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% | Radiation and propagation of the electromagnetic wave are discussed from the viewpoint of physics and mathematics. The
application of the electromagnetic wave to practical uses such as antennas, propagation of radio waves, and wireless
communications are also presented.

FEDEEBIE /Learning Objectives

B | BREFZICBVWTRA LY — > CBEUEMERIN TS Z L5/ 5,
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To learn how to use electromagnetic waves in our modern life.

To understand the concept of transmission line model for foundation of electromagnetic wave engineering.

To describe dispersion characteristics of guided modes propagating along waveguides and the electromagnetic field
distribution.

To understand how to describe mathematically electromagnetic fields in terms of electromagnetic potentials.

To understand physical meanings of radiation of electromagnetic waves and fundamental mechanisms of typical antennas.

B ZEDERME O EEX / Fulfillment of Course Goals (JABEE B8:&HRIE D )

JBE| IO [ ik

REETEIER /Course Plan

No. 15 B Topics AZA Content

1 B | mXREERIO 1 BHIETFOER L B2 EEGREEREZEDST 5,
BREEZRLZEMERET L. BEAER. ETROERER. HE/ v e—2r R
REICODVWT, BT 5,

% | Transmission line theory, Part | We review the transmision line theory for foundations of electromagnetic wave

1 engineering. We introduce an equivalent circuit model of infinitesimal length of
transmission lines including losses, derive telegraph equations from it, and explain
definitions
2 H | m*RBERT D2 BB O RS - EARE. TEBEHORFA. BELTIIORY FWNICDOWTEHRE
75,
Z | Transmission line theory, Part | We show how to obtain transmission and reflection coefficients at the boundaries
2 between two different transmission lines, energy's conservation law, and treatment
of scattering matrices.
3 B | EREKICHA-> TEIRT 2 TH | EFEE EEREICR->T—ARICERT 28K (K E—FE2RYIES, TEM €—
B EREE—F F.TEE=F, TM E—FOHHE. EE—FOERNLEEICOWTRERAZIT ).

% | Guided modes: | We consider guided modes that are propagating along the waveguides and
electromagnetic wave | transmission lines. We show definitions of TEM, TE, and TM modes and their
propagation along waveguides | characteristics.

4 B | FATFERRE ERE, REORLEMAEED ML L CTETFRREZIY KD, EXE—-FTH
% TEM E— ROBEICOWTEHMICESRZTL. ZOMTM £— K, TEE—FIZDW
THEAZITI,

% | Guided modes in parallel plate | We consider parallel plate waveguides for an example of waveguides. We review the
waveguides fundamental guided mode, TEM mode, as well as TE and TM modes.

5 H | 8FE (FRERELARER | SREESESOEEXNFL LT, AREREZRYIES, EXE—FTHS TEIO E—F
&) HHRMCERNEBE BN T 5, IOICAFREREICOWTHERT 2,
& | Guided modes in metallic | Guided modes in metallic rectangular waveguides
rectangular waveguides
6 H | ESRE—FOSBEME  BERe | SRE— FORREKEEICEEL T, BHEOIA LV —ERRETHIHRELHF
HRE, T-F0BEXMHE T B, AIHOERENDERE—FE2AWVT, (MARESLUHRELZRDD L LHIC
MEBNEMREEZ D,
FLEREDERE—FZAVT, E— FOERRMEICDOVLWTRENS,

@ | Dispersion characteristics of | We consider dispersion characteristics of guided modes and introduce the group
guided modes, group velocity, | velocity. We specifically derive phase and group velocities for aforementioned guided
and orthogonal relation of | modes propagating in rectangular waveguides and interpret their physical meanings.
power transfer among | We also
different modal waves

7 H | E#hiReg BIREEEDEANF & L CREIREEIRYIK S, EICEERE-FTHS TEM £— FIC
DWW, EEREORIEETILEDOLE - i adE R 5, REIBROBE, EFIBLD

YN DOWTHRRT B,
% | Coaxial cables and surface | We consider coaxial cables as an example of specific waveguide structures. We
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resistances

explain the relation between fundamental guided mode, TEM mode, and circuit model
in transmission lines. We introduce the concept of surface resisitance of low loss
conductors a

8 B | HRERER ERIRE DI Y W B L PEREEICA > TElRT 2E8FE— NICBET 25 BR%E1T5,
= | Midterm exam We will have a midterm exam for treatment of transmission lines, fundamentals of
guided modes along the waveguides.
9 B |BHART >y yLéO—Ly | RAST—RTF vl XTMLRFY v LOEBASLIE, A—L YT —JDAHE
V= ARTEHT 5,
% | Electromagnetic potentials We introduce scaler and vector potentials in Maxwell's equations and derive
differential equations in Lorentz gauge.
10 | B | BERTrovi, 7U—VE | 7V —VBEEZRAVTERRROKELI KT 27 FILRT v v LORBA X%
# BT 5,
EIHERT > v LRI DOWTHERST %,

% | Retarded potentials  and | We show how to describe electromagnetic potentials produced by an arbitrarily-
Green's functions distributed source by using Green's functions.

11 H | ERcin. BREBROIT | KBS L TERLIITHRAHROBMREZEAT EL, FRABRT VT OBEREBIIHL
&R ER TEENWFEED, TITlE 7 A7 VARKICHREEA L, BR EWAOIHE
ICDWTHEESRT %, FEREEICOVWTHEGT 5,

% | Electric and magnetic | By introducing electric and magnetic currents as sources, we can understand and
currents, duality of electric | interpret fundamental mechanisms of electromagnetic fields produced by various
and magnetic fields, and | antennas. We review dualtiy of electric and magnetic fields in Maxwell's equations
Lorentz reciprocal theorem and Lorentz r

12 B | NER, BUNL=TISHRND | BUNERICENZBRIERT DRI FLRT v n b, BRELVCHAZ KD
B L DOIET %, #FHER. FEUBHWR. BREBWANH D L 2BRT 5, /-, BHFAOIGHE
ZFA LT, BIIL—=TITRN D BT O DBHEEBET ICDOWTHEERT 5,

% | Fields produced by currents | We derive the formulae for electric and magnetic fields by obtaining a vector potential
flowing along electrically small | produced by currents flowing along an electrically small line element. By using duality
line elements and loops. of the electromagnetic fields, we can also achieve the corresponding formulae f

13 | B | ¥ERZAR—LTVTF FERREAR—LT T FEHICEITRA B, 7 v T O (EHET., BREFE.
BT, A ITOVWTERRT %, BRELVE/ R—LALT VT FLOBRERT, —
TR E ZRER, BERS L UCEERORYIRWERSR T ebIc, KAR—ILT
YTFERHDOBERICH B AO Y M T VT OERNBEICOWTHERT B,

& | Half-wavelength dipole | We treat a half-wavelength dipole antenna to show antenna charactersitics such as
antennas, monopole | radiation resisitance, radiation gain, the efficiency, and directivity. We also introduce
antennas, and slot antennas a monopole antenna by using a method of image and a slot antenna by using the

compr
14 | B | zotho7 7 Ny FTrTFOBERE BOE7 YT BIC7 -7 L—T7 v T F 0O
(FL=770%— E=LfA JL—T4>v70—=7) IIOLTHHT 5,
Z | Other antennas We show fundamentals of microstrip antennas and aperture antennas, especially for
phased array antennas.
15 | B | BMEIZOEED FELCE-FELARDOE L, AT, FROBHKROEZEIGH. BREA FREE
L. RUAEANDEZEICOWTHERT %,
E

BiE5t /Prerequisite(s)

B | BHRF I EFEELTVEIENELLL,
= | Itis desireble to take a cource, "Classical Electrodynamics IlI".

BEBBNEE (78 - 1E5F%) /Required study time, Preparation and review

H

CBREEICH L, FRNCEH T 2EBREREAVT 2 BMEEQER ICMA,

LR— FRE~OEY A, BLUHEER E

HARICBRA 27-0D0FBREEZET 2,
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o= | It takes about two hours a week to review the class. In addition, you will need to spend time for preparation of the exam.
H [%Z]

(1) =47 0EIF] (e & HFILHR)

(2) TBHIETIY] (REZE. BEFERBEF ATV Y —XF-8 a3AaFt)

(3) David. M. Pozar, "Microwave Engineering" 3rd Ed., John Wiley & Sons, Inc.

% | (1) David. M. Pozar, "Microwave Engineering" 3rd Ed., John Wiley & Sons, Inc.

B | HE. LR—FORE (20%). PREEBOBE (40%) ROFHFRZBBROME (40%) ([CLYFHAT 5, 7 OEETEA 60 2L
tEAEKET B,

Z | Assessment in this course is determined by midterm and final exam outcomes, and multiple reports to be submitted
throughout the semester. Reports are assigned periodically, with midterm exam results contributing 40%, final exam reslts
contributing 40%, and report outcomes making up the remaining 20% of the overall evaluation. To pass the course, students
need a cumulative score of 60 or higher.

H | #RICET2ERE O CICHEREROEMIE moodle LVITVWET, BRT7 /7t X L TERMEREER I L O ICL TS
[AYS
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