
Fundamentals  and  Applications  of 

Modern Electromagnetics

Introduction

Electromagnetism is a fundamental force of nature that 

governs the interactions between electric and magnetic 

fields. It plays a crucial role in various aspects of our 

daily lives, from the functioning of electronic devices to 

the transmission of wireless signals. This book provides 

a  comprehensive  introduction  to  the  principles  and 

applications of electromagnetism, catering to the needs 

of  students,  engineers,  and  professionals  seeking  to 

delve deeper into this fascinating field.

Electromagnetism  has  been  extensively  studied  and 

applied  in  various  fields,  including  electrical 

engineering, electronics,  communication systems, and 

optics.  This  book aims to  equip  readers  with  a  solid 
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understanding  of  the  fundamental  concepts  and 

theories that underpin these applications. By exploring 

the  behavior  of  electromagnetic  fields  and  waves, 

readers will gain insights into the working principles of 

devices  such  as  antennas,  waveguides,  and  optical 

fibers.

Furthermore,  this  book  explores  the  practical 

applications  of  electromagnetism  in  modern 

technology. It delves into the principles behind radar 

systems, wireless communication systems, and medical 

imaging  techniques,  providing  readers  with  a 

comprehensive understanding of how electromagnetic 

waves are utilized in these technologies.

With its clear and engaging writing style, this book is 

accessible  to  readers  with  a  basic  understanding  of 

mathematics and physics. It features numerous solved 

examples,  practice  problems,  and  thought-provoking 

exercises  to  reinforce  the  concepts  and  theories 

presented throughout the book.
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Whether  you  are  an  aspiring  engineer,  a  seasoned 

professional, or simply someone with a keen interest in 

electromagnetism, this book offers a valuable resource 

for expanding your knowledge and understanding of 

this fundamental force of nature.

Electromagnetism is a rapidly evolving field, with new 

discoveries and applications emerging at a remarkable 

pace. This book provides a solid foundation for readers 

to stay abreast of these advancements and contribute 

to  the  ongoing  exploration  and  harnessing  of 

electromagnetic phenomena.
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Book Description

Fundamentals  and  Applications  of  Modern 

Electromagnetics provides  a  comprehensive 

introduction  to  the  principles  and  applications  of 

electromagnetism,  catering  to  the  needs  of  students, 

engineers,  and professionals  seeking  to  delve  deeper 

into this fascinating field.

Written in a clear and engaging style, this book covers 

a wide range of topics, including:

 The  fundamental  concepts  of  electric  and 

magnetic fields

 Maxwell's equations and their applications

 Wave propagation and polarization

 Transmission lines and waveguides

 Antennas and their characteristics

 Microwave devices and circuits

 Radar systems and their applications

4



 Optical  communication  systems  and  their 

components

 Wireless  communication  systems  and  their 

technologies

 Imaging systems and their principles

With  numerous  solved  examples,  practice  problems, 

and  thought-provoking  exercises,  this  book  provides 

readers with a solid understanding of the underlying 

principles and their practical applications.

Whether  you  are  an  aspiring  engineer,  a  seasoned 

professional, or simply someone with a keen interest in 

electromagnetism, this book offers a valuable resource 

for expanding your knowledge and understanding of 

this fundamental force of nature.

Key Features:

 Comprehensive  coverage  of  the  principles  and 

applications of electromagnetism
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 Clear  and  engaging  writing  style,  accessible  to 

readers  with  a  basic  understanding  of 

mathematics and physics

 Numerous  solved  examples,  practice  problems, 

and thought-provoking exercises

 Up-to-date coverage of emerging technologies in 

electromagnetism

 Ideal  for students,  engineers,  and professionals 

seeking  a  deeper  understanding  of 

electromagnetism

Electromagnetism is a rapidly evolving field, with new 

discoveries and applications emerging at a remarkable 

pace. This book provides a solid foundation for readers 

to stay abreast of these advancements and contribute 

to  the  ongoing  exploration  and  harnessing  of 

electromagnetic phenomena. 
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Chapter  1:  Electromagnetic  Fields  and 

Waves

Electric and Magnetic Fields

Electromagnetism is a fundamental force of nature that 

governs the interactions between electric and magnetic 

fields. These fields are invisible to the human eye, but 

they play a crucial role in various aspects of our daily 

lives, from the functioning of electronic devices to the 

transmission of wireless signals.

Electric Fields

Electric fields are created by electric charges. A positive 

charge creates an electric field that points away from it, 

while  a  negative charge creates  an electric  field that 

points  towards  it.  The  strength  of  the  electric  field 

decreases with distance from the charge.

Electric fields can exert forces on charged objects. For 

example,  a  positive  charge  will  experience  a  force 
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away from a positive charge and towards a negative 

charge. The force between two charges is proportional 

to  the  product  of  the  charges  and  inversely 

proportional  to  the  square  of  the  distance  between 

them.

Magnetic Fields

Magnetic fields are created by moving electric charges 

or  by  permanent  magnets.  A  moving  electric  charge 

creates  a  magnetic  field  that  is  perpendicular  to  the 

direction of motion. The strength of the magnetic field 

decreases with distance from the moving charge.

Magnetic  fields  can  exert  forces  on  moving  charged 

objects.  For  example,  a  moving  positive  charge  will 

experience a force perpendicular to both its direction 

of motion and the direction of the magnetic field. The 

force between a moving charge and a magnetic field is 

proportional  to  the  product  of  the  charge  and  the 

strength of the magnetic field.
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Interactions Between Electric and Magnetic Fields

Electric and magnetic fields are closely related and can 

interact with each other. A changing electric field can 

create a magnetic field, and a changing magnetic field 

can  create  an  electric  field.  This  interplay  between 

electric  and  magnetic  fields  is  known  as 

electromagnetic induction.

Electromagnetic  induction  is  the  principle  behind 

many electrical devices, such as transformers, electric 

motors,  and  generators.  It  is  also  the  basis  for  the 

transmission of electromagnetic waves, such as radio 

waves, microwaves, and light.

Applications of Electric and Magnetic Fields

Electric  and  magnetic  fields  have  a  wide  range  of 

applications  in  modern  technology.  Some  examples 

include:

 Electric  motors  convert  electrical  energy  into 

mechanical  energy,  which  is  used  to  power  a 
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variety of devices, from small appliances to large 

industrial machinery.

 Generators  convert  mechanical  energy  into 

electrical  energy,  which  is  used  to  power  our 

homes and businesses.

 Transformers  change  the  voltage  of  electric 

current,  which  is  necessary  for  the  efficient 

transmission and distribution of electricity.

 Antennas transmit  and receive electromagnetic 

waves,  which  are  used  for  communication, 

navigation, and remote sensing.

The study of electric and magnetic fields is a vast and 

complex field, but it is also a fascinating and rewarding 

one.  By  understanding  these  fundamental  forces,  we 

can develop new technologies that will benefit society 

in countless ways.
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Chapter  1:  Electromagnetic  Fields  and 

Waves

Maxwell's Equations

Maxwell's  equations  are  a  set  of  four  partial 

differential  equations  that  describe  the  behavior  of 

electric and magnetic fields. They are considered to be 

one  of  the  most  important  and  fundamental  sets  of 

equations in all of physics. Maxwell's equations unify 

the fields of electricity and magnetism, and they have 

been  used  to  explain  a  wide  range  of  phenomena, 

including  the  propagation  of  light,  the  behavior  of 

radio waves, and the functioning of electrical circuits.

Gauss's Law for Electric Fields: The first of Maxwell's 

equations  is  Gauss's  law  for  electric  fields.  This 

equation states that the total electric flux through any 

closed surface is proportional to the net electric charge 

enclosed by the surface. In other words, electric field 
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lines  always  originate  from  positive  charges  and 

terminate on negative charges.

Gauss's  Law  for  Magnetic  Fields: The  second  of 

Maxwell's equations is Gauss's law for magnetic fields. 

This  equation  states  that  the  total  magnetic  flux 

through  any  closed  surface  is  zero.  In  other  words, 

magnetic field lines never start or end, they simply loop 

around.

Faraday's Law of Induction: The third of  Maxwell's 

equations is Faraday's law of induction. This equation 

states  that  a  changing  magnetic  field  induces  an 

electromotive  force  (EMF)  in  a  conductor.  In  other 

words, a moving magnet can generate electricity.

Ampère's  Circuital  Law  with  Maxwell's  Addition: 

The fourth of Maxwell's equations is Ampère's circuital 

law with Maxwell's addition. This equation states that 

the circulation of the magnetic field around any closed 

loop  is  proportional  to  the  total  current  passing 

through  the  loop,  plus  the  displacement  current. 
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Displacement  current  is  a  term  that  was  added  by 

Maxwell to account for the fact that a changing electric 

field can also generate a magnetic field.

Maxwell's  equations  are  a  powerful  tool  for 

understanding  and  predicting  the  behavior  of 

electromagnetic fields. They have been used to develop 

a  wide  range  of  technologies,  including  radios, 

televisions, and computers. They are also essential for 

understanding the behavior of light and other forms of 

electromagnetic radiation.
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Chapter  1:  Electromagnetic  Fields  and 

Waves

Wave Propagation

Electromagnetic waves are a fundamental part of our 

universe.  They  are  responsible  for  transmitting 

information, energy, and heat, and they play a crucial 

role  in  various  natural  phenomena,  such  as  the 

propagation  of  light  and  the  behavior  of  charged 

particles.  In  this  section,  we  will  delve  into  the 

intricacies  of  wave  propagation,  exploring  the 

fundamental principles that govern the movement and 

behavior of electromagnetic waves.

1. Wave Characteristics: At  its  core,  a wave is  a 

disturbance that propagates through a medium, 

carrying  energy  and  information. 

Electromagnetic  waves  are  a  specific  type  of 

wave  that  consists  of  oscillating  electric  and 

magnetic  fields.  We  can  characterize  waves 
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using various properties,  including wavelength, 

frequency,  amplitude,  and  velocity. 

Understanding  these  properties  is  essential  for 

comprehending wave propagation.

2. Wave  Equation: The  wave  equation  is  a 

mathematical  expression  that  describes  the 

propagation of waves in various media. It relates 

the  second  partial  derivatives  of  the  wave 

function with respect  to  space and time to  the 

wave function itself. Solving the wave equation 

allows  us  to  determine  the  behavior  and 

characteristics  of  waves  under  different 

conditions.

3. Plane  Waves: Plane  waves  are  a  fundamental 

type of electromagnetic wave that propagates in 

a single direction with a constant amplitude and 

wavelength.  They  are  often  used  to  model  the 

propagation  of  electromagnetic  waves  in  free 

space  or  in  homogeneous  media.  By  studying 
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plane waves, we can gain insights into the basic 

properties of wave propagation.

4. Polarization: Polarization  is  a  property  of 

electromagnetic  waves  that  describes  the 

orientation  of  the  electric  field  vector  as  the 

wave propagates.  There are two main types of 

polarization:  linear  polarization  and  circular 

polarization.  Understanding  polarization  is 

crucial in various applications, such as antenna 

design and optical communication.

5. Wave  Propagation  in  Different  Media: 

Electromagnetic  waves  can  propagate  through 

various media, including free space, conductors, 

dielectrics,  and  plasmas.  The  properties  of  the 

medium, such as conductivity, permittivity, and 

permeability, influence the behavior of the wave. 

Studying  wave  propagation  in  different  media 

helps us understand how electromagnetic waves 

interact with matter.
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6. Applications  of  Wave  Propagation: Wave 

propagation has a wide range of applications in 

various fields. Some notable examples include:

 Wireless communication: Electromagnetic 

waves  are  used  to  transmit  information 

wirelessly,  enabling  communication 

between  devices  such  as  mobile  phones, 

Wi-Fi networks, and satellite systems.

 Radar  systems:  Radar  systems  utilize 

electromagnetic waves to detect and locate 

objects by measuring the time it takes for a 

wave to travel to the object and back.

 Medical  imaging:  Electromagnetic  waves, 

such as X-rays and MRI scans, are used to 

create  images  of  the  human  body  for 

diagnostic purposes.

 Optical  communication:  Electromagnetic 

waves  in  the  form  of  light  are  used  to 

transmit  data  through  optical  fibers, 
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providing  high-speed  internet  and 

communication networks.

Understanding  wave  propagation  is  fundamental  to 

comprehending the behavior of electromagnetic waves 

and  their  applications  in  various  technologies.  By 

delving  into  the  principles  of  wave  propagation,  we 

gain  insights  into  the  intricate  world  of 

electromagnetism and its impact on our daily lives.
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This extract presents the opening three 

sections of the first chapter.

Discover the complete 10 chapters and 

50  sections  by  purchasing  the  book, 

now available in various formats.
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