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Electromagnetics I

Motivation:

What is Engineering?

Creativity in applying scientific theories and principles in creating and designing 
practical systems with certain specifications for different puposes. Additionally, to 
be able to predict the system behaviour. Systems like, machines, buildings, 
devices, materials, and manufacturing processes, etc ...

What is Electrical Engineering?

Applying electric theories and principles to design electrical systems, such as, 
communication systems, computer systems, power systems, etc… and the 
analysis of systems to predicts their behavior.

Knowledge of electrical elements and electrical 
theories and field theory is indispensable for 
electrical engineers 2
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Course Goals:
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Intended Learning Outcomes (ILO’s)

1. To understand the math modeling of fields and waves in different coordinate 
systems.

2. To understand the laws of Electrostatic and Magneto-static fields, both in 
different materials.

3. To understand the electric and magnetic energy, and to be able to solve 
boundary value problems.

4. To learn Maxwell’s equation.
5. To understand the dynamic fields through Maxwell’s equations.
6. To understand plane waves and the concept of wave propagation.
7. To understand the equations of transmission line and their relation to Maxwell’s 

equations.
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SYLLABUS:
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Required Textbook: 

“Elements of Electromagnetics” Matthew O. Sadiku, 6th Edition, Oxford University 
Press, USA, ISBN 978-0199321384

REFERENCE LIST:

“Introduction to Electrodynamics” by David J. Griffiths” 3rd Edition, Benjamin 
Cummings, 
“Div, Grad, Curl, and All That: An Informal Text on Vector Calculus” 4th Edition, 
H. M. Schey
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COURSE OUTLINE

1. Coordinate System and Vector calculus

2. Electrostatic Fields

3. Electric Fields in Material Space 

4. Electrostatic Boundary-Value Problem 

5. Magnetostatic Fields 

6. Magnetic Forces, Materials and Devices

7. Maxwell’s Equations

8.   Electromagnetic Wave
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GRADING

Homework and Quizes 15%

First  Exam                                               15%

Second Exam                                           15% 

Second Exam                                           15% 

Final Exam 40%

The dates of the first and second exams will be announced in class at least two 
weeks before the exam, and will depend on the course progress.
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Deifionitions:
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• What is electromagnetics?
It is the study of charges at rest and at motion, and their effect on the surroundings.
Charges are positive or negative. At rest charges affect their surrounding with an electric   
force, this electric force can be presented as and electric field. Where as, moving charges 
affect their surrounding by electric and magnetic forces which can be represented by     
electromagnetic field.

• What is a field?
Field is a spatial distribution of a quantity, which may or may not be a function, of time

• Why do we study electromagnetics?
The study of static electric and magnetic fields is necessary for understanding electric 
machines, cathode ray tubes, avoiding the electrostatic damage of electronic circuits,…
The study of electromagnetic fields is necessary for understanding AC electric machines,   
wireless communication systems, remote sensing, and optical fiber … 

Scalar field: a field of quantity that can be specified at a point by only its magnitude
Vector field: a field of a quantity that can be specified at a point in space by its 
magnitude and direction.



Electromagnetics I

Electromagnetic model
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• Electromagnetic theory model:

1. Source, field quantities and universal constants

• Sources: charges at rest q and in motion I : 

• Field quantities electric field intensity E and magnetic field intensity H as model variables. 

2. Partial differential equations and vector calculus in time and space as tools

3. Maxwell’s equations

191.6 10q C  
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Electromagnetic model
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• Electromagnetic theory model:

1. Source, field quantities and universal constants

• Sources: a) charges at rest : 
191.6 10q C  

2

0
lim  C/mS S

q

S


 






Conservation of  electric charge is a fundamental postulate in physics that must be satisfied at 
all times. Mathematically, it is presented by the equation of continuity. Ex. KCL satisfies it.

3

0
lim  C/mV V

q

V


 




 0
lim  C/mL L

q

L


 






Volume charge density 

b) Charges in motion I 

line charge density 
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Surface charge density 
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Electromagnetic model
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• Electromagnetic theory model:

1. Source and field quantities

• Sources: b) Current is a scalar quantity and needs an area or length to be defined
We define current density which is a vector showing the direction and magnitude 
of the current and is a point function( is defined at each point in space)

Volume current density : the current flowing through an area J A/m2

Surface current density: in some cases the current flows on the surface of the 
conductor and as a result this quantity is defined Js A/m
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• Electromagnetic theory model:

1. Source and field quantities

• Field Quantities: Electric and magnetic field quantities

Quantities Field Quantities Symbol
s

Units

Electric Quantities
Electric Field Intensity E V/m

Electric Field Density
(Electric Displacement)
(Electric Flux Density)

D C/m2

Magnetic Quantities
Magnetic Field Intensity H A/m

Magnetic Field Density B T
In static fields, electric and magnetic fields are independent from each other
In time variant fields, electric and magnetic fields are coupled (they depend on each 
other)
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Electromagnetic model

12

• Electromagnetic theory model:

1. Source and field quantities

• Universal Constants:

2. Vector algebra and calculus will be the tools (to be explained next) 
3. Maxwell’s Equations are the postulates…

Universal Constants Symbol Value Unit

Speed of light c 3 x 108 m/s

Permeability H/m

Permitivity F/m
o
o

74 10 
9(1 36 ) 10 
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Basics of Vector Calculus
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• Electromagnetic theory vector quantities: E, D, B, H, J 
• Electromagnetic theory scalar quantities: I, Q, Energy (E) e.g. Q= 1 uC

• Because we are dealing with fields, space location must be specified, to do that, we
define an origin and a coordinates system to define the location of each point in the
space of the specified problem, which is to be solved.

• In EM theory, problems involving objects are normally needed to be solved,
depending on the shape of such objects, a coordinate system is used. E.g. circular discs
are better specified in polar or cylindrical coordinates, whereas spherical ball, is better
analyzed in spherical coordinates system.

1. Vector Algebra: addition, subtraction, multiplication, division
2. Curvilinear Coordinate Systems: Spherical, Cylindrical, Cartesian
3. Vector Calculus: Divergence, Curl, Gradient, Surface Integrals, Line integrals, 

Volume Integrals
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Basics of Vector Calculus
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• Vector Algebra

1. Vector magnitude and direction:
A= AaA , A=|A|, aA=A/|A|

A vector in Cartesian(Rectangular) 
coordinates can be expresses as:
A=(Ax, Ay ,Az)  or A=Ax ax +Ay ay +Az az

ax , ay , az are called Cartesian 
coordinates unit vectors

magnitude

Unit vector (direction)

2. Vector scaling: A= kAaA

Cartesian(rectangular) coordinates

Vector Scaling
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Basics of Vector Calculus
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• Vector Algebra

3. Vector addition : C= A+B

4. Vector subtraction: C= A-B

Triangle(head-tale) Parallelogram

Law of cosines: For any triangle

Law of sines: For any traingle

adding to vector is carried out component by 
component , If A=(Ax, Ay ,Az) , B=(Bx, By ,Bz) then: 
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Basics of Vector Calculus
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• Vector Algebra

Associative law: A+(B+C)=(A+B)+C
Commutative law: A+B=B+A

Example:
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Basics of Vector Calculus
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• Vector Algebra

Example:
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Basics of Vector Calculus
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• Vector Algebra
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Basics of Vector Calculus
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• Vector Algebra

Position Vector: The vector connecting the origin to a  specific point X= xax+ yay+ zaz

Example: the position vector of the point (3,4,5) is:

position vector of the point (3,4,5)

rP =3ax +4 ay +5 az
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Basics of Vector Calculus
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• Vector Algebra

Displacement (distance) vector: It is the vector directed from one point to another

rPQ = (xQ-xP)ax+ (yQ-yP)ay+ (zQ-zP)az

Example:

The infinitesimal displacement (distance) vector

dl = dxax + dyay + dzaz
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Basics of Vector Calculus
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• Vector Algebra
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Basics of Vector Calculus
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• Vector Algebra

5. Vector Product

a. Dot Product: C=A.B=|A||B|cosθAB

θAB is the smaller angle between the two vectors

In terms of the vectors‘ components

BA =aA.B=|B||aA|cosθAB = |B||aA|cosθAB 

is the change of B in the direction of A

=> BA = BA aA
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Basics of Vector Calculus
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• Vector Algebra

5. Vector Product

b. Cross Product:C= AxB=|A||B|sinθAB aN

Distributive law: Ax(B+C)=AxB+AxC
Commutative law: AxB=-BxA
Not Asscoiative: Ax(BxC) ≠ (AxB)xC

The magnitude is the area of the parallelogram
The direction is determined by the right hand rule.

In terms of vectors components: it is the following determinant
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Basics of Vector Calculus
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• Vector Algebra

5. Vector Product

• Triple Cross product rule (BAC-CAB rule)

• Product of three vectors

The volume of the parallelepiped

In terms of vectors components 
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Basics of Vector Calculus
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• Vector Algebra
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• Vector Algebra

Example:
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• Vector Algebra
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• Vector Algebra

Example



Electromagnetics I

Basics of Vector Calculus

29

• Vector Algebra
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Basics of Vector Calculus
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• Vector Algebra
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• Vector Algebra


