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To understand the fundamental principles of electricity and circuit behavior.

. To analyze and design basic electrical circuits using laws such as Ohm’s

Law and Kirchhoff’s Laws.

. To gain practical skills in building and troubleshooting electrical circuits.

To prepare for advanced topics in electronics, power systems, and control
engineering.

To develop problem-solving and critical-thinking skills related to electrical
systems.

To understand the role of components like resistors, capacitors, inductors,
and power sources.

To enable safe and efficient use of electrical equipment in the real world
applications.

To support academic and professional growth in engineering and technology
fields.
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Active Learning through Hands-on Experiments.
Inquiry-Based Learning.

Visual Aids and Circuit Diagrams.

Collaborative Learning and Group Projects.
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1. Understand and explain
fundamental electrical concepts.

2. Apply Ohm’s Law and Kirchhoff’s
Laws.

3. Analyze series, parallel, and
combination circuits.

4. Calculate total resistance, current
distribution, and voltage drops in
various circuit configurations.

5. Design and construct basic electrical
circuits.

6. Measure electrical quantities
accurately.

7. Interpret and draw circuit
diagrams.

8. Demonstrate problem-solving and
critical thinking skills.

1. Systems of Units,
the elements effect of
atresistance.

2. Ohm’s Law,
Resistance connection.
3. Resistance connection.
4. Delta(A) - star (Y)
Transformation.

5. Kirchhoff's
laws.

6. Mesh
analysis.

7. Thevenin’s
theorem.

8. Norton’s
Theorem

9. Supper
position
theorem.

10. Alternating
current
(A.C)).

11. Alternating
Values.

12. The effect
of
alternating
current on
electrical
circuits in
series
connection.

13. The effect
of
alternating
current on
electrical
circuits in
parallel
connection.

14. series
resonance.

15. parallel
resonance.

1. Define basic
electrical
quantities.
2. Apply
fundamental
electrical laws.
3. Analyze
different
types of circuits.
4. Perform circuit
calculations.
5. Use
measurement
tools correctly.
6. Interpret and
construct circuit
diagrams.
7. Build and test
physical circuits.

Weekly,
Monthly, Daily
, and Written
Exams, and
Final Term

Exam.
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Overview

A- Population target

e Students of first
year of

Department Electrical
Techniques



B —Rationale

It 1s very important to
study Units system

Also to study the
elements
effect of at
resistance




C — Central Idea

* Definition voltage,

current, and

resistance.

* Units’ system

* The element effects
resistance .




D- Aim of lecture : To let the student
be able to identify the ana lyses
different elements effect at the
resistance value .

Pretest

1- Define:-
( Resistance, current, Potential difference,
voltage ).
2- What are the factors that affect electrical
resistance?

3- Whatis the meaning of the Ampere (A)?



1.R ( The appetite of material to oppose the flow of electrons, its unit is

Q).

I ( The electric current means the flout of electrons through the
conductor )

Potential difference ( The difference in potential between two points in
an electrical system , its unit is volt (V)).

Volt (V) (The unit of measurement applied to the difference in potential
between two points).

2. Material, Length, Cross-sectional area ,Temperature.

3. (A) : The unit of measurement applied to the flow of charge through
a conductor.
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Introduction

Electric circuit theory and electromagnetic theory are the two fundamental theories upon
which all branches of electrical engineering are built. In electrical engineering, we are often
interested in communicating or transferring energy from one point to another. To do this requires
interconnection of electrical devices. Such interconnection is referred to as an electric circuit, and
each component of the circuit is known as an element. An electric circuit is an interconnection o
electrical elements. A simple electric circuit is shown in Fig. 1.1. It consists of three basic elements:
a battery, a lamp, and connecting wires. Such a simple circuit can exist by itself; it has several
applications, such as a flashlight, a search light, and so forth.

mﬂ—-@_,‘\]convmﬁoml
e

Imaginary plane

Fig. 1.1 A simple electric circuit.

1.1 Systems of Units

As electrical engineers, we deal with measurable quantities. Our measurement, however,
must be communicated in a standard language that virtually all professionals can understand,
irrespective of the country where the measurement is conducted. Such an international
measurement language is the International System of Units (SI), adopted by the General
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Conference on Weights and Measures in 1960. In this system, the units of all other physical
quantities can be derived from seven principal units. Table 1.1 shows the six units and one derived
unit that are relevant to this text. The SI units are used throughout this text.

One great advantage of the SI unit is that it uses prefixes based on the power of 10 to relate
larger and smaller units to the basic unit. Table 1.2 shows the SI prefixes and their symbols. For
example, the following are expressions of the same distance in meters (m):

GO0,000,000 mm 600,000 m 600 km

TABLE 1.1

Six basic Sl units and one derived unit relevant to this text.

Quantity Basic unit Symbol
Length meter m
Blass kilogram ke
Time second 5
Electric cumrent ampere A
Thermodynamic temperature kelvin K
Luminous intensity candela cd
Charge coulomb C

TABLE 1.2

The Sl prefixes.
Multiplier Prefix Symbol

108 exa E
10'° peta P
102 tera T
10° giga G
10° mega M
0? kilo k
10* hecto h
10 deka da
10! deci d
102 centi c
10~7 milli m

10—° micro L
10— nano n
0= pico p
10— femto f
1p—1# atto a
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Example 1

a. Convert 20 kHz to megahertz.
b. Convert 0.01 ms to microseconds.
c. Convert 0.002 km to nullimeters.

Solutions:

a. In the power-of-ten format:
20kHz = 20 X 10° Hz

The conversion requires that we find the multiplying factor to appear
in the space below:

Imcrease by 3

- ‘fﬂ#_-___-_-_‘_-‘_ﬂ
20 X 10°Hz = __ X 10°Hz
"-._.______________,_._F-?
Dhecraase oy 3
Since the power of ten will be increased by a factor of three, the
multiplymng factor must be decreased by moving the decimal poimnt

three places to the left, as shown below:

020. = 0.02
3
and 20 ¥ 10° Hz = 0.02 % 10° Hz = 0.02 MHz

b. In the power-of-ten format:
0.0l ms= 001 X 10" s

Beduca by 3
..--'''''''_'_._-___-_'_h""'---.._l:II
and 001 X 107%s = __ %10 %sg
‘-..._._______________,_,..?!'

Increase by 3
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Since the power of ten will be reduced by a factor of three, the
multiplying factor mmst be increased by moving the decimal point
three places to the nght, as follows:

00l0,= 10
and 001 X 107" s =10 % 10" s = 10 us

There 15 a tendency when comparing —3 to —6 to think that the
power of ten has increased., but keep mm mind when malking your
judgment about mcreasing or decreasing the magmitude of the multi-
plier that 10 ®isa great deal smaller than 107

Beduce by &

.a-""_'_._._._“_‘_‘_‘_'_‘_‘-'-i..
0002 x 10°m = = 107 m
n_._____‘___________ﬂ

Increase by 4

In this example we have to be very careful because the difference
between +3 and —3 1s a factor of 6, requiring that the multiplying
factor be modified as follows:

0.002000 = 2000

P o
1]

and 0.002 % 10°m = 2000 % 10 ° m = 2000 mm
1.2 Charge and Current

The concept of electric charge is the underlying principle for explaining all electrical
phenomena. In addition, the most basic quantity in an electric circuit is the electric charge. We all
experience the effect of electric charge when we try to remove our wool sweater and have it stick
to our body or walk across a carpet and receive a shock.

Charge 1s an electrical property of the atomic particles of which matter consists, measured in
coulombs (C).

Electric current is the time rate of change of charge, measured in amperes (A).

If 6.242 * 10'8 electrons drift at uniform velocity through the imaginary circular cross section of
Fig. 1.1 in 1 second, the flow of charge, or current, is said to be 1 ampere (A)
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1C
6.242 »x 101®

Charge/electron = Q, = =1.6x 107¥C

The current in amperes can now be calculated using the following

equation:
o I = amperes (A)
e == Q = coulombs (C) (1.1}
L t = seconds (s}
O =1 (coulombs, C) 1.2
and t= % (seconds, s) 1.3

Example 2 The charge flowing through the imaginary surface of Fig. 1.1 is 0.16 C every 64 ms.
Determine the current in amperes.

Solution:
—3
[-Q__016C_ 160X 1073C g0,
t B4 10 " s B4 10 " s

Example 3 Determine the time required for (4 * 10'®) electrons to pass through the imaginary
surface of Fig. 1.1 if the current is 5 mA.

Solution:

1C
6.242 % 101® ele}c&fans

4% 10 ele mus( ) =0.641 X 1072 C

= (0.00641 C = 6.41 mC
O 6.41 X 107° C

I‘:—:

T 53 107" A
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1.3 VOLTAGE

Charge can be raised to a higher potential level through the expenditure of energy from an
external source, or it can lose potential energy as it travels through an electrical system. In any
case, by definition:

A potential difference of 1 volt (V) exists between two points if 1 joule (J) of energy 1s exchanged
in moving 1 coulomb (C) of charge between the two points.

The unit of measurement volt was chosen to honor Alessandro Volta.

a potential difference or voltage is always measured between two points in the system. Changing
either point may change the potential difference between the two points under investigation.

=11]

e _
e
|
X

|
Y

b

V=1 volt
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In general, the potential difference between two points is determined by :

-
V=— (volts) 1.4
0 (14)

Through algebraic manipulations. we have

W= Qv (joules) (1.3)

and 0 = (coulombs) (1.6)

Example 4 Find the potential difference between two points in an electrical system if 60 J of
energy are expended by a charge of 20 C between these two points.

Solution: equ. 1.4

v
y——=91 _3y
0 20C

Example 5 Determine the energy expended moving a charge of 50 uC through a potential
difference of 6 V.

Solution : equ. 1.5

W=0V=(50X10"°C)(6V)=300X10"°J=300puJ
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1.4 Resistance

The flow of charge through any material encounters an opposing force similar in many
respects to mechanical friction. This opposition, due to the collisions between electrons and

between electrons and other atoms in the material, which converts electrical energy into another
form of energy such as heat, is called the resistance of the material. The unit of measurement of]
resistance is the ohm, for which the symbol is €, the capital Greek letter omega. The resistance o
any material with a uniform cross-sectional area is determined by the following four factors:

1. Material

2. Length

3. Cross-sectional area
4. Temperature

At a fixed temperature of 20°C (room temperature), the resistance is related to the other three
factors by

R= pj {ohms, (1) (1.7)

Example 6 Determine the resistance of 100 ft. of copper telephone wire if the diameter is 0.0126

m.

solution:

= 12jd \(2.54 cm | _
I= lﬂﬂ.ff( LK )( 1 )— 3048 em

d=00126 in.(zj% ) = 0.032 cm
1.
Therefore,

4°  (3.1416%0.032 cm)® _

PR NO032em)” _ ¢ 04 % 107 e
4 4
] 2 S0

Bl (1.723 % 10 ° ) 51;1){3”043 cm) =650
A 804 % 10 "cm”
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1. Convert 0.002Km to mm.

2. Calculate the resistance of copper wire having a length of (1Km) and diameter

( 0.5mm) ( Resistivity of copper =1.7 x 10® Q.m ).

3. Determine the time required for (50x10° C) to pass through the imaginary surface

if the current is 5 mA.




(The second and third weeks )

Ohm’s Law, Resistances connection




Overview }

A- Population target

 Students of first year
of
Department Electrical Techniques



B —Rationale

e It is very important to study
Resistances connection:

( Series circuit, Parallel circuits, and complex connections )

e Also, to study Voltage divider rules, Ohms, law.



-

C — Central Idea

)

p

® Connect the resistance as series, parallel, and

complex.

® Voltage divider rule, the current divider rule.

®* Ohms’ law.

S

4







Pretest

1) If number of resistances connection in series write total voltage , current laws .

2) If number of resistances connection in Parallel wrights’ total voltage , current
laws .

solution
1)V =V +Vot .4V, , 1=, =1, =,

2)IT=I1+|2+ ....+In ’ VT=V1 =V2= n




Ohm’s Law

Georg Simon Ohm (1787-1854), a German physicist, is credited with finding the relationship
between current and voltage for a resistor. This relationship is known as Ohm’s law. Ohm’s law
states that the voltage V across a resistor is directly proportional to the current I flowing through

the resistor.

potential difference ( i
Current = - 1
resistance
" +
Fia—— R g ¥
E - S
and I= E (amperes, A)
2.1)
| E=IR (volts, V)
and R = i;— (ohms, ()
(2.2)

EXAMPLE 1 : Calculate the current through the 2-kQ resistor of Figure below if the voltage

16V
V 16V + —
=—=——=8mA AN
3
R 2 X100 0) —"'I 2 k0

drop across itis 16 V.
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For an isolated resistive element, the polarity of the voltage drop is as shown in Fig. 4.3(a) for the
indicated current direction. A reversal in current will reverse the polarity, as shown in Fig. 4.3(b),
In general, the flow of charge is from a high (+) to a low (-) potential. Polarities as established by
current direction will become increasingly important in the analysis to follow.

v v
—o—AN—o— —o—AMA—o—
I R I R
(a) ()

A short circuit is a circuit element with resistance approaching zero.

An open circuit is a circuit element with resistance approaching infinity.

BEE
-

()

Figure 2.1

(a) Short circuit (R=0) , (b) Open circuit (R = «).
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A useful quantity in circuit analysis is the reciprocal of resistance R, known as conductance and
denoted by G:

1
i (2.3)

Conductance is the ability of an element to conduct electric curmrent;
it is measured in mhos (U ) or siemens (S).

Gv 2.4)

The power dissipated by a resistor can be expressed in terms of R.

R - _
p=vi=iR= J vatts (2.5)
The power dissipated by a resistor may also be expressed in terms of
(; as

The Power delivered from the source is

P =EI (watts) 2.7

with E the battery terminal voltage and I the current through the source.

EXAMPLE 2: Determine the current through a 5-k€ resistor when the power dissipated by the
element is 20 mW.

Solution: 53 [50 56 102w
I / =Vax10%=2x103A
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2.2 Series_Circuits

A circuit consists of any number of elements joined at terminal points, providing at least
one closed path through which charge can flow. The circuit of Fig. 2.2(a) has three elements joined
at three terminal points (a, b, and c) to provide a closed path for the current 1.

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.

I .--""..# R
) | ey "
= L R, ‘1
- 2 N
Tj . D
¢ |
|
(a) series circuit (b) R1 and R2 not in series

Figure 2.2
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In general, to find the total resistance of N resistors in series, the following equation is applied:

| R_r = Rl T R: =F RS iF S5 - =F R_‘\\.r | {Olun‘i. ilj (2.8}

The current drawn from the source can be determined using Ohm’s law, as follows:

I
E e
I, =— (amperes. A) (2.9) R; N
= E—=m §RT= R+ R,
)
= Circuit equivalent

The fact that the current is the same through each element of Fig. 2.2 (a) permits a direct
calculation of the voltage across each resistor using Ohm’s law; that is,

| Vi, =IR,, Vo, =1IR,, V5 =1IR;, . ... V= iy | (volts, V) (2.10)

3

2.3 Parallel Circuits

Two network configurations, series and parallel, form the framework for some of the most
complex network structures. A clear understanding of each will pay enormous dividends as more
complex methods and networks are examined. We will now examine the parallel circuit and all
the methods and laws associated with this important configuration.

Two elements. branches. or networks are in parallel if they have two points in common.
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Figure 2.4 determining the total conductance of parallel conductances.

For parallel elements, the total conductance is the sum of the individual conductances.

(2.11)

Gr=G1 t+t G+ G+ -+ Gy

Figure 2.5 Determining the total resistance of parallel resistors.
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= ...-l—
Rr R Ry, R Ry 2.12)

EXAMPLE 4 Determine the total conductance and

resistance for the parallel network of Fig. 2.5.

solution R § 30

1

1
Gr=Gy + G = + —— =0333S 4 0.167S = 0.
T30 60

n

S

and Rr= = -=21)

the total resistance of two parallel resistors is the product of the two divided by their sum.

R RiR>
= - 2.13
T R, + R, (2.13)
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EXAMPLE 5 Calculate the total resistance of the parallel network of Fig. below ??

O
=

ngﬁﬂ Rg§9ﬂ. Rggﬁﬂ R4§?zﬂ Rjgﬁﬂ

Solution: The network is redrawn in Fig. below :

L - - N 7
R Ry
Rr=R_882_,q
N 3
. Rﬁ¢__@ﬂrmny_m5n_gﬂ
' "R+R, 9Q+720 81
and Ry =R5|| R;
T—lupm]lelwith
RTR" 280 16 £}
L Ll S CLY I CLL = 1.6 O

Ry+R% 20480 10



https://v3.camscanner.com/user/download
https://v3.camscanner.com/user/download
https://v3.camscanner.com/user/download
https://v3.camscanner.com/user/download
https://v3.camscanner.com/user/download

PARALLEL CIRCUITS

The network below is the simplest of parallel circuits.
All the elements have terminals a and b in common.

The total resistance is determined by RT = R1R2 /(R1 S 1
+ R2), and the source current by Is = E/RT. i l
Throughout the text, the subscript s will be used to +
denote a property of the source. Since the terminals of E “mm m—

the battery are connected directly across the resistors —
R1 and R2, the following should be obvious:

The voltage across parallel elements is the same. Using this fact will result in:

Vi=V-=E
v, E

and LT =—=—
R, R

, V5 E
with LH=—=—
R, R,

If we take the equation for the total resistance and multiply both
sides by the applied voltage. we obtain

E"'L"]:E"'L+L"

‘-. T/ ‘ Ry Ry
E_E E

and Rr R, + R
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Substituting the Ohm’s law relationships appearing above, we find that

the source current

I£=II+IE

permitting the following conclusion:

For single-source parallel networks, the source current (I.) is equal
to the sum of the individual branch currents.

The power dissipated by the resistors and delivered by the source

can be determined from

P1=

Example 1:

Calculate Ry

Determine I

Calculate I, and I, and demonstrate that [, = I, + I,
Determine the power to each resistive load.

TR D g

total power dissipated by the resistive elements.

Solutions:

Y R RiRy, (9018 (1)

T RI+R, 90 +180
7 T

b I E_ 21 —45A

‘=R__T__

6 (1

3
il = ITR; = —
1
2
2 2
FEIE — IQRQ = ——
2
2 E>
EIl. =I_Rr= R,

Determine the power delivered by the source, and compare 1t to the

1620
==

6 €1

—

E"== 27V
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v, E 27V

© h= R TR 90
,_ V2 _E _2IV _
2" R, R, 180
..|.i:-_=I'|_+Il

45A=3A+15A
4.5A = 45A (checks)

d P, =V, =EIL =(27TV}3A)=81W
Py = Vol = EIL = (27 V){(1.5 A) = 40.5 W
e. P.= EIL = (2T V)}4.5A) = 121.5 W
=P, + P, =81 W + 405 W = 121.3 W

Series-Parallel Networks

Series-parallel networks are networks that contain both series and parallel

configurations.

EXAMPLE 2 Find the indicated currents and voltages for the network of Fig below ??

+ 1 -
B
AWy
6 11
T R, I
— MWA—
610
T _E! T
R_' wllr l*-l-
E—=—=—2V 20

circuit
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Solution:

R 6 ()
Ryp = N 2 =31} [f.--
GO0 60 s
Ry = Rypz = = =12 £}
AT TEET 30000 s
8 )12 ) 96 (1
Rp = Rys = (8 1) ) =480 T

8()+ 121)

20

Rz-: R1||3||3 + R4||5 =12 ﬂ- + 48 ﬂ- = 6 f!

E

24V

I.T = =

Rr
with

=4A
6 {1

Vi = LRyp;s = (4A)1.20) =48V

Vs=ILRys=(4A)480)=192V

Applying Ohm’s law,

Vs 192v
Iy = R, = 80 =24A
. Vs . M _ 48V _
I = & R ) 0.8A
Rr=Rppi+ Ry =120 +480 =611
_E_wv_
Ry 6 ()
with V= LRy = (4A)120) = 48V
V:=LRys = (4A)480) =192V
Applying Ohm’s law,
Vs _ 192V
Iy = = =214A
"R, 80
V5 V 7
===V 4354
Rz R, 6 (1
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POStteSt Ex2/ Find (RyIT)
EX1/ For the CCT .shown find Rt . 2 R = Rz-sf:
IT=5mA R1=0.6 k ) 1 -
10} -
GDV__ . Ra—2FRL =0
R3=SK R4=0.4k

| 10 Ohm l 4 Ohm

— o Y

Ex3/ Find (IT)

5 0Ohm

5 Ohm

10 Ohm




Delta(A) - star (Y)

Transformation

(The fourth week)



Overview

A- Population target

 Students of first year
of
Department Electrical Techniques



B —Rationale

1. Simplification of Circuit Analysis:

Converting between Delta and Star configurations helps simplify complex three-phase circuits,
especially when solving for current, voltage, or impedance.

2. Facilitates Calculations:

Certain circuit configurations are easier to analyze when transformed into an equivalent form.
For example, star networks often allow easier calculation of line and phase values in power
systems.

3. Compatibility with System Design:

Some equipment or loads are designed to be connected in either Delta or Star. Understanding the

transformation ensures proper matching and compatibility in real-world systems.



&

C — Central Idea

J

P

<

N

The transformation between Delta (A) and Star (Y) is essential
f or simplifying the analysis and design of electrical circuits,
especially in three-phase power systems.

It enables easier calculations, improves compatibility with
different system components, and supports efficient and flexible
electrical network operation.

/







Circuit configurations are often encountered in which the resistors do not appear to be in series
or parallel.

(@) (b)

The Y (T) and D (p) configurations.

Under these conditions, it may be necessary to convert the circuit from one form to another to
solve for any unknown quantities if mesh or nodal analysis is not applied. versa. Two circuit
configurations that often account for these difficulties are the wye and delta configurations. They
are also referred to as the tee (T) and pi (7), respectively,. Note that the pi is actually an inverted
delta. The purpose of this section is to develop the equations for converting from D to Y, or vice

Introducing the concept of D-Y or Y-D conversions.
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and

R3=

R, Rpg
Ry + Rg + R

Following the same procedure for Ry and R,. we have

RpRe¢
Rl =
Ry + Rg + Re
R.,R
Ry — P.%
- Ry + Rg + Re

resulting in the following expression for Rs in terms of Ry. Rp. and R¢:

(2.14)

(2.15)

(2.16)

2. To obtain the relationships necessary to convert froma Y toa D

and

and

We follow the same procedure for Rg and R

R = Ri{R> + RiR; + Ry R; 2.17)
R,
R, = RiRy + RiR3; + R1R;
A= R, (2.18)
RiR» + RiR3; + R1R;
RE —

R,

(2.19) °
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3. IfR1 =R2 =R3 or RA = RB =RC

Ry
R L= =
Y3
or Ry = 3Ry

Solution:
RzRc (20 Q)(10 ) 2000 1
Rl = = - = - = 33 !!
Ry + Rg + R¢ 300+ 200 + 10 0) 60
Ro— R.Rc _(Bomaoq) 3000 __
> Ry+Rg+Re 60 Q0 6
R.R 20 (30 ) 600 0
R; = 40 p _ | )i ) _ — 100

" R,+ Rg+ Rc 60 0 60
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EXAMPLE 2 Find the total resistor of figure below.

Solution:
Twao resistors of the A were equal;
therefore, two resistors of the Y wrill
be equal.
KpR 3 (6 18 £}
R, +Rz+Rc 30+3Q+60 12
E4R 30602 18 £2
Ry = 4°C _B6) =150¢——
R, + Rz + Re 120 12
R4R 33102 90}
Ry = 475 ECADICED =0.75 Q
Ry +Reg+ Re 12 £2 12

GO+150020+15Q)
(AO+15Q)+20+150Q)

(5.5 Q)(3.5 Q)

Rr=0.75Q +

= 0750 +

5504350
= 0.75Q + 2.139 O
Ry = 2.889 O
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Example 3 : Obtain the equivalent resistance for the circuit in Figure below and use it to find
current (1).

—= [/
]
1250 10 02
120 V L_'3| ¢ _ﬁfi_ f : 30 0
150 ‘“ 20 0
.I;.i' b

Solution :

Attempt. In this circuit, there are two Y networks and three A
networks. Transforming just one of these will simplify the circuit.
If we convert the Y network comprising the 5-{), 10-(). and
20-£) resistors, we may select

R, = 10 Q, R, = 20 Q. Ry =350

~ RyR> + R:R5 + RaR, I0X 20+ 20X 5+ 310

R, = =
a R, 10
35
= ——I—O = 35102
e R|R3 = R3R3 -+ R3R| . 350 . -
R, = R. G e 17.5 Q2
g = RiRe+ RaRy+ RaRy _ 350 _ .0 o

R S
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i

45450
a

125 ﬂg

ARV == 22530 181820 330
{}.
< §’mﬂ 2300 S5 ; (F .
350 gll 0

P
15ﬂ§ e < 1511% <040

d

Sy

105 £

bo b o b o

() (b} (c)

With the Y converted to A, the equivalent circuit (with the
voltage source removed for now) 1s shown in Fig.a
Combining the three pairs of resistors in parallel, we obtain

70 % 30
70(|30 = —2"=121Q
Ol 70+30 2
12.5 X 17.5
25|17.5 = = 7.292
e R T
15 X 35
15]]35 =——""== 1050
” 15 + 35

so that the equivalent circuit i1s shown in Fig. 2.53(b). Hence, we

find

"
e = 9.632 )
17.792 + 21

R, = (7292 + 10.5) |21 =

Then
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H.W.

Given the circuit of Figure, find the total resistance,
RT, and the total current,I.

]

_ RyR; + RoR3 + R3Ry

R, R

O

And since that all the resistances have the same value
10

Then

]

3001300

30 Q1160 Q
=150 =200

0V 5

3001900=2250
AN

VWV
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Kirchhoff's L.aws
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over view

A- Population target

 Students of first year
of
Department Electrical Techniques



B —Rationale

It is very important to
study Kirchhoft's laws



C — Central Idea

N

J

-/Deﬁnition Kirchhoff's current law in\

any electric point .

* Definition Kirchhoff's voltage law 1n

any electric closed circuit .

A

4




D- Aim the lecture

1o let the student be able to

identify the analyses network
by using Kirchhott's laws .




Electric Node (Point):

An electric node (or simply node) is a point in an electrical circuit where two or more components are

connected. It is a junction that allows the flow of electric current between those components.

= Example: The point where a resistor, a wire, and a capacitor meet in a circuit is a node.

Electric Closed Circuit:
An electric closed circuit is a complete electrical connection where current can flow uninterrupted from the

power source, through electrical components, and back to the power source.
- Kew feature: There are no breaks or open switches in the path.
- Example: A battery connected to a bulb with wires, forming a loop, is a closed circuit if the bulk lights

up.



1. KIRCHHOFE’S VOLTAGE LAW

Kirchhoff’s voltage law (KVL) states that the algebraic sum of the potential rises and drops
around a closed loop (or path) is zero. A closed loop is any continuous path that leaves a
point in one direction and returns to that same point from another direction without leaving
the circuit.

Examplel Using Kirchhoff’s voltage law, determine the unknown voltages for the network of
Fig. below .

+ 40V —
—_— 50V v,
a
- + 30V -
(a)
Solution:
For Fig a
60V —-40V-VFV, +30V=20
and V,=060V+30V-40V=00V—-40V
=50V
For Figb
6V — 14V -V, +2V =0
and V= —-20V+ 2V

= =18V
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2. KIRCHHOFE’S CURRENT LAW

the sum of the currents entering an area, system, or junction must equal the sum of the currents

leaving the area, system, or junction.

z Ieuteriug =X Ilea'.'mg (2.14)

Examplel Determine the currents I5 and I of Fig. below using Kirchhoff’s current law ??

Solution:
At a
X Ie-ﬂ.t-eriug = 2 IlEE.‘i.-'leg
Il —+ _.Erg — IE
2A +3A =1
s =S A
At b

Lh

'

L

- T
B
[
b
i
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Example:

Find the unknown currents and their directions in the circuit shown below:

9A 4A

L 20A

oI




Posttest Using Kirchhoff's theorem to calculate the current at
each Resistance . ( H.W )

solution
4 Ohm B COhm
A A X
4 Ohm B Ohim
5 Ol "N | STATAY
3
2 Ohm T ohm I 5 Ohm
w hn > 2 Ohm 7 Ohm
$— "I S——e= AA N e
I,-1,+1I
10 _ 12T
2 Dhm | |1 : Ohmll I, |1w
W | ] WY 1!

10=81,+3(I4-1,)+7(14-1,+15)
- 10=181,-101,+7l5...(1)
0=41,451,-3(1;-1,)
. -313+71,+51, =0....(2)
0=6(I5-13)-7(14-1,%13)-5l3
L 0=-711+131,-18l5 . (3)




Mesh method

v

{ ( The 6 week) }




over view

A- Population target

 Students of first year
of
Department Electrical Techniques



B —Rationale

It is very important to
study Mesh method.



C — Central Idea

k J

(on a

The study of Mesh Theory focuses on using loop currents

to simplify the analysis of electrical circuits, especially
planar circuits. It allows for the systematic application of
Kirchhoff’s Voltage Law (KVL) to determine unknown

currents 1n a circuit, making the analysis more

efficient and organized.

A /




/D- Aim the lecture \

To let the student be able
to 1dentify the analyses
network by using Mesh
analysis .

/




1. Find the value of the currents 11, 12 and I3 flowing
clockwise in the first, second and third mesh respectively.

a) 1.54A, -0.189A, -1.195A
b)) 2.34A, -3.53A, -2.23A

c) 4.33A, O.55A, 6.02A
d)-1.18A, -1.17A, -1.1T6A

Solution:

AnNnswer: a

Explanation: The three mesh equations are:
-311+212-5=0

211-912+413=0

412-913-10=0

Solving the equations, we getl1= 1.54A, 12=-0.189 and
I3=-1.195A.



Mesh analysis

Mesh analysis is also known as loop analysis or the mesh-current method. The mesh-analysis
approach simply eliminates the need to substitute the results of Kirchhoff’s current law into the
equations derived from Kirchhoff’s voltage law.

1. Assign a loop current to each independent, closed loop.

2. The number of required equations is equal to the number of chosen independent,
closed loops.

3. The column to the right of the equality sign is the algebraic sum of the voltage sources
through which the loop current of interest passes.

4. Solve the resulting simultaneous equations for the desired loop currents.
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EXAMPLE 1:Write the mesh equations for the network of Fig. below, and find the current
through the 7-Q resistor.

6 [}
“Wh—
_ I | b,
|
02| 1 10 2 1 $0
a1 |— = —
¥ ¥
| |
A%
4V - av

Solution

L 80Q+60+2ML—Q2Mh=4V
L (1Q+20L- 20, =-9V

and 166, — 21, =4
9.1!1-1 - 2!1 = -9

which. for determunants. are

161, — 2I, = 4
__..Jr]_ + gI} == _9
|16 4
-2 -9 —-14+85 -—136
and Il = Ij.'i_g = = =
16 —2| 144—-4 140
—2
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EXAMPLE 2: Find the current through the 10-CQ resistor of the network of Figure below.

10 £ hon=15
_|_W"F_

. - - - - - --— - ---—- - -~ "
| ]
: 3 |
! Iy

ks - - 3[}_._ - 512 5=
—W—— W

—: + | |+
15V = i _%_n 2 :_§1ﬂ
N 5 N -
Solution:
I BQ+3ML—-E@ML-30)L=15V

L (Q+50+20L- GO, —(G0L=0
L (B0+100+50L— 80— (50)L =0

111, — 85; — 3L, = 15
105, — 31, — 5L, =0
jjf;- 3.!71—517_? =10

or 115, - 3L, — 8L =15
3L+ 10L — SE=0
—8I, — SL+23L,=0

11 -3 15
-3 10 o0
and E=Ipn=—2 =2 O _ 134
11 -3 -8
~3 10 -5
8 -5 23
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EXAMPLE 3:Using mesh analysis, determine the currents for the network of Figure below.

W

6 02
ﬁ.&C) gjﬂ Eﬂg G)E:‘L
=
Solution:
Mesh
LL=6A
Mesh
Q+6+8)L— ()1, —(8) ;=0
Mesh
L=8A
From mesh 2 :
@=?E1=433
Then Lol=hL-L=6A-475A=1154

and Lol =L -L=8A—-475A =325A
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( The 7™ week)

i

Thevinin’s theorem




( over view

A- Population target
Students of first year
of

Electrical Techniques Department




B —Rationale

It 1s very important to study
Thevenin’s theorem.

Also to study how apply the three

step to the saving theorem .




C — Central Idea

&

a

e Definition Thevenin’s theorem .
‘How we find the current at each
resistance 1n the network by the

above theorem.

<




/ D- Aim of lecture
To let the student be able to
1dentify the analyses network by
using Thevenin’s' theorem.

<

N

4




Define : Load resistance, The equivalent circuit.

Solution

i

N !

Y

Load Resistance: This is the resistance connected to the output terminals of a circuit. It's

the part of the circuit that consumes power—like a speaker connected to an amplifier or a
lamp connected to a battery.

Equivalent Circuit (Thevenin's Equivalent): A more complex linear electrical network can
be simplified into an equivalent circuit that has:

A single voltage source (Thevenin voltage)
In series with a single resistor (Thevenin resistance)

Connected to the load resistance you're analyzing



1. The'venin’s Theorem

The'venin’s Theorem states the following: Any two-terminal, linear bilateral dc network can be replaced by an
equivalent circuit consisting of a voltage source and a series resistor,
as shown below:

Fig.1 Thévenin equivalent circuit.

The following sequence of steps will lead to the proper value of Rty and Eth. Preliminary:

Rtn

1. Remove that portion of the network across which the Thévenin equivalent circuit is to be found. In Fig.1, this
requires that the load resistor RL be temporarily removed from the network.

2. Mark the terminals of the remaining two-terminal network. (The importance of this step will become obvious as we
progress through some complex networks.) .
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3. Calculate Rmn by first setting all sources to zero (voltage sources are replaced by short circuits, and current sources
by open circuits) and then find the resultant resistance between the two marked terminals. (If the internal resistance
of the voltage and/or current sources is included in the original network, it must remain when the sources are set to

zero.) E1n:

4. Calculate Eh by first returning all sources to their original position and finding the open- circuit voltage between
the marked terminals. (This step is invariably the one that will lead to the most confusion and errors. In all cases,
keep in mind that it is the open-circuit potential between the two terminals marked in step 2.) Conclusion:

5. Draw the Thévenin equivalent circuit with the portion of the circuit previously removed replaced between the
terminals of the equivalent circuit. This step is indicated by the placement of the resistor RL between the terminals
of the Thévenin equivalent circuit as shown in Fig. below.

Fig.2 Substituting the Thévenin equivalent circuit for a complex network
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Example 1 Find the Thévenin equivalent circuit for the network in the shaded area of the network of Fig. below.

Ry
Ay
a 41
R S60 R, =30 E-==3V R3§2n
+
b

Solution

1- Rru

(GO)AQ) 240
Rr =R, || R, = = =240
m =Ry || Ry 60 +40 10

R, Circuit redrawn:
Wy
l, <0 i
R 260 R, B30 e T K360 RTH0
l ‘\.‘ LTh
T b “Short circuited” T b

= e ; t—J

= r=00J20 =00 -

2- Etn
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RiE, _ (6)EV) _ 48V

= = =48V
™ R +R, 60+4Q 10

%
Ep Ern B 260 E=238V R 320
!
[

3- Equivalent Circuit

L AAS ¢ a
Ry = 240

—FEr = 48V Ry 30
+
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Example 2 Find the Thévenin equivalent circuit for the bridge network of Fig. below .

Solution :

1- Rtu

Ry =Rap =R, ||R;s + Ry || Ry
=60 |30 +40] 120
=20+30=510}

(a) )]
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120 1,

410

2- Etn
"} T
poo RE__(6M2V) _ 42V _ oo
R,+R 60+30 9
R-E 12 00072V 64V
o RE (zmazvy _ v
R, +R, 1200+40 16

Assuming the polanty shown for Eq, and applying Kirchhoff s volt-
age law to the top loop in the clockwise direction will result in

and

Y V=4En+ V- V,=0
Em=V,— V=54V —48V =6V
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Posttest

Homework : Using Thevenin’s: theorem To Find (I ).

ili 10 Ohm 2 Ohm
—y ATATAY W\l
EEDU — 10y Soluti
— 15 Ohm B Ohm olution

[,=20/(5+15)=1A  »Vauso =IX15=15v

L=10/2+10)=1A .V, 50 =1x8=8v
. By =15-8=7v

RTh=(5x15)/(5+15) +(8x2)/(8+2)=5.35Q

- IL=1T=7/(5.35+10)=0.456 A

5 Ohrm A B 2 ohm
&Vﬂ\fﬂ\f ETH An“"\.l'ﬂ'\.l'ﬂ'\.l'
4 l, |
1y
— 15 Ohm GG —
[

5 Ohm v 2 Dhm

/
ATATAY R 1h RTATAY

18 Ohm 8 Ohm

5.35 Ohm

B 10 Ohm




( The 8™ week)

i

Norton's theorem




( over view

A- Population target
Students of first year
of

Electrical Techniques Department




B —Rationale

It 1s very important to study
Norton's theorem.

Also to study how apply the three

step to the saving theorem .




C — Central Idea

&

a

 Detfinition Norton's theorem .
‘How we find the current at each
resistance 1n the network by the

above theorem.

<




/ D- Aim of lecture \

To let the student be able to

identity the analyses network

\by using Norton's theorem. /




Short Circuit: A short circuit occurs when there's a direct, low-resistance connection between two points in a circuit—

usually across a power source—bypassing the normal load. This causes a sudden surge in current, which can damage components,

trip breakers or even start fires.

Open Circuit: An open circuit is the opposite: there's a break or gap in the electrical path, so current can’t flow at all. Even if a
voltage is present, no current means the circuit is inactive—like a switch turned off or a broken wire




Norton’s Theorem

Norton’s theorem states the following:

An equivalent circuit consisting of a current source and a parallel resistor can replace any two-
terminal linear bilateral dc network.

The discussion of Thévenin’s theorem with respect to the equivalent circuit can also be applied to
the Norton equivalent circuit. The steps leading to the proper values of Inand Ry 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.

RN2

3. Calculate Ry 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 terminals. (If the internal resistance of the voltage and/or current sources is included in the
original network, it must remain when the sources are set to zero.) Since Ry = Ry, , the procedure
and value obtained using the approach described for Thévenin’s theorem will determine the proper
value of Ry.

In:
4. Calculate Ix by first returning all sources to their original position and then finding the short-

circuit current between the marked terminals. It is the same current that would be measured by an
ammeter placed 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.
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Example 3 Find the Norton equivalent circuit for the network in the shaded area of Fig. below .

s} a
WA .
30
+
E _____9 v R, § 6 {1 § Rp
L
= b
Solution:
1- Ry
R
AV .a
30

Rzgtifl "Ry

e b

BO6Q) 180

Ry=Ri||R=3Q]60Q= =20

30+60 9
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2- In

I Ry I I,  Short
30) l I, = -
- - -
E===9V Iu’ﬂzgﬁﬂ 14
il
3

Short circuited -~

Vs =5LRy = l:'['r:!'ff' =0V

Therefore.
E OV
Iy=—=—7-=3A
YR, 3Q
3- Equivalent Circuit
A
f.-v(T) §R:., =240
.
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Example 4 Find the Norton equivalent circuit for the network external to the 9-Q resistor in Fig.
below.

R
AMA
511 a
i %]
()

= 10A
-
— b
Solution
1- Rx
R_};=R1 +R3 =50+40=9(Q)

R’y

Wy

50

————8 &
RZ40 -
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2. In

R (5Q)10A) 50A

Iy =

tn
n
on
=1
-

Ri+R, 50+40 9

3. Equivalent Circuit

Iy 5.556 A RN§9 l Rié 91}

% &
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Example 5 Find the Norton equivalent circuit for the network below.

8Q
L bl ) a
240
’/'L’\ & (\’ ~
2A (1) | S5Q
q\,l 12V )
&
VA 0 b
8 Q
Solution:
1- Ry
8Q
O AAMA > a
20 X 5 2 & i Ry
Ry=5[8+4+8)=5[20=—""—-=40Q 4Q 2 505 w—
8 Q
O VAVAVAY O h
2. Iy
Applying mesh analysis, we obtain
ip = 2A, 20i, —4i; —12=0

From these equations, we obtain
h=1A=i,=

Iy
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a
'\'."‘-\V'A‘v,l O
! / l lee = / N
- 'g: I»
L < o
) A ( \|
L d \J_/ | >
AR N S 5Q
1) ) B
@) 12v ,
8 Q

3. Equivalent Circuit

l [ O a
1a(}) ‘; 4Q

O b
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Example 6

Find the Thévenin equivalent circuit for the network in the shaded area of the network of Fig.
below.

P, < <
2V (%) 129% @) 2a Z R,

b
Solution:
1- RTH
4 Q) 1 Q
AN AMW—0 a
< Ry : 4 % 12
R 2 i
1-52; — "Ry =412+ 1= + 1 =40
O b
2- ETH
4Q Vg 1Q
/\/‘\,/"\/.\/ v‘\'./ \/\/\v O a
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(12+4) i) — 12i,=32

i2= _2A

Solving for i;, we get i; = 0.5 A. Thus,

3 — Equivalent circuit

4Q

30V (i) ,? Ry

@

faryl
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Posttest

Homework: For the cct. Shown find
(I; . eq) using Norton's theorem

& Ohm
"
il o B FL T 1av
— E Ohm —
3 Ohm

A



[ =1+, , I,=72/8=9A

S.C

— 8 12 =18/3=6A In-Is.c=15A

FL
B Chrm
3 Ohm
STAYAY
g8 Ohm
" I
3 Ohm
& M ——

RN=3x8/11=24/11=2.18CQ2

(T) I 218 Ohm § RL
158 & Ohm

IL=(15x2.18)/(2.18+6)=4A




Suppers position theorem

( The 9" week)



( over -view

A- Population target
First year Student
of

Electrical Techniques Department




B —Rationale

It 1s very important to study
Supper’s position theorem.




C — Central Idea

(& /

a )

e Definition Suppers position theorem.

e To calculate the load current flowsfrom
each source and to find the result from
the total currents.

< 4




D- Aim of lecture :

To let the student be able to identify the analyses

network by using Supper position theorem.




Pretest

{ Define : Current load (IL) ,draw Norton equivalent J

Solution:

Current Load (IL): This is the electric current flowing through the load resistance in a
circuit. It depends on the voltage across the load and the resistance itself, following

Ohm's Law: $S$I_L = \frac{VH{R_{load}}$$ where V is the voltage across the load and
R_{load} is the load resistance.

I 3 =1, X Ry/(Ry*R
by g o] 1= X RN/ (Ry*R))




Superposition Theorem

The superposition theorem, like the methods of the last chapter, can be used to find the solution to networks with two
or more sources that are not in series or parallel. The most obvious advantage of this method is that it does not require
the use of a mathematical technique such as determinants to find the required voltages or currents. Instead, each source
1s treated independently, and the algebraic sum is found to determine a particular unknown quantity of the network.

The superposition theorem states the following:

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.

Example 1 Using superposition, determine the current through the 4-Q resistor.

K
W
M0
EI—__—:TI;‘_HL." R];l:i] _E] —ak LA
410
AWMy
R3 - L
3 i R
Wy My I
14 ﬂ —————— -~ 4E—vh3ﬂf F j4 ﬂ 2
I replaced by short =
= )~ circuit T Ry

|

E==54V R0 | - ==V RE1O Ry =40
|
!

3 N
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Solution: Considering the effecis of a 34-V source

Rr=Ri+R||R:=240+120(|40=240+30=270

E 54V
= 1 = =2 A
Ry 274
Ry
Wy e 5 — -
240} I% I |
; Ry |
o |+
RINO Ee—uv EE-RSu0 RIDE B AV
| = B | -
| |
/ RN ¢ [ - =Ry~
\ A 1w
40} 80 40
34-V battery replaced
by short circut
Using the current divider rule,
. AT (12 032 A) 24 A
I 3 = = — = 1.54
fs + Ry 120 + 4 £} 16

Considering the gffects of the 48-V source

Rr=R;+ R ||Ra=40+240]120=40+380 =121}

o _BEa _ 4BV _
* Ry 120
The total current through the 4-{} resistor LA
Wy
L=I-T;=4A-15A=25A  (direction of I";) i

)
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Example 2: Using superposition, determine the current
through the 6-CQ resistor.

Ry

A

12 €2 11:

+ ’
E—==36V R, =60 1() oA

Solutions:
Considering the effect of the 36-V source
E _E 36V

r,=>== = =2A
" R R +R, 120+6Q
Considering the effect of the 9-4 source
Applying the current divider rule,
R 12 )% A 108 A
oo B _ (120008) Lo

Ry+R, 12Q+60O 18
The total current through the 6-{} resistor
L=I,+I=2A+6A=8A

RT6Q |B=2A |In=6AmmP-R, 60 L=38A

Same direction

Current source replace:

by open circuit

Ry

The contribution of E to I>.

AWy

120

Ra
|

-

=60 CT)I

=9


https://v3.camscanner.com/user/download
https://v3.camscanner.com/user/download

Posttest

For the cct. Shown find IL %
by

using supper position theorem

/
10 60
C1=2ty i : -
[l Ei=120  E2=0 , R;=(60//20) +10+30=(20x60)/80+40=55C

EHQW [;=120/55=2.182A , :.1,=60/(60+20)x2.182=1.64A
= 0
T CUWN

E,=0, E,=65v , R;=[(10+30)//20]+60
=(40x20)/60+60=73Q

YRR Y




(The 10" week)

Alternating current (A.C)

To let the student be able to identify
and Study Alternating circuits. And finding th e Instantaneous value,
Maximum value, the Root mean square value, and Average value.




{ overview

A- Population target

Student of the first year
of
Electrical Techniques Department




{ B —Rationale

It 1s very important to study.
Alternating current (A.C)

Also, to analyze the sine wave.



C — Central Idea

\ J

4 N

* Define the sine wave

* To learn how the sine wave

1s generated

e To learn how we find R.m.s current
and average value.

. /




( Pretesﬂ

Define :1- frequency
2- Angular frequency

Solution:

1-Frequency is the number of times a repeating event occurs per unit of
time. In electrical and wave systems, it refers to how many complete
cycles of a wave happen in one second.
It’s measured in hertz (Hz), where 1 Hz =1 cycle per second

2-Angular frequency (often represented by the Greek letter m\omega)

measures how quickly something rotates or oscillates in terms of angle,
instead of cycles.
It's defined as: o=2nf\omega = 2\pi f where:
. m\omega is the angular frequency (in radians per second)
. fis the regular frequency (in hertz or cycles per second)




AC Circuits

Alternating Current:
Alternating current may be generated by rotating a coil in a magnetic
field as shown in figure(a) or by rotating a magnetic field within a

stationary coil as shown in figure(b).

113

M L (a)

Alternating current flows in one direction one time and later its
changes its direction of flows. And the magnitude changes at every time.

The magnitude depends upon the position of the coil.

— 1 CYCLE
v
' 180° 270° 360°
K 0— n
t cvcn.cs[szc

0 0(°




Advantage and disadvantage of AC current:
Advantage:

e It easy to conduct AC to one place to another place.

e In AC current easy to develop high voltage.

e AC equipment is low cost.

e Possible to convert to DC.

e Easy to step down of setup the voltage by transformer.
e AC motors are cheapest.

Disadvantage:

e Can not able to store in battery.

e Because of high starting current in AC the voltage drop is
occurred.

e The speed of the AC motors is depending up on the

frequency.
¢ According to the induction load; power factor gets low.

If coil rotate in magnetic field or magnetic field rotate inside the coil there
is an alternating e. m. f. generate in the coil. The generated emf is
proportional to the number of turns of coil, magnetic field strength, and
the angle between the coil and magnetic field.

e = BLvsin@
From this:
L = Length of the conductor.
v = Velocity of conductor.
B = Flux density.
@ = angle between field to conductor.

e = generated AC emf



The generated AC emf value is depending upon the sine value of the
angle between the magnetic field and conductor.

Rotation

4—4—4—/

(a) 0° Position: Coil sides move (b) 90° Position: Coil end A is positive
parallel to flux lines. Since no flux is with respect :o rB'l?“r.“’":‘d"c“m“
being cut, induced voltage is zero. 130U 0L SUP KNG ZY.

(c) 180° Position: Coil again cutting (c) 180° Position: Coil again cutting
no flux. Induced voltage is zero. no flux. Induced voltage is zero.



+

360°

.

Coil Position

S

---c. -

Generator Voltage

Cycle:

An alternating current complete set of one positive half cycle and one
negative half cycle is called one cycle.

Time period:

The time taken by an alternating quantity to complete one cycle is
called time period. It is denoted by the letter "T".

Frequency:

The number of cycle per second is called the frequency of the
alternating quantity. The unit is hertz (Hz).

Instantaneous value:
The alternating quantity changes at every time.
V=VnpaxSINwWt o0r i = Il,asSinwt
Maximum value:

The maximum value positive or negative of an alternating quantity is
known as its maximum value. Denoted by "Inax OF Vinax™.

Effective value and RMS value:

The effective value of an alternating current is given by that DC
current which when flowing through a given circuit for a given time
produces the same heat as produced by the alternating current when
flowing through the same circuit for the same time also is called root



mean square value RMS. The voltmeter and ammeter are read the
effective value only.

Vmax

V2

I
RMS value = —=
V2

or

Average value:

The average value is calculated by the averages of the maximum value
of alternating quantity at different instances.

21 2V
Average value = Tm“x or :ax

In phase:

If waveform of two AC quantities (voltage or current) get the maximum
and zero at same time then they are said to be in phase.

A [- "

i

Out of phase:

If in AC circuit two quantities namely voltage or current waves get the
maximum and zero at different value then they are said to be out of phase.

/-v
15 |~
2@ £ 1: i
BIQ— V I V-
. v

Current leads

Current lags



AC circuit with pure resistance:

A circuit without inductance and capacitance is called pure resistance
circuit as shown in figure.

By applying Ohm's law:
v Vasinwt V,
:,,=ﬁ-=—"R—w=?"sinwr= I, sin wt
where .= VJ/R

Transposing, Ve=1I.R

Note that current and voltage as in phase:

= e,

Ip Vg

> +

Example-21: For the circuit shown in figure find the value of ig , if
v(t)=60sinot.



Solution:
v 60sin(wt
R= E= T()-= 12sin(wt) A

AC circuit with Purely Inductive Load:

Consider a purely inductive circuit with an inductor connected to an AC
generator, as shown in Figure.

i 3
n
13n -1
di, d )
vi= Ld—t = Ld—t(l,,, sinwt) = wlLl,, cos wt = V,, cos wt

Utilizing the trigonometric identity [ coswt = sin(wt + 90°) you can

write this as:

v, = V, sin(wr + 90°)



Voltage and current waveforms are shown in Figure (a), and phasors in
Figure(b). As you can see, for a purely inductive circuit, current lags

voltage by 90°

&'

From Equation above, we see that the ratio V, to I, is:

V,

7

= wlL

This ratio is defined as inductive reactance and is given the symbol XL.

Since the ratio of volts to amps is ohms, reactance has units of ohms.

Ve
X, = I_,,. (0)
Combining Equations above yields:
XL = wL (Q)

Where o is radians per second w =2nf

Example-22: The voltage acrossa 0.2H  inductance is
vy = 100 sin(400¢ - 70°) V. Determine i; and sketch it
Solution:
® =400 rad/s therefore x; = wL = 400 x 0.2 = 8012



Vm 100
n= =gy = 1254
The current lags the voltage by 90° therefore:

i, = 1.25sin(400t — 20°) A as indicated in figure below

4 vy = 100 sin (400r + 70°)V
100V 45~

j rd
t v,.=707v210° "25":.-"""" { 3w A\
. : : 2 } /:wt
/| U T
70° —»|70°| e} 2
T2 ¥ L f

I, =0.884 AZ—20° 90° ir. = 1.25 sin (400t — 20°)A

AC circuit with Purely Capacitive Load:

In the purely capacitive case, both resistance R and inductance L are
zero. The circuit diagram is shown in Figure

A
v, ’
Valb~=32 e Ic

O Inm

+% + 2x

Ic W ¢ t >

vy C/A=¢ 2 Ax of
T 2 2

foSm——

For capacitance, current is proportional to the rate of change of voltage:

. _ 0 _ ~d : o —
ic=C it —CE(V"' sin wf) = wCV,, cos wt = I, cos wt

Using the appropriate trigonometric identity, this can be written as:



ic = I, sin(wt + 90°)

Where I, =oCV, = ;,(—'“
C

X, is called the capacitance reactance

Example-23: The voltage across a 10-mF capacitance is v¢ = 100sin(wt -
40°) V and f = 1000 Hz. Determine ic and sketch its waveform.
Solution:

w = 2xf = 2x(1000 Hz) = 6283 rad/s
i 1

T wC (6283)(10 X 107%)
; = Va _ 100V
=X aN15920

=15.92Q)

Xc

= 6.28A

Since current leads voltage by 90°, ic = 6.28 sin(6283¢ - 50°) A as
indicated in Figure below.

Ic
50°

>+

400




Impedance:

The opposition that a circuit element presents to current in the phasor

domain is defined as its impedance.

Z = % (ohms)

For resistor:
Z,=R
For inductance:
Z, = joL = jX,
For capacitance:

o | :
Zo=— G = —jXc (ohms)



Posttest

H.W.  For the circuit shown in figure if R= 108, find the sinusoidal expression for
the current if :-

a) v(t) = 100sin(377t)
b) v(t) = 25sin(377t + 60°)

H.W. s The voltage across a I-uf capacitor is

Vie= 30 sinf400¢ )V. Determine iqand sketch it with Vi

HW.  The voltage across a 10-mF capacitance is ve= 100sin{ewt -40%) V and f=

1000 Hz, Determine ic and sketch its waveform,




11t week

Aim of lecture :

To let the student be able
to identify and Study vector
values

Alternating Values




( over view

A- Population target
Students of first year
of
Electrical Techniques Department



B —Rationale

It iIs very important to study

Alternating Values

o /




-

C - Central Idea
N

p

 Definition Alternating Values

* To learn the Pooler simple
and J-operator.

A




Define: The polar symbol, J - operator

solution

Polar Symbol

In mathematics and electrical engineering, the polar symbol typically refers to the notation used to express complex numbers or
vectors in polar form. Instead of writing a complex number as A + Bj (rectangular form), the polar form uses:

Where:

e ris the magnitude (or modulus) of the complex number.
o O\theta is the angle (or argument), usually in degrees or radians, representing the direction from the origin.

This form is especially useful in AC circuit analysis and phasor diagrams, where sinusoidal signals are represented as rotating
vectors.

|
]
[}
]
|
|
|
|
|
|
|
|
i
]
I r£8r\angle \theta
|
|
|
|
|
|
|
]
[}
]
|
|
|
|
|
|
|
|

The j—operator is a mathematical symbol used in electrical engineering to represent the
imaginary unift, equivalent to ~/—1. It's written as J instead of i to avoid confusion with
current (which is denoted by i in circuit theocry).

Key properties:

= =il
- Multiplying a vector by j rotates it 90° counterclockwise in the complex plane.
- It's used to express reactive components in AC circuits:

o Inductive reactance: jwl

< Capacitive reactance: —

1
1
1
1
1
1
1
1
1
1
1
|
1 r
1 - ¥
|
1
1
1
1
1
1
1
1
1
1
1
1
1

____________________________________________________________________________________________________________________________



A.c. quantities

——> J - operator

-

The polar symbol

—

o A x B :- Ex: 2<30 x4<-45=8<-15
The polar symbol o A/B :- Ex: 2<30/4<-45=0.5<75

o A+B
O .-

gl

-

®
wvsis meth/ncj/

_—

Drawing method




-

.

T e i h
e _ Ex:-Find € =el+ e2+ e3 When:
e1=20 sin(wt+60) . @a2=30sin (wt+135); e3=40 cos (wt +150)
J

—

e S
240°

©e=-8.17°

ﬁ135°

e.>50°

g

.e=27.34v<-8.17°

/




@ Analysis method a =C x cose

b=C x sine




12 week

The effect of alternating current on electrical circuits in series

connection.

Aim of lecture:

To make the students should be able to
determine the mmpact of AC circuits linking
series, and to learn to find the relationship
between the current and voltages in connecting
series and finding the phase angle and total
defiance of the electrical circuit.




over view

A- Population target
Students of first year
of
Electrical Techniques Department



Define: Phase shift, Phase diagram, Phase angle(d),

Inductance (L), Capacitance (C), Inductive reactance (X.),

Capacitive reactance (X.), Impedance(2).

Phase shift refers to the horizontal displacement between two waveforms of the same frequency. It indicates how much one waveform
leads or lags another in time. It's typically measured in degrees (°) or radians.

A phase diagram is a graphical representation showing the states of matter (solid, liquid, gas) of a substance at various temperatures and
pressures. In electronics, however, it can also refer to a phasor diagram, which shows the phase relationships between voltage and

current in AC circuits using vectors.

The phase angle ¢ is the angular difference between the voltage and current waveforms in an AC circuit. It determines whether the
current leads or lags the voltage:

e Ininductive circuits, current lags voltage (positive o).
e In capacitive circuits, current leads voltage (negative ).

Inductance is the property of a coil (or inductor) that resists changes in current. It stores energy in a magnetic field and is measured in
Henries (H).

Capacitance is the ability of a capacitor to store electric charge. It resists changes in voltage and is measured in Farads (F).
Inductive reactance is the opposition offered by an inductor to AC current. It increases with frequency and inductance.
Capacitive reactance is the opposition offered by a capacitor to AC current. It decreases with increasing frequency and capacitance.

Impedance is the total opposition to AC, combining both resistance (R) and reactance (X). It’s a complex quantity with both magnitude
and phase.




"~ R-Lin series
Vs Vi
Vr=IR , Vi= 1. XL " - | |
V=+/Vr2 + V.2 A T o |
=/J(LR2 + (1. XL) 2 0 =
V=1, /(RZ +XL2) | v |
)
L Z=V/1=4/(R? +X12) e
(Q) Impedance of the cct. ,
tane=VL/VR=l.XL/|.R =XL/R
.. tane= VUVR:. 6=tan ' ViU VRr 5 XL
0 R
tane =XL/R :. e=tan ' XL/R g
Triangle of Impedance
© =phase angle between V and |
© = 60+ 35145+ 5 30+ Jia(daa 34) 43,3 90 (e sl Jikall Ga S) 79 S Ayl 3 Aad
0= 40580 4905 Ja (B (U 4isl) = 60- 5145- 5 30- Jia(Ohad — 43 58 4, g) 311 4asd)




/ Ex(1):- For the cct. Shown find the value and direction the current N\

éw’ R2 + XL 2 Xl=w.L =314x0.1=31.4Q \

Z= w/(z;.5)2 +(31.4) = 31.6Q
I=v/Z = 220/31.6 =6.96 A | L
©=tan -1 XL/R=tan -131.4/3.5 =tan -1 8.97 W e
.© =83.63 ° :.i=6.96<-83.63/
-.1=6.96sin (314t-83.63)Amer

-

S
il

W

6=-83.63°

V=220sin(314t) N

VRr=I.R,Vc=I.XC \Npi c \

i VR _
v—‘/Vni +Vc2—\/(| R)? + (1. Xc) 2 = I T i
V=l V (R4+Xc2 vV &,
. 7= V/1 =V (RH4X2, —

Xc=1/w.c

tane= Vc/VR= |. Xc/l. R=Xc/R =
| .e=tan” V¢/VR  Or tane=Xc/R ) \N Xc )

] -




find (f), then what is the value of (R) that
connected with (C) to reduce the current to (0.5A) with the same frequency.

/ C
= =] = 2 uF
S Xc= Ve /Ic =250/1=250 Q ¥
Xc=1/w.c=1/2nfc . f=1/(2m.c.Xc) a
f=1/ (2x3.14x8x10 ©x250 ) =79.5 HZ 250y
:
Z=/(R*+Xc? = /(R%+2502,  Z=250/0.5=500Q &
:.5002=R? +2502 :.R?>=5002%2-2502%2:.R=433Q .
R 8 uF
0.5A
- 250v




VL=V \

R-L-C in series 1- If XL > Xc :

Vr=I.R, Vi=L.XL , Vc=L.Xc , v=/VRr? + (V- Vc)2

V=l . JR2 + ( XL — Xc)?
V=Vm sin(wt)

The impedance of the (:))
.. Z2=V/1 = JRE + ( XL — Xc)? ict.} g @

©=tan' (VL-Vc)/VR A
Vi

©=tan! (XL-Xc)/R A
Vi-Vc =V 1-Vc
Also : Xi> Xc : /

1- The cc.t is inductive
| VR

2- O is positive XL

3- Vrled lr by © R




2/1f Xc >XL:. V> WL

When Xi< Xc 1/ The cct. Is capacitive
2/e IS negative

3/ It leads ~3u\/T by ©

3/ If Xe=Xc:. Vi=Vc

When Xi= Xc 1/ We have resonance case
2/ © =0
/Resonance series frequancy \ 3/2 =R
Xi=Xc :.217f0.L=(1/211f0.C)
-fo'=(1/417 L.C) 4/ Vi=Ve
fr=fo= 1/(2.n/L.C) HZ 5/ V1=\Vr
The energy stord in the coil(w,e)

kW=(1/2) L.lw joule /

Vi

Vr=Vr

E-VL

Ve

W



EX(3) : For the cct. Shown Find ( ZT, |, ©, V21 ,Vz2 ) draw the phaser diagram .

Z7=/R? + (X1~ Xc)2

Xi= 2nf.L =2x3.14x50x0.06 = 18.8Q

Xc= 1/2nf.c =1/(2x3.14x50x6.8x10¢ ) =468.1Q)

Z1= /2,52 + (18.8-468.1)2=449.3 0
1=V/Z = 230/449.3 =0.5 A

© =tan’ (XL-Xc )/R=tan"' (-449.3) /2.5

.. ©=-89.68°

. V=230<-89.68° v
i=0.5<0 A

Z1=,/(2.52 +(18.8)2
=18.965Q
72 =XC=468.1 Q

2.5 Ohm

VAl

V=230v ,f=50HZ

- V71=1.21=0.5x 18.965
=9.48 v

- V22=|.Z2=1.XC

=0.5x468.1
=234v

0.06 H b.8 ufF
&)
')
_I_
+7)
IT

W

/9=-89.68‘-'J

V7




Post test

[ EX(a) : For the cct. Shown Find (ZT, 1,0 ,VVz1,Vz2, Vz3 )then draw the phaser diagram

- ’\ /1=31.6 Q,

10 Ohm 5 Ohm 15 mH 15 Ohm EEITF 1=6.329A A
AAA bttt £ © =18.43°
L1 22 Z3
Vzi= 63.29v
200 VI50 Hz/0 Deg Vz:= 99.998v
@ Vz:=184.49v

[ EX(b): For the cct. Shown Find: 1, ,VR,VC , VL and draw the phaser diagram.

- J

10 Ohm 0.1 H 150 urF > solution = 14 A
© =45.55°
220 W50 Hz/0 Deg VR=140v
@ Ve =297v

VL=439.81v




13t week

The effect of alternating current on electrical circuits in parallel

connection.

Aim of lecture:

To make the students should be able to
determine the mmpact of AC circuits linking
parallel, and to learn to find the relationship
between the current and voltages in connecting
parallel and finding phase angle and total
defiance of the electrical circuit.




over view

A- Population target
Students of first year
of
Electrical Techniques Department



4 N
Aim of lecture : To make the student should be able to decipher

complex electrical networks linking parallel and current knowledge of
the relationship Balvoltaip in this case, and how to find a phase angle
and the reluctance of the circle and permittivity

4/

Pretest

Ex: Drawing the phase diagram for the cct contain
(L,C)in series .If xL > xc

/ A Vi \

Solution :-

> VR

Ve




R-L in parallel ‘ s ¥l A

I

lR=V/R , li=v/XL , |= IR2 + 12 7

It =/(V/R)2 + (V/XL)2 =/V2/ RZ + V2 /X2

I

lr=v \/1/R? + 1/X2 = Iv=y=y/1/R? + 1/Xi2 (Moh),
1/Q ,(Siemens) ,(admittance of the cct.) , Y=1/Z,

Z=1/Y R
©=tan" (-IL/IR) B v
EX(1): for the cct. Shown find YT, ZT, IR,,IL, IT ,© It
Drawing the phaser diagram. IL
e
Ir=v/R=100/5 =20A, l1=V/X(=100/(1000*0.01))=10A D), s ¥l

100
5 Ohm
Ir=y/Ir? +112 = /207 + 7102 =22A Jtom

©=tan’ -IL/Ir =tan-1 (-10/20)=-26.5

|R=20A

- -

=26.5° v

Z1=V/17=100/22=4.5450Q I
.
Y1=1/Z7=0.22 moh l.=10A




" R-Cin Parallel

|
R=V/R , lc= V/ X Wf | Ic
+5 v

= /1r2 + 12

=V (V/R)2 +(V/Xc)2
1=VA/(1/R?) + (1/X&2) \©
|/v=Y=\/(1/R? ) + (1/X2 ) IR v
©=tan’ (Ic/IrR )

EX(2) : for the cct. Shown find YT, Z71, IR ,Ic, IT,0 V=1UUS'"1UU'3W£ i
: : 120 /60 Hz0 Degs, @ Ohm - —— 100Uk
Drawing the phaser diagram. %

Solution :Xc=1/w.C = 1/ (10000x100x10® )= 1Q

Y=4/1/R? + 1/Xc?=4/1/52 +1/12 =1.01moh,

Z=1/Y=0.98 Q, or Z=V/I= 100/101=0.98 Q, IR=V/R= 100/5=20A

Ic=V/Xc=100/1=100A, IT= vIR? + IcZ =4/202 + 1002 = 101A
e =tan! Ic/IR =tan-'5 =78°

IrR=20A




| The general Parallel case

FRL>Xe  wle >0 wlr=4/IR2 + (lc- )2 fi | n

R C
Zr=-1/,/(1/R)? +(1/Xc - 1/XL)? OR Z=V/IT { Vv . R lL'L —
© =tan' (lc-IL) /IR %

M
I! !::})(L Ll le L IT= \IIRE + (lc —IL )? lc

Z1=1 /A/(1/R)? +( 1/XL -1/Xc )2 OR Z=V/IT

©=tan? (Ic-IL) /IR

b 3

If Xc=XL (Resonance Parallel case ) :. le=IL :. It= IR

Z1=1/(1/R)?:.Z=R , Vr=I1.Z1, ©6=0

fr= 1/ 2.m.V/L.CHZ
fr: (Resonance Parallel frequancy) I




i Example(3): )
For the parallel cct. Shown in figer find : 1/ The total current 2/ phase angle
3/ Impedance of the cct. 4/ phase diagram .

- P
[ solution

@

120160 Hz0 Deg 100 Ohm Jgsy — 113

/lR/=V/R=120/100=1.2A Xc=1/2nf.c =1/2 1 x60x25x10° \

.. Xc=100Q , lc=V/Xc=120/100=1.2A , XL =2 nf.L =2 A
1ix60x0.5 lc
- X1=188.4Q , li=V/X1L=120/188.4=0.63A

le-1.=1.2-0.63=0.57A :. lt=+/IR2 +(lc-I0)2
. h=/(1.2)2+057)7 . l1=1.3A, 224 lgf
o =tan"! lc-IL / |r=tan1 0.57/1.2=22.40 Vi

Q:vnmzon 3=92Q j L




Ex: For the cct. Shown in figer find 1) the source current |r.
2) Active and reactive power and apparent power

A

Soluti :> X1=2nx60x0.5=1880
ion
[ou ° } Xc=1/2 nx60x20x10° =132.60Q I
@'v=25o¢o

/ﬂz\/{IUUZ +1882)=213Q , e=tan' 188/100=62° f=60HZ
/1=213<62° Q , Zc=132.6<-90°

— — 20 uF

%D.EH

100 Ohm

ll=V/Z1L =250/213<62 =1.17 <-62 A b
lc=V/Zc= 250/132.6<-90° =1.88<90A , It= L+ Ic
.. 17=1.88<90 + 1.17<-62
. lcos ©=1.17Xcos -62 + 1.88xcos 90 =0.423A
Isin @ =1.17xsin -62 + 1.88xsin 90 =0.79A
. 1= \/(0.423)2 + (0.79)2 =0.896A
=tan 0.79/0.423 =61.8° :. |=0.896<61.8A /

4 , )
P=1.Vcos e =250x0.896xc0s61.8=105.73 watt (Active power )
Q=I.Vsine =250x0.896 xsin61.8 =197.4 var (Reactive power )
S=V. =250x0.896=224 V.A (Apparent power)

\ /
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series resonance
- 4

{ overview

A- Population target
yhe Students of first year

’% of

Electrical Techniques Department




(& N

Aim of lecture
1\ J

To make students able to learn circuits respectively ringing
and how to access them and calculate the current and voltage
and impedance at resonance condition, as well as finding the
bandwidth and finding a quality factor and how to draw a
relationship between the inductive reactance and capacitive
reactance with frequency.




pretest ||

Ex: Draw the phaser diagram at parallel circuit
contain (L,c) If Xt> Xc

—

/

solution

\iﬂ VR

IL

~




If Xe=Xc;. Vi=Vc

When Xi= Xc

(monance series \

frequency

XL=XC
:.2]]fo.L=(142]1fo.C )
.fo =(1/47] L.C)

fr=fo=1/2.n.A/L.C HZ

The energy stord in the coil(w,e)

We have resonance case when

1/ X1=Xc
2/Z =R

3/ Vi=Vc

4/ \I1=VRr
5/ 0 =0

W=12) L) o e 6/ Imax is flow
K _

AN

Vi

|-
T

Y
v

Ve

A

.~




Quality factor (Q operator ) : - it is the relation between

reactive and active power at Resonance case

:.Q= wr.L/R = 2refr.L /R { When resonance case :. XL=Xc

.. Q=(1/R) .VL.c ] :.Q =1/wr.R.C= wr.L/R = (1/R) VL.c

{

1) Q=12 .XL/12.R [ :.Q:[f:;)(L/R] 2) Q=2nfr.L /R=2mn (1/2n +/Lc) .L/R )

.wr.L=1/wr.c }

ﬁand width (B.w) OR Pass Band B.w=fr-f1

lrm.s = Im/ V2 =0.707 Im I
fr= m, Q=fr/B.w Im
For the cct. Have Q =10

{f2= fr+ B.w/2 , fi=fr- B.w/2}because :

Fr=1/2n \,’E

k f1

0.707Im

Active value

/%OI’ current

'Fr f2 f /




Q factor of a series resonant cct. Reconsider
the equations for |, VL and Vc at resonance
V=X , I=V/R, V, =(V/R).X, , Or:
V,/V=X/R....(1)
similarly ; ve/v= xc/R

The ratio (capacitor voltage ,voltage, or inductor voltage at
resonancy/ (supply voltage )is a measure of the quality of a
resonance cct.

This is termed the (Q) factor of the cct and it is also known as the
voltage magnification factor .




From equ. (1);

Q= w.L/R ...(2) and Q= Xc/R giving Q=1/w.C.R
Since the coil resistance is often the only resistance in a series
resonance cct, the ( Q) is some times referred to as the (Q) factor of
the coil, Rewriting equation....(2)

Q=(2T1.fr.L)/R and substituting for fr from equation : fr=1/(2]T VL.c)

..Q= [27.L(1/2TT VL.c) 1 /R which reduces to; Q= 1/R(+/L /C)

It is seen that the Q factor of a series resonance cct. May be

increased either by reducing (R)
Or by increasing the L/C ratio .

The Q factor can also be defined in terms of the ratio of the
reactive power to the power dissipated in the cct. Resistance. Using
this the equations for Q come out exactly as derived above .



Ex.1 For the resonance cct. Shown below find :
1) LVR,VL,Vc, in polar form. 2) The quality factor .
3) The band width B.W if the resonance frequency (5000)HZ .
4) The Band width ( B.W ) if the resonance frequency (500) HZ.

> Ohm 10) Ohm 10 ohm

s . OO | {
| \

("0}
o i

Solution :
1)X, =X, (resonance case ), Z;=R=2, |=V/Z=10<0/2<0=5<0 A
Ve= .R=5<0x2<0=10<0 V., V,= |.X,= 5<0x10<90=50<90 v
V.= |.X_= 5<0x10<-90=50<-90 v, 2) Q= X,/R= 10/2=5
3)B.W=f /Q=5000/5=1000Hz , 4) B.W=f /Q=500/5=100Hz




(Z;The band width of a series resonanh

cct. Is (400Hz), R=10Q Find: Q, XL, L, C

solution :

Q = fr/B.W =4000/400 =10 , Q=X,/R

. Xi= Q.R=10.10=100Q

X =2TT.f.L ,L=X/277.f=100/(2(3.14)4000)= 0.0039 H
In resonance case :  X;=X_

. Xe=1/(2T1f.c) , = C=1/ (X (2TT)f )

\ C=1/( 100(2)(3.14) 4000)=0.39x10~6 F /




Ex 3:. A series L-c-R cct. Which resonates at (fr) =500kHZ ,
has L=100 puH, R=25Q ,and C=1000P.f . Deter mine the (Q)
factor of the cct. Also , determine the new value of ( C)
required for resonance at (500 KHz) when the value of (L) is
doubled ( «elxd ) and calculate the new (Q) factor .

Solution : Q=1/R(VL/C) ,Q=(1/25Q) ( v100 pH/1000p.F) =12.6
When : Lis doubled:
f =(1/2TT)(VL.C) , : C= 1/(4TT% f.’xL) = 1/[4TT?x(500kHz)2x200F]

. C=500P.F
Q2=(1/25)( V200uH/500p.f) , :. Q=25




EX(4) . A series L-c-R cct. Which resonates at (fr) =500kHZ , has L=100

uH, R=25Q ,and C=1000P.f . Deter mine the (Q) factor of the cct. Also,
determine the new value of ( C) required for resonance at (500 KHz) when
the value of (L) is doubled ( «e=blxai ) and calculate the new (Q ) factor .

Solution :

Q=1/R(VL/C) ,Q = (1/25Q) ( V100 uH/1000p.F) =12.6
When L is doubled:

f =(1/2TT)(VELC) , : C= 1/(4T7% f2xL) = 1/[4TT2x(500kHz)2Xx200F]
. C=500P.F

Q2=(1/25)( V200uH/500p.f) , :. Q=25



—— m

H.W. For the resonance cct. M

Shown below find :

1) ILVR,VL,Vc, in polar form.
2) The quality factor.

3) The band width B.W if the
resonance frequency .

4) The Band width ( B.W ) if the @

resonance frequency (500 HZ)

10

L O

Solution :
X,=X. (resonance case ), Z=R=2, 1=V/Z=10<0/2<0=5<0 A

V= 1.R=5<0x2<0=10<0 V., V= |.X = 5<0x10<90=50<90 v
V_=1.X_=5<0x10<-90=50<-90 v, Q= X, /R=10/2=5
B.W=F,/Q=5000/5=1000Hz




ﬁThe band width of a series resonance cct. Is \

(400Hz), R=10Q Find: Q, XL, L, C

solution : Q= fr/B.W =4000/400 =10 , Q=X,/R
.. X;= QxR=10x10=100Q
X=2T[.F.L , .:L=X/2][.f.L =100/(2x3.14x4000)
= 0.0039 Hz
iIn resonance X =X_
= Xa= LH2THE.c)i v i Ce 1 AECx2XTTxE)
=1/( 100x2x3.14x 4000)=0.39x10-6 F

g 4




Parallel resonance

Aim of the lecture:

Student to be able to tell the parallel ringing and how to calculate the voltage
and current impedance and phase angle and the resonant frequency and

bandwidth with the knowledge of drawing graphs relations with the frequency
and find the quality factor.




{ overview

A- Population target

Student of the first year
of
Electrical Techniques Department




) -

pretest Explain cases that get then resonance series case , and
drawing the phaser diagram at this case .

& 7,

ﬂolution \

We have resonance case when

1/ XL=Xc 2/2 =R VL
3/ Vi=Ve 4/ \t=VR l
5/ © =0 6/ Imax is flow
K Ve J




Resonance Parallel case

"

If Xc=X, :. (Resonance Parallel case)

wle=l s = 1R

Zt=1/\/(1/R? . Z1=R , Vi=ItZr, VT=ITR ,0=0

fr= 1/ 2.n/L.C HZ

fr. (Resonance Parallel frequency)

W

lc

lL\

Y




Parallel resonance:

Y=(1/R) =j(1/X)) +i(1/X.)

Ir \V

E

W— B—

Phose dioagraoam

(cODVWaveforms




/IRwith the same phase with (v), If the supply frequencym
adjusted until X, and X_ are equal, the admittance becomes:

Y=1/R , and the cct. Impedance, R=Z . Consequently,
the current taken from the supply source is 1=V/R

The current through (R ) is in phase with the supply voltage.
The current through (L) lags the supply voltage by 90° . This is
illustrated by the phaser diagram (b), and by the cct. Wave forms
in figure (C) When X_ X_are equal, the inductive and capacitive
currents are equal and opposite, as illustrated in the
phaser diagram. Thus, the total current supplied by the voltage
source is Iz ,l. and I, are the result of the energy stored in the cct.
Being continuously transferred from the inductor to the capacitor
, and back again .
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A parallel L- C ccts has a maximum
impedance at the resonance frequency

When we discussed series resonance, we found that the impedance is lower in
the case of parallel resonance, and the current taken from the source in the case
of resonance is as shown.
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» Ex1/ L-c circuit has R=5.5 Q , L=68uH , C adjustable from 200 p.f to 1200 pf

,and stray capacitance of 30 p.f in parallel with C.
Determine the maximum cct impedance at resonance

I=l,.cos 8 =I,(R/X,) , Q=l/I=X/R,, L
Q=wl/R . (3) ® |

i
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The eq.(3) is exactly the same as the (Q) factor equation for
a series resonant cct. That is the (Q) is
Again the (Q) factor of the inductance.



Resonance frequency

In equation Xc= (R *+X?)/X, ....(4) IN cct (a) above:
Y=[1/R +jX ]+ j(1/Xc) (@l e ai ) (R L-jXL)/(RL-jXL):
Y=[ R/(R2#X.2) 1 —jlX/(R2+X2)] +j 1/Xc , 1/Xc=X/(R2+X2) , Or

Xc= (R 2+X2)/X,
When Q> 10, X >>R/? also X=X,
This gives the resonance frequency for a parallel L-C cct for Q > 10 :-
f =[1/(2]].VL.C) ....(5) this is the same as in series resonance frequency .
a4 (f )dads L (10) 0o i (Q ) Lexie ) sill Alla 4 (3adaiV (5) Ualadll
5SSy 515l
Fr=1/2TT.VL.C x4/ 1-(CRL?/L)

The band width of a parallel resonanant cct. Determined in exactly
the same way as that for a series resonant cct.

Af=f/Q



Resonance in parallel cct. s

We will consider the practical case of a coil in
Parallel with a capacitor as shown

Fr=(’4T7) J{I/L.c] —(R?/L?) ....(1), If the coil

resistance is very small , so the equation of the
resonance frequency . Will be :

Fr=1/(2T]VL.C ) .....(2)

EX(Z) : For the cct shown below find the
resonance frequency .

Solution: F = (A]T)x J(l/L.c} —(R2/L2?), =197 HZ
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[ Post test ]

EX(3) : An inductive cct. Of resistance 2Q and inductance 0.01H is

connected to a 250 mho, 50 Hz .
What is the value of the capacitance should be placed in parallel to produce
resonance ?

Solution : F= (1/217)*/(1/L.C) - (R¥/L?)

, 50 = (1/21T)x ,/(1/0.01x C) - 4/(0.01)?

2 C=721 L F



