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BEDBR - IE Objectives and Outline of the Course

H | BERZE., BRI% BFIF BEIZ BRIFONBZERT I2FLEERICE T, HADHETHS, FHEETIL.
BWRFOS b, BENICELY 2BHA. FICEBHREGREZERY K.

& | Electrodynamics is one of the most important and essential subjects for students who specialize in electrical engineering,
electronics, telecommunication engineering, and information science. This lecture includes treatment of time-varying
electromagnetic fields, especially for propagation of electromagnetic waves.

i

FEDEEBIZE Learning Objectives

B | Maxwell D AFEXOYEIBRERD 5.

RREIWICE( T 2BHRICE VLT, BHAMELZ TENICHECHICHELRERZERTT S
BHAICLVEAONSI I ALY — BHIRODESIEN, BRAEETCOHEEN. TAALF—REFICOVWTERT S,
REEEM TR T REBHROBREGZERS

BRUREMOERE 7% [FEE] OEHN, TENRYKEVWEZET 5,

N
o

% | To understand physical meaning of Maxwell's equations

To acquire fundamental skills to quantitatively solve time-varying electromagnetic field problems.

To understand energies stored by electromagnetic fields, transmitted power carried by electromagnetic waves, and
consumption powers in lossy media based on the energy conservation law, i.e., Poynting's theorem.

To understand conditions of electromagnetic fields at the boundaries between two different media

To acquire fundamental skills to treat propagation and radiation of electromagnetic waves qualitatively and quantitatively.
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B BBDERE DFHEEZE / Fulfillment of Course Goals (JABEE BEERIB D &)

REEHEEE Course Plan

No. 15 B Topics

AR Content

1 H | Maxwell A12=(1)

Maxwell X Z T 2 ZYIREROEE %175, Maxwell DABRXDESFRRE R
ER

b

Maxwell's equations |

We review physical laws in electrodynamics and show integral representation for
Maxwell's equations.

2 B | Maxwell F12=(2)

BHREOENERT L L bIC. BEEHT 2BRAIBII 57 2T c LERRICH
3 RO ERERE R,

b

Maxwell's equations I

We consider the relationship among four equations in Maxwell's equations along with
continuity equation.

3 H | #eBR

Maxwell DARADHITTRE TS, BERH, LEFEOTER. ZEDOHEDOME
BYBETNVEBAT DL 10, BRBERAEZTT,

Constitution relation

i

We show a differential form of Maxwell's equations. We review simplified models for
electric and magnetic polarizations in dielectric and magnetic media, and conductivity
in metals.

4 H | EBREICEH T 2EY HW

7z —YRROBA EHRH ERZAN7 PILOEY WV ERFETISEICOWTERRY %,

% | Steady states and phaser
representation

We treat complex vectors for time-varying fields based on the phaser representation
and introduce time-averaged values for the energies and powers.

5 H | 1 X7TTRE AR & £ DAE

1 RTKBHRAE LTV R—LDRITOWTREHRNT 5, BREKEME ERE, BT
KITDVTHEAD,

% | Wave equation Wave equation
6 B | ~LLAkiLy HER EFIREDFBARERE LT LIRITANLLTILYARAZRYES, KE. KK UE
HE, KBA L RITOVWTRRETTD,
% | Helmholtz equation We solve the 1-D Helmholtz equation and find the steady state solutions showing

forward and backward traveling waves. We introduce the wavelengths, wavenumbers,
and wave impedances.

7 B | €EhOBHIK

EEXEOGLVEETOBHEORLIBEVERY KD, RERE, KB v E—X X%
GNERS

i

Waves in good conductors

We treat the Helmholtz equation for waves in good conductors, show the field decay,
introduce the concept of skin depth with low wave impedance.

8 H | =x/L¥—{&7%EFH]

BHROIXNF—REHNTHEIHRA VT4 TOEBERYT, BERATALF— K
AVTAYTRY PILIZDWTERRT B,

EEREICETZ2IALF—RFAE LT BERA VT AR b BEBEICE
T2 EEBAICOWTHRBET 5,

i

Energy conservation law

We introduce energies stored by the electromagnetic fields, transmitted powers
carried by the electromagnetic waves, and consumption powers in lossy media based
on Poynting's theorem. We also introduce complex Poynting's theorem and the
physical meaning.

REHEROBHRCKREEZ S & &, BRFADBHEAD BTN REFUIEZL L
%, ZITld. BHAOERARE LUCEBEHERSDELT NSERZEEZ, ¥R
T VARALYEL,

i

Boundary condition

We show boundary conditions for tangential and normal components of the electric
and magnetic fields on a surface between two different media from Maxwell's
equations.

10 | B | 2o 8E & FEK

3RTTANIVLFILVY ARRAOEBEE LT, BHEDEEEZERY KD, BO—D2M—ARIC
BRI 2FEETHD L zRL. KH. BR RO 3ID2ORT FLOBERKR. 20O
M OWTIRIRT %,

i

Method of separation of
variables and plane waves

We introduce a method of separation of variables to solve three-dimensional
Helmholtz (partial differential) equations and show that one of the solutions provides
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a plane wave. The relationship among the wavevector, electric and magnetic fields

will be sh
11 | B | ®K (&) RRIZOVWTIYE S, HICERRBK. ARKICOWTERSRT 2,
= | Polarizations of plane waves We introduce polarizations for plane waves, such as linear polarization and circular
polarization.
12 B | EEAS L RS - BB EFEHEEBRBECON L T, FEREOEBEASH, R - B@ZzIYIKkD, BdARK =5
REDOKRDA, BRFAZETHHA 2 E—F v RESGEH. ZBEEDERYFELITOL
THR§T %,
Z | Normal incidence of waves to | We quantitatively treat reflection and transmission coefficients at the boundaries for
boundaries a normal incidence of a plane wave and introduce the concept of impedance
matching.
13 B | floAs - ki - S8 LERQ) | EREEERmICH LT, FEEOMNOAS, &8 - S8%8RY K5, S6RE. x5
REDOKDHA, RFILDERA, 7V 1 —RX—ABIZOWTHERT %,
= | Reflection, refraction, and | We quantitatively treat reflection and transmission coefficients at the boundaries for
transmission | two different cases of oblique incidences of a plane wave: parallel and perpendicular
polarizations. We introduce Snell's law and Brewster's angle.
14 H | RloAs- K& - BB EERQ) | @8, BRA. T \xy Y MRICOWTERYIES,
% | Reflection, refraction, and | We introduce total internal reflection, critical angle, evanescent waves, and surface
transmission |l impedance.
15 B | BRRFOEED INFEFTIZFELAFTEOES, SoOICEALEHRIFORBICAIT CHRT 5.
% | Review and summary We review fundamental concepts and solutions to the problems on propagation and

radiation of electromagnetic waves.

FE1EZ14+ Prerequisite(s)

B | BRKFLEF LI & LLIRAFEONRZEEL, BRLTWSZ L,
WMIED. N7 PV OEREBEBL TCVWAZENEELL,
Z | Taking courses, "Classical electrodynamics | and II", or the corresponding is mandatory.

Itis desirable to understand differential and integral calculus and vector analysis.

RERHENLE (FF -

Required study time, Preparation and review

BE%)

H EREICHL, 2HERECEBICNR. EHHARIER 27-0D0FERMAEZES 2,
BERUVLR—-MREEROBERETIINTITS L,
= | It takes about two hours a week to review the class. In addition, you will need to spend time for preparation of the exam.

HRE 5EE Textbooks/Reference Books

H | &%
(1) [EBHER (BFERBEFSAFY Y —XB-1)] EaERE 104t
(2) T4 7 mRITZ] PEMKE. FILHER
(3) R. E. Collin, "Foundation for Microwave Engineering," IEEE Press.
(4) David M. Pozar, "Microwave Engineering," 3rd Ed., John Wiley & Sons, Inc.
3 | References
(1) R. E. Collin, "Foundation for Microwave Engineering," IEEE Press.
(2) David M. Pozar, "Microwave Engineering," 3rd Ed., John Wiley & Sons, Inc.
BUERHI D kKR O FE%E Grading Policy
B | THRBOKES., HX - BRPICET LR— MEHEOWRICIGE CTFHMET %, LAR— MI#ETY, TEHHABOMKES 70%,
HX - LAR—bORKEE 30% & LTCFHMEIL, ZOAEFRN 60 RUEEZERET 5,
Z | We will give a grade by estimating the results of the examination and homework. The ratio of the exam and homework is 7

to 3.
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