1, = 12111A7-
T——]0 =« 2T«
2 90° 2
™ .
™ 7leads v by 90°.

EXAMPLE: At what frequency will the reactance of a 200-mH inductor match the
resistance level of a 5-kQ resistor?

Solutions:

5000 Q = X; = 2xfL = 27Lf
= 27(200 X 10 ° H)f = 1.257f

_ 5000 Hz

(257 = 3.98 kHz

/
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A complex number represents a point in a fwo-dimensional plane located with
reference to two distinct axes. This point can also determine a radius vector

drawn from the origin to the point.
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COMPLEX NUMBERS

A complex number represents a point in a two-dimensional plane located with
reference to two distinct axes. This point can also determine a radius vector drawn from
the origin to the point. The horizontal axis is called the real axis, while the vertical axis is
called the imaginary axis.
Two forms are used to represent a complex number: rectangular and polar.

1) RECTANGULAR FORM
The format for the rectangular form is

C=X+,7

J\Jf

Pt 4
Ty

7

EXAMPLE: Sketch the following complex numbers in the complex plane:
a)C=3+j4

b)C=0-j6

c) C =-10-j20

Solutions:

a)
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J
C=3+/4
4-_
4
27 4
1t I
f— >
- 00 1 2 3 +
—
+3
7
b)
J\j
0 -
— -
11
IR
-3 C=0-/6
_41
_51
oY
=
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AJ
—10
~10 0 N
- | n
|
|
i 120
i
N A -20
C=-10-;20 =
2) POLAR FORM
The format for the polar form is
C=27/410
.Ilj
7z C
\o
- T
-

—C=—-Z7Z40=7/41,6 = 180°
EXAMPLE: Sketch the following complex numbers in the complex plane:

a)C=5 £30°
b)C =7 ~£-120°
) C=-4.2 /60°
Solutions:

a)
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)/
6/\ C=5/30°
g\ 30
_ +;
-7
b)
}J
_ / g
7
~— -120°
C=7/-120° |
c)

C=-42/60°=42 7 60°+180°
=42 £ +240°

i

+2%\
—_ \ +-_
4.2
~— —120°

C =42 £ 240°
CONVERSION BETWEEN FORMS
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1) Rectangular to Polar

2) Polar to Rectangular

-

g

Z=VX +Y

_ 1Y
f = tan e
X=Zcos#b
Y=Z7sn#b
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EXAMPLE: Convert the following from rectangular to polar form:

Solutions:

C=3+j4

dazmo Biax dgame 3.p.1 1 dlus

40U 581 duwtigl! puasl ol



Ministry of Higher Education & Scientific Research
Al-Rasheed University College
Computer Techniques Engineering Department

Z=V@3’+@>=V25=5

6 = tan_l(%) = 53.13°

C=35,353.13°

gdaﬂ Caxdllg dla.)l ekl 8yl 9
daslndl wds i A8

gl Ol duwdid euud

,nj Cc=3 +_]—1
I
|
z | 4
6
L,
_ — +*
+3
—
EXAMPLE: Convert the following from polar to rectangular form:
C=10£45°
Aj

10

T
¥

X,

/\C = 10 L 45°

—J
Solutions:
X = 10 cos 45° = (10)(0.707) = 7.07

Y = 10s1n45° = (10)(0.707) = 7.07
C=7.07+;7.07
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Complex numbers lend themselves readily to the basic mathematical operations of addition,
subtraction, multiplication, and division.
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MATHEMATICAL OPERATIONS WITH COMPLEX NUMBERS

Complex numbers lend themselves readily to the basic mathematical operations of addition,
subtraction, multiplication, and division. A few basic rules and definitions must be
understood before considering these operations.

j=V-1

T
jiT=-1 J
1) Addition
C] = in t] ;Y] al]d C2 - in t] }72
(:‘1 aF C2 — (iXI - X2) +] (i}'Tl - }’2)
EXAMPLE:

a. AddC;, =2 +j4and C, =3 + 1.
b. AddC, =3 +j6and C, = —6 + ;3.

Solutions:

a)
C,+C=Q2Q+3)+j@4+1)=5+/5
b)
C,+C,=@—-6)+j6+3)==-3+,9

2) Subtraction
C,==*X,+;Y, and C,==*X, *;Y,

C, -G =[*X, - (FXH)] +/j[=1) — (=1)]

EXAMPLE:
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a. Subtract C, = 1 + j4 from C, = 4 + ;6.
b. Subtract C, = —2 + j5 from C, = +3 + j3.

Solutions:

a)
C,—-GC=@-1D+j6—-4)=3+;2
b)

C-C=[B-(-2]+/3-5=5-,2

3) Multiplication
C,=X,+jY, and C, =X +/Y1,

C -G =X —Nh) +j00 +AL)

(:1 - Z] /_61 and (‘3 - Zz 462

(:1 : (:2 = Z]Zz 561 + 92

EXAMPLE:
a. Find C, * G, 1f

C,=5420° and C, =10 230°
b. Find C, - G, if
C,=2,-40° and C, =7 +120°
Solutions:

a. C, - C, = (5220°(10 £30°) = (5)(10) /20° + 30° = 50 ~50°
b. C, - C, = (2 £—40°)(7 £ +120°) = (2)(7) /—40° + 120°

=14 /. +80°
4) Division
(?1 = 21 491 and Cg = 23 493
C, Zz
— == /0, —0
c. 7 [0 =0,
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EXAMPLE:
a. Find C,/C,if C;, = 15 £10°and C, = 2 £7°.
b. Find C,/C, if C, = 8 £120° and C, = 16 £ —50°.

Solutions:

C, _15£10° _ 15

| =22 /10°— 7°= 7.5 /3°
e, T 2270 T 2
C,  8,120° 8
b —L = = 2 /120° — (=50°) = 0.5 £170°
C, 162-50° 16 L (=209
1 |
=/
/0 Z
PHASORS

The radius vector, having a constant magnitude (length) with one end fixed at the origin, is
called a phasor when applied to electric circuits.
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Vr=mTWw

27936V 4+ ——=
22368 =2.236 sin (w? + 63.43°)
vy = 2 sin (wi + 90°)
vy =1 sin wr
2V 2236V R R P _
1Y
6, = 90° \ 07=63.43°
Y
1V ™ ot
6,=0° g= 6, (0°)
63.43% (t=0%)
0=
909

e=Vmsin(at+6) = e:\ﬂze =0.707Vm £ 6

V2

EXAMPLE: Convert the following from the time to the phasor domain:

Time Domain Phasor Domain
a. V2(50) sin wt 50 £0°
b. 69.6 sin(wt + 72°) (0.707)(69.6) £ 72° = 49.21 L 72°
c. 45 cos wt (0.707)(45) £90° = 31.82 2 90°

EXAMPLE: Werite the sinusoidal expression for the following phasors if the frequency is
60 Hz:
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Phasor Domain Time Domain

a. T=10,30° i = V2(10) sin2w60¢ + 30°)
and i = 14.14 sin(377¢ + 30°)
b. V=115 £-70° v = V2(115) sin(377¢ — 70°)

and v = 162.6 sin(377¢t — 70°)

EXAMPLE: Find the input voltage of the circuit

v, = 50 sin(377¢ + 30°)

| } =60 Hz
vy = 30 sin(3777 + 60°)

Solutions:
€n = Va + Vb
Converting from the time to the phasor domain yields
v, = 50smn(377t + 30°) = V, = 3535V £30°
v, = 30sin(377t + 60°) = V, = 21.21V £60°
Converting from polar to rectangular form for addition yields

V,=3535V £30°=30.61V +;17.68V
V, =2121V £60° = 1061V + 1837V

E,=V,+V,=3061V+;17.68V) + (10.61V +;1837V)
=41.22V +;36.05V

E,=4122V +;36.05V =5476V £41.17°

BVE TR IVERTVE J.‘:.i Dolue) 4L ygSI) dodicgl! sl aliyy



Ministry of Higher Education & Scientific Research gd"ﬂ Caxdly o.él’-" M‘ 89
Al-Rasheed University College daslndl wds i A8

Computer Techniques Engineering Department O guolod| Olods dwdod P“':"

3

E, = 5476V £41.17° = e, = \V/2(54.76) sin(377 + 41.17°)
e, = 77.43 sin(377¢ + 41.17°)
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IMPEDANCE AND THE PHASOR DIAGRAM

1) Resistive Elements

|

i = I, s wt

+

R§ v =V, sinwt

Zp =R £0°

EXAMPLE: find the current i for the circuit. Sketch the waveforms of v and i.

_|_

50 § v = 100 sin wf

C

Solutions:
v = 100 sin wf = phasor form V = 70.71V £0°

V 720 70.71'V £0°
= = = 1414 A £0°
Z; RZLO° 50 2£0°

i = \V?2(14.14) sin wt = 20 sin w?

I:
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100 VE—---- y
i 3
N - 57T on
0 e wt
2
b/
I v
- g —
14.14 A l
70.7 V——>

EXAMPLE: find the voltage v for the circuit. Sketch the waveforms of v and i.

i = 4 sin(wrf + 30°)
O

2 Q) § 1%

Solutions:

i = 4 sin(wt + 30°) = phasor form I = 2.828 A £30°

V =17z = (T L6)R 20°) = (2.828 A £ 30°)(2 Q 20°)
— 5.656V £30°

v ="V2(5.656) sin(wr + 30°) = 8.0 sin(wt + 30°)
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3
2 i
1 1 1 1 -
| 0 o Jr 27 wl
30 |=— 2
J\j
/'\\
< \\
5 \
=0
= \ >
\‘/ o V
A
\\ "‘., 2 N
\ q.f'\ I
AN\ 300
e
2) Inductive Reactance
o—=
1
_l’_
X, = oL g v =V, sin wt
0

7, = X, /90°

EXAMPLE: find the current i for the circuit. Sketch the v and i curves.
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Ra—
i
_|_
X =3 Qg v = 24 sin wt
o
Solutions:
v = 24 sin wf = phasor form V = 16.968 V £0°
\4 V.26 16.968 V £0°
I= = = = 5.656 A £—90°
7Z; X;/90° 30 290°

i = V/2(5.656) sin(wt — 90°) = 8.0 sin(wf — 90°)

24 Vf-——-—5 v

RAFf————————= 4

ol Codly Jladl @dasdl 8139
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|
l «——16.968 A—-JI
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3) Capacitive Reactance

_|_

Xe = VwC A< v = V, sinwf

ZC' — XC' A/__900

EXAMPLE: find the voltage v for the circuit. Sketch the v and i curves.
i = 6sin(wr — 60°)

Solutions:
i = 6 sin(wf — 60°) = phasor notation I = 4.242 A £ —60°

V=1Z. = (I L)X £ —90°) = (4.242 A £ —60°)(0.5 Q £ —90°)
—2.121V £ —150°

and V= \/5(2.121) sin(wf — 150°) = 3.0 sin(wz — 150°)
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SERIES CONFIGURATION

o———= 1z |— z |—— z, == Zy
—_—
Z‘T
I
P
o

2.=71,+1,+1;,+ - -+ Ly

1) R-L

EXAMPLE: Determine the input impedance to the series network and find i , Vr,VL. Draw
the impedance diagram.
=30 X =40

m IUUU\—

n + 1L

+ v
@ e = 141.4 sin wt i

Solutions:
e=1414smwr=E =100V £0°
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R=30 X, =40
+ Vp— + V; —
+
GEDE=HMVLU* I

Z,=7,+7,=3Q/,0°+4Q,90°=3Q+/40
Z,=5Q /53.13°
E 100V £0°

=~ = = —53.13°
1= “Sazssize 04478

Ve=17,= (20 A £/ —53.13°)(3 Q 2.0°)
=60 V/—53.13°

V, =1Z; = 20 A £—53.13°)(4 Q £90°)
=80V ~36.87°

X =4Q

0

1
Or=753.13°

A

R=3() +

2) R-C

EXAMPLE: Determine the input impedance to the series network and find E , Vr,Vc. Draw
the impedance diagram.
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R=60Q Xc =80
Wy I
j I\
VR — T Ve

<>:' = 7.07 sin(wr + 53.13%)

Solutions:

i=707sm(wr + 53.13°)=1=5A £53.13°

R:6Q _X'ngg).
AW (
AN
I=5/53.13° T Vg — + Ve
_l’_
(DE
T
ZT

2:=7,+72,=6Q020°+802-90°=6Q —;8()
Z:=10€Q £ —-53.13°

E=17Z,=(5A /53.13°)(10 Q /. —53.13°) = 50 V /0°

Ve =17z = (I LO)(R £0°) = (5A £53.13%)(6 Q 20°)
— 30V £53.13°

Ve=1Zc = (I L6)(Xe2—90°) = (5 A £53.13°)(8 Q £ —90°)
— 40V £ —36.87°
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X-=80Q

A
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3) R-L-C

EXAMPLE: Determine the input impedance to the series network and find i , Vr, Vc VL.
Draw the impedance diagram.

R=30 X =70 X=30

MWA—T00

I
I
4 " _ _|_ \v o .
+ R L + V. —

EZSOKT.ZO"@ Il

Solutions:
2, =2,+71,+2Z;=R L0°+ X; £90° + X, £—90°
=3Q0+;70—-;30=30+,40

Z;=5Q £53.13°
E _ 50V £0°
Z, 5Q/53.13

I= =10A £-353.13°
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Vo=17Z,= (I 26)R 20°) = (10A £ —53.135)(3 Q £0°)

=30V £-33.13°

V; =1Z; = (I £0)(X; £90°) = (10 A £—53.13°)(7 (2 £90°)

=70V L36.87°

Ve =1Zc= (I £6)(Xe £-90°) = (10A £ —53.139)(3 Q £ —90°)

=30V £—-143.13°

X =70 4

JX}'—_‘(C =40Q y

b J

Or =53.13°
L I

R=3Q +

| Xo=3Q

EXAMPLE: Using the voltage divider rule, find the unknown voltages VR, VL, VC, and V1

for the circuit.
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R =60 XY, =90 Xc=170
W—s— T —
+ + "TR — I + \"TL — 4+ ‘?C' _
E = 50V £ 30° 4
B |
|
1
é A
Solutions:
_— 7:E 3 (6 Q 20°)(50V £30°)
B et L, L. 6Q020°4+9Q /90° +17Q £ —90°
_300£30° 300 £30°
6+79—;717 6—;8
= WL 5y 83030
10 £~ —53.13°
v, o LE _ OO 290750V £30°) _ 450V£120°
oz, 10Q 2 —53.13° 10 2 —53.13°
=45V /173.13°
v._ ZE _ (7Q2L-909(0V £30°) _ 850V —60°
< Zr 10 Q £ —53.13° 10 £ —53°
=85V / —6.87°
v o Tt ZIE _ (90 £90°+170 L=90°)(50V £30°)
! y 10 Q £ —53.13°
_ (8 £—90°)(50 £30°)
10 2 —53.13°
_ 400£-60° _ o
T 053030 W0V £-687
PARALLEL ac CIRCUITS
Yr 1 1 1 1
Lt
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For two impedances in parallel

7,7,
T 7.+ 17,

EXAMPLE: For the network
a. Find the admittance of each parallel branch.

b. Determine the mput admittance.
c. Calculate the input impedance.
d. Draw the admittance diagram.

O
YvT
Z, RZ200 8100
O
Solutions:
1 1
Yo=GL0°=— £0°=—— £0°
A Az R 200
=0.058 £0°=0.05S +j 0
1 1
Y, =B, £L—90° = — /—90° = —— £ —9(°
Lot X, 10 Q

=01S2-90°=0-5018
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b. Y, =Yz +Y,=(005S+;0)+ (0—;015)
= 0.058S—j0.1S=G—jB
1 1 1

A= — = =
ST Y, T 005S—01S  0112S Z—6343°
= 8.93 O £63.43°
Or
7 Ly (209 £0°)(10Q £90°)
T Za+ 17, 200 +,100Q

200 Q) £ 90°

= = 8.93 Q0 £63.43°
22.36 £26.57°

Y, =005S2£0°

/—6323 -
!
|

|
0.112S

Y, =01S 44)00‘ i

Solutions:

_ oL o= L
a. Yo =G L0° = £0° = =2

=02S20°=02S+;0

£0°
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1 |

Y; =B, £-90° = — £—90° = —— £ —90°
Lot X; 8 Q)
=0.125S £-90°=0—;0.125S
] ]
Yo =B 2£90° = — £90° = —— £90°
‘ ¢ X 20 Q)

— 0.050 S £+90° = 0 + 7 0.050 S
b. Yo=Yz + Y, + Y,

= (02S +,70)+ (0 —;0.125S) + (0 + 7 0.050 S)
= 02S —,0.075S = 0.2136 S £ —20.56°
1

. 7= — 4.68 Q /20.56°
© ST 02136 S £ —20.56°
d,
[
Ay,
YR -
T 20.56° E +
}L - YC’ :
L 02136 S |
F_ _____________________ |
YT
A J YL
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PARALLEL ac NETWORKS

1) R-L

EXAMPLE: find the total impedance and the current in each branch for the network.

I—h- a

e = \/2(20) sin(wt + 53.13°) C/\P R§ 3330 _rng.s 0
=

Solutions:
I=10A/0°
— 4]
+ Y_’; Yz L
E =20V £53.13° @ R § 3330 _X}_gz._s 0
|z
Y, =Y, +Y, )
) 1 1
=G£0°+ B, £L—90° = /£0° + / —90°
L 3330 25Q

=03S2£0°+04S 2£-90°=03S—-;04S

=058 £-53.13°
1 1

Z. = = =20 /53.13°
Y, 05S/-53.13°
Or
Z:7; (3330 £0°(2.5Q £90°)
. —

T ZetZ, 3330/0°+250/90°

8.325 £90°
= — 5 . (o]
4.164 £36.87° 2 25313
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nj'

GZ0°=03S~20°

53.13°

B; £-90° = 048 £-90° Y, =058 £-53.13°

E

=~ =EY;=(Q0V /53.13°)(055 £ ~53.13°) = 10A £0°
T
E/f
I, = — (E £6)(G £0°
k= o = (E L6)(G £07)
— 20V £53.13%)(0.3 S £0°) = 6 A £53.13°
E /0
= = = (E £6)(B; L—90°
LT X 2900 ( B )
— 20V £53.13%)(0.4 S £ —90°)
— 8A /£ —36.87°
+=
2) R-C
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EXAMPLE: find the total impedance and the current in each branch for the network.

a

- I “C

}
I=10AZ0° (T)E R§

R
1670 X 7A=<1250

Solutions:
] 1

Y =Y, +Y-=G 20°+ B~ 290° = /0° + /.90°

r— =k c c 1.67 Q 1.25 0

=06S20°+08S290°=06S+;08S=108 ,53.13°
] 1

A = =1Q /—53.13°

7Y, 1.0S.,53.13°
Or

_ ZiZe (1.67Q £0°)(1.25 Q £—90°)
T Ze+Ze 1.67Q20°+ 1250 2-90°

2.09 £ —90°
= — _5 . o]
2.09 £—-36.81° 12 £-53.19

hj

Y, =18 /53.13°
BcZ90° = 0.8S £90° f-—m-mmmmmm-

53.13°
1

-

GZ£0°=06SZ0° +

I _ 10AZ0°
Y; 1S/53.13°

E=17Z;= =10V L-53.13°
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I, = (E 26)(G £0°)
= (10 V £—53.13°)(0.6 S £0°) = 6 A £ —53.13°
I. = (E 26)(B. £90°)
= (10 V £—53.13°)(0.8 S £90°) = 8 A /36.87°

3) R-L-C
EXAMPLE: find the total impedance and the current in each branch for the network.

i = 70.7 s wt a

—_—
+ i h ifc
V2(100) sin(wr + 53.13%) R§ 3330 ;1430 x.F=3330
-+
Solutions:
I=50A/0°
—_— a
+ LIR *IL iIC
E = 100V.£53.137 R§3.33Q &%1.430 X F=3330
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Y=Yz + Y, +Yo=G2£0°+ B, £-90° + B £90°

1 1 1
— o _|_ _ (o] _|_
3.330 40 1.43 Q 490 3.33Q
=03S2£0°+0.7S £-90°+ 0.3S £90°
= 03S—;07S+,03S

=03S—-;04S=058S £-53.13°

1 1
Y, 05S/-53.13°

Z.90°

1= =2 £53.13°

1/

A
B Z£90° = 038 £90°

GZ0°=03S.£0°

‘;daﬂ Caxdllg dla.)l ekl 8yl 9
daslndl wds i A8

gl Ol duwdid euud

v Y; = 05S £-53.13°

YB; £-90° = 0785 £-90°

I, = (E 26)(G £0°)
= (100 V £53.13°)(0.3 S £0°) = 30 A £53.13°
I, = (E £0)(B; £—90°)
— (100 V £53.13°)(0.7S £ —90°) = 70 A ~ —36.87°
I. = (E 26)(B £.90°)
— (100 V £53.13°)(0.3 S £ +90°) = 30 A / 143.13°
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EXAMPLE: Using the current divider rule, find the current through each parallel branch.

R /x}_’,
WA—000*
I; = 5A L 30° 1Q g ()
_— ‘X’C -
|(
I\
20
Solutions:
Lo Zlr QO L9095 A £30°) _ 10 AL—60°
R-L L+ 1y, _j2Q+ 194‘]80 L476
10 A £ —60°

_ . ase
G083 £ 0540 = L-044A £ —140.54
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Zpdr  _ (1Q +80)(5A £309

=7 7 6.08 Q) £ 80.54°
_ (8.06 £82.87°)(5A£30°) _ 4030 A/ 112.87°
6.08 /80.54° 6.083 /.80.54°
= 6.625A £ 32.33°
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Series-Parallel ac Networks
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Series-Parallel ac Networks

EXAMPLE: For the network
a. Calculate Z.

b. Determine I..

c. Calculate Vi and V-

d. Find I
* Ve
X,
+ Vi — I(
I, \;\R/\ Ie 50
Zr 000
E = 120V £0° 30
—
Solutions:
a)
I.S‘
Zl Z2 Bl
_|_
—_—
E = 120V £ 0° @ Z;
1Z,=171,+ 71,

Z,=R/0°=1Q 20°
(X £-90°)(X; £90°) (20 £-90°)(3 Q £90°)

Z,=Z.|Z, =
SRS S —j20+30
_60L0°_6QL0° _ ), g
jl 1 £90°

Z:=7,+72Z,=1Q—;60 =06.08Q ~£—80.54°
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b)

= £ - 120VZ0 — 19.74 A £.80.54°
Z, 6.08Q /8054

c)

Ve=LZ, = (19.74 A £80.54°)(1 Q £0°) = 19.74 V £80.54°
Ve=LZ, = (19.74 A £80.54°)(6 Q £—90°)

= 118.44V / —9.46°
d)
Ve _ 11844V £-9.46°
Zc 20 £-90°

I- = = 59.22 A £80.54°

EXAMPLE: For the network
a. If I'1s 50 A £30°, calculate I, using the current divider rule.

b. Repeat part (a) for L.
c. Verity Kirchhoff’s current law at one node.

I Ly
R 30
I (T) Yo ~T~ 80
X, 40
Solutions:
a)
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Z,=R+jX,=3Q+;40=5Q £53.13°

Z,= —jXe=—j8Q =80 £—90°
ZI  (8Q L—90°)(50A £30°) 400 £—60°

I p— p—
YL+ 2, (8 +(3Q+4Q) 3—/4
_ 00 L7607 ghn 6870
5/ —53.13°

b)

L Z1 (50 2453.13950A £30°) 250 £83.13°
P I+ 7, 50 /—53.13° 5,—53.13°

=50 A /136.26°
c)
I=1L+1

S0A £30° =80A £/ —687° + 50 A /£ 136.26°
= (79.43 — j 9.57) + (—36.12 + j 34.57)
= 4331 +,25.0

50A £30° =50 A £30° (checks)

EXAMPLE: For the network
a. Calculate the voltage V- using the voltage divider rule.

b. Calculate the current I..

R
T L 50
AL gs QO E 20V £20° Xp~ =120V,
Solutions:
a)

BVE TR IVERTVE J.‘:.i Dolue) 4L ygSI) dodicgl! sl aliyy



Ministry of Higher Education & Scientific Research gd"ﬂ Caxdly o.él’-" M‘ 89
Al-Rasheed University College daslndl wds i A8
Computer Techniques Engineering Department O guolod| Olods dwdod P“':"

v._ LE _(1202-909Q20V £20°) 240V £-70°
© Z,+17Z, 50-5120 13 £—67.38°
= 18.46V £ —2.62°

b)
2 70°
[ =& _20VL0T 55, 90
Z. 80 290°
E 0V 2200
I, = — — 154 A £87.38°
2T 7 17, 13O /6738

L=I+1L
=25A2-70°+ 1.54 A £87.3%8°
= (0.86 —j 2.35) + (0.07 + ; 1.54)
I,=093—;081 =123A £—41.05°
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Methods of Analysis (ac)

Power (ac)

APPARENT POWER

Examples
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Methods of Analysis (ac)

EXAMPLE: Convert the voltage source to a current source.
Qa Source conversion

E =100V £ 0“@

[ =20A /-53.13° 30
oo o T
, 40

e 4 ()

a
Solutions:
E 100V 20°

Z 5Q /53.13°
—20A £ —53.13°

EXAMPLE: Convert the current source to a voltage source.
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a a
+

E =120V 2 -30°("\y

z
z
I=10A / 6OOCT> 1 B60 Xf-w_4-0 - T X.=120
C

Solutions:
s Tl (X Z=90)X, £90°)
7o+ 7, Xt X,
4Q £L-90°)(6Q £90°) 24 Q £ 0°
- —i40+/60  2290°

—120 ,-90°  [Fig. 17.7(b)]

E=1Z= (10A £60°)(12 Q £ —90°)
=120V2-30° [Fig. 17.7(b)]

EXAMPLE: Using the general approach to mesh analysis, find the current I1.

=X =10

@El =6V £ 0°

§R=4Q

Solutions:
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E, N E,
— 11" Iy —

Z,= 4/ X, =+/2Q  E =2V L0
Z,=R=4(Q) E,=6V 20°
7. = _.]-XC: _j 1Q

L(Z, + Z,) — LZ, = E,
IL.(Z, + 7;) — 1,Z, = —E,

L(Z, + Z,) — LZ, =E;
—1,Z, + L(Z, +Z;) = —E,
E, -7,
e 27
Yz + 2, -Z
-7 Z, + ZJ

_ E1(Z2 + Z‘s) T Ez(Zz)
(Zy + L) (2, + L3) — (L)

_ (Ey —EyZ, + E\Z;

7.2, + 7.7, + 1,7,

I QV—-—6V)4Q)+ Q2 V)(—j1Q)
(H720)E Q) + (+H2M(—20) + (@ N(—2Q)
_ —l6—j2  —16—j2  1612A £—172.87°
j8—j2—j4 2474 447 £.63.43°
=3.61 A £—236.30° or 3.61A £123.70°

EXAMPLE: Write the mesh currents for the network having a dependent voltage source.
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Solutions:
E, — LR —R(I, —L)=0
R(L —I)+puV.—LR; =0 V.= — LR,

E, —LR —RI-1L)=0
R(L -1, + MRz(Il —L)—LR; =0

EXAMPLE: Werite the nodal equations for the network having a dependent current source.

Rl Rl
MWx MWy
0.5 k0 2 k0

+
E = - &4 10 k() AT 5k l I=
12V £0° @ L % te T 4mA £0°

Solutions:

E@Q z, z, (DI

N EEPR N T NS o O
Z, 17, I, Z;
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v+ L ov L=
Z; 7, Z;

EXAMPLE: Using superposition, find the current I through the 6-Q resistor.

’OUG‘

T =60 R=60

—"0\43{]°® I, 2AZ0° AR X =81

I
—

Solutions:

® .0

po ZL _ (j6QRA) _jDA
Z,+7Z, j6Q+6Q0—-;80 6-;2
12A £90°

6.32 £ —18.43°
I'=19A £108.43°
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z zZ,
o I l
(V)
_ @]
= E, E, 20V £30°

Z, Z,+7Z, 6320 /—1843°
316 A £48.43°

I=T+7T
= 1.9A £108.43° + 3.16 A £48.43°

= (—0.60A +j 1.80A) + (2.10A + j 2.36 A)
= 1.50A +j4.16 A

I=442A 270.2°

EXAMPLE: Find the Thévenin equivalent circuit for the network external to resistor R.

000

X, =80
_l_

EZIO\f"'ZOO@ Xe ™20

)
W)

~—

2R

Solutions:

s
S

+

E=10VZ0° @

Thévenin

Thévenin
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7,

O
2.2, _(G8M(=j2Q) —j’16Q 160

7. = —
T+ Z, j8Q—-j20Q j6 6 £.90°
=2.67 Q) £ -90°
Z, >
-
Z.E .
E = 2 ;_ z (voltage divider rule)
—i2)(10V —j20V
- CL2WON) TV 553y, —1800
j8Q —j20 j6

daslndl wds i A8
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Zy, = 2670 £ -90°

_|_

Ep = 333V Z 180° @

Ly, 0

2

-
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+ - '
Ep = 333V 2 —180° @ §R

O

EXAMPLE: Determine the Norton equivalent circuit for the network external fo the 6-Q
resistor.

R, X,
M——BO0——— ¢
4Q

n 30Q)
E =20V £0° XCFQSQngﬁﬂ
-—
Q
—l— Norton
Solutions:
Z] O
E Z,
‘o)
J_— Norton

Z,=R +jX;=3Q+;4Q0=5Q253.13°
Z,=—jXc=—j50Q
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O

7 — 2, (502531350 2£-90° _ 250 £—36.87°
Yo7+ 7, 30+740-750Q 371

25Q £ —36.87°
= —_ . - . © = .5 -7 .5
316 Z —18.43° 791 Q) £ —18.44 7.50 Q2 —72.50 Q2

Zl O

J_ O

E 20V £0°
Iy=I,=_— = = 4A /—53.13°
Yoz, 50 £53.13°

I
7.50 Q2 — j2.50 O
-

A
Iy=4A/ — 53.13°<> Zy R§GQ

daslndl wds i A8
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Power (ac)

AVERAGE POWER AND POWER FACTOR
The average power, or real power as it is sometimes called, is the power delivered

to and dissipated by the load. It corresponds to the power calculations performed for dc
networks.

o
+
_..p v Load
o,
p=vi
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Since v and i are sinusoidal quantities, let us establish a general case where:
v=7,, sin(wt + 6)

i =1, sin wt
* The angle (0) is the phase angle between v and i.

Substituting the above equations for v and i into the power equation will result in
p ="V,1L, sin of sin(wf + 6)

If we now apply a number of trigonometric identities, the following form for the power
equation will result:

p = VIcos 0(1 — cos 2wi) + VI sin 6(sin 2w?)

* where Vand I are the rms values.

V = and | =

SIE]

Vm
J2

So that the power is

p = VIcos 0 — VIcos ) cos 2wt + VI sin 0 sin 2wt
- W ' ' ¥ ! — —_— —_
Average Peak 2x Peak 2x

The average power equal

P = T1Icos#f
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* The magnitude of average power delivered is independent of whether
vleadsiorileads v.

e for resistor =0 then P=VIcos0=VI
e for Inductor v leads i by 90°, then P =VIcos90 =0
e for Capacitor i leads v by 90°, then P =VI cos90 =0

Power factor

The power factor is the factor that has significant control over the delivered power level.

Power factor = F, = cos 0

e Capacitive networks have leading power factors,
e Inductive networks have lagging power factors.

APPARENT POWER

It is a power rating of significant usefulness in the description and analysis of
sinusoidal ac networks and in the maximum rating of a number of electrical components and
systems.

S="VI (volt-amperes, VA)
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S=TIZ (VA)
S = —V—Z (VA)
Z
Therefore
P =S8cos0 (W)
P
F,=cosf = 0

1) RESISTIVE CIRCUIT

For a purely resistive circuit, vand i are in phase, and 6= 0°,

+ -

—= A
R

Pr

Pr = VIcos(0°)(1 — cos 2wr) + V1 sm(0°) sin 2wt
= VI(1 — cos 2wit) + 0

pr = VI — VI cos 2wt

The average (real) power is

T
= I - R =

P=VI= —
2 R

(watts, W)

2) INDUCTIVE CIRCUIT

For a purely inductive circuit, v leads i by 90°, = 90°.
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pr = VIcos(90°)(1 — cos 2wi) + VI sm(90)(sin 2wt)
=0+ VIsm 2wt

pr = VI s 2wt

The reactive power is

Q= TVIsin6 (volt-ampere reactive, VAR)
QL — I EXL (VAR)
I}fz
Q‘[ - XL (VAR)

3) CAPACITIVE CIRCUIT

For a purely capacitive circuit, i leads v by 90°, 8 =-90°.

Pe = VIcos(—90°)(1 — cos 2wr) + VI sm(—90°)(sin 2wr)
=0 — VIsm 2wt

Pc = —VI sin 2wt
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The reactive power is

Q= TIsmb (volt-ampere reactive, VAR)

QC — IEXC

; 72

QC' - X,

THE POWER TRIANGLE

The three quantities average power (P), apparent power (S), and reactive power (Q)
can be related in the vector domain by

S=P+jQ
Q:QL_QC
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AT

O (resultant) = Q; — Op = P(X; — Xp)

F

p:cost’?:

£
S

1. Find the real power and reactive power for each branch of the circuit.

2. The total real power of the system (PT) is then the sum of the average power delivered
to each branch.

3. The total reactive power (QT) is the difference between the reactive power of the
inductive loads and that of the capacitive loads.

4. The total apparent power is S; =/P; +Q; .
5. The fotal power factor is F% :
T

EXAMPLE: Find the total number of watts, volt-amperes reactive, and volt-amperes for
the network.

R
o MWy
+ - (l
I 33
V = 10VZL0° .11%4 0
o

Solutions:
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7 10V £0° 10V £0°
=Y : = =2A /—53.13°
Zr 30+;4Q 5Q.,53.13°
P=TR=QA’GQ)=12W
O; =I'X; = QAY(4 Q) = 16 VAR (1)

S=P+;0,=12W + ;16 VAR (L) = 20 VA £53.13°
Or
S=VI = (10V £0°)(2A £+53.13°) = 20 VA £53.13°

0, = 16 VAR

EXAMPLE: Find the total number of watts, volt-amperes reactive, and volt-amperes, and
the power factor Fp of the network. Draw the power triangle and find the current in
phasor form.

Load 1
o 0 VAR
+ I—"‘ 100 W
Load |2 Load| 3
E = 100V £0° 700 VAR (L) 1500 VAR (O)
200 W 300 W

Solutions:
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Load w VAR VA
1 100 0 100
2 200 700 (L) V(200)* + (700)* = 728.0
3 300 1500 (C) V/(300)* + (1500)* = 1529.71
Pr = 600 Or = 800 (C) Sy = V(600)* + (800)* = 1000
Total power dissipated Resultant reactive power of network (Note that Sy # sum of

each branch:
1000 # 100 + 728 + 1529.71)

P, 600W .
o=tz O0OW _ 4 ¢lead
» 7S, 1000 VA eading ()

I =1000 VA/I00V =10 A
I=10A ~£+53.13°

Pr = 600 W
53.13° = cos 1 0.6

Or = 800 VAR (C)
St = 1000 VA

EXAMPLE:
a) Find the total number of watts, volt-amperes reactive, and volt-amperes, and the
power factor Fp for the network.
b) Sketch the power triangle.
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R X
—W\ 000"
I 6 () 70
_|_
E = 100V £0° @ Y. A=< 150
Solutions:
a)
- E 100V »0° 100V »0°

Zy 6Q+;70—-;150 100 ,-53.13°
= 10 A £53.13°
Vz=(10A £53.13°)(6 Q 20°) = 60V £53.13°
V; = (10A £53.13°)(7 Q £90°) = 70V ~143.13°
Vo= (10A £53.13°)(15 Q £—90°) = 150 V 2 —36.87°
P, = EIcos # = (100 V)(10 A) cos 53.13° = 600 W
=I’R = (10A)’(6 Q) = 600 W
Tz (60V)
R 6
Sy = EI = (100 V)(10 A) = 1000 VA
= I°Z; = (10 A)’(10 ©) = 1000 VA

= 600 W

= E—z = 7(100 V) = 1000 VA
Zr 10 Q)
Or = Elsin = (100 V)(10 A) sin 53.13° = 800 VAR
=0c— 0O

=I’(X-— X;) = (10 A)(15Q — 7 Q) = 800 VAR

o Ve Vi (150V)  (70VY
=T X. X 15Q 7Q
= 1500 VAR — 700 VAR = 800 VAR
P 600 W
F,=—L=————=0.6leading (C)

7St 1000 VA
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b)
Py = 600 W

53.13°

O; = 800 VAR (C)

Sy = 1000 VA

EXAMPLE: An electrical device is rated 5 kVA, 100 V at a 0.6 power-factor lag. What is
the impedance of the device in rectangular coordinates?

Solutions:

S = EI = 5000 VA

7= 5000 VA _50A
100 V

6 =cos 10.6=5313°
for E = 100V 20°,

I=50A ~-53.13°

7, - L __M0OVZ" L 33— 120 +i160
T T50A,-53.13° oo Tl J 1

R

M

120

EXAMPLE: For the system

a. Find the average power, apparent power, reactive power, and Fp for each branch.

b. Find the total number of watts, volt-amperes reactive, and volt-amperes, and the power
factor of the system. Sketch the power triangle.

c. Find the source current I.
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Motor [ = 829 Capacitive load
R<9()
S Hp

12 Q)

Heating
+ - elements
>
E = 208V £0° 60-W 6.4 kW
@ bulbs g
- Fp =[0.72 Xe
lagging
Solutions:
a)
Bulbs:

Total dissipation of applied power

Py =12(60 W) = 720 W

O, = 0 VAR
S, =P, = T20 VA
F, =1

Heating elements:
Total dissipation of applied power

P, = 6.4 kW
0, = 0 VAR
S, =P, =64kVA
F by = 1
Motor:
P P, 5(746
y=Bo, p B _504W)
P, n 0.82

F, = 0.72 lagging

= 4548.78 W = P;

Py 454878 W

P.=S.cos —> S, = -
37 93€08 37 Cos 0.72

Also, # = cos™! 0.72 = 43.95°, so that

= 6317.75 VA

O, = S, sin 6 = (6317.75 VA)(sin 43.95%)
— (6317.75 VA)(0.694) = 4384.71 VAR (L)
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Capacitive load:

E  208V.£0°  208V.2£0° 1387 A L 53.13°
Z 9Q—;12Q 150 .,-53.13°
P,=FR=(13.87A)-9Q =1731.39 W
O, =TIX-= (13.87A)"- 12 O = 2308.52 VAR (C)
S, = VP, + 0=V (1731.39 W)’ + (2308.52 VAR)’
= 2885.65 VA
P, 1731.39W

F,="2 =27 2 6 leadi
» TS, 2885.65 VA cading

b)
P, =P, +P,+ P+ P,

=720 W + 6400 W + 4548.78 W + 1731.39 W
= 13,400.17 W
Or=*x01 20,20 £ 0,
=0+ 0 + 4384.71 VAR (L) — 2308.52 VAR (C)
= 2076.19 VAR (L)
Sy = VP2 + 02 = V(13,400.17 W) + (2076.19 VAR)’
= 13,560.06 VA
_ P 13.4 kW

. ) = (.988 laggi
© Sr 1356006 VA agging
6 = cos™' 0.988 = 8.89°

“ = \3;360‘06 VA

ST 0, = 2076.19 VAR (L)

Pr=134kW

c)
Sr  13,559.89 VA
S;=FEl — [=-—1="= = 65.19 A
E 208 V

Lagging power factor: E leads I by 8.89°, and

I=065.19 A ~—8.89°
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Resonance

The resonant circuit is a combination of R, L, and C elements having a frequency
response characteristic similar to the one appearing in Figure below. Note in the figure
that the response is a maximum for the frequency fr, decreasing to the right and left of
this frequency.

S S,
~ ¥

1-SERIES RESONANT CIRCUIT

=
|/\+
<)
N
\|
Jl
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o1
ol = C and " = IC
" — 1
© VIC
1 f = hertz (Hz)
fi=——— L = henries (H)
27VILC C = farads (F)
Vi, = Ve,
F,=cosf = ];
FPS =1

THE QUALITY FACTOR (Q)
The quality factor Q of a series resonant circuit is defined as the ratio of the

reactive power of either the inductor or the capacitor to the average power of the
resistor at resonance; that is,

reactive power

average powcer

_I'x;

5

)
Qs IR
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w. L '
), = &t = L
0= )
_ £(;'
R\VIC
1 /L
Q= RV C
Ve, = O.E
IYC = Q&E

SELECTIVITY

There is a definite range of frequencies at which the current is near its maximum value
and the impedance is at a minimum. Those frequencies corresponding to 0.707 of the
maximum current are called the band frequencies, cutoff frequencies, or half-power
frequencies. They are indicated by f1 and f2 in Figure below. The range of frequencies
between the two is referred to as the bandwidth (abbreviated BW) of the resonant
circuit.

 /
E
Imax = E _______ I
|
0707 ———— = = :— ——
le—pB 7 —
I I
|
| | ]
| | ]
| | ]
| | ]
' | I .
0 fi fs g f
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.

BW=fi—fi=7 -

s
BW = =
Y%

5

EXAMPLE:

a. For the series resonant circuit, find I, VR, VL, and VC at resonance.

b. What is the Qs of the circuit?

c. If the resonant frequency is 5000 Hz, find the bandwidth.

d. What is the power dissipated in the circuit at the half-power frequencies?

4 VR _ 4 VL _
——W 000"
+[ T R=20 X =100 N
E =10V £0° Xe =100V,

Solutions:
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a. Z; =R=20Q
E 10V £0°
1= —= =5AL0°
Zr, 2Q.0°
Vi=E=10V £0°
V. = (I £0°)(X; £90°) = (5A £0°)(10 2 £90°) = 50V £90°

Vo= £0%)(X£-90%)=(5A £0°)(10 Q2 L—-90°) =50V L-90°

X; 10
3 ) pr— _— = prm— S
b. O =~ 5 Q
s 5000 H
e B =f —f =L = 300002 00 1y
O, 5
1 15 1 > ,
d' PHPF = EPmax = 711113XR = 5)(5 A) (2 Q) =25W

EXAMPLE: The bandwidth of a series resonant circuit is 400 Hz.
a. If the resonant frequency is 4000 Hz, what is the value of Qs?
b. IfR=10Q, what is the value of XL at resonance?

c. Find the inductance L and capacitance C of the circuit.

Solutions:
s f. 4000 Hz
. B = 2= ) = i = =10
A 0. " % T BT J00m
X,
b. O, = El or X; = O.R = (10)(10 Q) = 100 Q
X; 100 Q
X, = 2xfL L= — — 3.98 mII
c. Xp=2mfL or 2nf. 274000 Hz) m
1 1 1
Xo = C = =
<" 2gfc 2nfXe  27(4000 Hz)(100 Q)

— 0.398 pF

EXAMPLE: A series R-L-C circuit has a series resonant frequency of 12,000 Hz.
a. IfR=5 Q, and if XL at resonance is 300 Q, find the bandwidth.
b. Find the cutoff frequencies.

Solutions:

BVE TR IVERTVE J.‘:.i Dolue) 4L ygSI) dodicgl! sl aliyy



‘;daﬂ Caxdllg dla.)l ekl 8yl 9
daslndl wds i A8

gl Ol duwdid euud

Ministry of Higher Education & Scientific Research

Al-Rasheed University College
Computer Techniques Engineering Department

) = Xz 3000 60
a. O 2 50
O; 60
b. Since O, 2> 10, the bandwidth 1s bisected by 7,. Therefore,
BW

fh=f +——=12,000Hz + 100 Hz = 12,100 Hz
2

and f; = 12,000 Hz — 100 Hz = 11,900 Hz

2-PARALLEL RESONANT CIRCUIT

N O
I R I ==CV R,
¥ § . 1
Zy X T
XL
-
- " o
R+ X7
R, = 7 3
R
o R+ X;
Lp X‘[
XZ = XC
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EXAMPLE: For the parallel resonant circuit
a. Determine fs, and fp, and compare their levels.
b. Determine the quality factor Qp.
c. Calculate the bandwidth.

Z;  R=Z200 .

I = 2mA Q) C —~100nF V.

X7 0.3 mH

Solutions:

/ 1 1
a. f. = =
e 27V ILC 27 \/(0.3 mH)(100 nF)

= 29.06 klliz
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L=f |1 REC = (29.06 kHz)\/l

|

= 27.06 kHz
b.
R|R, R X
%=y =—=0=—
L, Xz, R;
_ 2m(27.06 kHz)(0.3 mH) _ 510
20 Q) 200
c.
£ 27.06kHz
BW=-—=———=10.61 kHz
0, 2.55

(20 Q)*(100 nF)

= 2.55

0.3 mH

|
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