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Abstract

Accelerated electric charge is the source of electromagnetic waves. If electric charge is accelerated,
the electric field set up by the electric charge is also accelerated. A changing electric field produces
a changing magnetic field and the changing magnetic field produces an electric field and the process
is self-perpetuating. The lines of B as well as E thus occurred form closed loops that move away from
the source with speed ¢. These traveling electric and magnetic fields, which are strongly interdepen-
dent, constitute electromagnetic radiation. All the properties of electromagnetic waves can be
deduced mathematically from Maxwell's equations.

1. Introduction”

Long wave, short wave, infrared, visible light,
ultraviolet, X-ray, y-ray 5+ % Z-& SR (elec-
tromagnetic radiation) 2 K&} IREIETH] o=
Folm gHEMAA 22 Eh c & #ITEC, o
ol A radio wave > #RE5= ER T anten-
naol} A fmd Bl K3be] BRSSP, WG
1, XA BP9 FoZNE )

Maxwell’'s Eqsoll fR3PH BRiks FUglo] %
3l ERSHI @RS ME At Bh=M
S R ¢ = 1/(Jen) 2 22T ExBE %
w2 {HiEstel,
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2. Deduction of Maxwell’s Equations

2-1.Gauss’s law for electricity

kgoq _ 1 q.q

Coulomb’s law : F = T Ime

HfIH 8 k=9.0X 10° nt - my/coul’ ¢} I, permit-
tivity constant €, = 8.85418 X 10" coul’/nt — m*°]}.

14,9

N
Electric field : £ = £ = ¢
q,} 47[80 r

Gauss’s law for electricity :

JE-ah = _dans=1
47t£or 8u
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2-2. Energy density in electric field

Blectric flux ¢, = £-A g & ) (0,9 Bfix
nt — m%coul) plate®] HEf&e] Ao]iL platefifle] FRHEE
7} d ¢l parallel-plate capacitor ] 8 Gauss’s law
off K3led ¢, = EA = g/e,°lH, & plate {2
potential Z&¥ V = Ed = gd/¢ A |t}

77} B plated] A} TR plateZ SARS W 1 plate
fi9] potential ZEE CE capacitance (B : farad=
coulvolt) 2t &l V = g/C g, ol dp & K71=
o VESE AL dW = Vdg = (gd/e,A)dg °1T}.

We U= jde:jfg%@: .E;‘i_Aj:qdq
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clectric field E7} Slem o Be o e

energy density® Z3 lohal A7 4 et
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2-3. Gauss’s law for magnetism

Bt Bl e FolM BF g7 HE VR &
Aol 1 B ¢ vH3 22 right-hand rules
w2 g g e FegdxB.

Magnetic field B ] unit® 1 tesla(T)=1nt - s/
coul*m =1 nt/amp - m 2} k3, 1 gauss(G)= 10" T
ol

Magnetic monopole-2 #1222 o}3-9| Gauss’s
law7} B o Alet,

Gauss’s law for magnetism : Jg “dA =0
gl 57]' Gauss F22 Solom 2H& £9 §7]'
Gauss Hi S 2H5E e}

2-4. Ampere-Maxwell’s Law
French physicist Q] Andre Marie Ampere(1775~

e P LB

Ampere's
faw loop

Fig. 1. A long straight wire carrying a current i.
The Ampere’s law loop is chosen to be a concentric
circle.

1836) 7} ZER3F EAIE Fig. 13 o] &Eifel
steady current( EEHER) i7} 329 1 HE-)
magnetic field 37} AR Aelwt 8

Ampere’s Law : j.g dl = Hol

o] 7] A permeability constant p, = 47 X 107 weber/
amp-meter ©}<}.
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Fig. 2. (a) A changing electric field may be pro-
duced by changing a parallel-plate capacitor. (b)
The induced magnetic fields at four points are
produced by a changing electric field B.
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Fig. 2(@) oA 9% il 22 Eo71= conduc-
tion current(fEEE R )= AR o] Frikel A vhe
*+ conduction current 3= $1°+. vERAVIA R 2 2
fRERe A= 9= conduction current: ¢l A%t
Zo} 7} conduction currents $lot.

1860 4EHH Scottish physicist James Clerk Maxwell
(1831~1879)2 cha-7e] EEES oS ¥tk

ZR7} £EE o2} conduction currentE %
Ao EFE BA7II o)A -2 A2 iR
o WS AT ERSGS #NE-S con-
duction currentel] HAAZC

2-2. Eiell M capacitor 9] ffkAFo]S] E&=
7t

g3

fa

-s_0
E= T e A

m

o

dr B9rel) 0 dQ = Id &
3= EO) #fr B2

gkt olef 3

N

dQ ldt d I
AT A A eA

dE =

o

5 FEAR Alol®) BHREE T VA
FEiRAL) ) B I=

fo= i = e

= e(dE/d) °1™ F

Maxwell o] W 3-& o] EXE displacement current

o)
3} shsich. gE = EACl B2

_ o (40
1 = e 2y
Fig. by B/Lahe Eijel o) 3ted Ridol
FUHS Hol3 9o} £ B A2 BE sl
Displacement current & Ampere’s law o} fXA3}

= oS 22 Ampere-Maxwell’s lawE =t}

Ampere-Maxwell’s law : ﬁ? dl = pg(z + € —q)f)

w}ebA] magnetic fieldE= (1) Bl &3k (2)
#4151 electric fielde)] #k3s}ed gz}, QpEL
Maxwelle) iBingk7 o)t}

Electromagnetic Wavet= ]9 7] #4331} 27

Fig. 3. If the magnet moves toward the loop, the
induced current points as shown, setting up a
magnetic field that opposes the motion of the
magnet.

2-5. Faraday’s law

Lenz’s law: Fig. 32} o] A <S loopH2E &
zlel] 1 loopell HEE Eine 2 BAY EH
& K¥rshe Himez Joldet

Magnetic flux & ¢, = jg A2 EBI, 0,
o] Bfi: 1wb=1T - m’|ch

18313 English scientist Michael Faraday7} #57
g ERE ool

Myzmwmm:ji.iz_-%

#iLAl7IE 2 8LE hEst=
Ot EEEE electric field7} A7),

£l magnetic fieldZ
Hmes &

2-6. Energy density in the magnetic field

2-6-1. B for a solenoid

o] lol] NS ##t7T ZFAYE solenoid A A
& ol B v 329, & @itk Ampere’s
law-

J‘§~Zl=u0i
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Fig. 4. A Section of an ideal solenoid, made of ad-
Jjacent square turns, equivalent to an infinitely long
cylindrical current sheet.

A Ko} B Fig 49 a>b>c>d->ad) RS
we} sk [B-dl = Bh o] Beh.
Solenoid ol 2= & &ifi: iN=inl°]™ n=

Nilol =}, uleha

Bl=p,inl
B=“(’in

2-6-2. An LR circuit

dyp

Faraday’s law of induction : € = 7

Fig. 5|4} Ze] Ze]7} [o] X ErEfke] A<l
N[ ZF2 coilol] SEAEE & coilolA 8 emf7}
X712 2 NE 22 coilll M= 2 flux7F No,= =
A=

o = @ __dVey)

dt dt

Nog+= current (ol HBISFE2 Noy = Li7F AL
3lt}, of 7) A L inductance®} 3}3 B 1 henry
=1 volt-sec/amp®] =},

L= N
1
e
x ANVWY ¥
R
EI'::' LS e,

Fig. 5. An LR circuit.

FikRE - FXE - BAKR g A 53] 7|

a3l No, = (nl)(BA)°l™ 2-6-18i| M B=, i
nol 22 Nop = p, n’ i Ale]Z w2bA inductance=
ko] ok

L= 1@? = p,n’Al

Loop theoremol| A 52 =}

. di . di
—zR—LJt+s = 0, 1R+L47t_ €
2-6-3. Energy in the magnetic field

) 1% FohE ok Kol e

di

. 2 .
- R+1
€1 =1 l'[

AR E-L emfr} [Bligel] H4831= energy o] 3,
SREL IS Joule Eholw], MAIEL energy
&7zl #%3Fe] magnetic fieldo| B75%% energy %
L& dUdiZA B-573ke] AR

du, . .di
a U

,dUg = Lidi

o] X& sl vh57e] FHH
UB _ i T 1 2

Uy = J.O dUy = Jolez = §L1

S 2=

—_—

Uy i7}
olet.
2-6-4. Energy density in the magnetic field
Zo]7} o] 2L BriE#E el AQ] solencidNA] magnetic
field®] energy density uyx ©Fo-o|t}.

inductance Lol 7% energy

|
u_ﬂ;_illl
5T Al T Al

2-6-1%5ol A B=p,in 282 2-628lA L=
wIA o] B2
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Table 1. The basic equations of electromagnetism (Maxwell’s equations)

No. name equation describes
I Gauss’s law for electricity EDJ% - 54) =q Charge and the electric field
II  Gauss’s law for magnetism II_B) . d_)A =0 The magnetic field
IIl  Faraday’s law of induction J% : c_l)l = —% The electrical effect of a changing magnetic field
v Ampere-Maxwell’s law JE A= Ha(i + 80@) The magnetic effect of a changing electric field
dt or of a current

3. Maxwell’s Equations
4. Properties of Electromagnetic Waves

g} electric dipole antenna®l] emfE- ##5 3} po-
tential ©| A S Z RESIS S BT HY
(o2 INESEENS slod ERIMCZE #3l= &
of WkE-o]Zlt}.

Ampere’s law 9| Al EH#o] & Hfe] A7
3L, Faraday’s lawol| A Bi3go] #ahn Eifo] A
o] HE2 L phase & A 2R v} Koz 1}
ehd 4 gleh. E9F B phase 7} ZobA 1 K7}
Aol ol BiolA [l 259 maximum
valuesol] Z):E3ic},

£ = Esin(kx—wi))
B = Bosin(kx—wt)z

Fig. 63 7to] £ y-#fiel] 47812 B z- il
ol F17ele Eok B9 52 x o 1o ol
y&} 2o RS}

Fig. 6. A “snapshot” of a plane electromagnetic wave
traveling in the x-direction at speed ¢, sweeping
past point P.

4-1. The speed of the wave c is the ratio of
the amplitudes of the electric and the magnetic
waves

Fig. 7(a) ¥ (b)ell e} 7o) 3t Bl M E9} BSA
A Aol dxiHE 222l #olM= E+dES) B+dB
2 #H+

o] fFHEsE TS FR3te] Fig. 7(a) ¥ (1) dx
2 ¥AE rectangle ol Faraday’s law of induction

i@ fstat.

WA Faraday’s law 9] 9% 1HE 7] $3}e]
Fig. 7(a) A 1%—3— counterclockwise & 14333
rectangle®] $)9} WA= E 9} Jl o) N T s}
of Zro] $lolM FEm2 o33 7o)

$E - di = -Eh+(E+dE)h = h dE

T3} Fig. 7(b) 9] dx 2 e} rectangle o] %3}

B rE E E+dE
N
R ' Nl
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ol 13 £
. . x x l . . x x
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> e
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Fig. 7. The wave of Fig. 6 viewed
plane and (b) in the xz-plane.

(a) in the xy-
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magnetic fluxe ¢, = (B)(dx h)o] 22, o}& #ar by
o}-2-3} 7ol Faraday Eq.2] 8% HE vl
dos _ , , dB
7;‘ = hdx ar

¢} 5 HE Faraday’s BEqoll fXAsHE o
ot
dE

o @wl—____.__dB
dEh = hdxdt v dx T T dr

o] RO Z ¥ ol FRE derl.

kE cos(kx — wt) = wB,cos(kx — wt)

I_T_f._v_\f_Zn/T__Z»_vk__c
Tk T2/ T -

E = Esin(hkx ~wi) ¥ B =B sin(kx —wryo| X E/B
=E/B7} IR vhg BifRt dejRin.

- £

‘T B

TR BN o ke
2] RiES] kelet
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4-2. The speed of the electromagnetic wave

ol &= Fig. 7(b)yE vHEat.

BHiKS BB HEze|A conduction current i7}
%4222 Maxwell’s fourth equation- Th&-4 2k

J‘B ZI WE, d‘be

dx 3 &Y rectangle & counterclockwise 2.
st 4 R 9% #wre [B-d =1~ +dB)
(W] + [(BYh)} =~k dB °) 3L electric flux¥ ¢, = (E)

(hdwyel=) 2R K& frsh o-5e] 5
do; _, . dE
dr g

o}& HE el A3

dE _dB _  _dE
di T Mty

~kB,coslkx—wt) = (e wE, cos(kx ~wt)

—hdB = 1€

Pk - BEE - BAK 747 5] %]
I
OB, WEW  WEC

it i
AL, J(4n x 107 weber/amp - m)
(8.9 1077 coul’/nt —m”)
= 3.0%x10°m/s

4-3. Intensity depends on the sguare of the
wave amplitude

3EEE vhe} o} BHI BB energy & BE
22 EWEC 24Y o 2L B Y B
2 energy % JEMEEI

Intensity= &t 7F BOIHEMEE energy S SEHS)
v deA 29 e e Mg,

m m

2 wave®] intensity S AtE 7] Bl Fig. 8%
722 length7} dx ¢} cross-section area’7} A Q)
rectangular slabS A ZF3FAE, o] clab Rell wave
field £ B7F A%}, % field 5] energy den-
sities = 2287} 2-68io0 4 o532} 2Eo] Fezich:

I 2 B’
He = EEOE,UB-—E‘”

dx 7} F573) 2rew 1 fields3= 2 slabol| M ®
o] #a}A ok, A 2 slab Wl U= &
energy ¥ electric and magnetic energy density$] A
o}l 71 slab volume AdxE &3 7ot B

= (it + up)Ady = (s P B Z )Adx

o] waved] energy: speed cE S| Z R o] slab
pe

Fig. 8. A plane eleciromagnetic wave travels along
the x-axis, transporting energy through an imaginary
rectangular box.
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el 3= energy = dr = dxle BN o] slabZE
w2 7t

Unit area AS E3A &7]o]+= energy &

de _1( .2 szAdx _c( 2 BZ)
-d—t_z(s,,E +de/c_23,,E +u0A

Unit area®; energy flowZ8¢] intensity [+=
gy y

c 2 B?
= Z|lg F*+ =
I 2(80 + 0)

4-14el M 92 B=E/cE AHE-3H

c EB 1 2
= = —_— = — 1
I 2(eﬂcEB + m c) ZHO(S”HDC + 1)EB

428 M g, = 19|22 [ = EBju 0o}
—f%HI2.2 unit area’ energy flow 9] rate = v}
o2 FolAle,

> 1 2
7= (ExB
HO(X)

Vector 13 energy flow?] Z7|%ul of)zl 219

Electromagnetic Wave o] 97| F2Ea )2 31

FHiaE 7o, B U TRkikel] %t
Est By 900 A3 glek. T+ 1884 aAe
RSt REe] % J. H. Poynting®} o] 52
@4 Poynting vectorgh st}

ES} BE sinusoidally varying term 52 & f1
&3 2222 | average intensity = & FHHN A
9] peak intensity 2} sin’®] FIGfES] 1129 F& @
&3 g=A Y intensity = o33 2o am-
plitude®] Al Lefighct.

7= L@Ehy = EBoq E =B o)z ge
}’lﬂ 2“’0
Zro] Hr}
2 2
}= E, = ? = E, .
2U,¢ 2u,c
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