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Courses for which this course | This course is a fundamental course for students majored in Microelectronics Science

is a pre-requisite and Engineering. It is a prerequisite course for subsequent classes on electromagnetic
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This course introduces the basic concepts and methodologies in electromagnetic field and electromagnetic wave,
including static electric field, steady magnetic field, time-varying fields and Maxwell’s Equations, time-harmonic fields,
wave equations, etc. Applications such as transmission lines and optical fibers are covered to aid students further
understanding the physical meanings behind the Maxwell's equations and wave equations. This course uses worldwide
classic textbooks and handouts, and adopts conventional notations, with an objective to lay solid cornerstones for
subsequent advanced courses. The broad aims of the course are to help student develop the capability to analyze
electromagnetic phenomena and simplify problems, master mathematical tools and methodologies, and get familiar with
electromagnetic characteristics in wireless transmission, high-speed circuits, photonics, etc.

Wik %S BR Learning Outcomes

AR IR ), AR
1. TREEED TS, GEREDITIE. BRAAR R HEARR R4
2. EEHBNEAMS, OF. FERE. mivEd. B3, s ainam . AL
3. HREEHIAEAMS, DIRER-PEIURER .. ZHAHER. M SHERTE. REHE,
4. XoZwl BN MR, MRS 5, AR A
5. HIEFHEIBEMIEAME, OfF: WEERE. L. By, k. It GREMRE;
6. TWSWIEANM: ERpTEEmML. L.




17.

After completing the course, students are expected to:
1. Get familiar with useful mathematical analysis tools such as vector analysis and differential coordinates.

2. Master the basic concepts of static electric field, including Coulomb’s law, Gauss’ law, Laplace’s and Poisson’s
Equation, dielectric material.

3. Master the basic concepts of steady magnetic field, including Biot-Savart's law, Ampere’s circuital law, and
Lorentz Law, magnetic field and magnetic flux density, vector potential.

4. Understand the Maxwell's Equations in differential and integral formats, understand the concepts of time-
harmonic fields and wave equations, displacement current.;

5. Master the basic concepts of plane wave, including Poynting vector, propagation constant, impedance,
reflection, refraction, dispersion, etc.

6. Get familiar with guided waves and their applications such as metal waveguides, transmission lines, and optic
fibers.
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Lecture 1: Fundamentals of mathematical tools for solving electromagnetic problems: Vector Analysis including
dot product, cross product, gradient, curl, divergence. Transforms in different coordinates such as Cartesian, cylinder,
and sphere coordinates.
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Lecture 2: Static electric field: start from Coulomb’s Law to derive electric field intensity and electric flux density.
Study Gauss’s Law and find electric potential, line integral, conservative property of the static electric field, Dielectric
materials, permittivity, susceptibility, Laplace’s and Poisson’s Equation.
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Lecture 3: Static current field and steady magnetic field: Biot-Savart Law, Ampere’s circuital Law, magnetic field,
magnetic flux, magnetic flux density, permeability, Gauss’s Law for the magnetic field, magnetic potential, vector
potential, magnetic material and magnetization, magnetic boundary condition
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Lecture 4: Maxwell's Equations and time-varying fields: Maxwell's Equations for static fields, concept of the time-
varying fields, displacement current, Faraday’s Law, Lorentz Gauge, wave equations, time-harmonic waves
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Lecture 5: Plane wave: wave in free-space, wave in dielectric, propagation constant, Poynting vector, skin effect,
impedance, reflection, refraction, transmission, standing waves. dispersion.
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Lecture 6: Guided wave: ideal transmission lines and optical fiber. Solve the field distributions with certain boundary

conditions

it REESE% R Textbook and Supplementary Readings

¥+ Textbook:
Engineering Electromagnetics, &#MNGEZEE A1 (88 7 i), William H. Hayt. Jr., John A. Buck, &K% HAtt,
2008

2%+ H Reference:

1.Lecture Notes on ELECTROMAGNETIC FIELDS AND WAVES (227-0052-10L), Prof. Dr. Lukas Novotny, ETH Zurich
2. TREHRES (5 8 i), WFE (Hayt, WH.D , [3£] EU38 (Buck, J.A.D 3F BER, ZFE, fMRE ¥ DEE K, g
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3.Time-Harmonic Electromagnetic Fields, Roger F. Harrington, Wiley-IEEE Press, 2001
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