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Finite Difference Time Domain Method: Unlocking the Power of Electromagnetic
Simulations

finite difference time domain method is a powerful computational technique
widely used to solve complex problems in electromagnetics, optics, and many
other fields involving wave propagation. If you’ve ever wondered how
engineers and scientists simulate electromagnetic fields, antennas, or even
photonic devices, the finite difference time domain (FDTD) method plays a
pivotal role. This method offers a unique combination of simplicity,
versatility, and accuracy, making it a go-to tool in both research and
industry.

What Is the Finite Difference Time Domain
Method?

At its core, the finite difference time domain method is a numerical
technique for solving Maxwell’s equations—fundamental equations that describe
how electric and magnetic fields propagate and interact with materials.
Unlike frequency-domain methods, which analyze fields at a single frequency,
FDTD works directly in the time domain. This means it simulates how
electromagnetic waves evolve over time, providing detailed insights into
transient phenomena.

The approach involves discretizing both space and time into a grid or mesh,
then iteratively calculating the fields at each point as time progresses. By
using finite differences to approximate derivatives in Maxwell’s curl
equations, the FDTD method transforms continuous differential equations into
algebraic expressions that computers can handle efficiently.

Why Choose FDTD Over Other Numerical Methods?

You might wonder why FDTD is preferred over alternatives like the finite
element method (FEM) or method of moments (MoM). Here are some compelling
reasons:

Explicit Time-Stepping: FDTD’s explicit time integration enables
straightforward implementation and intuitive understanding of wave
propagation.

Wideband Analysis: Since it works in the time domain, a single
simulation can capture responses across a broad frequency spectrum.

Handling Complex Geometries: With appropriate meshing, FDTD can model
intricate structures including layered media, anisotropic materials, and
nonlinear components.

Parallelization Friendly: The method’s local update nature makes it
highly suitable for parallel computing, speeding up large-scale
simulations.



Fundamentals of the FDTD Algorithm

Understanding how the finite difference time domain method operates requires
a closer look at its underlying principles.

Discretization of Space and Time

The simulation domain is divided into small, uniform cells—often cubes or
rectangular blocks—known as Yee cells, named after Kane Yee who introduced
this scheme in 1966. Each cell holds values of electric and magnetic fields
staggered in both space and time, allowing the algorithm to update the fields
alternately.

The time step is chosen carefully to satisfy stability criteria, typically
governed by the Courant-Friedrichs-Lewy (CFL) condition. This ensures that
the numerical wave does not travel faster than the physical wave, preventing
errors and numerical instability.

Updating Equations

Maxwell’s curl equations are rewritten into finite difference equations. For
example, the electric field components at a given time step are calculated
based on magnetic fields from the previous half time step, and vice versa.
This leapfrog time stepping allows the fields to “chase” each other through
time, mimicking real electromagnetic wave behavior.

Boundary Conditions in FDTD

To simulate an open space or to confine the fields inside a domain, boundary
conditions are crucial. Popular choices include:

Perfectly Matched Layer (PML): An artificial absorbing layer that
minimizes reflections at the edges of the computational domain.

Mur’s Absorbing Boundary Conditions: An earlier, simpler approach for
wave absorption, though less effective than PML.

Periodic Boundaries: Useful for modeling infinite or repeating
structures, like photonic crystals.

Proper boundary treatment ensures accurate simulations without artificial
artifacts.



Applications of the Finite Difference Time
Domain Method

The versatility of the finite difference time domain method shines in a wide
range of applications:

Electromagnetic Compatibility and Antenna Design

Engineers use FDTD to predict how antennas radiate, how signals propagate in
complex environments, and how devices coexist without interference. The
method helps optimize antenna shapes and placements to achieve desired
coverage and minimize unwanted emissions.

Optics and Photonics

In the realm of integrated optics and nanophotonics, FDTD is invaluable for
modeling waveguides, resonators, and metamaterials. It enables designers to
explore light-matter interactions at the nanoscale, assisting in the
development of lasers, sensors, and optical switches.

Biomedical Imaging and Therapy

Biomedical engineers apply FDTD to simulate electromagnetic wave penetration
in tissues, aiding in the design of medical devices such as MRI coils and
hyperthermia treatment systems. This insight helps improve safety and
efficacy.

Wireless Communications

From indoor propagation studies to antenna arrays in 5G networks, FDTD
supports the analysis of wave behavior in complex environments, improving
signal reliability and network performance.

Challenges and Practical Considerations

While the finite difference time domain method is powerful, it comes with
certain challenges that practitioners should be aware of.

Computational Resources

FDTD simulations can be computationally demanding, especially for three-
dimensional problems with fine spatial resolution. The number of cells grows
rapidly, leading to large memory usage and long simulation times. Leveraging
high-performance computing and GPU acceleration can mitigate these issues.



Material Modeling

Real-world materials often exhibit dispersive and nonlinear properties, which
complicate the FDTD implementation. Advanced models and auxiliary
differential equations are incorporated to accurately capture these effects,
but they add complexity.

Grid Dispersion and Numerical Errors

Discretization introduces numerical dispersion, causing waves to propagate at
slightly incorrect speeds. Choosing an appropriate grid size relative to the
wavelength and using higher-order schemes can reduce these errors.

Tips for Successful FDTD Simulations

If you’re planning to dive into FDTD simulations, keep these pointers in
mind:

Start Simple: Begin with 1D or 2D problems to build intuition before1.
tackling full 3D models.

Validate Your Model: Compare results with analytical solutions or2.
experimental data to ensure accuracy.

Mind the Courant Number: Carefully select time step size based on the3.
CFL condition to maintain stability.

Use Adaptive Meshing: Refine the grid where fields change rapidly and4.
coarsen it elsewhere to save resources.

Leverage Software Tools: Numerous commercial and open-source FDTD5.
packages can accelerate development.

The Future of Finite Difference Time Domain
Method

As computational power continues to grow and new algorithms emerge, the
finite difference time domain method remains at the forefront of
electromagnetic simulation. Researchers are developing hybrid methods that
combine FDTD with other techniques to handle multiscale problems more
efficiently. Machine learning is also beginning to play a role in optimizing
simulation parameters and interpreting results.

Ultimately, the finite difference time domain method’s ability to provide
detailed, time-resolved insight into electromagnetic phenomena ensures it
will continue to be an essential tool for innovation in science and
engineering. Whether you’re designing the next-generation antenna or
exploring quantum photonics, understanding and harnessing FDTD can open doors



to groundbreaking discoveries.

Frequently Asked Questions

What is the Finite Difference Time Domain (FDTD)
method?

The Finite Difference Time Domain (FDTD) method is a numerical analysis
technique used for modeling computational electrodynamics by solving
Maxwell's equations in the time domain through discretization of both space
and time.

What are the main applications of the FDTD method?

FDTD is widely used in antenna design, electromagnetic wave propagation,
photonics, microwave engineering, and biomedical imaging to simulate how
electromagnetic fields interact with materials and structures.

How does the FDTD method differ from frequency domain
methods?

Unlike frequency domain methods which solve for steady-state responses at
specific frequencies, FDTD operates in the time domain, allowing for
broadband analysis and capturing transient phenomena by stepping through time
increments.

What are the key advantages of using the FDTD method?

FDTD's advantages include its straightforward implementation, ability to
handle complex material properties, suitability for wideband simulations, and
direct time-domain analysis which provides detailed transient response
information.

What are common challenges or limitations associated
with the FDTD method?

Challenges include high computational cost and memory requirements for fine
spatial and temporal resolution, numerical dispersion errors, and
difficulties modeling very large or multi-scale structures efficiently.

How can the stability of the FDTD method be ensured
during simulations?

Stability is generally ensured by adhering to the Courant-Friedrichs-Lewy
(CFL) condition, which limits the time step size based on spatial
discretization to prevent numerical instabilities in the simulation.

Additional Resources
Finite Difference Time Domain Method: A Comprehensive Review of its



Applications and Impact

finite difference time domain method stands as one of the most influential
numerical techniques in computational electromagnetics and wave propagation
analysis. Since its inception in the 1960s, this method has revolutionized
the way engineers and scientists simulate complex physical phenomena,
offering a direct time-domain solution to Maxwell’s equations. Its
versatility in modeling electromagnetic fields, acoustic waves, and other
dynamic systems makes it a cornerstone in various research and industrial
applications.

Understanding the Finite Difference Time Domain
Method

At its core, the finite difference time domain (FDTD) method discretizes both
time and space to solve partial differential equations that describe wave
propagation. Unlike frequency-domain techniques, FDTD works explicitly in the
time domain, enabling the capture of transient phenomena and broadband
responses in a single simulation run. The method operates by dividing the
computational domain into a grid or mesh, where field values are updated
iteratively using finite difference approximations of derivative terms.

Fundamental Principles and Algorithmic Structure

FDTD employs a leapfrog scheme to alternate the updating of electric and
magnetic field components, typically based on Yee’s algorithm. This staggered
grid approach places electric and magnetic fields at interleaved spatial
points, promoting numerical stability and accuracy. The time-stepping
procedure progresses by calculating new field values at each time increment,
ensuring causality and adherence to physical laws.

The numerical stability of FDTD is governed by the Courant-Friedrichs-Lewy
(CFL) condition, which constrains the time step relative to the spatial
discretization to prevent divergence. This stability criterion is a critical
design parameter for effective simulation, balancing computational efficiency
and precision.

Applications Across Scientific and Engineering
Domains

The finite difference time domain method’s adaptability has led to its
widespread adoption in diverse fields. Its ability to model complex
geometries and heterogeneous materials renders it invaluable in
electromagnetic compatibility analysis, antenna design, photonics, and
biomedical imaging.

Electromagnetic Wave Propagation and Antenna Design

In antenna engineering, FDTD enables detailed visualization of near-field and



far-field radiation patterns. Designers leverage its capacity to simulate
transient responses, capturing effects such as pulse propagation and signal
distortion. Moreover, modeling intricate antenna structures, including
metamaterials and fractal geometries, becomes feasible, facilitating
optimization before physical prototyping.

Photonic Devices and Optical Waveguides

The FDTD method has been instrumental in the advancement of photonic crystal
and waveguide research. Its time-domain framework allows for the
investigation of light-matter interactions and the evaluation of device
bandwidths and dispersion properties. Researchers can analyze nonlinear
effects and ultrafast phenomena, which are challenging to address with
frequency-domain solvers.

Biomedical Applications and Ultrasonics

Beyond electromagnetics, FDTD finds applications in acoustic wave
simulations, particularly in ultrasound imaging and therapy. The method
models wave propagation through heterogeneous biological tissues, aiding in
the design of transducers and treatment protocols. Its integration with other
computational models enhances the understanding of complex physiological
environments.

Advantages and Limitations of the FDTD Method

While the finite difference time domain method offers numerous benefits, it
also presents challenges that practitioners must consider.

Key Advantages

Broadband Analysis: A single simulation captures a wide frequency
spectrum without requiring multiple frequency sweeps.

Explicit Time-Domain Solution: Enables direct modeling of transient and
nonlinear phenomena.

Geometric Flexibility: Can handle complex and irregular geometries
through conformal meshing techniques.

Scalability: Suitable for parallel computing architectures, reducing
computation time for large-scale problems.

Challenges and Drawbacks



Computational Intensity: Fine spatial and temporal discretization
demands significant memory and processing power.

Staircasing Error: Approximation of curved boundaries on a rectangular
grid can introduce inaccuracies.

Boundary Conditions: Implementing absorbing boundary conditions like
perfectly matched layers (PML) requires careful tuning.

Material Dispersion Modeling: Complex dispersive media necessitate
advanced formulations, complicating implementation.

Comparative Insights: FDTD Versus Alternative
Numerical Methods

In computational physics and engineering, several numerical techniques
compete with or complement the finite difference time domain method. Finite
element method (FEM), method of moments (MoM), and finite volume method (FVM)
each have distinct characteristics.

FDTD’s explicit time-domain nature contrasts with FEM’s typical frequency-
domain approach, making FDTD more suitable for broadband and transient
simulations. Unlike MoM, which excels in open-region scattering problems,
FDTD can efficiently model volumetric and inhomogeneous media. However, FEM
often provides superior adaptability to complex geometries with unstructured
meshes, potentially achieving higher accuracy with fewer elements.

Choosing between these methods depends on the specific problem domain,
computational resources, and desired outcomes. In many scenarios, hybrid
methods combining FDTD with other approaches yield the best balance of
accuracy and efficiency.

Recent Advances and Future Directions

The finite difference time domain method continues to evolve, driven by
advancements in computational hardware and algorithmic innovations. The
integration of graphics processing units (GPUs) has accelerated FDTD
simulations dramatically, enabling real-time or near-real-time analyses
previously unattainable.

Researchers are also developing adaptive mesh refinement techniques to
concentrate computational effort on regions of interest, improving efficiency
without sacrificing accuracy. Moreover, coupling FDTD with machine learning
algorithms shows promise in optimizing simulation parameters and interpreting
complex data outputs.

In emerging fields like metamaterials and nanophotonics, FDTD remains pivotal
for exploring novel phenomena and guiding experimental efforts. Its role in
multidisciplinary applications, including environmental sensing and wireless
communications, underscores its enduring relevance.

The finite difference time domain method exemplifies how numerical modeling



can bridge theory and practice, providing insights that drive innovation
across scientific and engineering disciplines. As computational capabilities
expand, its capacity to simulate ever more intricate systems will likely
deepen, supporting the design of next-generation technologies.
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  finite difference time domain method: Introduction to the Finite-Difference
Time-Domain (FDTD) Method for Electromagnetics Stephen Gedney, 2022-05-31 Introduction
to the Finite-Difference Time-Domain (FDTD) Method for Electromagnetics provides a
comprehensive tutorial of the most widely used method for solving Maxwell's equations -- the Finite
Difference Time-Domain Method. This book is an essential guide for students, researchers, and
professional engineers who want to gain a fundamental knowledge of the FDTD method. It can
accompany an undergraduate or entry-level graduate course or be used for self-study. The book
provides all the background required to either research or apply the FDTD method for the solution
of Maxwell's equations to practical problems in engineering and science. Introduction to the
Finite-Difference Time-Domain (FDTD) Method for Electromagnetics guides the reader through the
foundational theory of the FDTD method starting with the one-dimensional transmission-line
problem and then progressing to the solution of Maxwell's equations in three dimensions. It also
provides step by step guides to modeling physical sources, lumped-circuit components, absorbing
boundary conditions, perfectly matched layer absorbers, and sub-cell structures. Post processing
methods such as network parameter extraction and far-field transformations are also detailed.
Efficient implementations of the FDTD method in a high level language are also provided. Table of
Contents: Introduction / 1D FDTD Modeling of the Transmission Line Equations / Yee Algorithm for
Maxwell's Equations / Source Excitations / Absorbing Boundary Conditions / The Perfectly Matched
Layer (PML) Absorbing Medium / Subcell Modeling / Post Processing
  finite difference time domain method: The Finite Difference Time Domain Method for
Electromagnetics Karl S. Kunz, Raymond J. Luebbers, 2018-05-04 The Finite-Difference
Time-domain (FDTD) method allows you to compute electromagnetic interaction for complex
problem geometries with ease. The simplicity of the approach coupled with its far-reaching
usefulness, create the powerful, popular method presented in The Finite Difference Time Domain
Method for Electromagnetics. This volume offers timeless applications and formulations you can use
to treat virtually any material type and geometry. The Finite Difference Time Domain Method for
Electromagnetics explores the mathematical foundations of FDTD, including stability, outer
radiation boundary conditions, and different coordinate systems. It covers derivations of FDTD for
use with PEC, metal, lossy dielectrics, gyrotropic materials, and anisotropic materials. A number of
applications are completely worked out with numerous figures to illustrate the results. It also
includes a printed FORTRAN 77 version of the code that implements the technique in three
dimensions for lossy dielectric materials. There are many methods for analyzing electromagnetic
interactions for problem geometries. With The Finite Difference Time Domain Method for
Electromagnetics, you will learn the simplest, most useful of these methods, from the basics through
to the practical applications.
  finite difference time domain method: Parallel Finite-difference Time-domain Method
Wenhua Yu, 2006 The finite-difference time-domain (FTDT) method has revolutionized antenna
design and electromagnetics engineering. This book raises the FDTD method to the next level by
empowering it with the vast capabilities of parallel computing. It shows engineers how to exploit the
natural parallel properties of FDTD to improve the existing FDTD method and to efficiently solve
more complex and large problem sets. Professionals learn how to apply open source software to
develop parallel software and hardware to run FDTD in parallel for their projects. The book features

https://www.americancontractorsorganization.org/archive-th-163/finite-difference-time-domain-method.pdf


hands-on examples that illustrate th.
  finite difference time domain method: The Finite Difference Time Domain Method for
Electromagnetics Karl S. Kunz, Raymond J. Luebbers, 2018-05-04 The Finite-Difference
Time-domain (FDTD) method allows you to compute electromagnetic interaction for complex
problem geometries with ease. The simplicity of the approach coupled with its far-reaching
usefulness, create the powerful, popular method presented in The Finite Difference Time Domain
Method for Electromagnetics. This volume offers timeless applications and formulations you can use
to treat virtually any material type and geometry. The Finite Difference Time Domain Method for
Electromagnetics explores the mathematical foundations of FDTD, including stability, outer
radiation boundary conditions, and different coordinate systems. It covers derivations of FDTD for
use with PEC, metal, lossy dielectrics, gyrotropic materials, and anisotropic materials. A number of
applications are completely worked out with numerous figures to illustrate the results. It also
includes a printed FORTRAN 77 version of the code that implements the technique in three
dimensions for lossy dielectric materials. There are many methods for analyzing electromagnetic
interactions for problem geometries. With The Finite Difference Time Domain Method for
Electromagnetics, you will learn the simplest, most useful of these methods, from the basics through
to the practical applications.
  finite difference time domain method: A New Finite Difference Time Domain Method to
Solve Maxwell’s Equations , 2018 We have constructed a new finite-difference time-domain
(FDTD) method in this project. Our new algorithm focuses on the most important and more
challenging transverse electric (TE) case. In this case, the electric field is discontinuous across the
interface between different dielectric media. We use an electric permittivity that stays as a constant
in each medium, and magnetic permittivity that is constant in the whole domain. To handle the
interface between different media, we introduce new effective permittivities that incorporates
electromagnetic fields boundary conditions. That is, across the interface between two different
media, the tangential component of the electric field and the normal component of the electric
displacement are continuous. Meanwhile, the magnetic field stays as continuous in the whole
domain. Our new algorithm is built based upon the integral version of the Maxwell's equations as
well as the above continuity conditions. The theoretical analysis shows that the new algorithm can
reach second-order convergence O(∆x2)with mesh size ∆x. The subsequent numerical results
demonstrate this algorithm is very stable and its convergence order can reach very close to second
order, considering accumulation of some unexpected numerical approximation and truncation
errors. In fact, our algorithm has clearly demonstrated significant improvement over all related
FDTD methods using effective permittivities reported in the literature. Therefore, our new algorithm
turns out to be the most effective and stable FDTD method to solve Maxwell's equations involving
multiple media.
  finite difference time domain method: Electromagnetic Simulation Using the FDTD Method
Dennis M. Sullivan, 2013-05-17 A straightforward, easy-to-read introduction to the finite-difference
time-domain (FDTD) method Finite-difference time-domain (FDTD) is one of the primary
computational electrodynamics modeling techniques available. Since it is a time-domain method,
FDTD solutions can cover a wide frequency range with a single simulation run and treat nonlinear
material properties in a natural way. Written in a tutorial fashion, starting with the simplest
programs and guiding the reader up from one-dimensional to the more complex, three-dimensional
programs, this book provides a simple, yet comprehensive introduction to the most widely used
method for electromagnetic simulation. This fully updated edition presents many new applications,
including the FDTD method being used in the design and analysis of highly resonant radio frequency
(RF) coils often used for MRI. Each chapter contains a concise explanation of an essential concept
and instruction on its implementation into computer code. Projects that increase in complexity are
included, ranging from simulations in free space to propagation in dispersive media. Additionally,
the text offers downloadable MATLAB and C programming languages from the book support site
(http://booksupport.wiley.com). Simple to read and classroom-tested, Electromagnetic Simulation



Using the FDTD Method is a useful reference for practicing engineers as well as undergraduate and
graduate engineering students.
  finite difference time domain method: Efficient Solution of Maxwell's Equations Using the
Nonuniform Orthogonal Finite Difference Time Domain Method John Allan Svigelj, 1995 The Finite
Difference Time Domain (FDTD) method is limited by memory requirements and computation time
when applied to large problems, complicated geometries, or geometries with fine features. In this
thesis, the nonuniform orthogonal FDTD method is presented and applied to a variety of
electromagnetic problems. The nonuniform aspect of the method gives great flexibility in modeling
complicated geometries with fine features. Furthermore, the variability of the mesh resolution also
enables the user to move the boundaries of the computational domain farther away from the center
of the problem without an undue increase in the number of cells. Most significantly, the
orthogonality of the method preserves the speed of the conventional FDTD method. These three
features of the nonuniform orthogonal FDTD method are demonstrated by means of numerical
examples throughout the thesis. Grid dispersion error from the nonuniform mesh is analyzed and
numerical examples are presented, demonstrating that small growth rates in mesh discretization
lead to acceptably small errors. The issue of absorbing boundary conditions is addressed with the
analysis and application of the dispersive boundary condition on nonuniform meshes. New
techniques are also introduced for the efficient characterization of microstrip lines, microstrip
discontinuities, and coupled microstrip structures using FDTD data. A local mesh refinement
technique is introduced for planar perfect electric conductor, and is shown to be three times more
accurate than the staircasing approximation. The versatility of the method is demonstrated by the
analysis of a balun-fed folded dipole antenna, the characterization of the transition of grounded
coplanar waveguide to microstrip line, and the study of fields in lossy layered media.
  finite difference time domain method: Computational Electrodynamics Allen Taflove, 1995
This work represents a university text and professional/research reference on the finite-difference
time-domain computational solution method for Maxwell's equations. Sections cover numerical
stability, numerical dispersion and dispersive, nonlinear and gain methods of FD-TD and antenna
analysis.
  finite difference time domain method: Electromagnetic Pulse Simulations Using
Finite-Difference Time-Domain Method Shahid Ahmed, 2021-04-20 Electromagnetic Pulse
Simulations Using Finite-Difference Time-Domain Method Discover the utility of the FDTD approach
to solving electromagnetic problems with this powerful new resource Electromagnetic Pulse
Simulations Using Finite-Difference Time-Domain Method delivers a comprehensive overview of the
generation and propagation of ultra-wideband electromagnetic pulses. The book provides a broad
cross-section of studies of electromagnetic waves and their propagation in free space, dielectric
media, complex media, and within guiding structures, like waveguide lines, transmission lines, and
antennae. The distinguished author offers readers a fresh new approach for analyzing
electromagnetic modes for pulsed electromagnetic systems designed to improve the reader’s
understanding of the electromagnetic modes responsible for radiating far-fields. The book also
provides a wide variety of computer programs, data analysis techniques, and visualization tools with
state-of-the-art packages in MATLAB® and Octave. Following an introduction and clarification of
basic electromagnetics and the frequency and time domain approach, the book delivers explanations
of different numerical methods frequently used in computational electromagnetics and the necessity
for the time domain treatment. In addition to a discussion of the Finite-difference Time-domain
(FDTD) approach, readers will also enjoy: A thorough introduction to electromagnetic pulses (EMPs)
and basic electromagnetics, including common applications of electromagnetics and EMP coupling
and its effects An exploration of time and frequency domain analysis in electromagnetics, including
Maxwell’s equations and their practical implications A discussion of electromagnetic waves and
propagation, including waves in free space, dielectric mediums, complex mediums, and guiding
structures A treatment of computational electromagnetics, including an explanation of why we need
modeling and simulations Perfect for undergraduate and graduate students taking courses in



physics and electrical and electronic engineering, Electromagnetic Pulse Simulations Using
Finite-Difference Time-Domain Method will also earn a place in the libraries of scientists and
engineers working in electromagnetic research, RF and microwave design, and electromagnetic
interference.
  finite difference time domain method: Scattering Analysis of Periodic Structures using
Finite-Difference Time-Domain Method Khaled ElMahgoub, Fan Yang, Atef Elsherbeni,
2022-06-01 Periodic structures are of great importance in electromagnetics due to their wide range
of applications such as frequency selective surfaces (FSS), electromagnetic band gap (EBG)
structures, periodic absorbers, meta-materials, and many others. The aim of this book is to develop
efficient computational algorithms to analyze the scattering properties of various electromagnetic
periodic structures using the finite-difference time-domain periodic boundary condition (FDTD/PBC)
method. A new FDTD/PBC-based algorithm is introduced to analyze general skewed grid periodic
structures while another algorithm is developed to analyze dispersive periodic structures. Moreover,
the proposed algorithms are successfully integrated with the generalized scattering matrix (GSM)
technique, identified as the hybrid FDTD-GSM algorithm, to efficiently analyze multilayer periodic
structures. All the developed algorithms are easy to implement and are efficient in both
computational time and memory usage. These algorithms are validated through several numerical
test cases. The computational methods presented in this book will help scientists and engineers to
investigate and design novel periodic structures and to explore other research frontiers in
electromagnetics. Table of Contents: Introduction / FDTD Method and Periodic Boundary Conditions
/ Skewed Grid Periodic Structures / Dispersive Periodic Structures / Multilayered Periodic
Structures / Conclusions
  finite difference time domain method: Computational Nanotechnology Using Finite
Difference Time Domain Sarhan M. Musa, 2017-12-19 The Finite Difference Time Domain (FDTD)
method is an essential tool in modeling inhomogeneous, anisotropic, and dispersive media with
random, multilayered, and periodic fundamental (or device) nanostructures due to its features of
extreme flexibility and easy implementation. It has led to many new discoveries concerning guided
modes in nanoplasmonic waveguides and continues to attract attention from researchers across the
globe. Written in a manner that is easily digestible to beginners and useful to seasoned
professionals, Computational Nanotechnology Using Finite Difference Time Domain describes the
key concepts of the computational FDTD method used in nanotechnology. The book discusses the
newest and most popular computational nanotechnologies using the FDTD method, considering their
primary benefits. It also predicts future applications of nanotechnology in technical industry by
examining the results of interdisciplinary research conducted by world-renowned experts. Complete
with case studies, examples, supportive appendices, and FDTD codes accessible via a companion
website, Computational Nanotechnology Using Finite Difference Time Domain not only delivers a
practical introduction to the use of FDTD in nanotechnology but also serves as a valuable reference
for academia and professionals working in the fields of physics, chemistry, biology, medicine,
material science, quantum science, electrical and electronic engineering, electromagnetics,
photonics, optical science, computer science, mechanical engineering, chemical engineering, and
aerospace engineering.
  finite difference time domain method: Advances in Computational Electrodynamics Allen
Taflove, 1998 Finite-Difference Time-Domain (FD-TD) modeling is arguably the most popular and
powerful means available to perform detailed electromagnetic engineering analyses. Edited by the
pioneer and foremost authority on the subject, here is the first book to assemble in one resource the
latest techniques and results of the leading theoreticians and practitioners of FD-TD computational
electromagnetics modeling.
  finite difference time domain method: Numerical Techniques in Electromagnetics,
Second Edition Matthew N.O. Sadiku, 2000-07-12 As the availability of powerful computer
resources has grown over the last three decades, the art of computation of electromagnetic (EM)
problems has also grown - exponentially. Despite this dramatic growth, however, the EM community



lacked a comprehensive text on the computational techniques used to solve EM problems. The first
edition of Numerical Techniques in Electromagnetics filled that gap and became the reference of
choice for thousands of engineers, researchers, and students. The Second Edition of this bestselling
text reflects the continuing increase in awareness and use of numerical techniques and incorporates
advances and refinements made in recent years. Most notable among these are the improvements
made to the standard algorithm for the finite difference time domain (FDTD) method and treatment
of absorbing boundary conditions in FDTD, finite element, and transmission-line-matrix methods.
The author also added a chapter on the method of lines. Numerical Techniques in Electromagnetics
continues to teach readers how to pose, numerically analyze, and solve EM problems, give them the
ability to expand their problem-solving skills using a variety of methods, and prepare them for
research in electromagnetism. Now the Second Edition goes even further toward providing a
comprehensive resource that addresses all of the most useful computation methods for EM
problems.
  finite difference time domain method: Higher Order Finite-difference Time-domain Method
Ju-Ling Eng, 2006 Maxwell's equations represent govern the fundamental behavior of
electromagnetic fields. Numerous efforts have been devoted to solve Maxwell's equations
theoretically and numerically in complex media, such as anisotropic media and dispersive media.
The Finite- Difference Time-Domain (FDTD) method is a powerful numerical technique for solving
time-dependent Maxwell's curl equations in general media [1], [2). The basic FDTD technique has
been extended over the years to solve increasingly more complicated media and geometries. In
particular, in the past few years, FDTD has been extended to accommodate non-diagonal
constitutive tensors, but the work done so far has been limited to second-order accurate schemes in
both time and space. Our goal in this thesis is to derive and study extensions of FDTD to achieve a
scheme with higher order of accuracy in space for the study of electromagnetic wave propagation in
homogeneous and inhomogeneous anisotropic media. The objective of attaining high order FDTD
method is to reduce the overall truncation error and dispersion error of the finite-difference
approximations, and increase the overall accuracy of the numerical results.
  finite difference time domain method: Time Domain Methods in Electrodynamics Peter
Russer, Uwe Siart, 2008-09-26 This book consists of contributions given in honor of Wolfgang J.R.
Hoefer. Space and time discretizing time domain methods for electromagnetic full-wave simulation
have emerged as key numerical methods in computational electromagnetics. Time domain methods
are versatile and can be applied to the solution of a wide range of electromagnetic field problems.
Computing the response of an electromagnetic structure to an impulsive excitation localized in
space and time provides a comprehensive characterization of the electromagnetic properties of the
structure in a wide frequency range. The most important methods are the Finite Difference Time
Domain (FDTD) and the Transmission Line Matrix (TLM) methods. The contributions represent the
state of the art in dealing with time domain methods in modern engineering electrodynamics for
electromagnetic modeling in general, the Transmission Line Matrix (TLM) method, the application of
network concepts to electromagnetic field modeling, circuit and system applications and, finally,
with broadband devices, systems and measurement techniques.
  finite difference time domain method: Development and Application of the Finite
Difference Time Domain (FDTD) Method Wei Fan, 2018 Time-domain numerical methods are
widely applied in modern engineering problems. In modeling electromagnetic structure problems,
finite-difference time-domain (FDTD) method is one of the most well-known and widely adopted
methods due to its algorithmic simplicity and flexibility. The major constraint of the FDTD method is,
in its iterative solution process, that the time step is restricted by the Courant-Friedrichs-Lewy (CFL)
condition. Simply to say, the finer the spatial discretization (often required by accuracy), the smaller
time step that can be used. As a result, the computational speed and efficiency are limited. In the
first half of this thesis, we analyze the FDTD method, review its instability and present its
eigen-mode decomposition. Based on the finding, we then derived the analytic solution of the FDTD
method, presenting an alternative non-iterative time-domain approach for electromagnetic



problems. In the second half of the thesis, we focus on an important application of the FDTD method,
the computational time reversal (TR) technique, which is an algorithm applied in inverse source
problems such as source reconstruction. The algorithm is thoroughly investigated in theory, a new
condition is presented for precise source reconstructions, and a mathematical model is developed to
reformulate the time-reversal process in an optimization manner. Finally, band-limited fields or
signals are incorporated into the model to make the time reversal method practical. Initial numerical
experiments are conducted, and the results demonstrate the effectiveness and potentials of the
proposed time-reversal method in source reconstructions and microwave structure synthesis in the
future.
  finite difference time domain method: Enabling Technologies for the Internet of Things
Sergio Saponara, 2022-09-01 Enabling Technologies for the Internet of Things: Wireless Circuits,
Systems and Networks collects slides and notes from the lectures given in the 2017 Seasonal School
Enabling Technologies for the Internet-of-Things, supported by IEEE CAS Society and by INTEL
funding, and organized by Prof. Sergio Saponara, and Prof. Giuliano Manara. The book discusses
new trends in Internet-of-Things (IoT) technologies, considering technological and training aspects,
with special focus on electronic and electromagnetic circuits and systems. IoT involves research and
design activities both in analog and in digital circuit/signal domains, including focus on sensors
interfacing and conditioning, energy harvesting, low-power signal processing, wireless connectivity
and networking, functional safety (FuSa). FuSa is one of the emerging key issues in IoT applications
in safety critical domain like industry 4.0, autonomous and connected vehicles and e-health. Our
world is becoming more and more interconnected. Currently it is estimated that two hundred billion
smart objects will be part of the IoT by 2020. This new scenario will pave the way to innovative
business models and will bring new experiences in everyday life. The challenge is offering products,
services and comprehensive solutions for the IoT, from technology to intelligent and connected
objects and devices to connectivity and data centers, enhancing smart home, smart factory,
autonomous driving cars and much more, while at the same time ensuring the highest safety
standards. In safety-critical contexts, where a fault could jeopardize the human life, safety becomes
a key aspect.
  finite difference time domain method: Electromagnetic Simulation Using the FDTD Method
with Python Jennifer E. Houle, Dennis M. Sullivan, 2020-01-15 Provides an introduction to the Finite
Difference Time Domain method and shows how Python code can be used to implement various
simulations This book allows engineering students and practicing engineers to learn the
finite-difference time-domain (FDTD) method and properly apply it toward their electromagnetic
simulation projects. Each chapter contains a concise explanation of an essential concept and
instruction on its implementation into computer code. Included projects increase in complexity,
ranging from simulations in free space to propagation in dispersive media. This third edition utilizes
the Python programming language, which is becoming the preferred computer language for the
engineering and scientific community. Electromagnetic Simulation Using the FDTD Method with
Python, Third Edition is written with the goal of enabling readers to learn the FDTD method in a
manageable amount of time. Some basic applications of signal processing theory are explained to
enhance the effectiveness of FDTD simulation. Topics covered in include one-dimensional simulation
with the FDTD method, two-dimensional simulation, and three-dimensional simulation. The book also
covers advanced Python features and deep regional hyperthermia treatment planning.
Electromagnetic Simulation Using the FDTD Method with Python: Guides the reader from basic
programs to complex, three-dimensional programs in a tutorial fashion Includes a rewritten fifth
chapter that illustrates the most interesting applications in FDTD and the advanced graphics
techniques of Python Covers peripheral topics pertinent to time-domain simulation, such as
Z-transforms and the discrete Fourier transform Provides Python simulation programs on an
accompanying website An ideal book for senior undergraduate engineering students studying FDTD,
Electromagnetic Simulation Using the FDTD Method with Python will also benefit scientists and
engineers interested in the subject.



  finite difference time domain method: Implicit Finite Difference Time Domain Methods
Hasan Khaled Rouf, 2011-12 The efficiency of the conventional, explicit finite difference time domain
(FDTD) method is constrained by the upper limit on the temporal discretization imposed by the
Courant-Friedrich-Lewy (CFL) stability condition. Therefore, there is a growing interest in
overcoming this limitation by employing implicit, unconditionally stable FDTD methods for which
time-step and space-step can be independently chosen. Unconditionally stable Crank Nicolson
method has not been widely used in time domain electromagnetics despite its high accuracy and low
anisotropy. This work presents a novel three-dimensional frequency dependent fully implicit Crank
Nicolson FDTD method. A modified frequency dependent alternating direction implicit FDTD
(FD-ADI-FDTD) method, having better accuracy than the normal FD-ADI-FDTD method, is also
presented.
  finite difference time domain method: Directions for the Next Generation of MMIC Devices
and Systems Nirod K. Das, Henry L. Bertoni, 2013-11-11 Proceedings of the 1996 WRI International
Symposium held in New York City, September 11-13, 1996
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