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Course Introduction

I ntroduction

This intensive training course provides a comprehensive deep dive into Computational Electromagnetics
(CEM) Methods, equipping participants with the advanced theoretical understanding and practical skills
necessary to analyze, design, and optimize electromagnetic systems. Training Course on Computational
Electromagnetics (CEM) Methods covers a wide array of numerical techniques, including the Finite
Difference Time Domain (FDTD) method, Finite Element Method (FEM), Method of Moments (MoM), and
Transmission Line Matrix (TLM) method, applied to problems ranging from antenna design and microwave
circuits to electromagnetic compatibility (EMC) and wave propagation. Attendees will gain hands-on
experience with commercial and open-source CEM software tools, mastering crucial concepts such as
mesh generation, boundary conditions, numerical stability, and result visualization and interpretation. This
course is essential for electrical engineers, physicists, and researchers seeking to simulate complex
electromagnetic phenomena with accuracy and efficiency.

The program emphasizes the strengths and limitations of each CEM method, guiding participants
in selecting the most appropriate technique for a given engineering challenge. Trending topics
such as multiphysics simulations (e.g., thermal effects on EM), inverse problems in EM, parallel
computing for CEM, and the integration of CEM with optimization algorithms and machine learning
will be explored. By the end of this course, attendees will possess the expertise to perform
advanced EM simulations, interpret complex results, and apply CEM tools to real-world design and
troubleshooting scenarios, driving innovation, cost reduction, and performance enhancement in
fields such as telecommunications, radar, medical imaging, and aerospace. This training is
indispensable for professionals aiming to push the boundaries of electromagnetic engineering
through advanced computational analysis.
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Course duration

10 Days
Course Objectives
1. Understand the fundamental principles underlying various Computational Electromagnetics
(CEM) methods.
2. Apply the Finite Difference Time Domain (FDTD) method for transient EM analysis.
3. Utilize the Finite Element Method (FEM) for complex geometries and inhomogeneous media.
4. Implement the Method of Moments (MoM) for scattering and radiation problems in open
regions.
5. Compare and select the most appropriate CEM method for specific electromagnetic
challenges.
6. Master mesh generation techniques and their impact on simulation accuracy and efficiency.
7. Define and apply various boundary conditions (PML, PMC, PEC) in CEM simulations.
8. Analyze numerical stability, dispersion, and accuracy of different CEM algorithms.
9. Perform S-parameter extraction and radiation pattern analysis using CEM tools.
10. Explore multiphysics simulations involving electromagnetic and thermal interactions.
11. Understand parallel computing techniques to accelerate large-scale CEM simulations.
12. Integrate CEM results with optimization algorithms for el ectromagnetic design.
13. Apply CEM for Electromagnetic Compatibility (EMC/EMI) analysis and mitigation.

Organizational Benefits
1. Accelerated design cycles for RF, microwave, and antenna products.



2. Reduced prototyping costs by relying more on accurate virtual simulations.

3. Improved product performance through optimized el ectromagnetic designs.

Faster troubleshooting of electromagnetic interference (EMI) and compatibility (EMC)
ISSues.

Enhanced ability to analyze complex EM phenomenain difficult environments.

Greater innovation capacity in antenna, sensor, and communication systems.

Better understanding of EM behavior leading to more robust designs.

Competitive advantage by leveraging advanced simulation capabilities.

Minimized costly design iterations by predicting performance virtually.

10. Development of in-house expertisein critical EM simulation technologies.
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Target Participants
« RF and Microwave Engineers
o Antenna Designers
« Electromagnetic Compatibility (EMC) Engineers
« Electrical Engineers
» Computational Scientists
« Researchersin Electromagnetics
« PhD and Master's Students in related fields

Course Outline
Module 1: Fundamentals of Electromagnetics and Numerical M ethods

« Maxwell's Equations: Differential and integral forms, wave equation.

« Consgtitutive Relations: Material properties (permittivity, permeability, conductivity).

« Basic Numerical Concepts: Discretization, interpolation, finite differences.

« Overview of CEM Methods: FDTD, FEM, MoM, TLM, advantages/disadvantages.

» Case Study: Deriving the finite difference approximation for a simple partial differential
eguation.

Module 2: Finite Difference Time Domain (FDTD) Method Basics

« Yee Cell and Staggered Grid: Spatial and temporal discretization.

« Update Equations: Derivation for 1D, 2D, and 3D cases (e.g., TEz, TM2).

o Numerical Stability (CFL Condition): Ensuring stable simulations.

 Source Excitation: Gaussian pulse, sinusoidal waves.

» Case Study: Simulating wave propagation in a 2D parallel-plate waveguide using FDTD.

Module 3: Advanced FDTD Techniques

» Absorbing Boundary Conditions (ABCs): Perfectly Matched Layer (PML).

« Dispersion and Anisotropy: Numerical dispersion and its mitigation.

« Total-Field/Scattered-Field (TF/SF) Formulation: Analyzing scattering problems.

« Non-Uniform Grids and Subgridding: Enhancing resolution efficiently.

» Case Study: Simulating radar cross-section (RCS) of asimple metallic object using TF/SF
and PML.

Module 4: Finite Element Method (FEM) for Electromagnetics



« Variational Formulation and Weak Form: Converting differential equations to integral
forms.

o Meshing Techniques: Triangular, quadrilateral, tetrahedral elements, adaptive meshing.

« Basis Functions: Nodal basis functions, edge elements (Nedelec basis).

« Boundary Conditionsin FEM: Dirichlet, Neumann, Robin.

« Case Study: Simulating the electric field distribution in acoaxial cable using 2D FEM.

Module 5: Advanced FEM Applications

« High-Frequency FEM: Solving Helmholtz equation for resonant structures.

« Modal Analysis. Extracting modes in waveguides and cavities.

« Multiphysicswith FEM: Coupled EM and thermal analysis (e.g., microwave heating).

« Adaptive Meshing Strategies: Refining mesh based on solution gradients.

« Case Study: Performing modal analysis of a dielectric resonator antenna using FEM for
design optimization.

Module 6: Method of Moments (MoM) for Integral Equations

« Integral Equation Formulation: EFIE (Electric Field), MFIE (Magnetic Field), CFIE
(Combined Field).

« Basisand Testing Functions: RWG (Rao-Wilton-Glisson) functions for surface currents.

« Matrix Fill and Solution: Green's functions, solving linear systems.

« Applications: Antennaradiation, scattering from large objects, arrays.

» Case Study: Calculating the radiation pattern of a dipole antenna using MoM.

Module 7: Advanced MoM and Hybrid M ethods

« Fast Multipole Method (FMM): Accelerating MoM for large problems.

o Multilevel Fast Multipole Algorithm (MLFMA): Further acceleration and scalability.
« Hybrid CEM Methods: Combining FDTD/FEM/MoM for complex scenarios.

« Computational Efficiency: Memory usage, solution time for MoM.

o Case Study: Simulating the mutual coupling in alarge antenna array using MLFMA.

Module 8: Transmission Line Matrix (TLM) Method

 Principles of TLM: Discretization with transmission lines, scattering matrices.

« Node Types: Shunt, Series nodes, SCN/SCNR.

« Boundary Conditionsin TLM: Matching layers.

« Advantages and Disadvantages of TLM: Relationship to FDTD.

o Case Study: Simulating ssmple EM wave propagation in a waveguide using TLM.

Module 9: Mesh Generation and CAD Integration

» Typesof Meshes: Structured, unstructured, conformal, non-conformal.

« Meshing Algorithms: Delaunay triangulation, Voronoi tessellation.

o CAD Model Import and Repair: Preparing geometries for simulation.

o Impact of Mesh Quality: Numerical accuracy and stability.

« Case Study: Importing a complex antenna CAD model and preparing it for FEM simulation.

Module 10: Post-Processing and Visualization

« Field Visualization: Electric field, magnetic field, power density plots.
o S-Parameter Extraction: Reflection (S11), Transmission (S21).

« Radiation Patterns: Far-field and near-field patterns, directivity, gain.
« Current Distribution: Visualizing surface currents on conductors.



« Case Study: Extracting S-parameters and radiation patterns from an antenna simulation and
analyzing them.

Module 11: CEM for Antenna Design and Analysis

« Microstrip Antennas: Patch antennas, arrays.

« Dipole and Monopole Antennas. Resonant frequencies, impedance matching.

« Broadband Antennas. Spiral, Vivaldi antennas.

« MIMO and Phased Arrays. Beamforming, steering.

 Case Study: Optimizing the dimensions of amicrostrip patch antenna for a specific resonant
frequency and bandwidth.

Module 12: CEM for Microwave and RF Circuits

« Waveguide Components. Couplers, filters, transitions.

« Planar Circuits: Stripline, microstrip lines, power dividers.

» Resonatorsand Filters: Design and characterization.

« Package and Interconnect Analysis. Signal integrity, parasitic effects.

» Case Study: Simulating the frequency response of a microstrip bandpass filter.

Module 13: CEM for Electromagnetic Compatibility (EM C/EMI)

« Sourcesof EMI: High-speed digital circuits, power electronics.

« Conducted vs. Radiated Emissions. Standards (FCC, CISPR).

« Coupling M echanisms: Inductive, capacitive, common-mode.

« Mitigation Techniques: Shielding, grounding, filtering.

« Case Study: Analyzing the radiated emissions from a PCB trace using CEM to identify
potential EMI issues.

Module 14: Parallel Computing and High-Performance CEM

« Introduction to Parallel Computing: MPI, OpenMP, GPU acceleration.

« Domain Decomposition Techniques: Distributing computational |oad.

« Load Balancing and Scalability: Optimizing performance on clusters.

» Cloud Computing for CEM: Leveraging elastic resources.

o Case Study: Discussing strategies for running alarge-scale FDTD simulation on a multi-core
server or GPU cluster.

Upcoming Scheduled Sessions

Start Date End Date Location Price

10 Aug 2026 21 Aug 2026 Online $2,200
17 Aug 2026 28 Aug 2026 Online $2,200
24 Aug 2026 04 Sep 2026 Online $2,200
31 Aug 2026 11 Sep 2026 Online $2,200

07 Sep 2026 18 Sep 2026 Online $2,200



Start Date End Date Location

14 Sep 2026 25 Sep 2026 Online $2,200
21 Sep 2026 02 Oct 2026 Online $2,200
28 Sep 2026 09 Oct 2026 Online $2,200
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