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What is Electromagnetic Field Theory ?

| Electromagnetics or Electromagnetism is about the combination of electricity and
magnetism

| We know the relation between electricity and magnetism

| Field is any area. In this case, field is the area where the combined effect of
electricity and magnetism can be felt

| Theory is simply defined as a system of ideas intended to explain something
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Theories of Electromagnetic Field in Real Life ?

Wireless communication (Antennas)

RADAR
Machines and Drives

Biomedical applications

Sensors
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Short Review of Some
Fundamentals




Fundamental SI Units

| Derived Units
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Dimension Unit Symbol
Length meter m
Mass kilogram kg
Time second S
Electric Current ampere A
Temperature kelvin K
Amount of substance | mole mol




Prefixes to Represent Numbers/Units

Prefix Symbol Magnitude
exa E 1018
peta P 1013
tera T 1012
giga G 10°
mega M 106
kilo k 103
milli m 10—2
micro 72 1076
nano n 10~?
pico p 10~12
femto f 10-15
atto a 10~18
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Scalar and Vector Quantities

| Scalar Quantity

| Physical quantities requiring magnitude for complete description

| Represented by medium-weighted italic font
| Vector Quantity
Physical quantities requiring magnitude and direction for complete description
Represented by bold face font (or a normal letter with arrow above it)
Magnitude is represented by a medium-weighted italic font

Direction is represented by a unit vector (bold face letter with circumflex

above it)

- AN
E=EX
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The Nature of Electromagnetism




Nature of Electromagnetism

Electromagnetic force is one of the natures fundamental forces

It operates at the atomic scale

Its effects can be transmitted through electromagnetic waves through free space
and material media
| Source of electric and magnetic fields

| Combination of electric and magnetic fields (electromagnetic field)
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Electric Field




Electric Field

Source of electric field is electric charge

Electric charge may have positive or negative polarity

The resulting force may be attractive or repulsive

All matter is composed of neutrons (neutral), protons (positively charged), and
electrons (negatively charged)

The fundamental quantity of charge is that of a single electron denoted by e

e = 1.6x10"1°Coulomb

Charge of a single electron is g, = —e, and that of a protonis g, = e
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Coulomb’s Law

| Source of Fe,,

Coulomb’s experiments demonstrated that:

(1) two like charges repel one another, whereas two
charges of opposite polarity attract,

(2) the force acts along the line joining the charges, and

(3) its strength is proportional to the product of
the magnitudes of the two charges and inversely
proportional to the square of the distance between
them.
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Coulomb’s Law

+ el

_ Foy =Rizg—42 (N) (in free space)
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Where F,,4 is the electric force acting on charge g2 due to charge g1

-

R{, is the distance between the two charges

R, is the unit vector pointing from g1 to g2

o is a universal constant called the electrical permittivity of free space
go = 8.854x10712F/m

| Fe12 = —Fep1
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Continued ...




