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Fundamentals Of Engineering
Electromagnetics By David K Cheng

Fundamentals of Engineering Electromagnetics by David K. Cheng is a highly regarded
textbook that serves as a comprehensive guide for students and professionals seeking a solid
understanding of electromagnetic theory and its practical applications. Renowned for its clear
explanations, thorough coverage, and practical approach, this book has become a staple resource
in electrical engineering education. In this article, we will explore the core concepts, structure, and
significance of this influential text, providing insights into its role in mastering electromagnetics.

Overview of Fundamentals of Engineering
Electromagnetics by David K. Cheng

Author Background and Approach

David K. Cheng is a distinguished professor and researcher in electrical engineering, known for his
ability to distill complex electromagnetic principles into understandable and engaging content. His
teaching philosophy emphasizes a balance between theoretical rigor and practical application,
making his book accessible to learners at various levels. The book adopts a systematic approach,
starting from the basics of electric and magnetic fields and progressing towards more complex
topics such as wave propagation, transmission lines, and electromagnetic radiation. This structured
methodology allows students to build a strong foundation before tackling advanced concepts.

Target Audience and Usage

Primarily designed for undergraduate engineering students, the book is also useful for
professionals seeking a refresher or a deeper understanding of electromagnetics. It is widely used
in university courses, self-study, and as a reference in research and industry. The pedagogical
features include:

Clear explanations supplemented with numerous diagrams and examples1.
End-of-chapter problems to reinforce learning2.
Real-world applications illustrating the relevance of electromagnetic principles3.

Core Topics Covered in the Book

1. Electrostatics

This section introduces the fundamental concepts of electric charges, Coulomb's law, electric fields,



and potential. It explores:

Electric field intensity1.
Electric flux and Gauss's law2.
Electric potential and potential difference3.
Energy stored in electric fields4.

Understanding electrostatics is crucial for grasping how electric charges behave and interact in
static situations, forming the basis for more advanced topics.

2. Magnetostatics

Building on electrostatics, this part examines magnetic fields created by steady currents. Key
topics include:

Biot–Savart law and Ampère's law1.
Magnetic flux density and magnetic field intensity2.
Magnetic forces and torque3.
Magnetic materials and hysteresis4.

Magnetostatics is essential for understanding devices like transformers and inductors.

3. Electromagnetic Induction and Maxwell’s Equations

This section introduces the unifying principles of electromagnetism:

Faraday's law of induction1.
Displacement current and Maxwell's equations2.
Wave equations for electromagnetic waves3.

Maxwell's equations are the cornerstone of electromagnetic theory, describing how electric and
magnetic fields are generated and interact.

4. Electromagnetic Waves and Propagation

The book discusses wave propagation in different media, including:

Wave behavior in free space and guided media1.
Reflection, refraction, and transmission2.
Wave polarization and attenuation3.
Electromagnetic spectrum overview4.

Understanding wave propagation is vital for designing antennas, communication systems, and
radar.
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5. Transmission Lines and Waveguides

This section covers the analysis and design of transmission lines:

Line parameters (resistance, inductance, capacitance, conductance)1.
Voltage and current distributions2.
Impedance matching3.
Waveguides and their modes4.

These topics are fundamental for high-frequency circuit design and microwave engineering.

6. Electromagnetic Compatibility and Applications

The latter chapters explore practical applications:

Electromagnetic interference (EMI) and shielding1.
Antennas and radiation patterns2.
Wireless communication principles3.
Electromagnetic spectrum regulations4.

The book emphasizes real-world relevance, preparing students for careers in modern electronics
and communications.

Unique Features and Teaching Tools

Clear Explanations and Visual Aids

Cheng’s book excels in clarity, often using illustrations to clarify complex concepts. Visual aids
include:

Diagrams illustrating field lines, flux, and wave propagation1.
Graphs depicting relationships between variables2.
Flowcharts for problem-solving strategies3.

Worked Examples and Practice Problems

Each chapter contains numerous worked examples that demonstrate problem-solving techniques,
followed by exercises to test understanding. These resources are invaluable for reinforcing learning
and preparing for exams.

Mathematical Foundations

The book emphasizes the mathematical tools necessary for electromagnetics, including vector
calculus, differential equations, and boundary conditions, ensuring students can apply theory to
practical problems.



Relevance and Applications in Modern Engineering

Fundamentals of Engineering Electromagnetics by David K. Cheng remains relevant due to the
omnipresence of electromagnetic phenomena in technology. Its coverage of waveguides,
antennas, and transmission lines aligns with the needs of modern communication systems, radar,
satellite technology, and wireless networks. Students and engineers benefit from understanding
the principles underpinning:

Wireless communication systems1.
Electromagnetic compatibility (EMC) standards2.
Design of antennas and sensors3.
Electromagnetic wave propagation in complex environments4.

In addition, the book’s comprehensive treatment of electromagnetic theory serves as a stepping
stone for advanced studies in electromagnetics, microwave engineering, and photonics.

Conclusion

Fundamentals of Engineering Electromagnetics by David K. Cheng is a foundational text that
effectively bridges theory and practice. Its well-organized coverage of electrostatics,
magnetostatics, wave propagation, and practical applications makes it an indispensable resource
for students and professionals alike. The book’s clarity, pedagogical features, and relevance to
current technological challenges ensure that readers develop a deep understanding of
electromagnetic principles, empowering them to innovate and excel in various engineering fields.
By mastering the concepts presented in this book, learners gain the tools necessary to analyze and
design complex electromagnetic systems, which are integral to modern communication, sensing,
and electronic technologies. Whether used as a textbook or reference, Cheng’s work continues to
influence the study and application of electromagnetics in engineering worldwide.

Fundamentals of Engineering Electromagnetics by David K. Cheng: An In-Depth Review
Electromagnetics remains a cornerstone of modern engineering, underpinning technologies from
wireless communications to power systems. Among the foundational texts in this domain,
Fundamentals of Engineering Electromagnetics by David K. Cheng stands out as a comprehensive
resource designed to bridge theoretical understanding with practical applications. This review
delves into the core features, pedagogical strengths, and scholarly contributions of Cheng’s
seminal work, offering insights for students, educators, and practicing engineers alike.

Introduction and Context

Electromagnetics is a complex field that combines physics, mathematics, and engineering
principles to explain phenomena related to electric and magnetic fields. The challenge for students
and professionals is to grasp both the theoretical underpinnings and their real-world applications.
Cheng’s Fundamentals of Engineering Electromagnetics addresses this challenge by providing a
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structured, accessible, and rigorous approach to the subject. First published in 1983, the book has
undergone multiple editions, reflecting the evolving landscape of electromagnetics and its
applications. Its enduring popularity signifies its effectiveness as an educational tool. The text
emphasizes clarity, mathematical rigor, and practical relevance, making it suitable for
undergraduate courses and self-study.

Core Features of the Text

Cheng’s book is characterized by several distinctive features that contribute to its reputation as a
comprehensive resource: - Systematic Presentation of Fundamentals: The book begins with the
basics of electrostatics and magnetostatics, progressing logically toward electromagnetic wave
theory and transmission lines. - Mathematical Rigor: The text employs vector calculus extensively,
ensuring that students develop a precise understanding of field concepts and their mathematical
descriptions. - Real-World Applications: Throughout, Cheng integrates practical examples,
engineering problems, and design considerations to connect theory with practice. - Clear
Explanations and Visual Aids: The use of diagrams, illustrations, and step-by-step derivations
enhances understanding and retention. - Problem Sets and Exercises: The book provides numerous
problems, ranging from straightforward calculations to complex design challenges, fostering active
learning.

In-Depth Analysis of Content

Electrostatics and Magnetostatics

The initial chapters lay the foundation by exploring Coulomb’s law, Gauss’s law, and boundary-
value problems. Cheng emphasizes the importance of the vector calculus approach, introducing
concepts such as electric potential, capacitance, and energy storage. Magnetostatics covers
magnetic fields, Ampère’s law, and magnetic vector potentials, providing a dual perspective
essential for understanding electromagnetic phenomena. Key Takeaways: - Use of differential and
integral forms of Maxwell’s equations. - Boundary conditions for electrostatic and magnetostatic
fields. - Applications to capacitors, magnetic circuits, and inductance.

Electromagnetic Induction and Time-Varying Fields

Building on static fields, the text introduces Faraday’s law, mutual inductance, and the concept of
displacement current. Cheng explores how time-varying magnetic fields induce electric fields,
leading to the understanding of electromagnetic waves. Highlights: - Derivation of Maxwell’s
equations from fundamental principles. - Concept of electromagnetic potentials. - Analysis of
energy transfer and Poynting’s theorem.



Electromagnetic Waves and Propagation

This section marks a transition from static and quasi-static fields to dynamic wave phenomena.
Cheng discusses wave equations, wave propagation in free space and dielectric media, and
boundary conditions at material interfaces. Core topics include: - Plane electromagnetic waves and
polarization. - Reflection, refraction, and transmission at boundaries. - Waveguides and
transmission lines.

Transmission Lines and Antennas

The latter portions of the book focus on practical engineering applications. Cheng covers the
analysis of transmission line parameters, impedance matching, and antenna fundamentals.
Notable aspects: - Telegrapher’s equations derivation. - Smith chart and impedance
transformations. - Antenna radiation principles and arrays.

Pedagogical Strengths and Educational Impact

Cheng’s Fundamentals of Engineering Electromagnetics is lauded for its pedagogical clarity and
systematic approach. The logical progression from electrostatics to wave propagation facilitates
layered learning, helping students build confidence at each stage. Strengths include: -
Comprehensive coverage: The book spans all essential topics, making it a one-stop resource. -
Balanced theory and practice: The inclusion of numerous real-world examples helps contextualize
abstract concepts. - Problem-based learning: The extensive problem sets promote critical thinking
and reinforce understanding. - Mathematical rigor: The consistent use of vector calculus and
differential equations prepares students for advanced study and research. Many educators have
praised the book for its clarity in explaining complex derivations, aided by well-designed
illustrations that clarify field interactions and wave behavior.

Scholarly Contributions and Industry Relevance

Beyond pedagogical merits, Cheng’s work has contributed to the broader engineering community.
Its detailed mathematical treatment and emphasis on physical intuition serve as a foundation for
advanced research in electromagnetics, RF design, wireless communication, and electromagnetic
compatibility. Industry relevance: - Design of antennas and RF components. - Analysis of
electromagnetic interference (EMI) and shielding. - Development of microwave and millimeter-
wave systems. - Simulation and modeling of electromagnetic fields using computational tools.
Cheng’s emphasis on fundamental principles ensures that engineers can adapt concepts to
emerging technologies, such as 5G networks, satellite systems, and IoT devices.

Critiques and Limitations

While Fundamentals of Engineering Electromagnetics is highly regarded, some critiques include: -
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Mathematical Intensity: The rigorous approach may be challenging for students with limited
calculus background. - Depth over Breadth: The focus on classical electromagnetics may leave less
room for modern computational techniques like finite element methods. - Update Frequency: Some
editions may lag in incorporating the latest technological developments, requiring supplementing
with recent research articles or specialized texts. However, these limitations are common in
foundational texts and do not detract significantly from the book’s educational value.

Conclusion and Final Assessment

Fundamentals of Engineering Electromagnetics by David K. Cheng remains a cornerstone in the
field of electromagnetics education. Its blend of mathematical rigor, clear explanations, and
practical relevance has made it a trusted resource for generations of students and professionals.
While it demands a strong mathematical foundation, its comprehensive coverage and pedagogical
clarity provide a robust platform for mastering electromagnetics. For educators seeking a
structured curriculum, students aiming for a deep conceptual understanding, or engineers applying
electromagnetic principles in design and analysis, Cheng’s book offers invaluable insights. Its
enduring relevance attests to its status as a definitive text that bridges theory and practice in the
ever-evolving landscape of electromagnetics. In summary: - A thorough, mathematically rigorous
presentation of electromagnetics fundamentals. - Emphasis on physical intuition supported by
detailed derivations. - Extensive problem sets facilitating active learning. - Practical applications
connecting theory with engineering design. - A vital resource for foundational education and
advanced application development. As electromagnetics continues to underpin technological
innovation, Fundamentals of Engineering Electromagnetics by David K. Cheng remains an essential
guide, illuminating the principles that enable engineers to design, analyze, and innovate in a
connected world.

Questions & Answers About fundamentals of engineering
electromagnetics by david k cheng

No Question Answer

1 What are the main topics
covered in 'Fundamentals of
Engineering Electromagnetics'
by David K. Cheng?

The book covers key topics such as electrostatics,
magnetostatics, electromagnetic induction, Maxwell's
equations, electromagnetic wave propagation, and
antenna theory, providing a comprehensive foundation in
electromagnetics.

2 How does Cheng explain the
concept of electric fields and
potential?

Cheng introduces electric fields as regions around
charges where forces are experienced, and explains
electric potential as the work done in bringing a charge
from infinity to a point in the field, emphasizing their
relationship through potential difference.



3 What methods does Cheng use
to simplify solving boundary
value problems in
electromagnetics?

The book utilizes techniques such as separation of
variables, superposition, and the use of potential
functions, along with boundary conditions, to effectively
solve complex boundary value problems.

4 How is the concept of
electromagnetic waves
presented in Cheng's book?

Cheng discusses the derivation of wave equations from
Maxwell's equations, explains wave propagation in
different media, and covers characteristics like reflection,
transmission, polarization, and the wave impedance.

5 Does Cheng include real-world
applications of electromagnetics
in his textbook?

Yes, the book incorporates numerous practical
applications such as transmission lines, antennas,
microwave devices, and electromagnetic compatibility,
illustrating theoretical concepts with real-world
examples.

6 What pedagogical features
make 'Fundamentals of
Engineering Electromagnetics'
by Cheng effective for students?

The textbook includes clear explanations, numerous
illustrative figures, example problems with solutions, and
end-of-chapter exercises designed to reinforce
understanding and facilitate learning.

7 How does Cheng address the
topic of antenna theory in his
book?

Cheng introduces fundamental antenna concepts such as
radiation principles, antenna parameters, and types of
antennas, supported by mathematical formulations and
practical design considerations.

8 Are computational methods
discussed in Cheng's
electromagnetics book?

While the focus is primarily on analytical methods, Cheng
also discusses the use of computational tools like finite
element and method of moments techniques for solving
complex electromagnetic problems.

9 What level of student is
'Fundamentals of Engineering
Electromagnetics' by David K.
Cheng suitable for?

The book is primarily aimed at undergraduate
engineering students, providing foundational knowledge
necessary for advanced studies and professional
applications in electromagnetics.

10 How does Cheng ensure that
complex electromagnetics
concepts are accessible to
students?

He employs clear language, step-by-step derivations,
visual aids, and practical examples to make complex
topics understandable and engaging for learners.

electromagnetics, engineering electromagnetics, David K Cheng, electromagnetism principles,
Maxwell's equations, wave propagation, electromagnetic fields, boundary conditions, transmission
lines, electromagnetic theory
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