
 

 

 

 

 

 

 

 

 

Learning package 
 

 

 

 

 

 

 

 

 

Ministry of Higher Education and 

Scientific Research 

Southern Technical University 

Basra Technical Institute 

Department of Electrical Techniques 

 

Electrical Circuits 

Second Semester 

For 

First-year students  

 

 

 
By  

 

M.Sc. Wasan Loay Jassim 

 

2025 



Course Description 

Course Name: 

Electrical Circuits /2 

Semester / Year: 

Semester 

Description Preparation Date: 

14/ 05/ 2025 

Available Attendance Forms: 

Attendance only 

Number of Credit Hours (Total)  

30 hours/2 hours weekly 

Course administrator's name (mention all, if more than one name) 

Name: Ms.c. Wasan Loay Jassim 

Email: wasan.loay@stu.edu.iq 

Course Objectives 

➢ Understand AC behavior: Learn how voltage and current vary with time and 

how to represent them using sinusoidal expressions. 

➢ Analyze circuit components: Study the roles of resistors, capacitors, and 

inductors in AC circuits, and how each affects current and voltage. 

➢ Apply physical and mathematical laws: Use Ohm’s Law, Kirchhoff’s Laws, 

and impedance concepts to evaluate circuit behavior. 

➢ Design practical electrical systems: Gain the ability to design useful circuits 

for everyday applications like lighting systems, audio filters, or power 

supplies. 

➢ Connect theory with real-world applications: Understand how power 

plants, electrical grids, and transmission systems operate using alternating 

current. 

 

Teaching and Learning Strategies 

1. Active Learning through Hands-on Experiments . 

2. Inquiry-Based Learning . 

3. Visual Aids and Circuit Diagrams . 

4. Collaborative Learning and Group Projects. 

 

  
 
 
 



Course Structure 

 Hours Required   

Learning  

 Outcomes 

Unit or subject 

name 

Learning  

 method 

Evaluation 

method 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

 

 

 

2hours 

2hours 

2hours 

2hours 

2hours 

2hours 

2hours 

2hours 

2hours 

2hours 

2hours 

2hours 

2hours 

2hours 

2hours 

1. Understand the 

fundamental principles 

of AC signals, including 

frequency, amplitude, 

phase, and waveform 

characteristics. 

 

2. Analyze AC circuit 

components such as 

resistors, capacitors, 

and inductors, and 

predict their behavior 

in steady-state 

sinusoidal conditions. 

 

3. Apply circuit laws and 

techniques (Ohm’s 

Law, Kirchhoff’s Laws, 

phasor analysis) to 

solve AC circuit 

problems. 

 

4. Calculate and interpret 

impedance, admittance, 

power factor, and 

different types of power 

(real, reactive, and 

apparent power). 

 

5. Design and simulate AC 

circuits using 

theoretical tools and/or 

simulation software, 

and evaluate circuit 

performance. 

 

6. Relate theoretical 

knowledge to practical 

applications in power 

distribution, signal 

processing, and 

electrical devices. 

 

7. Communicate technical 

information effectively 

through lab reports, 

presentations, or 

written analysis of AC 

systems. 

1. Application of 

theories in A.C. 

2. Power in A.C. 

3. Apparent power 

and power 

factor. 

4. Maximum 

power transfer 

theorem for A.C. 

circuit. 

5. Resistance 

measurement 

method. 

6. Three-phase 

circuits. 

7. Three-phase 

circuits. 

8. Three-phase 

power 

measurement. 

9. Magnetism. 

10. Solve practical 

examples on 

magnetism 

11. Coil and 

conductance 

inductance . 

12. Growth and 

decay of current 

in inductive 

circuit. 

13. Measuring 

devices 

14. The measuring 

device with an 

iron core . 

15. Wattmeter 

device and 

oscilloscope. 

1. Conducting laboratory 

experiments to build 

and test electrical 

circuits.   

This enhances theoretical 

understanding and develops 

practical skills. 

 2. Seeking feedback from 

instructors and peers to 

identify strengths and 

weaknesses. 

 3. Reviewing concepts 

periodically and applying 

them to new problems to 

reinforce memory and 

understanding.  

4. Encouraging self-research 

on new topics in electronics 

and exploring recent 

developments.  
 

Weekly, 

Monthly, Daily   

, and Written 

Exams, and 

Final Term 

Exam. 

Course Evaluation 
Distribution as follows: 20 points for Midterm Theoretical Exams for the first semester, 20 points 

for Midterm Practical Exams for the first semester, 10 points for Daily Exams and Continuous 

Assessment, and 50 points for the Final Exam. 

W
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ks

 



 

 

 
 .Electrical Technology (Edward Hughes )ا  ➢

➢ Basic Electrical Engineering (Fitzgerald and 

Rlgginborthan . 

➢  Electrical Technology ( B.L Theraja ) . 

➢  Introductory circuit Analysis by Robert L. 

Boylestad. 

➢ Fundamental Electric circuits (David A . B ell). 

➢ Basic circuits (A.M.F Brooks ) pergaman press. 

➢  Introduction to Electric circuits (M.Roman witz) 

John willy. 
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A /Target population:-  
  

For students of First year -Technological Institute of Basra-Department 

of Electrical  Techniques.    

   

B / Rationale:-  
• It is very important to study Thevenin’s and Norton and superposition 

theorems. 

• Also to study how to apply the three steps to the saving theorem . 

  

C / Central Idea:- 
• Definition Thevenin’s and Norton and superposition theorems . 

•How we find the current at each resistance in the network by the above 

theorem. 

 

D/Performance Objectives:  

To let the student be able to The theories of Thevenin’s and 

Nortons, superposition in alternating current circuits with the 

solution of applied examples. 

 

The first week/ Application of theories in A.C. 

❖ Overview 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

❖ Pretest 

1- The Thevenin resistance of a network is found by: 

A) Zeroing all independent sources and measuring 

resistance between the terminals. 

B) Open circuiting all voltage sources only. 

C) Short-circuiting all resistors. 

2- True or False:  

(A) “A Norton equivalent is nothing more than a Thevenin 

converted through source transformation.” (True) 

 

(B) In an AC network containing dependent sources, 

Thevenin’s theorem still applies provided the circuit is 

linear. (True)  



 



 



 



 

 

 

❖ Pretest 



 

 
 
 
 

 

  

 

 

 

A /Target population:-  
  

For students of First year -Technological Institute of Basra-Department 

of Electrical  Techniques.    

   

B / Rationale:-  
  

• It is very important to study the power in A.C current. 

• Also, to calculate the power in series and parallel circuits.  

  

C / Central Idea:- 
• Definition of power in AC. 

• To calculate the power in series and parallel circuits. 

 

D/Performance Objectives:  

   To make the student should be able to calculate the power in A.C. 

circuits if the load component of resistance only, then inductance only, then 

capacitance only, and after load component of inductance and capacitance in 

series and then in parallel. 

 

❖ Overview 

The second week/ Power in A.C. 



 

 

  
 
 

 

 

 

  

 

❖ Pretest 



Ex 1 The cct contain resistance only 

 
P= VI cos Ф (watt) , Ф= 0 and Cos 0=1 
I=110/10=11A :. P=110x11x1= 1220 watt 

Q= VI sin Ф (V.A ) , Ф= 0 and sin 0=0 
Q= 110 x11 x0= zero 

 
R=10 Ω 

 
 
 

 
V=110v , f=50 Hz 

 

Ex2 The circuit contain inductance only 

P= VI cos Ф (watt) , Ф=90 and Cos 90 =0 
I=110/10=11A :. P=110x11x0= 0 

Q= VI sin Ф (var ) , Ф= 90 and sin 90=1 
Q= 110 x11 x1= 1220 var 



Ex 3 The CCT contain capacitance only 

P= VI cos Ф (watt), Ф=-90 and Cos- 90 =0 
I=110/10=11A :. P=110x11x0= 0 

Q= VI sin Ф (V.A ) , Ф= -90 and sin -90=-1 
Q= 110 x11 x -1= -1220 var 

 

Ex 4 The circuit contains resistance 
and inductance in series 

Z=√100+400=22.361Ω :. I=210/22.361=9.391A Ф=tan-1 (XL /R) 
=tan-1 (20 /10)=84.28 ° , P= VI cos Ф (watt), 
:.P=210x9.391xcos84.28= 196.554 watt 
Q= VI sin Ф (var ) , :. Q=210x9.391xsin84.28 =1962.290 var 



Ex 5 The circuit contains capacitance 
and resistance in series. 

 

Z=√25+400=20.6 Ω :. I=200/20.6 =9.7A , Ф=tan-1 (XL /R) 
=tan-1 (-20 /5)=-75.9 ° , P= VI cos Ф (watt), 
:.P=200x9.7xcos-75.9 ° = 472.6 watt 
Q= VI sin Ф (var ) ,:. Q=200x9.7xsin-75.9 ° 

:. Q = -1881.55 var 

 

Ex 6 The circuit contains inductance 
, capacitance and resistance in 
series.  

Z=√25+(60-40) 2 =20.6 Ω :. I=200/20.6 =9.7A 
Ф=tan-1 {(XL - Xc ) /R)} 
=tan-1 (20 /5)=75.9 ° , P= VI cos Ф (watt) 
:.P=200x9.7xcos75.9 ° = 472.6 watt 
Q= VI sin Ф (var ) ,:. Q=200x9.7xsin75.9 ° 

:. Q = 1881.55 var





 

 
 
 
 

 

  

 

 

 

A /Target population:-  
  

For students of First year -Technological Institute of Basra-Department 

of Electrical  Techniques.    

   

B / Rationale:-  
  

• It is very important to study apparent power. 

• Also, to study power factor.   

C / Central Idea:- 
• Definition of apparent power. 

• To learn the power factor. 

 

D/Performance Objectives:  

   To make students able to learn to draw triangle ability and 

understanding of the power factor and its effect on the electrical circuits and 

how to improve it. 

 

 

❖ Overview 

The third  week/ Apparent power and power factor 



 

 

  
 
 

 

 

❖ Pretest 

Write laws to find the 
active power and reactive power 

 
Solution : 
P=√3VL.ILcosФ ( watt) 
Q=√3VL.ILsinФ (VAR) 



 





P=1200 W 



 



 ًً(ًًالحملًًك ونًًالعملة ًًًالاستخداماتًًًفً 



Ex. : For the CCT. Shown if the first load is an inductive 
motor, Dissipated (1000 W) with (0.8 p.f ), and the 
second load improves the ability of device. Calculating 
the second impedance makes the total power factor 
equal 0.95. 

Post test 



Solution : 
P=S cosθ , S1=P1/ cosθ =1000/0.8 V.A 

S1= (1000/0.8).cos -1 0.8 
:. S1= 1000+j750 VA to improve power factor up to (0.95) 

to total cct. That S=P/cosθ =1000/0.95 VA 
S= (1000/0.95). cos -1 0.95 =1000+j329VA 

Then the taken power with the second load 
S2= S-S1=1000+j329-(1000+j750)=- j421=V.I2 
I2= (S2/v) –(-j421/200<0=-j2.105A 
:.I2=j2.105A , Z2= V/I2=200<0/j2.105=-j94.9 

27.9µF 



 

 
 
 
 

 

  

 

 

 

A /Target population:-  
  

For students of First year -Technological Institute of Basra-Department 

of Electrical  Techniques.    

   

B / Rationale:-  
• Optimizing Energy Efficiency: It helps engineers design systems that 

deliver the maximum amount of power from a source to a load, minimizing 

energy waste. 

•  Designing Electrical Circuits: It's essential for designing and analyzing 

communication systems, amplifiers, and power systems where efficient 

power transfer is crucial. 

 

C / Central Idea:- 
Application of the Maximum Power Transfer Theorem in AC Circuits 

with Solved Practical Examples. 

 

D/Performance Objectives:  

   To learn the student be able to analyze the electric circuit in 

AC. Circuit when maximum power transfer in the circuit. 

 

❖ Overview 

The 4th  week/ Maximum power transfer theorem for  A.c. circuit 



 

 

  

❖ Pretest 

2

.

. 

3

.

. 

4

.

. 



 عشرًًالتاسعًًألأسبوع
 المتناوبٌٌٌالتا رٌٌدوائرٌٌفٌ ٌٌقدرةٌٌأعظمٌٌنقلٌٌٌنظرة ٌ

 ( 1 ) Constant resistance but variable reactance  
 
 
 
 
 

 

 

 
Ic 

(a ) ( b ) 



In Fig. ( a ): two CCT. Having constant resistance but variable 
reactance, XL or XC, which vary from zero to infinity. When XL=0, 
current is maximum and equals (V/R). 

For other values, I=V /√R2+XL2 

The current becomes Zero when XL= α, as seen from Fig. ( b ), the 
end point of the current vector describes a semicircle with radius 
OC=V/2R and center lying in the reference, i.e. Voltage vector OV. 
For R-C circuit, the semicircle lies to the left of OV. As before, it 
may be proved that as before, it may be proved that the equation 
of the circle shown in ( b) is: 

X2+[Y- (V/2R]2=V2/4R2 . The coordinates of the center are X=0, 
y=V/2R, and radius=V/2R. As before, the Power developed 
would be maximum when current vector makes an angle of 45 ° 
with the voltage vector OV. In that case, current is Im/√2 and 

  Pm=V.Im/2  



(2 ) Constant reactance but variable 
resistance circuit. 

 
 
 
 

 

 

( C ) ( d ) 



From the cct. In fig. ( C ) it is seen that cct s. having a constant 
reactance but variable resistance or Vice versa have the following 
properties : (i) the current has a limiting value . (ii) the power 
supplied to the cct, has a limiting value also. ( iii) the power factor 
corresponding to maximum power supply is 0.707(=cos45o). 
Obviously. The maximum current in the circuit. It is obtained when  
R=0 

 Im=V/XL=V/ω.L … for R – L cct.   Im=V/Xc=V/ω.c … for R – c cct.  

 
Now, power ( P ) taken by the cct. Is V.I cosθ and if V is constant, 
then Pα I. Cos θ . Hence, the ordinates of current semicircles are 
proportional to I.cos θ . The maximum ordinate Possible in the 
semicircle represents the 

maximum power taken by the cct. . 



 



(3) When R and X Constant 
 

With R and X constant , the maximum power that can be 
transmitted by such a circuit occurs when the extremity of current 
vector OA coincides with the point of tangency to the circle of a 
straight line drawn parallel to OB. Obviously, v times AE under 
these conditions represents the maximum power and power 
factor at that time is cos θ2 

θ2 

θ1 



Example 1 : A circuit consists of a constant reactance of 5Ω 
in series with a variable resistance. A constant voltage of 
100 v is applied to the cct. Show that the current locus is 
circular. Determine (a) the maximum power in put to the 
cct. (b) the corresponding Current , p.f. and value of the 
resistance . 

 

 
Solution: 

( a ) Im=V/x=100/5=20A 
Pm=(1/2)V.Im=(1/2)x100x20=1000 w 

( b ) At maximum power input current, is=0 A 
:. OA = Im/√2=20/√2=14.14 A , P.f. =cos 45o = 0.707 

R = X = 5Ω 



Ex.2: If a coil of unknown resistance and reactance is connected 
in series with a 100-V, 50 HZ supply, the current locus diagram is 
found to have a diameter of 5A and when the value of series 
resistor is 15 Ω, the power dissipated is maximum. Calculate the 
reactance and resistance of the coil and the value of the 
maximum power in the cct. And the maximum current . 

 

 
solution : Let the unknown resistance and reactance of the coil be R 
and X respectively. Diameter ( d)= V/X , :. 5=100/X or X=20 Ω 

Power is maximum when total resistance = reactance or 
15 + R = 20 :. R = 5Ω 

Pm= V2/2X =(1002)/2x20=250 watt , 
Im= 100/√(202+52)=4.85 A 



Post test 
Ex. .3: A constant alternating sinusoidal voltage at constant 
frequency is applied across a circuit. Consisting of an inductance 
and a variable resistance in series. Show that the locus diagram of 
the current vector is a semicircle when the resistance is varied 
between zero and infinity. If the inductance has a value of 
0.6 Henry and the applied voltage is 100V at 25 Hz. Calculate : ( 
a ) the radius of the arc (in amperes ) and ( b ) the value of 
variable resistance for which . The power taken from the mains is 
maximum, and the power factor of the circuit. At the value of 
the resistance. 

 

Solution : 

XL=ω.L =0.6x2x∏x25=94.26 Ω , 
( a ) Radius=(V/2). X= (100/2)x 94.26= 0.531A 

( b ) R=94.26 Ω for maximum power factor=0.707. 



EX(4): For the circuit shown find (1) Thevinin’s equivalent, (2) Find RL which 
relates to the equivalent when it dissipation Maximum Power, (3) Find Pmax. 

 
 
 
 

 

 
 
 

 
Solution 
Vth =25<0 v 
Zth=10Ω 
RL=10Ω 
Pmax.= 15.62 watt 

H.W 



 

 
 
 
 

 

  

 

 

 

A /Target population:-  
  

For students of First year -Technological Institute of Basra-Department 

of Electrical  Techniques.    

   

B / Rationale:-  
It is very important to study resistance measurement method. 

 

C / Central Idea:- 
• To learn resistance measurement method. 

 

D/Performance Objectives:  

To let the student be able to learn how he was measuring the different 

resistances. 

 

 

 

 

❖ Overview 

The 5th   week/ Resistance measurement method 



 

 

 

 

❖ Pretest 
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A /Target population:-  
  

For students of First year -Technological Institute of Basra-Department 

of Electrical  Techniques.    

   

B / Rationale:-  

It is very important to study 3-phase circuits 

C / Central Idea:- 
• Definition 3- phase circuits. 

• To learn star and delta connection. 

 

D/Performance Objectives:  

To make students able to learn how to generate alternating 

current, one phase and two stages, and three phases with the knowledge 

of how to link the star and the triangle, and the characteristics of each 

link in the case of balanced and unbalanced. 

 

 

❖ Overview 

The 6th  ,7th  weeks /Three-phase circuits 



 

 

 

 

Custom pregnancy balanced and 

unbalanced load 

 

 

Balanced Load: means that the same number 

of passes in each branch, current loads have 

the same values. You attempt the same 

amount of power. and be here, equal powers 

in three phases. 

The unbalanced load: its load harm pulls 

different streams in every phase of its three 

phases imbalance loads values in each phase. 

Thus, the value or the amount of each phase is 

different according to the value of the load. 

 

❖ Pretest 

Solution: 



 

  



 

  



 

  



 

  



 

  



 

  



 

  



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 

 

 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

❖ Posttest 



 

 

 

 
 
 
 

 

  

 

 

 

A /Target population:-  
  

For students of First year -Technological Institute of Basra-Department of Electrical  

Techniques.    

   

B / Rationale:-  

It is very important to study three-phase power measurement. 

C / Central Idea:- 

 
• Definition Kirchhoff's current law at any electric point.  

• Definition Three Three-phase power measurement. 

• To learn Wattmeter's method.   

• Definition of Kirchhoff's voltage law. 

 

D/Performance Objectives:  

To teach the student how he measures single and 3-phase power. 

 

 

 

 

❖ Overview 

The 8th  week/ Three phase power measurement 



 

 

 

 

 
 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

❖ Pretest 



 

 

 



 

 

 



 

 

 



 

 

 



 

 

 

 



 

 

 

 



 

 

 



 

 

 



 

 

 



 

 

 
 

 



 

 

 



 

 

 
 
 
 

 

  

 

 

 

A /Target population:-  
  

For students of First year -Technological Institute of Basra-Department of Electrical  

Techniques.    

   

B / Rationale:-  

• It is very important to study Magnetism . 

• Also to study Magnetic field of solenoid. 

C / Central Idea:- 

• Definition It is very important to study Electromagnetism any electric closed circuit . 

• To study Magnetic field of solenoid  

 

D/Performance Objectives:  

To let the student be able to learn the magnetic field of conductor carrying current and 

another effects it . 

 

 

 

 

❖ Overview 

The 9th ,10th  weeks/ Magnetism  



 

 

 

 

 
 
 
 

❖ Pretest 



 

 

 
 

1-  Magnetism 

Magnetism is a physical phenomenon produced by the motion of electric charges. It results in attractive 

and repulsive forces between objects. 

- Origins of Magnetism 

• Caused by electron spin and orbital movement. 

• Materials exhibit magnetic behavior when atomic dipoles align in a particular direction. 

 - Magnetic Field (H) 

• Denotes the force applied to a magnetic material. 

• Unit: Ampere per meter (A/m) 

• Defined as: 

 

 

where N is number of coil turns, I is current (A), l is length (m). 

    Solved Example 1. 

Q: A coil of 300 turns is wound around a magnetic core of length 0.5 m. If a current of 2 A flows, what is the magnetic field 

HH?  

Solution: 

 



 

 

 

2-  Magnetic Poles – North & South 

Magnetism is one of the fundamental forces in nature, observable through natural and artificial 

magnets. At the heart of this phenomenon are magnetic poles, the regions where the magnetic effect is 

the strongest. Every magnet possesses two poles: a North pole and a South pole. 

Nature of Magnetic Poles 

• Magnetic poles always exist in pairs. If a bar magnet is broken in half, each resulting piece will 

develop its own North and South pole. 

• North pole (N): The end of the magnet that points toward the Earth’s geographic North when 

freely suspended. 

• South pole (S): The end that points toward the Earth’s geographic South. 

 Magnetic Field Lines 

• Magnetic fields are visualized through field lines that emerge from the North pole and enter at the 

South pole. 

• Inside the magnet, the lines continue from South to North, forming closed loops. 

• The density of these lines represents the strength of the magnetic field: the closer they are, the 

stronger the field. 

Interaction Between Poles 

• Like poles repel, and unlike poles attract. This principle underpins the operation of electric motors, 

magnetic sensors, and various instruments. 

• The force between two poles depends on their strength and the distance between them. 



 

 

 

Properties of Magnetic Poles 

 



 

 

 
 

3- Types of Magnetic Materials 

Magnetic materials respond to an external magnetic field in different ways based on their 

atomic structure and electron behavior. The main classifications are: 

1. Ferromagnetic Materials 

• Strong attraction to magnetic fields. 

• Domains (groups of atoms) align parallel, even after removing the field. 

• Can be permanently magnetized. 

• Examples: Iron, Nickel, Cobalt, and steel. 

• Applications: Motors, transformers, permanent magnets. 

2. Paramagnetic Materials 

• Weakly attracted to magnetic fields. 

• Do not retain magnetism when the field is removed. 

• Atomic dipoles align slightly with the field. 

• Examples: Aluminum, Magnesium, Platinum. 

• Applications: MRI contrast agents, scientific research. 

 

 



 

 

3. Diamagnetic Materials 

• Repelled by magnetic fields. 

• Magnetic dipoles are induced in the opposite direction. 

• Effect is very weak and present in all materials but masked in others. 

• Examples: Copper, Bismuth, Water, Quartz. 

• Applications: Magnetic levitation, shielding, precision instruments. 

4. Antiferromagnetic Materials 

• Neighboring magnetic moments align in opposite directions and cancel out. 

• Net magnetism is zero. 

• Examples: Manganese Oxide (MnO), Nickel Oxide (NiO). 

• Applications: Spintronics, memory devices. 

5. Ferrimagnetic Materials 

• Like antiferromagnets, but opposing moments are unequal, producing a net magnetic 

effect. 

• Commonly used in ferrites. 

• Examples: Magnetite (Fe₃O₄), ferrite ceramics. 

• Applications: Antennas, inductors, radio frequency devices. 

 
 
 
 
 



 

 

 

4- Magnetic Field 

  Definition: 

A magnetic field is the region around a magnet or current-carrying conductor where magnetic forces can be detected. 

• Vector quantity, represented by H⃗\vec{H} or B⃗\vec{B} depending on the context. 

• Direction is from the North pole to the South pole outside the magnet. 

  Units: 

• Magnetic Field Strength HH: A/m (amperes per meter) 

• Magnetic Flux Density BB: Tesla (T) or Weber per square meter (Wb/m²) 

  Generation of Magnetic Fields: 

• By permanent magnets 

• By electric currents (e.g. around a straight wire or a solenoid) 

 Example 1 – Magnetic Field around a Current-Carrying Wire: 

Use Ampère’s Law to find the magnetic field at a distance r from a straight wire carrying current II: 

 

 

 

 



 

 

- Magnetic Flux 

  Definition: 

Magnetic flux (Φ\Phi) is the total number of magnetic field lines passing through a given surface 

area. 

 

• B: Magnetic flux density (T) 

• A: Area vector (m²) 

• θ\theta: Angle between B⃗\vec{B} and the normal to the surface 

  Unit: 

• Weber (Wb) 1 Wb = 1 Tesla × 1 m² 

Example 2 – Magnetic Flux through a Surface: 

 

 
 

 

 

 



 

 

 

- Comparison Table 

Property Magnetic Field (H / B) Magnetic Flux (Φ) 

Definition 
Force per unit magnetic 

pole/current 

Total field lines through 

area 

Unit A/m (H) or T (B) Weber (Wb) 

Scalar/Vector Vector Scalar 

Tool for 

Measurement 
Tesla meter, Gauss meter Flux meter 

- Applications 

• Magnetic Field: 

o Motor design 

o Wireless charging 

o MRI (Magnetic Resonance Imaging) 

• Magnetic Flux: 

o Faraday’s Law (Induced EMF) 

o Transformer design 

o Flux linkage in inductors 



 

 

 
 

5-  Magnetomotive Force (MMF) 

 

What is MMF? 

Magnetomotive Force (MMF) is the magnetic equivalent of electromotive force (EMF) in an electric circuit. It acts as 

the driving force that sets up magnetic flux in a magnetic circuit. 

• Symbol: F or simply F. 

• Unit: Ampere-Turns (At) 

• Formula: 

 

Where: 

• N: Number of coil turns 

• I: Current through the coil in amperes 

  Analogy with Electric Circuits: 

Electrical Circuit Magnetic Circuit 

Voltage (V) MMF (F) 

Current (I) Magnetic Flux (Φ) 

Resistance (R) Reluctance (ℜ) 



 

 

 

Example 1: Basic Coil 

Problem: A coil has 150 turns, and a current of 0.5 A flows through it. What is the MMF? 

Solution: 

 

Example 2: Motor Winding 

Problem: An electric motor winding consists of 500 turns. If it carries a current of 2 A, find the 

MMF. 

Solution: 

 

Example 3: Variable Current 

Problem: A solenoid has 300 turns. How much MMF will it produce when: a) Current = 1.5 A  

b) Current = 0.2 A 

Solution: 

 

 



 

 

 

6- Magnetic Flux Density 

Magnetic Flux Density (B) is a measure of the amount of magnetic flux (Φ\Phi) passing through a unit area 

placed perpendicular to the direction of the magnetic field. 

• Symbol: B 

• Formula: 

 

 

Where: 

• B: Magnetic flux density in Tesla (T) 

• Φ: Magnetic flux in Weber (Wb) 

• A: Cross-sectional area in square meters (m²) 

Note: 1 Tesla = 1 Weber per square meter (1 T = 1 Wb/m²) 

- Explanation 

• Magnetic flux density quantifies how concentrated the magnetic field is over a given surface. 

• It is analogous to electric field strength in electrostatics. 

• A higher flux density means a stronger magnetic field at that location. 

 
 



 

 

 
 

 



 

 

7-  Factors Affecting Magnetic Flux 

Magnetic flux (Φ\Phi) refers to the total magnetic field lines passing through a defined surface area. 

 

Where: 

• Φ: Magnetic flux (in Webers, Wb) 

• B: Magnetic flux density (in Tesla) 

• A: Area the field is passing through (in m²) 

• θ: Angle between magnetic field and normal to the surface 

  2. Factors Affecting Magnetic Flux 

A. Magnetic Flux Density (B) 

• The stronger the magnetic field, the greater the flux. 

• Directly proportional relationship: ↑B → ↑Φ 

B. Cross-Sectional Area (A) 

• Flux increases with larger surface area. 

• If the area is reduced, fewer field lines pass through. 

 C. Angle Between Field and Surface (θ\theta) 

• Effective flux is reduced when the surface is not perpendicular. 

• Maximum flux when θ=0∘\theta = 0^\circ, i.e., field is perpendicular. 

 



 

 

 D. Material Permeability (μ) 

• Flux flows more easily through high-permeability materials (e.g., iron, soft steel). 

• Air or vacuum has low permeability → higher reluctance. 

E. Presence of Magnetic Saturation 

• When a material reaches its saturation point, it cannot carry more magnetic flux despite increasing 

MMF. 

• Beyond this, further increases in current do not significantly increase flux. 

Worked Example 

 
 
 
 
 
 
 
 
 



 

 

8- Permeability 

 
 
 
 
 
 



 

 

 

 

EX. 



 

 

 

9- Magnetic Reluctance 
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10- Application of Kirchhoff’s Laws 

Kirchhoff’s laws can be extended to magnetic circuits in the following ways: 

 

 

 



 

 

 

-  Examples and Problem Solutions 



 

 

 



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

H.W. 

  Definitions a. Define magnetic field intensity HH and magnetic flux density BB. 

What are their SI units? b. Explain the physical difference between HH and BB. 

  Magnetic Flux a. What is magnetic flux Φ\Phi? Give its formula and unit. b. A 

uniform magnetic field of 0.4 T passes through a circular loop of radius 5 cm at an 

angle of 30°. Calculate the flux through the loop. 

  Magnetomotive Force (MMF) a. Define magnetomotive force. What is its analogy 

in electrical circuits? b. A coil of 250 turns carries 1.2 A. Calculate its MMF. 

 



 

 

 
 
 
 

 

  

 

 

 

A /Target population:-  
  

For students of First year -Technological Institute of Basra-Department of Electrical  

Techniques.    

   

B / Rationale:-  
 

It is very important to study the Coil and conductance inductance. 

  

 C / Central Idea:-  

 
• Definition Coil and conductance inductance.  

• To learn Self inductance. 

  

D/Performance Objectives:  

To let the student be able to identify the electromagnetic induction . 

 

 

 

 

❖ Overview 

The 11th   week / Coil and conductance inductance  



 

 

 

 

 
 
 

   Compare ohms law with magnetic flux 

 

I=V/R (Ω) 

 
Ф=m.m.f/(R (Weber) 

 
 
 
 
 
 
 

❖ Pretest 

solution 



 

 

 

1-  Self-Induction of a Coil 

Self-induction is the phenomenon where a changing current in a coil induces an electromotive force (EMF) in the same 

coil due to its own magnetic field. 

• This EMF opposes the change in current (according to Lenz’s Law). 

  Self-Inductance (L) 

Self-inductance is the property of a coil that quantifies its ability to oppose changes in current flowing through it. 

• Unit: Henry (H) 

• Formula: $$ L = \frac{N \cdot \Phi}{I} $$ where: 

o LL = self-inductance 

o NN = number of turns 

o Φ\Phi = magnetic flux through each turn 

o II = current 

• Induced EMF (Faraday’s Law): $$ \varepsilon = -L \cdot \frac{dI}{dt} $$ 

Example 

 



 

 

 

2- Mutual Inductance Between Two Coils 

Mutual inductance is the phenomenon where a changing current in one coil induces an EMF in a second nearby coil 

due to the shared magnetic field. 

  Mutual Inductance (M) 

• Formula: $$ M = \frac{N_2 \cdot \Phi_{21}}{I_1} $$ where: 

o N2N_2 = number of turns in second coil 

o Φ21\Phi_{21} = magnetic flux through coil 2 due to coil 1 

o I1I_1 = current in coil 1 
• Induced EMF in coil 2: $$ \varepsilon_2 = -M \cdot \frac{dI_1}{dt} $$ 

Example 

 

 



 

 

3- Coil Connections and Mutual Inductance 

Let’s explore how mutual inductance behaves based on different coil connections: 

   



 

 

 



 

 

 

 

 

 

Two 500µH coils have a mutual inductance  of 
200 µH  . 
Determine: the total inductance Of the two 
coils 

(a) When they are connected series-adding . 
(b) When they are connected series-opposing. 

 
 
Ans. 

(a) 1.4µH 
(b) 600µH 

❖ Posttest 



 

 

 
 
 
 

 

  

 

 

 

A /Target population:-  
  

For students of First year -Technological Institute of Basra-Department of Electrical  

Techniques.    

   

B / Rationale:-  
 

It is very important to study Growth and decay of current in inductive circuit . 

  

 C / Central Idea:-  

 
• Definition Growth and decay of current in inductive circuit   

D/Performance Objectives:  

To let the student be able to learn the effect of the coil and the capacitor on the 

current and voltage with d.c current . 

 

 

 

 

 

❖ Overview 

The 12th   week / Growth and decay of current in inductive circuit 
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           Solution : 
1) When switch (S) is closed the supply d.c voltage of 120v 

is applied across both arms. 

The current in R2 will immediately become 120/30=4A 

However, there is no instantaneous flow of current in it . Hence, current 

taken from the supply at the instant of switching on will be (4A) . 

2) Since at the instant of switching, on , there is no current 

through the inductor arm , no potential drop 

Will develop across R1 . The whole of the supply voltage will be applied 

across the inductor if di/dt. 

Is the rate of increase of current through the inductor at the instant 

of switching on . Then the back e.m.f. produced in it is L.(di/dt) 

This e.m.f. is equal and opposite to the applied voltage           

120/L.(di/dt) OR di/dt=120/2=60 A/s 
 



 

 

 

3) When switch has been closed for a sufficiently long time, 

current through the inductor arm reaches a steady value= 

120/R1=120/15=8A , Current through R2=120/30=4A supply 

current = 8+4=12A 

4) Maximum energy stored in the inductor arm = ½ (L.I2)= ½ 

(2x82)=64 Joule 

5) When switch is opened current through the inductor arm 

cannot change immediately 

because of high self- inductance of the inductor .  

Hence , inductance current remains at (8A). 

But the current through R2 can be changed immediately. After 

the switch is opened , the current inductor path lies through R1 

and R2 . Hence e.m.f. Induced in the inductor at the instant of 

switching off is = 8x (30- 15)=360 v 



 

 

 



 

 

 



 

 

 



 

 

 



 

 

 



 

 

 



 

 

Example 



 

 

H.W. 



 

 

 
 
 
 

 

  

 

 

A /Target population:-  
  

For students of First year -Technological Institute of Basra-Department of Electrical  Techniques.    

   

B / Rationale:-  
 

• It is very important to study Electrical measuring devices. 

• Also, to study What is physical effects of at all electrical measuring devices.  

  

 C / Central Idea:-  

• Definition Electrical measuring devices. 

• To learn Classify secondary instruments divide. 

 

D/Performance Objectives:  

To let the student be able to identify how measure current, voltage, ohm with (D.C and A.C ). 

❖ Overview 

The 13th   week / Measuring devices 

 



 

 

 

 
 
 
 
 

 

  

 
 
 

❖ Pretest 

(2) Electrodynamics effect-for ammeters, voltmeters and watt meters. 

(1) Magnetic effect- for ammeters, voltmeters usually . solution 

What are physical effects of at all electrical measuring devices ? 

(4) Thermal effect- for ammeters, voltmeters . 

(3) Electromagnetic effect-for ammeters, voltmeters , wattmeter's and 

watt-hour meters. 

 

(5) Chemical effect – for d.c ampere-hour meters. 

 (6) Electrostatic effect- for voltmeters only .  



 

 

 



 

 
 



 

  



 

 

 



 

 
 



 

 

 



 

 

 



 

 

 



 

 

 



 

 

 

 

 
 
 
 

 
 
 

 
 
 



 

 

 



 

 

 



 

 

 



 

 

 



 

 

 



 

 

 



 

 

 



 

 

 



 

 

 



 

 

 
 
 
 

 

  

 

 

 

A /Target population:-  
  

For students of First year -Technological Institute of Basra-Department of Electrical  

Techniques.    

   

B / Rationale:-  
 

It is very important to study the measuring device with an iron core. 

 C / Central Idea:-  

 
• Definition Iron core measure meant 

.• To learn the measuring device with an iron core. 

D/Performance Objectives:  

To make the student should be able to find out the measuring device with Moving iron 

instruments where installation, and how to use it in electrical measurements and know its 

advantages and disadvantages .To make the student should be able to find out the measuring 

device with Moving iron instruments where installation, and how to use it in electrical 

measurements and know its advantages and disadvantages . 

 

 

 

❖ Overview 

The 14th    week / The measuring device with an iron core 

 



 

 

 

 

 
 
 

 

 

Mention the advantages of the measuring moving coil 

 

1. Dissipative capability and low. 

2. The proportion of high torque-to-weight . 

3. The  possibility of large-scale action and regular. 

4. Can use a single device as voltmeter and as ampere meter to 

cover a wide range of values of voltages and currents and using 

atomiser resistors and multiplier. 

5. Use dwindling stream whirling. 

6. Free device has magnetic hysteresis and beyond that the 

mistakes that caused by stray magnetic fields. 
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Iron-Core Measuring Devices: Structure, Operation, and 

Applications 

🧲 Introduction 

Iron-core measuring devices are instrumental in the field of electrical engineering and industrial 

automation. These devices operate based on the principles of electromagnetic induction and are 

primarily used to measure electrical current, magnetic fields, or material properties. 

Examples include: 

• Current Transformers (CTs) 

• Inductive sensors 

• Magnetic flux meters 

🏗️ Structure of the Device 

A typical iron-core measuring device includes the following components: 

• Iron Core: 

o Made of soft iron, laminated to reduce eddy current losses. 

o Provides a low reluctance path for magnetic flux. 

• Primary Coil: 

o Carries the current to be measured or creates the magnetic field. 

o Often a single turn (e.g., a conductor passing through the core in CTs). 

• Secondary Coil: 

o Wound around the core to detect changes in magnetic flux. 

o Converts magnetic variation into a measurable voltage or current. 

• Encapsulation: 

o The coils and core are typically housed in insulating material for protection and 

durability. 

⚙️ Working Principle 

• The device uses Faraday’s Law of Electromagnetic Induction. 

• When an alternating current flows through the primary coil, it produces a time-varying 

magnetic field. 

• This field is concentrated by the iron core, which directs it through the secondary coil. 

• A voltage is induced in the secondary coil, proportional to the rate of change of magnetic flux. 

• This induced voltage or current can then be measured and interpreted. 

 

 



 

 

📐 Measurement Use Cases 

These devices are used in: 

• Electrical Current Measurement: 

o Current transformers monitor high currents in power systems by converting them to 

manageable levels. 

• Material Testing: 

o Iron-core sensors detect ferromagnetic materials or flaws in metallic structures. 

• Control Systems: 

o Used in automation to detect position, proximity, or movement. 

✅ Advantages 

• High Sensitivity: Amplifies weak magnetic fields. 

• Robust Construction: Durable and suitable for industrial environments. 

• Accurate Readings: Especially for sinusoidal current waveforms. 

• Non-Intrusive: Minimal impact on the primary circuit in transformer-type devices. 

⚠️ Disadvantages 

• Core Saturation: Limits dynamic range when magnetic flux exceeds saturation point. 

• Eddy Current Losses: Particularly at high frequencies if not properly laminated. 

• Temperature Sensitivity: Iron properties can vary with temperature. 

• Size and Weight: Bulkier than air-core alternatives. 

           Device Diagram (Described) 

  

 
 
 
 
 
 
 

 

 

 

 

 

 

 



 

 

 

 
 
 
 
 

 

  

A /Target population:-  
  

For students of First year -Technological Institute of Basra-Department of Electrical  

Techniques.    

   

B / Rationale:-  
It is very important to study Wattmeter and oscilloscope. 

.  

C / Central Idea:- 
• Mention the advantages of measuring moving iron instruments 

 

• To learn Wattmeter and oscilloscope. 

 

D/Performance Objectives:  

To make students able to install the wattmeter device and see 

plugged into an electrical circuit to measure the Power , as well as 

to identify on Oslo scope device and its uses. 

 

 

 

 

 

The 15th week/ Wattmeter device and oscilloscope 

❖ Overview 
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