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» Maxwell's Eq
VXE=—jwuH
VXH=0cE+ jweE
o 2120 CHSt Helmholtz's Eq
VE+KFE=0
where, k= w’ e,
€= 6(1+ - )
: Jwe
o= 0 (Rx4)2l &AM

* Helmholtz's Eq
VE+K¥E=0
where, ¥ = w’ e
K=K
= Complex propagation constant

= - (HEHZ0A (3-21)2 20l)
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HIIA, THE = HE0EZ
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= jwlpe — jpe I

S
e 2]

'

HiHyo| F

(2-26)

(2-5")
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7
we

we’ + O'H

where, we—” = Al (1-56)
we

= Loss Tangent ¢

y=jwvVpe (1— jtand)

if), f > & = pu— wave, we' > 4§

we '+ 6 we’ e S
. tané: 7 — = = o=
w € w € € 27T

g

= Al (2-28)0IM = —

w €

4

HIIM, € > € @ tand= Z— — 0 : “good dielectric material”

H

o

g
L=, 0K we tand= — A2 E= IR0 2 A
w €
: “good dielectric material”
g =
o> we tand= — I TA2 X HFH 2t A
w €

: “good Conductor”

2z &40 A= HEWA Helmhltz's Eq. by(2-6)
(2-29)

E (z)= EZ)+ e "+ E,e” (2-31)

_ E6+€7QZ€7/32+ Eo eazeﬂz
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ANZ2HG L (= AR =
E (2,t)= ERe[Egr e e Predvt 4 E, e el eVl
= B e “Fcos(wt—pz)+ Ey e cos(wt+ fz)

Attenuation

by (2-12a)
v wp dz w Ey e Ee (2-33)
Jwp
where, 7= = (2-34)
H, gl

e og=0, a=0

. .27 ) —
’Y:Jﬁ:JT:JkJr =, B=k=1~

phase constant = wave number = propagation constant
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[3] Y HILHS TOHI}M(Plane Wave)
% THIS0A TEMIHC BHAF, SIHIHSHN =22 Alots BR)
1. 28 Bl A B, It EMeHs 22 IHEGID Hud =

2. A Az ZEF

4
R4

o
3. EHHNF >> HRAMF o> we, o — >1
w e

LA
SRE | =55
Reflected : Transmitted
wave wave
—
[y
=3
Incident
wave { o> we)=
1 HE2e =X
Yy J Y,
‘0> Ho €0 Ho
(1) YA : B, (2)=E e "%
Ei — jk z—
HZ (Z): -0 ik, y
Mo
BEAIIL © B, (2)= E " x=IIE,¢" %
1 —
H (z)= —kxE,(2)
o
Eﬁ(’ j By 2 1 ik, 2
L 2 I R
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A 2 & vtsatdAl HHuo| st
(2) THILHOIA Helmholtz's Eq.
E 8°E
_ . 2 — et
by(2-5a): V°E ,uaat + e
— =& & (o= 0), THUOIH e=00/B2
2 8E PN
- - = IA /%l
V°E po— 0 |
VZE—jw ucE=0 ; phasor
V?E,— jw poE, =0 (2-46)
where, E, & s =5 1 &z A
2*E, 5 .
8 2 TJwpok, =0 5 —~+E=0
0z
E,(z)= Eye "X Y= Jw Vep

(3) where, by(2-28) : ;2 EHM (o> we)
v= (jopo)? =Vj Voo

27 1+2j—1 1+ 4)? 1+
where, Vj = \/7‘7 2\/—‘7 = (1+)) = J

2 2 V2
= 1—;2—'7 wpo (2-35)
= (1+j) |57 = (1+)) Vafpo =atjp
1
a= Vrfpo =+ [Np/m] = 3
147
8
1
(4) where, § = ———— ="skin depth"
vrfuo
= "characteristic depth of penetration(S22 E4 SM)
_ 1 (2-37)
(8

HIIM, z=601H

e =e M=e * =e'=0368

o SM(==0l)

o

= 3JIJt e or 0.3680H=2 24
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— "skin depth"

= "characteristic depth of penetration(S22 E4 SM)

ex 2-3 =1t f= 10[GHz|0IA Z=20I=(aluminum), S(copper), 2(gold) & 2(silver)2

HIISHE +otoct
sol) XEMUA p=pyu,=p =, p=1

S
1 1 1 _. 1
5= \/ = \/ = — {/— = 5.03x107° 4/—
Tfuo 7 10" X (47> 10 o o

- 1 -
2205 (0= 3816 10"[S/m]): 6= 5.03< 10" * 4/ ————= =814 10 " [m]
3.816< 10
s [ 1 .
= (0= 5.813x 10" [S/m]): 6= 5.03 x 10" {/————= =6.60x 10" ' [m]
5.813< 10
s [ 1 -
3 (0= 4.098 % 10" [S/m]): 6= 5.03 X 107 ° {/———= = 7.86x 10" [m]
4.098< 10
. 1 .
2 (0=6.173x 10" [S/m]): 6= 5.03 x 10" * {/———= =6.40x 10" ' [m]
6.173< 10
= ZHl s=2= dFe WP A 28s M =28.
@2rf) w
(5) v,= == —— = b= = 2
Pp vV fuo Tfpo o

ex) Cullld o= 5.80<107[S/m]0l 2, f=3[MHz] M HII=E?

sol) p=p,=4nx10" 70122

2 10°
v = \/5‘/%:\/5\/ 3 10 =720[m/s] < ¢

41 X 107 7% 5.80 < 107




M 2z dsWaAln Mol My
2 2
A= 21
O a2
ex) Cu- 3[MHz] — A= 0.25[mm]
3J1- 3[MHz] — A= 100[m]

(7) 38 XA H, (2)

—

VXE=—jwuH Ol A

1
H, ()= ———VXE,(2)
Jw _ L
X y z
_ L9 9 9
a Jwu ox oy 0z
E,e 77 0 0
1 |0E e 7" -  9E e 77 _
N Jjwu 0z 4y
1 .
:—m(—’Y)E:soe y
v —,
= g 7y
jopu 0
[8] Z=HILHOIA
b den
H m ,.y

t
_gop _ Jjou _ 145 _ V2 %
Viwpo o oo o)

Impedance = F A0 3O KtHl= 45° X

CEM de
1 o mo
Y, = i SHM 1% admittance
m

x) Cu, f=10[GHz] & M 5, =~ 0.026(1+7)[Q]

“op—wave B9 g < 1,

(2-34)

(2-36)
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H=22 AE0/00f ot2=

« JAHOA HAH, A BH o
E+E=E+TE=(1+T)E =tE=EF,

H+ H=H-TH=0-TH=0-1)-— E= f,
o

1 1

nm 77771

2
where, b=t = %—Zm% ore=
N < Mo
- p—wave SE0HM t=0, '=—-1<2 M
ZAHAHUA &H B, E,=tE — zero
NAH B, H=01-1)Y,E=2Y,E
:2}11’

= "CHUW dFYEE dy”

s TAHUS dRYUE
J=0E
=oE,
=otFEe 7x
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P(M)
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(2-38)

‘H”

- H*=nH

(zx<E)

1+
o)

- (ExH")

where, 2H
where, n,, =

(2-39)
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ex pozar p35

O P22 SO E CHHILINI X0 2 AAGHECH THIS FIb4 f= 1[GHz] 0|

D, 729 ESHEEES o= 5813x10°[S/m]OICt. CHHILIOIA MItalz, EMAIEA, HIIS
A

NELSFMN), I&4SE, IHE, BEAIHIE Fotet.

HIOSMH 68 3?6t propagation constant, characteristic Impedance, Reflection

coefficient& —stCt.

(M skim depth §= 4! (2-37)01l Al

1 1
5: _ = a— — - frmn
o W K Ho M, Ho
1
(314 1 10° X 47 % 1077 X 5.813 % 107)1/2
=2.088< 10”9 [m]
=2.088[m]

(@ Propagation constant y& & (2-35)2 £

1+J
5

= (4.789 + j 4.489) x 10° [m™ ']

y=(1+j) Vrfpo=(1+j)a=
_ 1+
2.088 % 10~ [m]

® Characteristic Impedance 7, & & (2-36)2 22 H

_E_jop _  jop _ 14j
MTHT T Vjepe 00
1+

T 5813% 107 [S/m]) (2.088 < 10" %[m])
=(8.239 + j8.239)x 10 *[Q)

= M& + coil &2
= O 37| 24 M50, SA4A80182 MA(EY), JHA(EF) FI&X =M

< n, (=377Q)



Al 2 &

@ Phase velocity v, = 4l (2-21)22=2H

w w 1

v = - = W - UJ5
Pep v f uo v fuo
=27 % 1x 10° X 2.088 < 10~ 6
=1.31 x 10* [m/s]
< ¢(3x10°m/s])
® F2| CHEILF LHOIA wavelength A =
27 2m
A= —= —— =976
B vrfuo
= 27 x 2.088% 10 °
=:]A31t7n631075[n1]
= 0.131 [pm]
< F71FAA 7% =0.1[m] = 10[cm]
® Reflection coefficient I'=
o T (8.239+ j8.239) — 377
N+ (8:239+58.239) 4377
= —0.957+ j0.042
0.042
= 957)*+ (0.042)* « =
V(0.957F + (0.042) £ tanb= — "

= 0.96 £ 177.5°

K

=
[=3

l:él-

||

r2

A o

o]
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st=
S S

report cheng & 7-8

FOt4 (a) 1[MHz] 2t (b) 1[GHz]OIA F2l(copper)|o,,= 58> 10"[S/m]] Bt
A2 ([Np/m]2t [dB] 259 ¢22), 02l

SHSLEA, 2

olo

W

r
(brass)[1.59 x 107 [S/m]] 2

HIISMNE —totct

report cheng & 7-9
100[MHz] 0l A (a) 4o =& (b) 1[GHz] 2
ot EHWE
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A 2 & vsttEA HHvLo| Myt
2.2 Poynting Vectoret &=
- BOlls Ex <xHy=Pz 8, (=£ Hsin90" z)
= P BUHE 10 Uole EHEHI0IEZ
VvV - (ExH)E Hatoll 2X
Vv - (ExH)= by vector SA!
=H.(VvXE)-E :(vxH)
where,
9B oH
VARSI T Ty
VXH:J+Z—D:J+GZ—E : source ¥ VvxH=1]
oH oE
—H (_MW)_E (J‘FEW)
oH oF
——,uH W_E.J_EE.W
where,
9 B
o7 (nH - H)= p——(H - H)
oH oH
=n| Sy SHAH- T
oH
=2y o H
JddB8= 2H = B &
2 S L B O B e
hoy tH= 557 (Wl - H)= 5 2 (uH7)
S b (=5
E-J=E- (JS-I— Jc) ;source current + conduction current
=E-(J,+0E)
—E.J+0E?
pSI I =i =13
E g 10 g
5t BT g5 (B
v-ExH)=- 2 |(Ltep2e L m?|-E. ] 0B (2-48)
ot \ 2 2 s
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/V . (EXH)dvz—% ( cB? + H2 )dv—fE Jdv—/aE dv

by Divergence

/(EXH) -alSZ—i (—6E2+ wH? )dv—fE . Jsdv—/aEzdv

ot
vV HE stoz V MEUWO =X= E, H| [8¥ER 0| [Joule &
SEGs M XIS A2t HEtE olgt A | |

—/E o= (%eEQ—i—%uhﬂ)dv+/aE2dv+/(E><H) . dS  (2-49)

= Al (2-49)= Closed Surface WOl sourceldt Jes HLRL.

» Sourcel} Closed surface S+0ll U2
/(EXH) CdS=— -2 (—GEQ-F—,UHQ)dU— /JE2d'u

where,
ExH=P[W/m?],S
J H. Poynting

Poynting Vector
= Poynting Theorem

2 dv — /JEQdfu
Al (2-49) 0l A

E, H, J, = Sinusoidal signals = Phasor(1-48 & =xX)

Al (2-49)=

—/E 3 do= %jw/(eE -E*+MH-H*)dv+/aE -E*dv+/(E><H*)-dS

fE-Js*dvzijf(%eE-Ew%uH-H*)dv (2-51)

+%/0E E'dv+ %f(ExH*)



A 2 & aswasa @Huel Fyu
where,
L (e 1 =P : ®2 =
_E * s v = S T &
ifE +E"dv= W, : ®HA energy
%/H +H dv= W, : X3 energy
ag * =
2 [B-E dv=p,, : HEa B
1 *
§fEXH - dS=F, : 0l &M (by wave)
LAl (2-51)

P=2ju(W,+ W)+ P,

loss

+ P, (2-53)



