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إرشادات للطلبة
· الرغبة والحماس للتعليم
· كن مشاركاً في جميع الأنشطة  
· احترم أفكار المدرس والزملاء 

· أنقد أفكار المدرس والزملاء بأدب إن كانت هناك حاجة. 

· احرص على استثمار الوقت 

· تقبل الدور الذي يسند إليك في المجموعة 

· حفز أفراد مجموعتك في المشاركة في النشاطات 
· احرص على بناء علاقات طيبة مع المدرس والزملاء أثناء المحاضرة 
· احرص على ما تعلمته في المحاضرة وطبقه في الميدان .
· ركز ذهنك بالتعليم واحرص على التطبيق المباشر
· تغلق الموبايل قبل الشروع بالمحاضرة
الوحدة  الأولى - المحاضرة الأولى - الزمن: 120 دقيقة
أهداف المحاضرة الاولى:

After the end of courses the student will be able transform between units and definitions of main terms in circuit.
موضوعات المحاضرة الاولى:
. Symbols and abbreviations, units, electric circuits &it’s element
الأساليب والأنشطة والوسائل التعليمية 
	م
	الأساليب والأنشطة التدريبية
	الوسائل التدريبية

	1
	· نشاط التعارف 
· محاضرة
· مناقشة
· سؤال وجواب
	· جهاز حاسوب
· جهاز عرض
· سبورة
· اوراق واقلام


خطة إجراءات تنفيذ المحاضرة الاولى
	الوحدة
	المحاضرة
	الإجراءات
	الزمن بالدقيقة

	الأولى
	الأولى
	الترحيب بالطلبة والتعارف معهم  
	120

دقيقة

	
	
	التعريف بالبرنامج وأهدافه وأهميته
	

	
	
	والبدء باعطاء المادة العلمية للمحاضرة
	

	
	
	
	

	
	
	
	


المادة  العلمية: 
1- SI units:

The system of units used in engineering and science is the (International system of units), usually abbreviated to SI units, and is based on the metric system.

[image: image6.png]Quantity Quantity  Unit Unit
Symbol Symbol
Length 1 metre m
Mass m kilogram kg
Time t second s
Velocity v metres per  m/s or
second ms~!
Acceleration a metres per  m/s> or
second ms~2
squared
Force F newton N
Electrical Q coulomb C
charge or
quantity
Electric current I ampere A
Resistance R ohm Q
Conductance G siemen S
Electromotive E volt \4
force
Potential \4 volt \4
difference
Work w joule ]
Energy E (or W) joule ]
Power P watt w





SI units may be made larger or smaller by using prefixes which denote multiplication or division by a particular amount.

[image: image7.png]Prefix Name Meaning

M mega  multiply by 1000000 (i.e. x 10°)
k kilo  multiply by 1000 (i.e. x 10°)
m milli  divide by 1000 (i.e. x 107%)
n micro  divide by 1000000 (i.c. x 107%)
n nano  divide by 1000000000

(ie. x 107%)
P pico  divide by 1000000000000

(ie. x 10712)




Charge: The unit of charge is the coulomb (C) where one coulomb is one ampere second. (1 coulomb = 6.24 x 1018 electrons).

This charge, in coulombs [image: image9.png]Q=1It



 where I is the current in amperes and t is the time in seconds. For example, if a current of 5 A flows for 2 minutes, find the quantity of electricity transferred. 

Quantity of electricity  [image: image11.png]Q=1It



 coulombs


[image: image13.png]5A,t =2 x60=120s,henceQ =5 x120=600C




Force: The unit of forceis the newton (N) where one newton is one kilogram metre per second squared. Thus force, in newtons [image: image15.png]


, where m is the mass in kilograms and a is the acceleration in metres per second squared. Gravitational force, or weight, is mg, where [image: image17.png]g =9.81m/s?



.

For example: A mass of 5000 g is accelerated at 2 m/s2 by a force. Determine the  force needed. Force = mass x acceleration = 5kg x 2m/s2 = 10 kg m/s2 = 10 N.

Work: The unit of work or energy is the joule (J) where one joule is one newton metre. Thus work done on a body, in joules, W=Fs where F is the force in newtons and s is the distance in metres moved by the body in the direction of the force. 

Power: The unit of power is the watt (W) where one watt is one joule per second. Power is defined as the rate of doing work or transferring energy. Thus, power, in watts, P = W/t, where W is the work done or energy transferred, in joules, and t is the time, in seconds. Thus, energy, in joules, W=Pt 
Example: A mass of 1000 kg is raised through a height of 10 m in 20 s. What is (a) the work done and (b) the power developed?

[image: image18.png](a) Work done = force x distance

and force = mass x acceleration
Hence, _ 2
wonce, = (1000kg x 9.81 m/s?) x (10m)

= 98100Nm
= 98.1kNm or 98.1kJ
work done _ 981007
time taken 205
= 4905 J/s = 4905 W or 4.905 kW

(b) Power =





Now try the following exercise:

[image: image418.png]equivalent



[image: image19.png]8 Determine the force acting downwards on
a mass of 1500g suspended on a string.
[14.72N]

9 A force of 4N moves an object 200 cm in the
direction of the force. What amount of work
is done? 8J]




[image: image20.png]10 A force of 2.5kN is required to lift a load.
How much work is done if the load is lifted
through 500 cm? [12.5k]]

11 An electromagnet exerts a force of 12N and
moves a soft iron armature through a distance
of 1.5 cm in 40 ms. Find the power consumed.

[4.5W]

12 A mass of 500 kg is raised to a height of 6m
in 30s. Find (a) the work done and (b) the
power developed.

[(a) 29.43kNm (b) 981 W]



 
Electrical potential and e.m.f.: The unit of electric potential is the volt (V), where one volt is one joule per coulomb. One volt is defined as the difference in potential between two points in a conductor which, when carrying a current of one ampere, dissipates a power of one watt, i.e.

 [image: image22.png]Volts — —Yatts _ Joules/second

amperes amperes



=[image: image24.png]Joules Joules

amperes second  Coulombs




A change in electric potential between two points in an electric circuit is called apotential difference.

Resistance and conductance: The unit of electric resistance is the ohm (Ω), where one ohm is one volt per ampere. It is defined as the resistance between two points in a conductor when a constant electric potential of one volt applied at the two points produces a current flow of one ampere in the conductor. Thus, resistance, in ohms 

[image: image25.png]



The reciprocal of resistance is called conductance and is measured in siemens (S). Thus

conductance, in siemens 


[image: image26.png]



Electrical power and energy: When a direct current ofIamperes is flowing in an electric circuit and the voltage across the circuit is V volts, then power, in watts P=VI
Electrical energy = Power x time = VIt joules Although the unit of energy is the joule, when dealing with large amounts of energy, the unit used is the kilowatt hour (kWh) where

[image: image27.png]1kWh = 1000 watt hour = 1000 X 3600 watt seconds or joules = 3600000 ]




Example: An electric heater consumes 1.8 MJ when connected to a 250 V supply for

30 minutes. Find the power rating of the heater and the current taken from the supply. 

[image: image28.png]Power = Sergy _ 18 x 10°)
oY= Time ~ 30x 60s
= 1000J/s = 1000W

i.e. power rating of heater = 1kW

P 1000
Power P=VI, thus [ = — = =

250
Hence the current taken from the supply is 4A




Now try the following exercise:

[image: image29.png]2

w

4

Find the conductance of a resistor of resistance
(a) 10 (b) 2k (c) 2mQ
[(a) 0.1S (b) 0.5mS (c) 5008

A conductor has a conductance of 50 uS. What
is its resistance? [20kQ

An em.f. of 250V is connected across a resis-
tance and the current flowing through the resis-
tance is 4 A. What is the power developed?

[1kW]

450] of energy are converted into heat in
1 minute. What power is dissipated? [7.5W!

A current of 10A flows through a conductor
and 10 W is dissipated. What p.d. exists across
the ends of the conductor? nv




 

[image: image30.png]6 A battery of e.m.f. 12V supplies a current
of 5A for 2minutes. How much energy is
supplied in this time? [72KJ]

7 A d.c. electric motor consumes 36 MJ when
connected to a 250V supply for 1hour. Find
the power rating of the motor and the current
taken from the supply. [10kW, 40 A]




الوحدة  الأولى - المحاضرة الثانية - الزمن: 120 دقيقة
أهداف المحاضرة الثانية:

يتوقع في نهاية الجلسة أن يكون الطالب قادراً على:
التعرف على قوانين V.D.R & C.D.R وفهمها وطرق حل مسائلها
موضوعات المحاضرة الثانية:

voltage division rule ,parallel circuit and current division rule
الأساليب والأنشطة والوسائل التعليمية

	م
	الأساليب والأنشطة التعليمية
	الوسائل التعليمية

	1
	· محاضرة
· مناقشة
· سؤال وجواب
	· جهاز حاسوب
· جهاز عرض
· سبورة
· اوراق واقلام


المادة  العلمية: 
Ohms law :

This law applies to electric conduction through good conductors and may be stated as follows :

The ratio of potential difference ( V ) between any two points on a conductor to the current ( I ) flowing between them , is constant ,

in other words ,


V

V =R.I     , or
----- = R

I

Resistance : It is defined as the property of a material due to which it oppose the flow of electrons through it . The unit of resistance is ohm ( Ω ) . The resistance ( R ) offered by a conductor depends on the following factors :

1. It varies directly as its length ( L ) .

2. It varies inversely as the cross sectional area (A) of the conductor .

3. It depends on the nature of the material .

4. It also depends on the temperature of conductor .

Neglecting the last factor for the time being , we can say that : L

R  α
-------

A

L

R  = ρ
--------

A

Where :



R
is the resistance of the conductor ( Ω ) . L
is the length of the conductor ( m ) .

A
is the cross sectional area of the conductor (m2 ) .
Example : Calculate the resistance of 1 km cable composed of 19 strands of similar alloy conductors , each strand being 1.32 mm in diameter . Resistivity of alloy may be taken as 1.72 x 10 – 8 Ω . m .

Sol.



π d 2
   A =
   -------

4

3.14 x ( 1.32 x 10-3 )2
= -------------------------------
= 13.67 x 10-7 m2
                    4

Total cross sectional area of the cable = 19 x 13.67 x 10-7 m2
                 L

R = ρ --------

                 A

1.72 x 10-8 x 1000

= -------------------------- = 0.66 Ω

19 x 13.67 x 10-7
Open and short circuit in series circuits :

Objective:the studenta able to regocnize between open andshort cct.and the deffrence in draw of cct.

1. Open circuit :

In this case there is no current flows through the circuit as shown in fig. 1 .

I = 0

[image: image419.png]clircuilt




[image: image420.png]


Fig. 1

2. Short circuit :

If the resistance is short circuited , the current will flow through the short circuit (no current flows through the shorted resistance)

as shown in fig. 2 .

V

I = -------------

R1 + R2
R 1
I

R 2
R 3
[image: image421.png]


V

Fig.2

Open and short circuit in parallel circuits :

1. Open circuit :

In this case , there is no current flow in the open branch as shown in fig. 3 .

[image: image422.png]onm
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Fig. 3

I 2 = 0

I = I 1 + I 3
2. short circuit :

In this case , there is no current flow through R1 , R2 and R3 because the total current ( I ) pass through the short circuit as shown in fig. 4 .

[image: image425.png]ohm
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Fig.
V

I = -----------

ri
Where ri is the internal resistance of the battery .

Voltage divider rule ( V.D.R ) :

In series circuits , voltage across any resistance could be obtained in terms of total voltage as follows :Voltage across resistance equal to the total voltage multiply by the value of this resistance divided by the sum of all resistances .

[image: image428.png]
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	V1 = V
	x
	R1
-----------

	
	
	R1 + R2

	V2 = V
	x
	R2
-------------

	
	
	R1 + R2


[image: image432.png]
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Example : Using voltage divider rule ( V.D.R. ) ,find V1 , V2 , V3 And V ' from fig. 5 .

[image: image434.png]
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Fig. 5

	V1 = V x
	         R1  

-------------------
	1

= 21 x ------------------- = 3 v

	
	R1 + R2 + R3
	1 + 2 + 4


                           R2                               2

V2 = V x -------------------- = 21 x  --------------  = 6 v

              R1 + R2 + R3                       1 + 2 + 4

                              R3                             4

V3 = V x --------------------- = 21 x --------------  = 12 v 

                   R1 + R2 + R3                      1 + 2 + 4

	V4 = V
	x
	R2 + R3
----------------------
	               2 + 4

= 21 x------------ = 18 v

	
	
	R1 + R2 + R3
	             1 + 2 + 4


    Current divider rule ( C.D.R ) :

Objective:the student able to find current in parallel case.

In parallel circuits , branch current could be obtained in terms of the total current as follows :

Branch current equal to the total current multiply by the resistance of other branch divided by the sum of all resistances .

[image: image439.png]
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                           R2
          I 1 = I x -------------

                        R1 + R2
                          R1
          I 2 = I x--------------

                       R1 + R2
Example : Using current divider rule ( C.D.R. ) , calculate I 1 , I 2 and I 3 from fig. 6 .

[image: image448.png]



                                                                           Fig. 6

         To find I 1 , the other resistances are ( 4 // 10 ) .

      4 x 10

       ----------- = 2.857 Ω

       4 + 10

                        2.857

   I 1 = 20 x -------------- = 5.796 A

                      7 + 2.857

     To find I 2 , the other resistances are ( 7 // 10 ) .

   7 x 10

   --------- = 4 Ω

    7 + 10

4

     I 2 =     20 x    ----------- = 10 A

4 + 4

       To find I 3 , the other resistances are ( 7 // 4 ) .

       7 x 4

      -------- = 2.545 Ω

       7 + 4

                              2.545

         I 3 = 20 x ------------------ = 4.057 A

     2.545 + 10

الوحدة  الاولى - المحاضرة الثالثة - الزمن: 120 دقيقة
أهداف المحاضرة:

يتوقع في نهاية الجلسة أن يكون الطالب قادراً على:
التعرف على قوانين كيرشوف وطرق حل مسائلها
موضوعات المحاضرة الثانية:
Series-parallel current circuit (KVL-KCL)
الأساليب والأنشطة والوسائل التعليمية

	م
	الأساليب والأنشطة التعليمية
	الوسائل التعليمية

	1
	· محاضرة
· مناقشة
سؤال وجواب
	· جهاز حاسوب
· جهاز عرض
· سبورة
اوراق واقلام



المادة  العلمية: 
Kirchhoffs laws :

Objective: the student able yo find voltages and currents by easy method.

1. kirchhoffs voltage law :

The algebraic sum of voltages in any closed loop is zero .

∑ V = 0

Now , from fig. 1 , there are three equations according to kirchhoffs voltage law .

[image: image449.png]



Fig. 1

Loop 1 :

E – V1 – V2 = 0

E = V1 + V2 ------- ( 1 )

Loop 2:

V2 – V3 – V4 = 0

V2 = V3 + V4 -------- ( 2 )

Loop 3 :

E – V1 – V3 – V4 = 0

E = V1 + V3 + V4 --------- ( 3 )

Example : For the circuit shown in fig. 2 ,using kirchhoffs voltage law

,find V1 and V2 .

[image: image450.png]equivalent





10v

Fig. 2

Loop 1 :

10 – V2 = 0 V2 = 10 v


Loop 2 :

-10 + 6 + V1 = 0

V1 = 10 – 6 = 4 v

2. kirchhoffs current law :

In any electrical network , the algebraic sum of currents meeting at a point ( junction ) is zero as shown in fig. 3 .

∑ I = 0

[image: image451.png]circuit




Fig. 3

I 1 + I 3 = I2 + I 4 + I 5
I 1 + I 3 - I2 - I 4 - I 5 =0
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Example : Using kirchhoffs current law , find I 5 from fig. 4 .
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What quantity of electricity is carried by

6.24 x 10%' electrons? [1000C
In what time would a current of 1 A transfer
a charge of 30C? [30s
A current of 3 A flows for 5 minutes. What
charge is transferred? [900C
How long must a current of 0.1 A flow so as
to transfer a charge of 30C?  [5 minutes
What force is required to give a mass of 20 kg
an acceleration of 30 m/s>? [600N

Find the accelerating force when a car having
a mass of 1.7Mg increases its speed with a
constant acceleration of 3 m/s [5.1kN

A force of 40N accelerates a mass at 5 m/s>.
Determine the mass. [8kg
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Fig. 4

At node 1 :

I 1 + I 2 = I 3
2+ 3 = 5 A , therefore I 3 = 3 A At node 2 :

I 3 = I 4 + I 5
5
= 1
+ I 5
I 5 =  5 – 1 = 4 A
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Example : Using kirchhoffs law , find I 1 , I 2 and I 3 for the circuit shown in fig. 5 .

[image: image461.png]


[image: image462.png]



[image: image463.png]


Fig. 5

I 1 = I 2 + I 3 ---------- ( 1 )

Loop 1 :

- 20 + 5 I 1 + 10 I 2 = 0

5 I 1 + 10 I 2 = 20

I 1 + 2 I 2 = 4 --------- ( 2 )

Loop 2 :

- 10 I 2 +10 I 3 = 0

I 2 = I 3 -------------- ( 3 )

From Equ . ( 2 )

I 1 = 4 – 2 I 2
------------- ( 4 )

Sub. Equ. ( 3 ) and ( 4 ) in ( 1 )

 4 – 2 I 2 = I 2 + I 2
 4 I 2 = 4

I 2 = 1 A

From Equ . ( 4 )

I 1 = 4 – ( 2 x 1 ) = 2 A

I 3 = I 2
I 3 = 1 A

    Maxwells method :

In this method loop current is used instead of branch currents as in kirchhoffs laws . Here , the current in different meshes are assigned continuous paths so that they do not split at a junction into branch current . Basically , this method consists of writing loop voltage equation in terms of the unknown loop currents .

Example : Using Maxwells method , calculate all currents for the circuit shown in fig. 6 .
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Fig. 6

Loop 1 :

- 20 + 5 I 1 + 10 ( I 1 – I 2 )=0

15 I 1 – 10 I 2 = 20

3 I 1 – 2 I 2 = 4 --------- ( 1 )

Loop 2 :

10 ( I 2 – I 1 ) + 10 I 2 = 0

10 I 2 – 10 I 1 + 10 I 2 = 0

20 I 2 = 10 I 1
                   I 1 =2 I 2 -------------- ( 2 )  


Sub. Equ. ( 2 ) in ( 1 )

3 ( 2 I 2 ) – 2 I 2 = 4

6 I 2  - 2 I 2
=  4

I 2 = 1 A

I 1 = 2 I 2
I 1 = 2 A

Now , branch current will be calculated as follows : The current through  5 Ω resistor I 5Ω = I 1 = 2 A .

The current through 10 Ω resistor I 10 Ω = I 1 – I 2 = 2 – 1 = 1 A . The current through a 10 Ω resistor I 10 Ω = I2 = 1 A .

الوحدة الاولى - المحاضرة الرابعة - الزمن: 120 دقيقة
موضوعات المحاضرة الثانية:

Δ-Υ and Υ- Δ conversion of resistive circuit . 

الأساليب والأنشطة والوسائل التعليمية

	م
	الأساليب والأنشطة التعليمية
	الوسائل التعليمية

	1
	· محاضرة
· مناقشة
سؤال وجواب
اختبار
	· جهاز حاسوب
· جهاز عرض
· سبورة
اوراق واقلام



المادة  العلمية: 
     Star delta transformation :

In solving complicated networks , it is necessary to transform from star to delta or from delta to star as shown below .
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B
C

star connection
delta connection

1. Convert from star to delta :

R a x  R b
R ab = R a + R b +     -------------

                                                R C
R a x  R c
R ac =  R a + R c  +     --------------

R b
R b  x  R c
R bc =  R b + R c +      ---------------

R a

Convert from delta to star :

R ab  x  R ac

   R a  =   -------------------------

R ab + R ac + R bc

R ab  x  R bc

R b = ------------------------

R ab + R ac + R bc

R ac  x  R bc

                R c  =    ------------------------

R ab + R ac + R bc

Example : For the circuit shown in fig. 1 , find the total resistance
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Fig. 1

Convert star to delta
4 x 8

	R
	1
	= 4 + 8 + --------- = 28 Ω

2

	
	
	2 x 8

	R
	2
	= 2 + 8 + --------- = 14 Ω

4


2 x 4

R 3 = 2 + 4 + --------- = 7 Ω

8
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4 x 28

4 Ω // 28 Ω
,
------------ = 3.5 Ω

14 x 12

14 Ω // 12 Ω  ,
------------ = 6.5 Ω

14 + 12
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3.5 + 6.5 = 10 Ω

           7 Ω // 10 Ω
7 x 10

--------
= 4 Ω

7 + 10

R t = 3 + 4 = 7 Ω
الوحدة  الاولى - المحاضرة الخامسة - الزمن: 120 دقيقة
موضوعات المحاضرة الثانية:

Connections and power sources conversion
Nodal voltage method

الأساليب والأنشطة والوسائل التعليمية

	م
	الأساليب والأنشطة التعليمية
	الوسائل التعليمية

	1
	· محاضرة
· مناقشة
سؤال وجواب
اختبار
	· جهاز حاسوب
· جهاز عرض
· سبورة
اوراق واقلام



المادة  العلمية: 
Nodal method

Nodal method :

[image: image478.png]


In this method , every junction in the network where three or more branches meet is regarded as a node . One of these is regarded as the reference node ( or zero potential node ) .Consider the circuit in fig. 1 which has three nodes . Node 3 has been taken as the reference node . VA represent the potential of node 1 with respect to node 3 . VB represent the potential of node 2 with respect to node 3 .
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Fig. 1

Node 1 :

1
1
1
VB
E1
VA  { -----  + ------  + ------ } -  ------
- ------ = 0 R1
R2
R4
R2

R1
Node 2 :

1
1
1
VA
E2
VB { ------ + ------  +  ------ }  -  --------  -  -------  =  0 R2
R3
R5
R2
R3
Example : Using nodal method , find all currents for the circuit shown in fig. 2 .
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Fig. 2 Consider node 3 as reference node .

Node 1 :

	1
	1
	1
	V2
	15

	V1 {
--------
	+ --------
	+ ------ } -
	-----
	- ------- = 0

	1
	1
	0.5
	0.5
	1

	4 V1 – 2 V2 =
	15 -------
	( 1 )
	
	

	Node 2 :
	
	
	
	

	V2 {
	1

-------- 1
	1
1

+ ------- +  ------- 2
0.5
	}
	V1
-  ------

0.5
	20

- ------- = 0

1


3.5 V2 – 2V1 = 20 -------- ( 2 )

From Equations ( 1 ) and ( 2) V1 =  9.25 v
,
V2 = 11 v

15 – 9.25

I1 = ------------------ = 5.75

1

11 – 9.25

I2 =  -----------------
= 3.5 A

0.5

20 – 11

I3 = ------------- = 9 A

1

I4 = 5.75 + 3.5 = 9.25 A

I5 = 9 – 3.5 = 5.5 A

الوحدة  الاولى - المحاضرة السادسة - الزمن: 120 دقيقة
أهداف المحاضرة:

يتوقع في نهاية الجلسة أن يكون الطالب قادراً على:
قادر على فهم وتحليل DC circuit analysis methods.

.
موضوعات المحاضرة الثانية:

DC circuit analysis methods
Thevenins theorem
الأساليب والأنشطة والوسائل التعليمية

	م
	الأساليب والأنشطة التعليمية
	الوسائل التعليمية

	1
	· محاضرة
· مناقشة
سؤال وجواب
اختبار
	· جهاز حاسوب
· جهاز عرض
· سبورة
اوراق واقلام



المادة  العلمية: 
Thevenins theorem :

The current flowing through a load resistance RL connected across any two terminals A and  B of a network as shown in  fig. 1 is given  by :

Vth

IL  = -----------------

Rth + RL
Where



Vth is the open circuit voltage across the two terminals A and B where RL is removed .

Rth is the internal resistance of the network as viewed back into the network from terminals A and B with voltage source replaced by its internal resistance , while current source replaced by open circuit .

RL load resistor .
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Fig. 1
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Now , Rth and Vth must be found . Rth could be found as follows :

1. Replace voltage source by short circuit ( if there is no internal resistance ) , while the current source replaced by open circuit .

2. Remove RL from the circuit , then calculate Rth viewed from terminals A and B .
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Vth could be found as follows :

1. Remove RL and make sure that the voltage or current source is connected .

2. Calculate Vth between points A and B .
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Example : Using Thevenins theorem , find IL in the circuit shown below .
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To find Rth
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7 Ω  //  7 Ω

7 x 7

------- = 3.5 Ω

7 + 7

3.5 + 5 = 8.5 Ω


[image: image41] 
[image: image42]
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8.5 Ω // 2 Ω

8.5 x 2

--------- = 1.6 Ω

8.5 +2

Rth = 1.2 + 1.6 + 18 = 20.8 Ω

To find Vth
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Since , there is no current flow through 1.2 Ω and 18 Ω , then the above circuit could be simplified to the following circuit .
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I1 = I2 + I3 -------- ( 1 )

- 21 + 7 I1 + 7 I2 = 0 7 ( I1 + I2 ) = 21

I1 + I2 = 3 ---------- ( 2 )

2 I3 + 5 I3 – 7 I2 = 0

7 I3 = 7 I2
I2 = I3 ------------- ( 3 )

From Equation ( 2 )

I1 = 3 – I2 ----------- ( 4 )

Sub. Equations ( 3 ) and ( 4 ) in ( 1 ) 3 – I2 = I2 + I2
3  = 3 I2
,
I2  = 1 A
, I3 = 1 A I1 = 1 + 1 = 2 A

Vth = V2Ω

Vth = 2 x I3 = 2 x 1 = 2 v
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Vth
2

IL =
------------ = --------- = 0.09 A Rth + RL
20.8 +1

Maximum power transfer theorem :

A resistor load will abstract maximum power from a network when the load resistance is equal to the resistance of the network as viewed from the output terminals with all voltage sources removed leaving behind their internal resistances and all current sources replaced by open circuit .
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R L = R th
Vth

I L = -----------------

R th + R L
V th

I L =
-----------

2 R th
P = ( I L )2 x R th
( V th )2
P max = ---------------- x R th
4 ( R th )2
( V th )2
P max = -----------------

4 R th
الوحدة  الاولى - المحاضرة السابعة - الزمن: 120 دقيقة
أهداف المحاضرة:

يتوقع في نهاية الجلسة أن يكون الطالب قادراً على:
التعرف على مزايا Superposition theorem

موضوعات المحاضرة الثانية:

Superposition theorem

.......................................
الأساليب والأنشطة والوسائل التعليمية

	م
	الأساليب والأنشطة التعليمية
	الوسائل التعليمية

	1
	· محاضرة
· مناقشة
سؤال وجواب
اختبار
	· جهاز حاسوب
· جهاز عرض
· سبورة
اوراق واقلام



المادة  العلمية: 
Superposition theorem

In a network containing more than one source , the current which flows at any point is the sum of all currents which would flow through that point if each source was considered separately and all the other sources replaced for the time being by resistance equal to their internal resistances .

Example : For the circuit shown in fig. 1 , find the current in all branches , using Superposition theorem .
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1. Consider 6 volt only , replaced 12 volt source by its internal resistance 2.5 ohm
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3 x 6

Rt = 2.5 + ----------- + 0.5 = 5 Ω


     3+6

Vt
6

I1′ = ------- = ------- = 1.2 A →

Rt
5

Using C.D.R :

6

I2′  = I1′ x
----------

6  +  3

6

I2′ = 1.2 x ----------- = 0.8 A →

9

I′ = I1′ - I2′ = 1.2 – 0.8 = 0.4 A ↓

2. Consider 12 volt only , replaced 6 volt source by its internal resistance .
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                       3x6

Rt = 2 + --------- + 1 = 5 Ω

                  3 + 6

Vt
12

I2 =  -------
= ------- = 2.4 A ←

Rt
5

Using C.D.R :

6

I1 = I2  x   ----------

6 + 3

6

I1 = 2.4 x ------- = 1.6 A ←

9

I = I2 - I1 = 2.4 – 1.6 = 0.8 A ↓

Now , take 6 volt and 12 volt sources in consideration : I = I′ + I″ = 0.4 + 0.8 = 1.2 A ↓

I1 =  I1″ -  I1′ =  1.6 – 1.2  =  0.4 A ←

I2 = I2″ -  I2′ =  2.4 – 0.8  =  1.6 A ←

Example : For the circuit shown in fig. 2 , find the current flows through 10 Ω resistor , using super position theorem .
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1. Consider 50 volt source only , replace 2 A current source by open circuit .

2
I 1
I 3
10
3
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50 V

6 x 15

Rt = 2 + ------------ =
6.285 Ω

6 + 15

Vt
50

I1 = -------- = -------- =  7.955 A Rt
6.285

Using C.D.R :

6
6

I3 = I1 x ------------ = 7.955 x ----- = 2.272 A →

6 + 15
21

2. Consider 2 A current source only , replaced 50 volt source by short circuit .
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2 x 6

------- + 10 = 11.5 Ω

2 + 6

It is clear that 11.5 Ω ⁄⁄ 5 Ω

Using C.D.R :

   
5

I3′ = 2 x ---------- = 0.606 A ←,   I10Ω = I3 - I3′ = 2.272 – 0.606 = 1.66 A →

                5+11.5

الوحدة  الاولى - المحاضرة الثامنة - الزمن: 120 دقيقة
أهداف المحاضرة:

يتوقع في نهاية الجلسة أن يكون الطالب قادراً على:
فهم طريقة Norton's Theorem

موضوعات المحاضرة الثانية:

Norton's Theorem

.......................................
الأساليب والأنشطة والوسائل التعليمية

	م
	الأساليب والأنشطة التعليمية
	الوسائل التعليمية

	1
	· محاضرة
· مناقشة
سؤال وجواب
اختبار
	· جهاز حاسوب
· جهاز عرض
· سبورة
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المادة  العلمية: 
Norton's Theorem

 

We could see the Thevenin theorem that has two-terminal active network is converted into a voltage source and an equivalent series resistance across the load where current would be calculated. Here there is another method of analyzing a network called Norton's theorem. Here the two terminal network with current and voltage source is converted into a constant current source and a parallel resistance and is connected across the load through which the current is to be calculated.
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Norton circuit
 

What is Norton's Theorem?

Back to Top

Norton's theorem, as Thevenin's theorem is the way that is used to solve the complex circuits to represent control devices. It was developed by American scientist E.L. Norton, is generally used to reduce the complicated circuit network. It is the alternate to thevenin's theorem to analyze the network that has a simple current source and single parallel resistor. It states that
"Any combination of linear bilateral circuit containing network elements and active sources, regardless of the connection to a given load ZL, can be replaced by a simple network, that has a single current source of IN amperes and a single impedance Zeq in parallel with it, across the two terminals of the load ZL. It is called Norton's current IN and Zeq is the equivalent impedance of given network as viewed through the load terminals, with ZL removed and all the active sources are replaced by their internal impedances. If the internal impedances are unknown then the independent voltage sources must be replaced by short circuit while the independent current sources must be replaced by open circuit, while calculating Zeq".
The steps used to convert the simple circuit into Norton's circuit using theorem are:

1. Short the branch, through which the current is to be calculated

2. Obtain the current through this short circuited branch, using any of the network simplification techniques. This current is Norton's current.

3. Draw the Norton's equivalent across the terminals, with current source IN, with impedance Zeq parallel with it. The current through the branch 

I = IN ×× ZeqZeq+ZLZeqZeq+ZL 
Norton Equivalent Circuit

An American engineer, E.L. Norton at Bell telephone laboratories, proposed an equivalent circuit the current source and a equivalent resistance. This circuit is related to the Thevenin equivalent circuit by a source transformation. Hence a source transformation converts a Thevenin equivalent circuit into a Norton's equivalent circuit or vice versa. Norton published this method in 1926, 43 years after Thevenin.
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The Norton's equivalent circuit replaces the simple circuit by a parallel combination of an ideal current source isc and a conductance Gn, where isc is the short circuit at the two terminals and Gn is the ratio of the short circuit current to the open-circuit voltage at the terminal pair.

Difference between Thevenin Theorem and Norton's Theorem

Back to Top

Even though Thevenin's and Norton's theorem can be derived from each other and their resistance are equal in magnitude. There are some differences that rule them out:

	 
	Thevenin's theorem 
	Norton's theorem 

	1 
	 The Thevenin's theorem is derived without referring any theorem 
	 It is the converse of Thevenin's theorem derived by referring it

	2
	 It is the theorem where we get the simple circuit from the  complicated circuit that has voltage source VTH, resistance RTH   and load RL.
	 It is the theorem where we just follow the similar steps like Thevenin's but  some parameters to determine are different (resistance RN, current IN)

	3 
	 Here Voltage source VTH is used in the circuit
	 Here current source IN is used in the circuit instead of voltage source

	4
	 The equivalent resistance RTH is in series with the source
	 The equivalent resistance RN is in parallel with the source
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Thevenin and norton equivalent circuit
Norton's Theorem Examples

Back to Top

Lets see some examples on Norton's theorem:
Example 1: 
Calculate the current through the branch be using Norton's theorem
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Step 1 : Short the branch be
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Step 2: Calculate the short circuit current using Kirrchhoff's laws
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Apply KVL to two loops,


- 10 I1 + 2 - 0.1 I1 = 0


∴ 10.1 I1 = 2


∴ I1 = 0.198 A


-20 (I1 - IN) - 0.2 (I1 - IN) - 4 = 0


∴ - 20.2 I1 + 20.2 IN = 4


∴ IN = 0.396 A

Step 3: Calculate Req shorting voltage sources by simplifying the circuit, we get

             
            Req = 20.2 || 10.1 = 6.733 ΩΩ
Step 4: Norton equivalent is shown in the figure gives the idea that flow of load current ILis in downward direction while the flow of Norton current IN is in upward direction
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Step 5 : IL = IN ×× ReqReq+RLReqReq+RL
   
                =  0.396 ×× 6.7336.733+56.7336.733+5
  
                = 0.2272 A

Example 2: 

In a Norton's circuit there would be a flow of the Norton's current of 2 A having a equivalent resistance of 100 ΩΩ and carries load resistance of 10 ΩΩ. What would be the load current in the circuit?


Given: 

Norton current IN = 2 A, equivalent resistance Req = 100 ΩΩ, Load resistance RL= 10 ΩΩ

Hence the load current is


IL =  IN ×× ReqReq+RLReqReq+RL

   =  2 A ×× 100Ω100Ω+10Ω100Ω100Ω+10Ω

   = 1.818 A .

الوحدة  الاولى - المحاضرة التاسعة والعاشرة والحادية عشر - الزمن: 120 دقيقة

موضوعات المحاضرة:
DC circuit analysis theorems
Loop Current Method (Mesh Analysis)
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المادة  العلمية: 
Loop Current Method (Mesh Analysis)

Mesh analysis provides another general procedure for analyzing circuits, using mesh currents as the circuit variables. Using mesh currents instead of element currents as circuit variables is convenient and reduces the number of equations that must be solved simultaneously.

Example: For the circuit below, find the branch currents I1, I2, and I3 using mesh analysis.
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Second method:

[image: image65.png][+ 3]-[]

We obtain the determinants

3 -2
A—_l 2’ 6-2=4
1 =2
A1=‘1 2‘=2-¢-2=4, A2=’_?
Thus,

Ay Ay

=—"=1A h=—"=
i A . i A 1A




[image: image66.png]2Q

120
v

10

90

@ .SV

30

Calculate the mesh currents #; and #; in the circuit
Answer: i) = }]—’ A iy =0A.




Example: Use mesh analysis to find the current i0 :

Given: 

Norton current IN = 2 A, equivalent resistance Req = 100 ΩΩ, Load resistance RL= 10 ΩΩ

Hence the load current is


IL =  IN ×× ReqReq+RLReqReq+RL

   =  2 A ×× 100Ω100Ω+10Ω100Ω100Ω+10Ω

   = 1.818 A .

Loop Current Method (Mesh Analysis)

Mesh analysis provides another general procedure for analyzing circuits, using mesh currents as the circuit variables. Using mesh currents instead of element currents as circuit variables is convenient and reduces the number of equations that must be solved simultaneously.

Example: For the circuit below, find the branch currents I1, I2, and I3 using mesh analysis.

[image: image67.png]—15 4 5i1 + 10G; —i2) +10=0

3i) —2ip




 [image: image68.png]or

6iy + 4iy + 10(i — i) — 10 =0

i1=2i—1



 [image: image516.png]



[image: image69.png]6i —3-2i=1 = i=1A
iy =2 —1=2—1= 1A Thus,
L=i=1A4, L=iy=1A4A, h=i—i=0




Second method:

[image: image70.png][+ 3]-[]

We obtain the determinants

3 -2
A—_l 2’ 6-2=4
1 =2
A1=‘1 2‘=2-¢-2=4, A2=’_?
Thus,

Ay Ay

=—"=1A h=—"=
i A . i A 1A
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Calculate the mesh currents #; and #; in the circuit
Answer: i) = }]—’ A iy =0A.




Example: Use mesh analysis to find the current i0 :

[image: image517.png]


[image: image72.png]‘We apply KVL to the three meshes in turn. For mesh 1,
=244 10G) — i) + 125 —i3) = 0

or
11iy — 5iy — 6i3 = 12
For mesh 2,
24i +4(i — i) + 10 —i) =0
or
—5i) + 193, — 21, =0
For mesh 3,

4ip + 12053 — i) +4G3 — i) =0
Butatnode A, i, = i| — i, so that
4 — i)+ 1203 — i) + 43 —ix) =0
or

—i =i+ 2i




 
[image: image73.png]1 =5
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‘We obtain the determinants as




[image: image74.png]A
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=456 — 24 =432

=24+120=144




[image: image75.png]A= =60 + 228 =288
- +
_ 19 +
- +
We calculate the mesh currents using Cramer’s rule as
LA 432 Ay 144
i =—=—=225A, ir=—"=—=075A
A 192 A 192
A 288
=220 5A
A 192

Thus, i, =i} —i» = 1.5 A.





[image: image76.png]6Q Using mesh analysis, find i, in the circuit

Answer: —5A.





[image: image77.png]24V

a0





Find i.
Ans.: i=2A

[image: image78.png]6Q





Find i

Ans.: i=0.75A

Nonlinear direct current circuit:

There are, components of electrical circuits which do not obey Ohm's law; that is, their relationship between current and voltage (their I–V curve) is nonlinear. An example is the p-n junction diode (curve at right). As seen in the Fig.1, the current does not increase linearly with applied voltage for a diode. 

[image: image79.emf]
Fig. 1

One can determine a value of current (I) for a given value of applied voltage (V) from the curve, but not from Ohm's law, since the value of "resistance" is not constant as a function of applied voltage.
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المادة  العلمية: 
The source-free RC circuit:

Consider a series combination of a resistor and an initially charged capacitor, as shown in Fig. 2.

Our objective is to determine the circuit response, we assume to be the voltage v(t) across the capacitor. Since the capacitor is initially charged, we can assume that at time t = 0, the initial voltage is          [image: image81.png]v(0) =V,




[image: image82.emf]
Fig. 2

Applying KCL at the top node of the circuit in Fig. 2,

[image: image83.png]i, +ig




By definition, [image: image85.png]av g
% andiy
=




  . Thus,

[image: image86.png]



[image: image87.png]Taking powers of e produces
v(t) = Ae~/RC
But fiom the initial conditions. v(0) = A = Vo. Hence.

u(1) = Voe '/RC




Since the response is due to the initial energy stored and the physical characteristics of the circuit and not due to some external voltage or current source, it is called the natural response of the circuit.

The natural response is illustrated graphically in Fig. 3. Note that at t = 0, we have the correct initial condition. As t increases, the voltage decreases toward zero. The rapidity with which the voltage decreases is expressed in terms of the time constant, denoted by the lower case Greek letter tau, τ.

[image: image88.emf]
Fig. 3

This implies that at t = τ ,

[image: image89.png]0.368V,




or                                           [image: image91.png]



At any rate, whether the time constant is small or large, the circuit reaches steady state in five time constants. We can find the current iR(t),

[image: image92.png]NORLZE





The power dissipated in the resistor is

[image: image93.png]2

p() = vig = e "




Example 15:  In Fig. 4, let vC(0) = 15 V.  Find vC, vx , and ix for t > 0.

[image: image94.emf]
Fig.4

We find the equivalent resistance .

[image: image95.png]20X5
20+5

—(8+12)|5= =40




[image: image96.png]R,,C=4x01




[image: image97.emf]
From Fig. 4, we can use voltage division to get vx; so

[image: image98.emf]
Practice problem:

Refer to the circuit in Fig. 5. Let vC(0) = 30 V. Determine vC, vx , and i0 for t ≥ 0.

[image: image99.emf]
Fig. 5

[image: image100.emf]
Example:

The switch in the circuit in Fig. 6 has been closed for a long time, and it is opened at t = 0. Find v(t) for t ≥ 0. Calculate the initial energy stored in the capacitor.

[image: image101.emf]
Fig.6

[image: image102.png]20V

30

19





Fig. 7

For t < 0, and using voltage division for fig. 27 (a):

[image: image103.png]9
v () =3=5X20=15V  t<0





Hence
       [image: image105.png]ve(0)=V, =15V




Fort > 0, the switch is opened, and we have the RC circuit shown in Fig.7 (b)

Req = 1 + 9 = 10 Ω

The time constant is

τ = ReqC = 10 × 20 × 10-3 = 0.2 s

Thus, the voltage across the capacitor for t ≥ 0 is

v(t) = vC(0)[image: image107.png]t/t — 15et/02




V
or
v(t) = 15e -5t

The initial energy stored in the capacitor is

[image: image108.emf]
The source-free RL circuit:

Consider the series connection of a resistor and an inductor, as shown in Fig. 8. 

[image: image109.emf]
Fig. 8

 Our goal is to determine the circuit response, which we will assume to be the current i(t) through the inductor. At t = 0, we assume that the inductor has an initial current I0 , or                                                      i(0) = I0
Applying KVL around the loop in Fig. 28,

vL + vR  = 0 

[image: image110.emf]
This shows that the natural response of the RL circuit is an exponential decay of the initial current as shown in fig.9.

[image: image111.emf]
Fig. 9

The time constant of  RL circuit is,

[image: image112.png]



Hence                                                 [image: image114.png]i(t)=1Iet/"




So we can find the voltage across the resistor as

[image: image115.png]ve(t) = ip = I,e"t/"




The power dissipated in the resistor is

[image: image116.png]p = vgi = IZRe™2t/"




The energy absorbed by the resistor is

[image: image117.png]1 —2t/T
wa(t) =5 LIZ(1— e72/7)




Note that as t →∞, wR (∞) →[image: image119.png]1
SLI3



, which is the same as wL(0), the initial energy stored in the inductor as. Again, the energy initially stored in the inductor is eventually dissipated in the resistor.

Example:

The switch in the circuit of Fig. 10  has been closed for a long time. At t = 0, the switch is opened. Calculate i(t) for t > 0.

[image: image120.emf]
Fig.10

 When t < 0,  resulting circuit is shown in Fig. 11(a). 

[image: image121.emf][image: image122.emf]
Fig. 11

we combine the 4Ω  and 12Ω  resistors in parallel to get
[image: image123.png]4x1z
4+ 12





Hence                                             [image: image125.png]



[image: image126.png]



When t > 0, the switch is open and the voltage source is disconnected. We now have the RL circuit in Fig. 11 (b). Combining the resistors, we have

[image: image127.png]e = (4+12)[[16=80




[image: image128.png]



Thus                       
[image: image130.png]i(t) =i(0)e " = 6e~*tA






The current after 1/8 s  is

[image: image131.png]1
i(1/8) = 68 = 3.64 A




Practice problem:

For the circuit in Fig. 12, find i(t) for t > 0.

[image: image132.emf]
[image: image133.emf]
Fig.12
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المادة  العلمية: 
Chapter Two
AC Fundamentals
1- Sinusoidal AC Voltage:
The voltages of ac sources alternate in polarity and vary in magnitude and thus produce currents that vary in magnitude and alternate in direction.

The sinusoidal ac waveform has the shape shown in Figure 1. One complete variation is referred to as a cycle. Since the waveform repeats itself at regular intervals as in (b), it is called a periodic waveform.

[image: image134.emf]
FIGURE 1.  sinusoidal ac waveforms. Values above the axis are positive while values

below are negative.
2- Generating AC Voltages:

One way to generate an ac voltage is to rotate a coil of wire at constant angular velocity in a fixed magnetic field, Figure 2. (Slip rings and brushes connect the coil to the load.) The magnitude of the resulting voltage is proportional to the rate at which flux lines are cut (Faraday’s law), and its polarity is dependent on the direction the coil sides move through the field. Since the coil rotates continuously, the voltage produced will be a repetitive, periodic waveform as you saw in Figure 3.

The time for one revolution of 600 rpm is one tenth of a second, i.e., 100 ms.

[image: image518.png]



[image: image135]
FIGURE 2. Generating an ac voltage. The 0° position of the coil is defined as in (a)

where the coil sides move parallel to the flux lines.

[image: image136.emf]
FIGURE 3. Coil voltage versus angular position.
As Figure 4 shows, the coil voltage changes from instant to instant. The value of voltage at any point on the waveform is referred to as its instantaneous value.
[image: image137.emf]
FIGURE 4 Cycle scaled in time. At 600 rpm, the cycle length is 100 ms.
3- Frequency, Period, Amplitude, and Peak Value:

The number of cycles per second of  a waveform is defined as its frequency. its unit is the hertz (Hz).

1 Hz = 1 cycle per second.

The period, T, of a waveform, (Figure 15–15) is the duration of one cycle. It is the inverse of frequency.

[image: image138.png]



[image: image139.png]Hz




Note that these definitions are independent of wave shape.
The amplitude of a sine wave is the distance from its average to its peak  Em. Peak-to-peak voltage is  measured between minimum and maximum peaks denoted Vp-p.

For the case of DC voltage E added to the sine wave the peak value is E+Em.

4- Angular and Graphic Relationships for Sine Waves
Consider again the generator of Figure 2, reoriented and redrawn in end view as Figure 5. The voltage produced by this generator is

[image: image140.png]E, sina




where Em is the maximum coil voltage and a is the instantaneous angular position of the coil.

[image: image519.png]


[image: image141.emf]
           FIGURE 5 Coil voltage versus angular position. 
Not that if E=100V, then e=0, 50, and -100V for [image: image143.png]


=0o, 30o, and 270o. The rate at which the generator coil rotates is called its angular velocity, denoted by the Greek letter w (omega), (Normally angular velocity is expressed in radians per second instead of degrees per second. In general,

[image: image144.png]a
a=wt, and w="




                                                                         [image: image146.png]27



 radians=360o
[image: image147.png](radians = g0 X @gegree




[image: image520.png]Ohm



[image: image521.png]




[image: image148]
Figure 6
[image: image149.png]wTl = 2n (rad)




[image: image150.png]



Recall,     f =1/T Hz.
[image: image151.png]w=2nf (19




[image: image152.png]e =E, sinwt




[image: image153.png]v =1V, sinwt




[image: image154.png]1, sinwt




If a sine wave does not pass through zero at t =0 s as in Figure 7, it has a phase shift.

 [image: image155.emf]
Figure 7
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المادة  العلمية: 
5- Phasor Diagram:

 A phasor is a rotating line whose projection on a vertical axis can be used to represent sinusoidally varying quantities.


[image: image156.emf]
Figure 7 As the phasor rotates about the origin, its vertical projection creates a
sine wave. 
Phase difference refers to the angular displacement between different waveforms of the same frequency. Consider Figure 8. If the angular displacement is 0° as in (a), the waveforms are said to be in phase; otherwise, they are out of phase. When describing a phase difference, select one waveform as reference. Other waveforms then lead, lag, or are in phase with this reference. For example, in (b), for reasons to be discussed in the next paragraph, the current waveform is said to lead the voltage waveform, while in (c) the current waveform is said to lag.

[image: image157.emf]
Figure 8

Sometimes voltages and currents are expressed in terms of cos wt rather than sin wt, a cosine wave is a sine wave shifted by +90°, or alternatively, a sine wave is a cosine wave shifted by -90°. For sines or cosines with an angle, the following formulas apply.

[image: image158.png]cos(wt + 8) = sin(wt + 6 + 90)




[image: image159.png]sin(wt + 8) = cos(wt + 6 —90)




[image: image160.emf]
Figure 9

6- AC Waveforms and Average Value:

Ac quantities are generally described by a group of characteristics, including instantaneous, peak, average, and effective values. to find the average value of a waveform, divide the area under the waveform by the length of its base. Areas above the axis are counted as positive, while areas below the axis are counted as negative Because a sine wave is symmetrical, its area below the horizontal axis is the same as its area above the axis; thus, over a full cycle its net area is zero, independent of frequency and phase angle. Thus, the average of sin wt, sin(wt ±[image: image162.png]


), sin 2wt, cos wt, cos(wt ± [image: image164.png]


), cos 2wt, and so on are each zero. The average of half a sine wave, however, is not zero. Consider Figure 10. The area under the half-cycle may be found using calculus as



[image: image522.png]Ohm



                                                               

[image: image523.png]



[image: image165]


         Figure 10

[image: image524.png]


 Two cases are important; full-wave average and half-wave average. The full-wave case is illustrated in Figure 11-a. The area from 0 to 2п is 2(2Im) and the base is 2п. Thus, the average is   

[image: image525.png]R ac



For the half-wave case (Figure 11-b),

[image: image526.png]R ab



[image: image527.png]R be








                            (a)                                                                              (b)

Figure (11)

The corresponding expressions for voltage are
[image: image528.png]




[image: image166]
Sometimes ac and dc are used in the same circuit. Figure 12 shows superimposed ac and dc. it does not alternate in polarity since it never changes polarity to become negative.

[image: image167.emf]
Figure 12

7-Effective Values:

An effective value is an equivalent dc value: it tells you how many volts or amps of dc that a time-varying waveform is equal to in terms of its ability to produce average power Effective values are also called rms values for reasons discussed shortly. 
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Convert star to delta





[image: image168]
Figure 13

First, consider the dc case. Since current is constant, power is constant, and average power is

[image: image169.png]=P =]
P.o =P=1IR




Now consider the ac case. Power to the resistor at any value of time is p(t)=i2R, where i is the instantaneous value of current.

Since i = Im sin wt,
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note that the average of cos 2wt is zero

[image: image533.png]1 hevenins



Equate two eq. 
[image: image170]
[image: image534.png]



[image: image171]
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[image: image172]
The [image: image174.png]


 relationship holds only for sinusoidal waveforms. For other waveforms, you need a more general formula. Using calculus, it can be shown that for any waveform

[image: image175.png]eoff =

T

i2dt




The integral of i2 represents the area under the i2 waveform. Thus,

[image: image176.png]Less
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To use this equation, we compute the root of the mean square to obtain the effective value. For this reason, effective values are called root mean square or rms values and the terms effective and rms are synonymous.
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المادة  العلمية:
8- Representing AC Voltages and Currents by Complex Numbers:
The sinusoidal voltage e(t) =200 sin(wt + 40°) of Figure 14(a) and (b) can be represented by its phasor equivalent, [image: image178.png]E =200VL40



, as in (c).


[image: image179.emf]
Figure 14
To convert between forms:

[image: image180.png]C=a+jb (rectangular form)




[image: image181.png]C=cs6 (polar form)




[image: image183.png]c cos@




,                 [image: image185.png]b = c sinf



,       [image: image187.png]+ b?



,  and     [image: image189.png]



[image: image191.png]


,       [image: image193.png]


,     [image: image195.png]


,      [image: image197.png]


,  and       [image: image199.png]



The conjugate of a complex number (denoted by an asterisk *) is a complex number with the same real part but the opposite imaginary part. Thus, the conjugate of [image: image201.png]C=ct8=a+jb



is [image: image203.png]C' ' =c£—6=a—jb



. For example, if [image: image205.png]C=3+j4=5+5313



, then  [image: image207.png]C* =52£-5313"




.

[image: image537.png]


EXAMPLE  For Figure 15, [image: image209.png]v, = V2(16)sinwt V,v, = V2(24) sin(wt + 90°)V,



  [image: image211.png]v, =2(15)sin(wt — 90°) V



. Determine source voltage e.
                                    Figure 15
solution:

    Applying KVL:

        [image: image213.png]E=V,+V,+V, =1640"+ 24490  + 1524-90°




[image: image214.png]=16+j0+24j—15j=16+9j = 18.36229.36




[image: image215.png]— V2(18.36) sin(wt + 29.36)V




H.W:   For figure 16,  [image: image217.png]=+/2(23)sinwt mA, i, = vV2(0.29)sin(wt + 63) 4,



 and [image: image219.png]i, =2(127) x 10 3sin(wt — 72°) A



. Determine current iT .

[image: image220.emf]

Figure 16

Ans. [image: image222.png]ir =v2(238) x 10 3sin(wt + 35.4) A




9.Ohm’s Law for AC Circuits:

-Resistors
  when a resistor is subjected to a sinusoidal voltage as shown in Figure 17, the resulting current is also sinusoidal and in phase with the voltage.

[image: image538.png]


[image: image539.png]onm




Figure 17

The sinusoidal voltage v=Vmsin(wt+θ) may be written in phasor form as V=V[image: image224.png]L6



.Whereas the sinusoidal expression gives the instantaneous value of voltage for awaveform having an amplitude of Vm (volts peak), the phasor form has amagnitude which is the effective (or rms) value.

The voltage and current phasors may be shown on a phasor diagram as

in Figure 18.

[image: image225.emf]
Figure 18

Example:

[image: image540.png]R th



Refer to the resistor shown in Figure 19:
a. Find the sinusoidal current i using phasors.
b. Sketch the sinusoidal waveforms for v and i.

c. Sketch the phasor diagram of V and I.


Figure 19

Solution:

a. The phasor form of the voltage is determined as follows:

[image: image226.png]v = 72sinwt < 50.9V2£0°




From Ohm’s law, the current phasor is determined to be

[image: image227.png][V _509Ve0 o0
=z, 180.0°




which results in the sinusoidal current waveform having an amplitude of [image: image229.png]i =4 sinwt




b &c.  The voltage- current waveforms, and phasor are shown in Figure 20.

[image: image230.emf][image: image541.png]



                                            Figure 20

[image: image542.png]


H.W:

Refer to the resistor of Figure 21:

a. Use phasor algebra to find 

   the sinusoidal voltage, v.

b. Sketch the sinusoidal waveforms for v and i.


c. Sketch a phasor diagram showing V and I.

Figure 21

· Inductors
When an inductor is subjected to a sinusoidal current, a sinusoidal voltage is induced across the inductor such that the voltage across the inductor leads the current waveform by exactly 90°. If we know the reactance of an inductor, then from Ohm’s law the current in the inductor may be expressed in phasor form as:

[image: image231.png]14
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TX,290° " X,

(6"~ 90°)




In vector form, the reactance of the inductor is given as:


[image: image233.png](. 290" where X, = wL = 2nfL




[image: image543.png]


Example:  Consider the inductor shown in Figure 22:
a. Determine the sinusoidal expssion for  


    the current i using phasors.

b. Sketch the sinusoidal waveforms for v and i.

c. Sketch the phasor diagram showing V and I.

Figure 22

Solution:

a. The phasor form of the voltage is determined as follows:

[image: image234.png]v = 1.05sin(wt + 120") « 0.742V2120




From Ohm’s law, the current phasor is determined to be

[image: image235.png][V 0720 30
T Z. 250900 77




The amplitude of the sinusoidal current is
[image: image236.png]L, = (¥2)(29.7) = 42mA




The current i is now written as
[image: image237.png]0.042sin(wt + 30°)





b. Figure 23 shows the sinusoidal waveforms of the voltage and current.
[image: image238.emf]

Figure 23

[image: image544.png]



c. The voltage and current phasors are shown in Figure 23.
                                                                                                                                                              
Figure23
· Capacitors:

When a capacitor is subjected to a sinusoidal voltage, a sinusoidal current

results. The current through the capacitor leads the voltage by exactly 90°. If

we know the reactance of a capacitor, then from Ohm’s law the current in the

capacitor expressed in phasor form is:

[image: image239.png]LV V8 Ve
T Z. X.z—-90° X. « )




In vector form, the reactance of the capacitor is given as
[image: image240.png]1 1

Ze = X 2= 90" where Xc = - = P




[image: image545.png]


H.W: Consider the capacitor of Figure 24.
a. Find the voltage v across the capacitor.


b. Sketch the sinusoidal waveforms for v and i.

c. Sketch the phasor diagram showing V and I.

Figure 24                
Practice problems: 
Q1:

[image: image241.emf]
Q2:
[image: image242.emf]
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المادة  العلمية: 
10. Power in AC Circuits:
At any given instant, the power to a load is equal to the product of voltage times current:

[image: image244.png]i



        watts

This is illustrated in Figure 32, where we have multiplied voltage times current point by point to get the power waveform.

[image: image245.png]



Figure 32

 Thus, during positive parts of the power cycle, power flows from the source to the load, while during negative parts, it flows out of the load back into the circuit. Thus, if P has a positive value, it represents the power that is really dissipated by the load. For this reason, P is called real power. In modern terminology, real power is also called active power. Thus, active power is the average value of the instantaneous power, and the terms real power, active power, and average power mean the same thing.

First consider power to a purely resistive load (Figure 33). Here, current is in phase with voltage. Assume [image: image247.png]1, sinwt,and v =V, sinwt,then




[image: image248.png]Iy Vi
p = vi = (I, sinwt) (V,,, sinwt) =  SIZWE = T(l — cos2wt)




Where [image: image250.png]fm Vm



 is called average power.

[image: image251.png]Average

ower
Vil 1™ 720X~ 7 - P
Vinli




[image: image546.png]V th



Figure 33
Note that p is always positive. This means that power flows only from the source to the load. We therefore conclude that power to a pure resistance consists of active power only.

 For a purely inductive load as in Figure 34(a), current lags voltage by 90°. If we select current as reference [image: image253.png]I, sinwt,and v = V,, sin(wt + 90)




.A sketch of p versus time (obtained by multiplying v times i) then looks as shown in (b). Thus, the average power to an inductance over a full cycle is zero, i.e., there are no power losses associated with a pure inductance. Consequently, P=0 W and the only power flowing in the circuit is reactive power.
[image: image254.png]


 [image: image547.png]1 hevenins




                  (a)                    Figure 34                      (b)

With [image: image256.png]I, sinwt, and v = V,, sin(wt + 90)




, [image: image258.png]i



 becomes 

[image: image260.png]


([image: image262.png]I, sinwt)(V,, sin(wt + 90)




After some trigonometric manipulation, this reduces to
[image: image263.png]p, = IVsin2wt




The product VI  is defined as reactive power and is given the symbol QL, its unit is VAR (volt-amps reactive).   

[image: image264.png]2

Vv
@-IX,=% (VAR




[image: image548.png]


For a purely capacitive load, current leads voltage by 90°. Taking current  as reference [image: image266.png]I, sinwt,and v = V,, sin(wt — 90)




.  Multiplication of v times i yields the power curve of Figure 35. 
 This means that the average power to a capacitance over a full cycle is zero, i.e., there are no power losses associated with a pure capacitance. Consequently, P=0 W and the only power flowing in the circuit is reactive power. 









Figure 35
This reactive power is given by:
[image: image267.png]pe = I,V sinwt sin(wt + 90")




Which reduces to:

[image: image268.png]pe = —VIsin2wt




Now define the product VI as QC which can be expressed as:

[image: image270.png]Qc = IPX; =



        (VAR)

When a load has voltage V across it and current I through it, the power that appears to flow to it is VI. However, if the load contains both resistance and reactance, this product represents neither real power nor reactive power. Since it appears to represent power, it is called apparent power. Apparent power is given the symbol S and has units of volt-amperes(VA).Thus,  [image: image272.png]



Note that these represent P, Q, and S respectively as indicated in figure 36. This is called the power triangle. 

[image: image549.png]



[image: image273.png]\
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2R

(b) Multiplied by /



[image: image274.png]() Resultant power triangle




(d) Capacitive case[image: image275.png]Qc
N




                                   Figure 36

From the geometry of this triangle, you can see that  =[image: image277.png]JpZ+Q?



, and

[image: image278.png]P =VI cos =S cosf (W)




[image: image279.png]Q =VIsinB = Ssin8 (VAR)




The quantity [image: image281.png]cos6



 is defined as power factor and is given the symbol FP . Thus,
[image: image282.png]P
Fp = cos6, cos§—< ,and6— ms”(




Angle θ is the angle between voltage and current. Thus, an inductive circuit has a lagging power factor, while a capacitive circuit has a leading power factor. A load with a very poor power factor can draw excessive current. 
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المادة  العلمية: 
10.AC Series Circuit:

Impedance is a term used to collectively determine how the resistance, capacitance, and inductance “impede” the current in a circuit. The symbol for impedance is the letter Z and the unit is the ohm (Ω). Because impedance may be made up of any combination of resistances and reactances, it is written as a vector quantity Z, where

[image: image283.png]Z=17.60




Resistive impedance ZR is a vector having a magnitude of R along the positive real axis. Inductive reactance ZL is a vector having a magnitude of XL along the positive imaginary axis, while the capacitive reactance ZC is a vector having a magnitude of XC along the negative imaginary axis as shown in figure 25.

[image: image284.png]+i

2, =X, 290° = +j X,

Zp = RL0°

Ze=XcZ—90° = —j X¢




[image: image550.png]


Figure 25

For a series ac circuit consisting of n impedances, the total impedance of the circuit is found as the vector sum:

[image: image285.png]Zp =24+ 2o+ +17Z,




Thus we may determine the total impedance of figure 26:


[image: image286.png]Zr =3+j0+0+j4=(3+j4)0= 50s53.13




The above quantities are shown on an impedance 

diagram as in Figure27.







  Figure 26
[image: image551.png]1 hevenins




Figure 26
The rectangular form of an impedance is written as:                

           [image: image288.png]


 

If we are given the polar form of the impedance, then we may determine the equivalent rectangular expression from 

[image: image289.png]R=2Zcos@, and X = Zsin#




In the rectangular representation for impedance, 

the resistance term, R, is the total of all resistance                            Figure 27                            

 looking into  the network. The reactance term, X, is the difference between the total capacitive and  inductive reactances. The sign for the imaginary term will be positive if the inductive reactance is greater than the capacitive reactance. In such a case, the impedance vector will appear in the first quadrant of the impedance diagram and is referred to as being an inductive impedance. If the capacitive reactance is larger, then the sign for the imaginary term will be negative. In such a case, the impedance vector will appear in the fourth quadrant of the impedance diagram and the impedance is said to be capacitive.
The polar form of any impedance will be written in the form [image: image291.png]Z=17.6



. The value Z is the magnitude (in ohms) of the impedance vector Z and is determined as follows:
[image: image292.png]Z=JRZ+X* (Q)




The corresponding angle of the impedance vector is determined as:

[image: image293.png]



Example:  Consider the network of Figure 28.   a. Find ZT .
b. Sketch the impedance diagram for the network and indicate whether the total 

    impedance of the circuit is inductive,    capacitive, or resistive.

d. Use Ohm’s law to determine I, VR , and VC. [image: image552.png]



Solution:   

a.           [image: image295.png]Zr =25+ j200 —j225




[image: image296.png]= (25—j25)0




[image: image297.png]= 35.60£—45




b.The corresponding impedance diagram is shown in Figure 29.                                                                    Figure 28 
Because the total impedance has a negative 
                                    
[image: image553.png]


reactance term (j25 ), ZT is capacitive.
b. [image: image299.png]2384245





[image: image300.png]Ve = (0.2384£45 )(25020)




[image: image302.png]07V 245





  

[image: image303.png]0.2384245)(22502-90)




[image: image304.png]= 63.6V2£—45




 
                                                                                               
Figure29

H.W: Determine the impedance Z which must be within the indicated block of Fig. 30.

f[image: image305.png]Zr = 130£22.62°

XL
10Q





Answer : [image: image307.png]Z=(10—j5)0





Figure 30

[image: image554.png]i
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3

Fig. 1




H.W 2:

Find the total impedance for the network of Figure 31. Sketch the impedance diagram showing  Z1 , Z2, and ZT

Figure 31
In the simple series circuit shown in Figure 32, we know that only the resistor will dissipate power. 

[image: image555.png]= om o T e
Don | QBFeBEE (@@

* o |+ | | [
®® =[]

Tools  Fill &Sign | Comment

Example : Using nodal method , find all currents for the circuit shown
in fig. 2 .

Node
3

Fig. 2
Consider node 3 as reference node .
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Figure 32

[image: image309.png]P*VI*VRZ*IZR ha I*V tha
=Vel = =I*Rwehavel =, us




[image: image310.png]



From figure 32 we have    [image: image312.png]cos6 =2 thus P=VI cosd = I*Z cosd =~ cost




Example: 
Refer to the circuit of Figure 33 . a. Find the impedance Z. 
b. Calculate the power factor of the circuit.
c. Determine I.     d. Sketch the phasor diagram for E and I. 
e. Find the average power delivered to the circuit by the voltage source. 

f. Calculate the average power dissipated by both the resistor and the capacitor 
Figure 33
[image: image313.png]+ R 30

e =20\/2 sin ml. Zr

Xc =R 40





Solutions: [image: image315.png]a. Zr =R+ X,=(3—-j4)0=50s-53.13




                        b.            [image: image317.png]=0.6 leading




                      c.   The phasor form of the applied voltage is:

[image: image318.png]2x20
pV2

£0=20V20




[image: image319.png]20V20
T 50s/-5313°

=4As5313




[image: image556.png]Fig.




  d.The phasor diagram is shown in figure 34

   [image: image321.png]=VIcosf =20X4 Xcos(53.13)




[image: image322.png]=48 W




f.

[image: image323.png]P, =42x3 xcos(0)=48 W




[image: image324.png]42 x4 %xcos(90)=0 W




H.W:                                             



                        Figure 34
[image: image325.png]A circuit consists of a voltage source E = 50 V.£25° in series with L = 20 mH,

C = 50 pF, and R = 25 Q. The circuit operates at an angular frequency of

2 krad/s.

a. Determine the current phasor, I.

b. Solve for the power factor of the circuit.

c. Calculate the average power dissipated by the circuit and verify that this is
equal to the average power delivered by the source.

d. Use Ohm’s law to find Vi, V,,and V..

Answers:
a. I=128AZ-2519°

b F,=06402

¢ P=410W

d. V,=320V£-2519°
Vo= 128VZ-115.19°
V, =512V/6481°





Example:  Consider the circuit of Figure 35.      a. Find ZT. 

 b. Determine the voltages VR and VL using the voltage divider rule. 

[image: image557.png]


c. Verify Kirchhoff’s voltage law around the closed loop.
Solution:  a. [image: image327.png]Zr = 5kQ+ j12kO = 13k0£67.38




b.

[image: image328.png]5k020°

- 20" =10V2— 67.38
Ve 13m467_38.x 26V£0 =10V2—6738




[image: image329.png]12k0290°

Vi =3r0,038

X 26V20° = 24V£22.62°




c.                                    







Figure 35

[image: image330.png]26V£0" —10V£ — 67.38 —24V£22.62° =0




[image: image331.png](26 +j0) — (3.846 —j9.231) — (22.145+j9.231) =0




[image: image332.png](26 —3.846 —22.145)+ j(0—9.231+0.231)=0




[image: image333.png]



[image: image558.png]


H.W:

Consider the circuit of Figure 36:

a. Calculate the sinusoidal voltages v1 and v2

using phasors and the voltage divider rule.
b. Sketch the phasor diagram showing E, V1, and V2
c. Sketch the sinusoidal waveforms of e, v1 , and v2

Figure 36
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المادة  العلمية: 
Chapter Three
Three-Phase Systems

References:

Circuit analysis with devices theory and practice. 

3.1- Three-Phase Voltage Generation

Three-phase generators have three sets of windings and thus produce three ac voltages instead of one. To get at the idea, consider first the elementary single-phase generator of Figure 3–1. As coil [image: image335.png]


 rotates, it produces a sinusoidal waveform [image: image337.png]


 as indicated in (b). This voltage can be represented by phasor [image: image339.png]


 as shown in (c).

[image: image559.png]


[image: image340.emf]
Figure 3-1

If two more windings are added as in Figure 3–2, two additional voltages are generated. Since these windings are identical with [image: image342.png]


 (except for their position on the rotor), they produce identical voltages. However, since coil [image: image344.png]


 is placed 120° behind coil [image: image346.png]


, voltage [image: image348.png]


 lags [image: image350.png]


 by 120°; similarly, coil [image: image352.png]


 , which is placed ahead of coil [image: image354.png]


 by 120°, produces voltage [image: image356.png]


 that leads by 120°.

Assuming an rms value of 120 V and a reference position of 0° for phasor EAA_ for example, yields [image: image358.png]


 = 120 V∠0°, [image: image360.png]


 120 V∠_120° and [image: image362.png]


120 V∠120°. Such a set of voltages is said to be balanced. Because of this fixed relationship between balanced voltages, you can, if you know one voltage, easily determine the other two.

[image: image560.png]


[image: image363.emf]
Figure 3-2

3.2- Four-Wire and Three-Wire Systems

Applying Kirchhoff’s current law for figure 3-3, the current in this wire (which we call the neutral) is the phasor sum of IA, IB, and IC. For the balanced 12-ohm load,

[image: image364.emf]
[image: image561.png]onm



This configuration is called a four-wire system and 

is one of the systems used in practice.

The voltages are  renamed EAN, EBN, and ECN. 

They are known as  line-to-neutral voltages.

As Figure 3–4(a) shows, the circuit that we have 

been looking at is a four-wire, wye-wye (Y-Y) circuit.

 A variation, the three-wire wye-wye circuit, is shown

 in (b). Three-wire wye-wye circuits may be used if the

 load can be guaranteed to remain balanced, since

 under balanced conditions the neutral conductor 

 carries no current. However, for practical reasons

  most wye-wye systems use four wires.                                        Figure 3-3

[image: image365.emf]
    (a) 4-wire Y-Y system                                         (b) 3-wire Y-Y system

Figure 3-4

The second type is [image: image367.png]


 connection of the generator windings as shown in figure 3-5

[image: image562.png]




Figure  3-5

Phase sequence refers to the order in which three-phase voltages are generated.

3.3- Definitions:

Line (also called line-to-line) voltages are voltages between lines. 

Phase voltages are voltages across phases.  As you can see, for a [image: image369.png]


 load, phase voltages and line voltages are the same thing.

Line currents are the currents in the line conductors. 

Phase currents are currents through phases.  As you can see, for a Y load, phase currents and line currents are the same thing.

Phase impedances for a Y load are the impedances from a-n, b-n, and c-n  and are denoted by the symbols Zan, Zbn, and Zcn. For a [image: image371.png]


 load , phase impedances are Zab, Zbc, and Zca. In a balanced load, impedances for all phases are the same, i.e., Zan = Zbn = Zcn, etc.

[image: image563.png]


3.4-Line and Phase Voltages for a Wye Circuit

Consider Figure 3-6. By KVL,

[image: image373.png]


 

 Thus, Now, assume a magnitude V for each phase

 voltage and take Van as reference. Thus, Van =V∠0° and

 Vbn =V∠-120°. Substitute these two into above equation:

[image: image374.emf]  Figure 3-6
[image: image375.emf]
Thus,  for a balanced Y system, the magnitude of line-to line voltage is [image: image377.png]


 times the magnitude of the phase voltage and each line-to line voltage leads its corresponding phase voltage by 30°.

[image: image378.emf]
Example 3-1:

[image: image564.png]



[image: image379.emf]
[image: image380.emf]
[image: image565.png]


Example 3-2:

For the circuits of Figure 3-4, suppose 

a. Determine the phase voltages at the load.

b. Determine the line voltages at the load.

c. Show all voltages on a phasor diagram.

[image: image381.emf]
[image: image382.emf]
 We can calculate phase voltage from line voltage as follow.

[image: image383.emf]
[image: image384.emf]
H.W

[image: image566.png]


For a balanced Y generator, 

a. Determine the other two generator line voltages.

b. Determine the generator phase voltages.

c. Sketch the phasors.

[image: image385.emf]
Example 3-3:

For Figure 3-5, suppose Van = 120 V∠0°.

a. Compute Ia, then determine Ib and Ic by inspection.

[image: image567.png]


[image: image568.png]onm



b. Verify by direct computation










  
Figure 3-5

H.W

For the circuit of  figure 3-5:

1. If Vab = 600 V∠0°, what are Ia, Ib, and Ic?

2. If Vbc = 600 V∠-90°, what are Ia, Ib, and Ic?

[image: image386.emf]
3-5 Line and Phase Currents for a Delta Load

 Phase current Iab of delta load can be found as

[image: image387.png]



[image: image388.emf]
Figure 3-6

If you know one current, you can determine the other five by inspection.

Applying KCL at node a for figure 3-6-a yields

Ia = Iab – Ica

After some manipulation, this reduces to

Ia =[image: image390.png]


 Iab∠-30°

Thus, in a balanced ∆, the magnitude of the line current is [image: image392.png]


 times the magnitude of the phase current, and each line current lags its corresponding phase current by 30°. 

To find phase currents from line currents, use

[image: image393.emf]
[image: image569.png]



Suppose Vab = 240 V∠15° for the circuit of

 Figure 3-7.

a. Determine the phase currents.

b. Determine the line currents.

c. Sketch the phasor diagram.

[image: image570.png]











Figure 3-7

[image: image571.png]



c. Phasors are shown

H.W

 For the circuit of figure 3-7

1- If  Ia = 17.32 A∠20° determine Iab & Vab
2- If  Ibc = 5 A∠-140° what is Vab ?

[image: image394.emf]
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المادة  العلمية: 
Transformers

Reference: Theraja Chapter 32

1- Introduction:

A transformer shown in Fig. 1 is a static (or stationary) piece of apparatus by means of which electric power in one circuit is transformed into electric power of the same frequency in another circuit. It can raise or lower the voltage in a circuit but with a corresponding decrease or increase in current.

[image: image395.png]



Figure 1

A typical applications of transformers are:

a- Isolation:

Transformers can allow separate circuits to be physically isolated from each other whilst still allowing current and voltage to pass between the two circuits as shown in Fig. blow.

[image: image396.png]L e
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b- Impedance Matching:

Another common use for transformers can be to match input and output impedances where the output of one circuit needs to pass an AC signal to the input of another. The advantage of this technique is that the transfer can be achieved with practically no loss of power in the transfer.

c- Transformers of many types:

Transformers are made in a very wide range of sizes and configurations, from the enormous power transformers, weighing many tons that connect the different parts of the public electricity grid together, to tiny transformers 

consisting of nothing more than a few turns of wire, found in UHF radio equipment.

2- [image: image572.png]


E.M.F. Equation of a Transformer:

Let N1 = No. of turns in primary

       N2 = No. of turns in secondary

       Φm= Maximum flux in core in webers

=Bm × A

         f = Frequency of a.c. input in Hz

As shown in Fig. 2, flux increases from its zero value to maximum value Φm in one quarter of the cycle i.e.in 1/4 f second
∴ Average rate of change of flux = [image: image398.png]Pm_

1jaf

=4¢nf



Wb/s or volt
Now, rate of change of flux per turn means induced e.m.f. in volts.

∴ Average e.m.f./turn = 4 f Φm volt

If flux Φ varies sinusoidally, then r.m.s. value of induced e.m.f. is obtained by multiplying the average value with form factor.

Form factor =[image: image400.png]rmsvalue _ 111

average value




[image: image401.png]r.m.svalueof e.m.f /turn = 1.11 X average value= 1.11 X4 f.¢,,




Now, r.m.s. value of the induced e.m.f. in the whole of primary winding

=  (induced e.m.f/turn) × No. of primary turns
[image: image402.png]B, A
A4fN,,, = 444fN,





Similarly, r.m.s. value of the e.m.f. induced in secondary is:

[image: image403.png]44fN,B, A





It is seen from (i) and (ii) that:

[image: image404.png]2
N,

f P
2444
N,




It means that e.m.f./turn is the same in both the primary and secondary windings.
[image: image573.png]50



In an ideal transformer on no-load, V1= E1 and E2= V2 where V2 is the terminal voltage as shown in Fig.3.

3-Voltage Transformation Ratio (K):

From equations (i) and (ii), we get:

[image: image405.png]



This constant K is known as voltage transformation ratio.                 Figure 3
(i) If N2 > N1 i.e. K> 1, then transformer is called step-up transformer.
(ii) If N2< N1 i.e. K< 1, then transformer is known as step-down transformer.
Again, for an ideal transformer, input VA= output VA:

[image: image406.png]L 1
Vil=Val or Fepiegi





Hence, currents are in the inverse ratio of the (voltage) transformation ratio.

Example 1: The maximum flux density in the core of a 250/3000-volts, 50-Hz single-phase transformer is 1.2 Wb/m2. If the e.m.f. per turn is 8 volt, determine (i) primary and secondary turns (ii) area of the core.
[image: image407.png]Solution. (i) N, xem.f. induced/turn
250/8 =32; N, = 3000/8 =375
~444fNB A

(if) Wemayuse
2 444% 50 X375 x 1.2 X A; A =0.03m>





Example 2: The core of a 100-kVA, 11000/550 V, 50-Hz, 1-ph, core type transformer has a cross-section of 20 cm × 20 cm. Find (i)the number of H.V. and L.V. turns per phase and (ii) the e.m.f. per turn if the maximum core density is not to exceed 1.3 Tesla. Assume a stacking factor of 0.9. What will happen if its primary voltage is increased by 10% on no-load?

[image: image408.png]Solution. (i)
or,

(ii)

11,000
550

N,
emf/um
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Keeping supply frequency constant, if primary voltage is increased by 10%, magnetising current will increase by much more than 10%. However, due to saturation, flux density will increase only marginally and so will the eddy current and hysteresis losses.

Note:   All example from 32-3 to 32-8, and Tutorial Problems 32.1, from 1 to 4 are included in final exam.

3- Transformer Losses.

The equation (iii) relate to an ideal transformer, i.e. a transformer with no power losses, in which, Primary volt amperes = Secondary volt amperes. While practical transformers can be extremely efficient, some losses will occur because not all of the magnetic flux produced by the primary winding will link with the secondary winding. The power losses that occur in a transformer are of three types:

a- Copper Losses:

These losses can also be called winding losses or I2R losses, because they can occur in windings made from metals other than copper. The losses become evident as heat, generated in the (copper) wire windings as they dissipate power due to the resistance of the wire.

b- Hysteresis Losses:

Each time the alternating current reverses (once each cycle), tiny "magnetic domains" within the core material are reversed. These are physical changes within the core material and take up some energy. The amount of energy used depends on the "reluctance" of the core material; in large cores of power transformers where hysteresis loss maybe a problem it is largely overcome by using special low reluctance "grain oriented" steel as the core material.
c- Eddy current Losses:

Because the iron or steel core is an electrical conductor as well as a magnetic circuit, the changing current in the primary will tend to set up an EMF within the core as well as in the secondary winding. The currents induced into the core will oppose the changes of magnetic field taking place in the core. For this reason these eddy currents must be kept as small as possible. This is achieved by dividing the metal core into thin sheets or "laminations", each one insulated from the others by an insulating coat of lacquer or oxide. Laminated cores greatly reduce the formation of eddy currents without affecting the magnetic properties of the core.

Due to the ways of reducing losses described above, practical transformers closely approach the ideal in performance. In large power transformers, efficiencies of about 98% can be achieved.

4- Tapped Power Transformer:

To enable transformers to supply a range of secondary voltages to different parts of a circuit it is common for power transformers to have "Tapped windings". That is, windings split into various sections by using a number of connections brought out from a single winding, each one at a particular number of turns along the winding, as shown in the schematic symbol diagram Fig. 4.

Autotransformers

Autotransformers of Fig. 5 are used to provide the very high voltages need for such applications as automobile ignition systems and cathode ray tube drives in CRT TVs and monitors. The "Auto" part of the name in this case does not mean automatic but has the meaning of: 

[image: image574.png]


"One - acting on its own" as in autonomous.
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             Figure 4







Figure 5

5- AF Transformer:

Audio Frequency (AF) Transformers work at frequencies between about 20Hz to 20kHz and are used in audio amplifier circuits, they used for matching the high impedance outputs of AF amplifiers to low impedance loudspeakers as shown in Fig. 6.
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Figure 6
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