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Theory and Computation of Electromagnetic Fields

theory and computation of electromagnetic fields form the backbone of many
modern technologies, from wireless communication to medical imaging.
Understanding how electromagnetic fields behave and how to accurately compute
them is essential for engineers, physicists, and researchers working in
various disciplines. Whether you’re designing antennas, simulating wave
propagation, or exploring fundamental physics, grasping these concepts
unlocks a world of possibilities.

Fundamental Concepts in the Theory of
Electromagnetic Fields

At its core, the theory of electromagnetic fields revolves around how
electric and magnetic fields interact and propagate through space and matter.
James Clerk Maxwell’'s equations elegantly describe these phenomena, providing
a set of coupled partial differential equations that govern electric and
magnetic fields.

Maxwell’'s Equations: The Foundation

Maxwell’s equations consist of four key relations:

e Gauss’s Law for Electricity: Describes how electric charges produce
electric fields.

e Gauss’s Law for Magnetism: States that there are no magnetic monopoles;
magnetic field lines are continuous.

e Faraday’s Law of Induction: Explains how a changing magnetic field
induces an electric field.

e Ampéere’s Law with Maxwell’s Addition: Relates magnetic fields to
electric currents and changing electric fields.

Together, these equations capture the dynamic interplay between electric and
magnetic fields, explaining phenomena like electromagnetic waves, induction,
and reflection.



Electromagnetic Wave Propagation

One of the most fascinating outcomes from Maxwell’s equations is the
prediction of electromagnetic waves—oscillating electric and magnetic fields
that travel through space at the speed of light. This revelation laid the
groundwork for radio, television, radar, and countless other applications.

Understanding wave behavior involves concepts such as reflection, refraction,
polarization, and diffraction. These phenomena explain how waves interact
with materials and boundaries, which is crucial when designing devices like
waveguides and antennas.

The Role of Computation in Electromagnetic
Field Analysis

While Maxwell'’s equations provide a theoretical framework, many real-world
problems are too complex for analytical solutions. This is where
computational methods come into play, enabling engineers and scientists to
simulate electromagnetic fields in intricate geometries and heterogeneous
materials.

Why Computational Electromagnetics Matters

Computational electromagnetics (CEM) allows for realistic modeling of devices
and systems under various conditions without costly and time-consuming
physical prototypes. Whether it’s optimizing the performance of a mobile
phone antenna or assessing electromagnetic compatibility in electronic
circuits, computation accelerates innovation.

Popular Numerical Methods

Several numerical techniques have been developed to solve Maxwell’s equations
efficiently:

e Finite Difference Time Domain (FDTD): A time-stepping method that
discretizes both space and time to simulate wave propagation and
transient phenomena.

e Method of Moments (MoM): Converts integral equations into matrix
equations, often used for antenna and scattering problems.

e Finite Element Method (FEM): Divides the problem domain into smaller
elements, allowing for flexible handling of complex geometries and



materials.

e Transmission Line Matrix (TLM): Models electromagnetic fields using
interconnected transmission lines, particularly useful in certain
transient analyses.

Each method has its strengths and weaknesses, and the choice often depends on
the specific problem, available computational resources, and desired
accuracy.

High-Performance Computing in Electromagnetic
Simulations

With the rise of powerful processors and parallel computing architectures,
large-scale electromagnetic simulations have become more feasible. Utilizing
GPUs and cloud-based resources, researchers can tackle problems involving
millions of unknowns, enabling detailed studies of electromagnetic
interference, antenna arrays, and metamaterials.

Applications and Implications of
Electromagnetic Field Theory and Computation

The practical impact of understanding and computing electromagnetic fields is
vast and ever-growing.

Wireless Communication and Antenna Design

Designing efficient antennas requires precise knowledge of how
electromagnetic waves radiate and interact with their surroundings.
Computational tools help engineers optimize antenna shapes, materials, and
placements to maximize signal strength and minimize interference.

Medical Imaging and Therapy

Techniques like MRI and electromagnetic hyperthermia rely heavily on
electromagnetic field theory. Accurate modeling ensures safety and efficacy,
enhancing image resolution or targeting cancerous tissues with minimal damage
to healthy cells.



Electromagnetic Compatibility and Safety

With an increasing number of electronic devices, ensuring that equipment
operates without harmful interference is vital. Simulation of electromagnetic
fields helps identify potential issues early in the design process.
Additionally, understanding field exposure limits protects human health in
environments with strong radiation sources.

Tips for Mastering the Theory and Computation
of Electromagnetic Fields

If you’re venturing into this field, here are some practical pointers:

1. Build a Strong Foundation in Electromagnetics: Familiarize yourself with
vector calculus and differential equations as they are fundamental to
Maxwell’s equations.

2. Practice Numerical Methods: Experiment with simple computational models
using software like MATLAB or Python libraries to grasp concepts before
moving to complex simulations.

3. Understand Material Properties: Real-world electromagnetic behavior
depends heavily on how materials respond; learn about permittivity,
permeability, and conductivity.

4. Leverage Open-Source Tools: Tools such as OpenEMS and MEEP provide
accessible platforms for electromagnetic simulations without hefty
licensing fees.

5. Stay Updated with Research: The field evolves rapidly, especially with
advances in metamaterials and nanophotonics, so reading current
literature is beneficial.

Challenges and Future Directions 1in
Electromagnetic Field Computation

Despite significant progress, challenges remain in accurately simulating
electromagnetic phenomena at all scales and frequencies. Multiscale modeling,
where nanoscale effects influence macroscale behavior, requires innovative
computational approaches.

Moreover, integrating machine learning with electromagnetic computations is



an emerging trend, promising faster simulations and improved design
optimization. As artificial intelligence algorithms mature, they are expected
to complement traditional numerical methods, opening new avenues for
discovery.

Exploring quantum effects in electromagnetic fields also presents a frontier,
bridging classical theory with quantum electrodynamics to address phenomena
at atomic and subatomic scales.

The theory and computation of electromagnetic fields continue to be a vibrant
area of study, combining mathematical elegance with practical impact. Whether
you're a student, researcher, or engineer, diving into this subject offers
both intellectual satisfaction and the opportunity to contribute to cutting-
edge technologies shaping our world.

Frequently Asked Questions

What are the fundamental equations used in the
theory of electromagnetic fields?

The fundamental equations are Maxwell's equations, which describe how
electric and magnetic fields are generated and altered by each other and by
charges and currents.

How does computational electromagnetics (CEM) aid in
solving complex electromagnetic problems?

CEM uses numerical methods and algorithms, such as the Finite Element Method
(FEM) and the Finite Difference Time Domain (FDTD) method, to approximate
solutions of Maxwell's equations in complex geometries where analytical
solutions are not feasible.

What is the significance of boundary conditions in
electromagnetic field computations?

Boundary conditions are essential for the uniqueness and stability of the
solution to Maxwell's equations; they define how fields behave at interfaces,
such as conductors or dielectric materials, and ensure physically accurate
simulation results.

What challenges are commonly encountered in the
numerical simulation of electromagnetic fields?

Challenges include handling complex geometries, ensuring numerical stability
and convergence, managing computational resources for large-scale problems,
and accurately modeling material properties and dispersive media.



How does the Finite Element Method (FEM) differ from
the Finite Difference Time Domain (FDTD) method in
electromagnetic computations?

FEM divides the problem domain into smaller subdomains or elements and is
well-suited for complex geometries and inhomogeneous materials, while FDTD
uses a grid-based approach for time-domain simulations, making it efficient
for broadband and transient analyses.

What role does the theory and computation of
electromagnetic fields play in modern technology?

It underpins the design and analysis of antennas, microwave circuits,
wireless communication systems, radar, optical devices, and is crucial for
advancing technologies like 5G, metamaterials, and electromagnetic
compatibility testing.

Additional Resources

Theory and Computation of Electromagnetic Fields: A Professional Review

theory and computation of electromagnetic fields form the cornerstone of
modern electrical engineering, physics, and applied sciences. These
intertwined disciplines enable the detailed understanding and practical
application of electromagnetic phenomena, which are fundamental to
technologies ranging from wireless communication to medical imaging. This
article delves into the theoretical foundations and computational
methodologies that characterize the study of electromagnetic fields,
highlighting recent advancements, challenges, and the critical role of
numerical simulations.

Foundations of Electromagnetic Field Theory

At the heart of electromagnetic field theory lie Maxwell'’s equations, a set
of four partial differential equations that describe how electric and
magnetic fields propagate and interact with matter. These equations unify
classical electricity and magnetism, laying the groundwork for understanding
phenomena such as electromagnetic wave propagation, reflection, refraction,
and transmission.

The theory addresses the behavior of fields in free space and in various
media, accounting for material properties like permittivity, permeability,
and conductivity. The continuous nature of electromagnetic fields
necessitates analytical and numerical tools for solving Maxwell’s equations,
especially in complex geometries where closed-form solutions are
unattainable.



Key Concepts in Electromagnetic Theory

- **Electric and Magnetic Fields:** Vector fields that describe the force
exerted on charges and currents.

- **Wave Propagation:** The transmission of electromagnetic energy through
space or media, governed by the wave equation derived from Maxwell’s
equations.

- **Boundary Conditions:** Constraints imposed at interfaces between
different materials that affect field behavior.

- **Energy and Power Flow:** Described by the Poynting vector, which
quantifies the directional energy flux of electromagnetic waves.

The interplay between theory and experiment has consistently driven
improvements in the predictive power of electromagnetic models. However, as
system complexity grows, purely analytical methods become insufficient,
necessitating sophisticated computational approaches.

Computational Techniques in Electromagnetic
Field Analysis

The computation of electromagnetic fields involves solving Maxwell'’s
equations numerically, often under complex boundary conditions and material
heterogeneities. This computational electromagnetics (CEM) domain leverages a
variety of numerical methods tailored to different problem scales,
frequencies, and accuracy requirements.

Prominent Numerical Methods

e Finite Difference Time Domain (FDTD): A versatile, time-stepping method
that discretizes both space and time, well-suited for broadband and
transient analysis.

e Finite Element Method (FEM): Utilizes mesh-based discretization allowing
for flexible geometries and anisotropic materials, often employed in
low-frequency and waveguide problems.

e Method of Moments (MoM): A boundary integral technique that reduces
dimensionality and is effective for open-region scattering and antenna
analysis.

e Transmission Line Matrix (TLM): Models electromagnetic fields with
equivalent transmission lines, useful in transient and complex media
simulations.



Each method has inherent advantages and disadvantages. For example, FDTD is
straightforward and highly parallelizable but can be computationally
intensive for fine meshes or large domains. FEM excels in handling complex
boundaries and material properties but often requires more sophisticated
meshing and solver strategies.

Advancements in Computational Electromagnetics

Recent progress in computational power, including GPU acceleration and cloud
computing, has significantly enhanced the feasibility of high-fidelity
electromagnetic simulations. Adaptive meshing, model order reduction, and
multiscale modeling techniques optimize computational resources, enabling
real-time or near-real-time analysis in certain applications.

Moreover, hybrid methods combining the strengths of different numerical
techniques have emerged. For instance, coupling FEM with MoM allows efficient
simulation of both interior and exterior field regions, balancing accuracy
and computational load.

Applications Driving Research and Development

The theory and computation of electromagnetic fields underpin a vast array of
modern technologies, making their continuous development critical for
innovation.

Wireless Communications and Antenna Design

Accurate electromagnetic modeling is vital for designing antennas with
optimal radiation patterns, bandwidth, and efficiency. Computational tools
enable engineers to simulate antenna behavior in complex environments,
including the presence of nearby structures and varying atmospheric
conditions.

Medical Imaging and Therapy

Techniques such as Magnetic Resonance Imaging (MRI) and microwave
hyperthermia rely heavily on precise electromagnetic field computations to
optimize image quality and therapeutic outcomes while ensuring patient
safety.



Electromagnetic Compatibility (EMC) and Interference
(EMI)

Ensuring that electronic devices operate without mutual interference demands
detailed analysis of electromagnetic emissions and susceptibility.
Computational simulations help identify potential EMC issues early in the
design process, reducing costly redesigns.

Challenges and Future Directions

Despite advances, several challenges persist in the theory and computation of
electromagnetic fields. High-frequency simulations, such as those in
terahertz or optical regimes, require fine discretization and accurate
material modeling, demanding significant computational resources. Similarly,
nonlinear and dispersive media introduce complexities that standard linear
models cannot capture easily.

Emerging areas such as metamaterials and plasmonics push the boundaries of
classical electromagnetic theory, necessitating new computational models and
experimental validation. Integration of machine learning into computational
electromagnetics shows promise in accelerating simulations and enhancing
model accuracy by learning from data patterns.

As computational electromagnetics continues to evolve, its role in enabling
next-generation technologies—from 5G and beyond to quantum communication and
advanced sensing—cannot be overstated. The synergy between rigorous
theoretical frameworks and innovative computational techniques will remain
pivotal in unlocking the full potential of electromagnetic phenomena.
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engineering applications. These methods include the three fundamental approaches for numerical
analysis of electromagnetic fields: the finite difference method (the finite difference time-domain
method in particular), the finite element method, and the integral equation-based moment method.
The second part also examines fast algorithms for solving integral equations and hybrid techniques
that combine different numerical methods to seek more efficient solutions of complicated
electromagnetic problems. Theory and Computation of Electromagnetic Fields, Second Edition:
Provides the foundation necessary for graduate students to learn and understand more advanced
topics Discusses electromagnetic analysis in rectangular, cylindrical and spherical coordinates
Covers computational electromagnetics in both frequency and time domains Includes new and
updated homework problems and examples Theory and Computation of Electromagnetic Fields,
Second Edition is written for advanced undergraduate and graduate level electrical engineering
students. This book can also be used as a reference for professional engineers interested in learning
about analysis and computation skills.

theory and computation of electromagnetic fields: Theory and Computation of
Electromagnetic Fields Jian-Ming Jin, 2011-03-16 This book is intended to serve as a textbook for an
entry level graduate course on electromagnetics (first seven chapters) and for an advanced level
graduate course on computational electromagnetics (last five chapters). Whereas there are several
textbooks available for the graduate electromagnetics course, no textbook is available for the
advanced course on computational electromagnetics. This book is intended to fill this void and
present electromagnetic theory in a systematic manner so that students can advance from the first
course to the second without much difficulty. Even though the first part of the book covers the
standard basic electromagnetic theory, the coverage is different from that in existing textbooks. This
is mainly the result of the undergraduate curriculum reform that occurred during the past two
decades. Many universities reduced the number of required courses in order to give students more
freedom to design their own portfolio. As a result, only one electromagnetics course is required for
undergraduate students in most electrical engineering departments in the country. New graduate
students come to take the graduate electromagnetics course with a significant difference in their
knowledge of basic electromagnetic theory. To meet the challenge to benefit all students of
backgrounds, this book covers both fundamental theories, such as vector analysis, Maxwell's
equations and boundary conditions, and transmission line theory, and advanced topics, such as wave
transformation, addition theorems, and scattering by a layered sphere.

theory and computation of electromagnetic fields: Theory and Computation of
Electromagnetic Fields in Layered Media Vladimir Okhmatovski, Shucheng Zheng, 2024-04-23
Explore the algorithms and numerical methods used to compute electromagnetic fields in
multi-layered media In Theory and Computation of Electromagnetic Fields in Layered Media, two
distinguished electrical engineering researchers deliver a detailed and up-to-date overview of the
theory and numerical methods used to determine electromagnetic fields in layered media. The book
begins with an introduction to Maxwell’s equations, the fundamentals of electromagnetic theory, and
concepts and definitions relating to Green’s function. It then moves on to solve canonical problems
in vertical and horizontal dipole radiation, describe Method of Moments schemes, discuss integral
equations governing electromagnetic fields, and explains the Michalski-Zheng theory of
mixed-potential Green’s function representation in multi-layered media. Chapters on the evaluation
of Sommerfeld integrals, procedures for far field evaluation, and the theory and application of
hierarchical matrices are also included, along with: A thorough introduction to free-space Green’s
functions, including the delta-function model for point charge and dipole current Comprehensive
explorations of the traditional form of layered medium Green’s function in three dimensions
Practical discussions of electro-quasi-static and magneto-quasi-static fields in layered media,
including electrostatic fields in two and three dimensions In-depth examinations of the rational
function fitting method, including direct spectra fitting with VECTFIT algorithms Perfect for scholars
and students of electromagnetic analysis in layered media, Theory and Computation of
Electromagnetic Fields in Layered Media will also earn a place in the libraries of CAD industry



engineers and software developers working in the area of computational electromagnetics.

theory and computation of electromagnetic fields: The Finite Element Method in
Electromagnetics Jian-Ming Jin, 2014-03-31 A new edition of the leading textbook on the finite
element method, incorporating major advancements and further applications in the field of
electromagnetics The finite element method (FEM) is a powerful simulation technique used to solve
boundary-value problems in a variety of engineering circumstances. It has been widely used for
analysis of electromagnetic fields in antennas, radar scattering, RF and microwave engineering,
high-speed/high-frequency circuits, wireless communication, electromagnetic compatibility,
photonics, remote sensing, biomedical engineering, and space exploration. The Finite Element
Method in Electromagnetics, Third Edition explains the method’s processes and techniques in
careful, meticulous prose and covers not only essential finite element method theory, but also its
latest developments and applications—giving engineers a methodical way to quickly master this very
powerful numerical technique for solving practical, often complicated, electromagnetic problems.
Featuring over thirty percent new material, the third edition of this essential and comprehensive
text now includes: A wider range of applications, including antennas, phased arrays, electric
machines, high-frequency circuits, and crystal photonics The finite element analysis of wave
propagation, scattering, and radiation in periodic structures The time-domain finite element method
for analysis of wideband antennas and transient electromagnetic phenomena Novel domain
decomposition techniques for parallel computation and efficient simulation of large-scale problems,
such as phased-array antennas and photonic crystals Along with a great many examples, The Finite
Element Method in Electromagnetics is an ideal book for engineering students as well as for
professionals in the field.

theory and computation of electromagnetic fields: Field Computation by Moment
Methods Roger F. Harrington, 1996-01 This classic 1968 edition of Field Computation by Moment
Methods is the first book to explore the computation of electromagnetic fields by the method of
moments--the most popular method for the numerical solution of electromagnetic field problems. It
presents a unified approach to moment methods by employing the concepts of linear spaces and
functional analysis. Written especially for those who have a minimal amount of experience in
electromagnetic theory, theoretical and mathematical are illustrated by examples that prepare all
readers with the skills they need to apply the method of moments to new, engineering-related
problems.

theory and computation of electromagnetic fields: Electromagnetic Theory and
Computation Paul W. Gross, P. Robert Kotiuga, 2004-06-14 This book explores the connection
between algebraic structures in topology and computational methods for 3-dimensional electric and
magnetic field computation. The connection between topology and electromagnetism has been
known since the 19th century, but there has been little exposition of its relevance to computational
methods in modern topological language. This book is an effort to close that gap. It will be of
interest to people working in finite element methods for electromagnetic computation and those who
have an interest in numerical and industrial applications of algebraic topology.

theory and computation of electromagnetic fields: Electromagnetic Field Theory
Fundamentals Bhag Singh Guru, Huseyin R. Hiziroglu, 2009-07-23 Guru and Hiziroglu have
produced an accessible and user-friendly text on electromagnetics that will appeal to both students
and professors teaching this course. This lively book includes many worked examples and problems
in every chapter, as well as chapter summaries and background revision material where
appropriate. The book introduces undergraduate students to the basic concepts of electrostatic and
magnetostatic fields, before moving on to cover Maxwell's equations, propagation, transmission and
radiation. Chapters on the Finite Element and Finite Difference method, and a detailed appendix on
the Smith chart are additional enhancements. MathCad code for many examples in the book and a
comprehensive solutions set are available at www.cambridge.org/9780521830164.

theory and computation of electromagnetic fields: Foundations of Geophysical
Electromagnetic Theory and Methods Michael S. Zhdanov, 2017-10-26 Foundations of



Geophysical Electromagnetic Theory and Methods, Second Edition, builds on the strength of the first
edition to offer a systematic exposition of geophysical electromagnetic theory and methods. This new
edition highlights progress made over the last decade, with a special focus on recent advances in
marine and airborne electromagnetic methods. Also included are recent case histories on practical
applications in tectonic studies, mineral exploration, environmental studies and off-shore
hydrocarbon exploration. The book is ideal for geoscientists working in all areas of geophysics,
including exploration geophysics and applied physics, as well as graduate students and researchers
working in the field of electromagnetic theory and methods. - Presents theoretical and
methodological foundations of geophysical field theory - Synthesizes fundamental theory and the
most recent achievements of electromagnetic (EM) geophysical methods in the framework of a
unified systematic exposition - Offers a unique breadth and completeness in providing a general
picture of the current state-of-the-art in EM geophysical technology - Discusses practical aspects of
EM exploration for mineral and energy resources

theory and computation of electromagnetic fields: Electromagnetic Theory and
Computation Paul Wolfgang Gross, 2004 Although topology was recognized by Gauss and Maxwell to
play a pivotal role in the formulation of electromagnetic boundary value problems, it is a largely
unexploited tool for field computation. The development of algebraic topology since Maxwell
provides a framework for linking data structures, algorithms, and computation to topological aspects
of three-dimensional electromagnetic boundary value problems. This book, first published in 2004,
attempts to expose the link between Maxwell and a modern approach to algorithms. The first
chapters lay out the relevant facts about homology and cohomology, stressing their interpretations
in electromagnetism. These topological structures are subsequently tied to variational formulations
in electromagnetics, the finite element method, algorithms, and certain aspects of numerical linear
algebra. A recurring theme is the formulation of and algorithms for the problem of making branch
cuts for computing magnetic scalar potentials and eddy currents.

theory and computation of electromagnetic fields: Atomic and Molecular Nonlinear Optics:
Theory, Experiment and Computation G. Maroulis, T. Bancewicz, B. Champagne, 2011-05-27 The
papers collected in this volume in honor of the late Stanistaw Kielich cover an impressive range of
modern subjects in molecular science. These subjects include, among others, the nonlinear optics of
molecules, new approaches to the electronic structure of large molecules, the properties of carbon
nanotubes, fluorescence polarization spectroscopy, computational studies of systems of fundamental
interest to collision-induced spectroscopy, the simulation of fluids, NLO materials, chemical bonding
in complex molecules, the NLO properties of functionalized DNA and the magnetic properties of
molecular assemblies. Written by eminent specialists, the papers should offer valuable guidance to a
wide community of graduate students and researchers.

theory and computation of electromagnetic fields: Electromagnetic Fields in Cavities
David A. Hill, 2009-10-27 A thorough and rigorous analysis of electromagnetic fields in cavities This
book offers a comprehensive analysis of electromagnetic fields in cavities of general shapes and
properties. Part One covers classical deterministic methods to conclude resonant frequencies, modal
fields, and cavity losses; quality factor; mode bandwidth; and the excitation of cavity fields from
arbitrary current distributions for metal-wall cavities of simple shape. Part Two covers modern
statistical methods to analyze electrically large cavities of complex shapes and properties.
Electromagnetic Fields in Cavities combines rigorous solutions to Maxwell's equations with
conservation of energy to solve for the statistics of many quantities of interest: penetration into
cavities (and shielding effectiveness), field strengths far from and close to cavity walls, and power
received by antennas within cavities. It includes all modes and shows you how to utilize fairly simple
statistical formulae to apply to your particular problem, whether it's interference calculations,
electromagnetic compatibility testing in reverberation chambers, measurement of shielding
materials using multiple cavities, or efficiency of test antennas. Electromagnetic Fields in Cavities is
a valuable resource for researchers, engineers, professors, and graduate students in electrical
engineering.



theory and computation of electromagnetic fields: Electromagnetics and Network
Theory and their Microwave Technology Applications Stefan Lindenmeier, Robert Weigel,
2011-07-13 This volume provides a discussion of the challenges and perspectives of
electromagnetics and network theory and their microwave applications in all aspects. It collects the
most interesting contribution of the symposium dedicated to Professor Peter Russer held in October
2009 in Munich.

theory and computation of electromagnetic fields: Advances in Electromagnetic Fields in
Living Systems James C. Lin, 1994 Volume 2 in this series offers research into two specific regions of
the electromagnetic spectrum: extremely low frequency fields and radiofrequency radiation, with
particular emphasis on the latter. The investigations explore: melatonin synthesis and exposure to
extremely low frequency (ELF) fields ELF fields and cancer computational bioelectromagnetics
health effects, including the carcinogenic potential of radiofrequency radiation radiofrequency
radiation as an energy source for arrhythmia, and practical applications of the radiofrequency
exposure standard.

theory and computation of electromagnetic fields: Computer Science Research Trends
Casey B. Yarnall, 2008 Like them or hate them, computers are here to stay. The books in this series
present leading-edge research in the field of computer research, technology and applications. Each
contribution has been carefully selected for inclusion based on the significance of the research to
this fast-moving and diverse field.

theory and computation of electromagnetic fields: New Foundations for Applied
Electromagnetics: The Spatial Structure of Electromagnetic Fields Said Mikki, Yahia Antar,
2016-05-31 This comprehensive new resource focuses on applied electromagnetics and takes
readers beyond the conventional theory with the use of contemporary mathematics to improve the
practical use of electromagnetics in emerging areas of field communications, wireless power
transfer, metamaterials, MIMO and direction-of-arrival systems. The book explores the existing and
novel theories and principles of electromagnetics in order to help engineers analyze and design
devices for today's applications in wireless power transfers, NFC, and metamaterials. This book is
organized into clear and logical sections spanning from fundamental theory, to applications,
promoting clear understanding through-out. This resource presents the theory of electromagnetic
near fields including chapters on reactive energy, spatial and spectral theory, the scalar antenna,
and the morphogenesis of electromagnetic radiation in the near field zone. The Antenna Current
Green's Function Formalism is explored with an emphasis on the foundations, the organic
interrelationships between the fundamental operational modes of general antenna systems, and the
spectral approach to antenna-to-antenna interactions. The book offers perspective on nonlocal
metamaterials, including the material response theory, the far-field theory, and the near-field theory.

theory and computation of electromagnetic fields: Lectures on Quantum Field Theory
and Functional Integration Zbigniew Haba, 2023-05-29 This book offers a concise introduction to
quantum field theory and functional integration for students of physics and mathematics. Its aim is
to explain mathematical methods developed in the 1970s and 1980s and apply these methods to
standard models of quantum field theory. In contrast to other textbooks on quantum field theory,
this book treats functional integration as a rigorous mathematical tool. More emphasis is placed on
the mathematical framework as opposed to applications to particle physics. It is stressed that the
functional integral approach, unlike the operator framework, is suitable for numerical simulations.
The book arose from the author's teaching in Wroclaw and preserves the form of his lectures. So
some topics are treated as an introduction to the problem rather than a complete solution with all
details. Some of the mathematical methods described in the book resulted from the author's own
research.

theory and computation of electromagnetic fields: Discontinuities in the
Electromagnetic Field M. Mithat Idemen, 2011-10-18 A multifaceted approach to understanding,
calculating, and managing electromagnetic discontinuities Presenting new, innovative approaches
alongside basic results, this text helps readers better understand, calculate, and manage the



discontinuities that occur within the electromagnetic field. Among the electromagnetic
discontinuities explored in this volume are: Bounded jump discontinuities at the interfaces between
two media or on the material sheets that model very thin layers Unbounded values at the edges of
wedge-type structures Unbounded values at the tips of conical structures The text examines all the
key issues related to the bodies that carry the interfaces, edges, or tips, whether these bodies are at
rest or in motion with respect to an observer. In addition to its clear explanations, the text offers
plenty of step-by-step examples to clarify complex theory and calculations. Moreover, readers are
encouraged to fine-tune their skills and knowledge by solving the text's problem sets. Three
fundamental, classical theories serve as the foundation for this text: distributions, confluence, and
the special theory of relativity. The text sets forth the fundamentals of all three of these theories for
readers who are not fully familiar with them. Moreover, the author demonstrates how to solve
electromagnetic discontinuity problems by seamlessly combining all three theories into a single
approach. With this text as their guide, readers can apply a unique philosophy and approach to the
investigation and development of structures that have the potential to enhance the capabilities of
electronics, antennas, microwaves, acoustics, medicine, and many more application areas.

theory and computation of electromagnetic fields: Electromagnetic Theory Julius Adams
Stratton, 2007-01-22 This book is an electromagnetics classic. Originally published in 1941, it has
been used by many generations of students, teachers, and researchers ever since. Since it is classic
electromagnetics, every chapter continues to be referenced to this day. This classic reissue contains
the entire, original edition first published in 1941. Additionally, two new forewords by Dr. Paul E.
Gray (former MIT President and colleague of Dr. Stratton) and another by Dr. Donald G. Dudley,
Editor of the IEEE Press Series on E/M Waves on the significance of the book's contribution to the
field of Electromagnetics.

theory and computation of electromagnetic fields: Bioengineering and Biophysical Aspects
of Electromagnetic Fields Ben Greenebaum, Frank S. Barnes, 2018-10-03 Bioengineering and
Biophysical Aspects of Electromagnetic Fields primarily contains discussions on the physics,
engineering, and chemical aspects of electromagnetic (EM) fields at both the molecular level and
larger scales, and investigates their interactions with biological systems. The first volume of the
bestselling and newly updated Handbook of Biological Effects of Electromagnetic Fields, Third
Edition, this book adds material describing recent theoretical developments, as well as new data on
material properties and interactions with weak and strong static magnetic fields. Newly separated
and expanded chapters describe the external and internal electromagnetic environments of
organisms and recent developments in the use of RF fields for imaging. Bioengineering and
Biophysical Aspects of Electromagnetic Fields provides an accessible overview of the current
understanding on the scientific underpinnings of these interactions, as well as a partial introduction
to experiments on the interactions themselves.

theory and computation of electromagnetic fields: CRC Handbook of Biological Effects of
Electromagnetic Fields Charles Polk, 2019-07-23 The objective of this book is to present in a concise
manner what is actually known at the present time about biological effects of time invariant, low
frequency and radio frequency (including microwave) electric and magnetic fields. In reviewing the
vast amount of experimental data which have been obtained in recent years, the authors tried to
select those results that are, in their opinion, of major importance and of lasting value. In discussing
mechanisms of interaction of electromagnetic fields with living matter they have tried to
differentiate between what is clearly established, what is suggested by available evidence without
being convincingly proven, and what is conjecture at the present time.
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