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olAl &= 18 FEFE, WAF dA] dEs f AAy] BE Aol FRE FUtR CAE] flF 21-dB &
% dell AzvE g9 A A, dy rjEezNE UAM(BIR FAE, vEH 9 BE d9e I
= gre] ag=100)7h BAFS Ak, E 19 2#E(100)E fE A7) DEe] A= FEE AP #4
24 YelE f= 2= Zx S340103)S =AE gk o] fx A= ke H4(103)2 1 #d meet
2AAor Fdsith. ®=E, = 19 2HE100)E WA AAr] Fee dE BeEs A A dEhds
YA = AE 324(106)& =ASAL gl

FEZ gk F4(103) R HAF dAdbe] digh 2(106)e] FFEC] A digeltt. WA "= w34
(106)e  7lstetdow  Asteta(l/d, <714 de AgY), olAL 2a-21 ZAYA  AHow

—ad
Yehflojdch,  t2 s@oen, fr IF= Jm TH(103)e € /\/39] 54 A4= 72| (characteristic
exponential decay)E ztil RI1-271 2ADAN 5759 W (knee)(109)E YERATH e d= Ak 34

(103) % ®WA} A= Ax FA(106)S wxp AP (crossing distance)o] A& A A (112)0A4 nxpgch.  wxfp

A4 (112)e A 9] wxp ARt 22 AZEAdA, & A7) 2o d= FeE WA Axpy] =9 d= 7

ZRt dEEY RS Ads o A, mx ARt 2 AgEdHE, 2 dkdeltt wEld, fx U
o =

F & = AA7] WEs) PAl AR] WE ghe] ARA A5t Ao Fe F7b
2 odAsta 9rh. A% A4 AEsk WA Q] WE e Aol i mBHH el tsA,

[Milligan, T., Modern Antenna Design, McGraw-Hill, 1 Edition, 1985, pp.8-9] - Z=o| &l 2 AA7}

el 489 - & F=rh

Al o] FoR, WAL HATIe) F X HAA7|F Abele] G2, FAA O A RdFHL JAT el Vx
stk 2709 el gt st slA A Ee] shuhe] sdeh A3 HulE AR, ds Ao REE UE 5 9
e AL ZAld By A 2AE25E A FoR Jdd] dojXiny. 3m WA I AAd disk ad
SH5(Green function) E=AESE fE3ke] 54 Alole] Fi-& gttt

Hl b A, gs WA AS v AAAtEA 19 3fEr(eigenfunction) B2 B4 T HH(complex wave-
number plane) “dollAl Lfr#k(eigenvalue) &9 < AHMEHSG zZE=th. o] TEM(transverse electro-
magnetic) =& WA} = (radiation field)eal E2w, 1 A98li= HE(propagating field) ES "I 2=
H(Hertzian wave)E"olgkal BT, A9 A=A A (conducting boundary) ] &EA| Alel], & w424
I BA 215, FEAoR, o) 2HERES I AL ~FEJOR o]Fof] g ~HEY HHO
2 o]zt ol& 93, [Sommerfeld, A., "Uber die Ausbreitung der Wellen in der Drahtlosen
Telegraphie," Annalen der Physik, Vol. 28, 1909, pp. 665-736]< #=x3tt}. ek & [Sommerfeld, A.,
"Problems of Radio," published as Chapter 6 in Partial Differential Equations in Physics — Lectures on
Theoretical Physics: Volume VI, Academic Press, 1949, pp. 236-289, 295-296]; [Collin, R. E., "Hertzian
Dipole Radiating Over a Lossy Earth or Sea: Some Early and Late 20th Century Controversies," IEEE

~

Antennas and Propagation Magazine, Vol. 46, No. 2, April 2004, pp. 64-79]; 2 [Reich, H. J., Ordnung,
P.F, Krauss, H.L., and Skalnik, J.G., Microwave Theory_ and Techniques, Van Nostrand, 1953, pp. 291
203] - o] FREHE Z47he Azl o3 1 AAE BYol A4H - & BRI,

" 2] &7 (ground wave)" R "FHI(surface wave)"BE 015 2709 FHEA Aold =8F Wi A4S U
g7, xWde, ddFez, Hun AHE- o/F AJE(discrete component)s AHESHE FEHEE SF
(distinct pole)o& <l A7t oA, £3 ["The Excitation of Plane Surface Waves" by Cullen,
A.L.,(Proceedings of the IEE (British), Vol. 101, Part IV, August 1954, pp. 225-235)]1% %3t} o]
elgh Wetol A, FWIRE = F W guided surface wave)l AO% IrFHTh. (Zenneck-Sommerfeld %3
ojulel A e]) FWI=, EEHoRE agal FIFoR oA fr e HFoRFE =3 (Weyl-Norton-FCC €]
njo A e]) gaet sdetA gk, o] 279 AF} HAUSS a4 FHoA Y Aold FEES afFak 2~
EYE(AEA e o]2h 9] of7](excitation) 2HE A7tk f& xWde] A= Are, & 19 341(103)
ofs] AAF wpe} o], o] wet AeAoR HHIA(EAY =T (lossy waveguide)ol Aol Azkel 7 €]
AR, TR Adete FYFe nHAQ] 2= A E gy, A AF #Fl(radial transmission
line)oll A o] Astel frAlalal, AfFEptES] ASAE 7HAH, = 19 34(106)° o8] dA¥ nvpe} 2ol 7]8}st
Ko7 Zslslar, B:MX-7 A& (branch-cut integral) EEZFE dojztt.  E& ["The Surface Wave in

Radio Propagation over Plane Earth" (Proceedings of the IRE, Vol. 25, No. 2, February, 1937, pp. 219-

_8_
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229)] % ["The Surface Wave in Radio Transmission" (Bell Laboratories Record, Vol. 15, June 1937, pp.
321-324) ]9 A4 C.R. Burrowsel 93] A3dAo= 45w vie} o], 42 QeHUE] AFeL WALHA T f

FHFEL B2 (launch) A 71 A EEt.

et ubg gokstd, AA, HdA-F HEE ddste, g a1 AHERHY ¢S RES WAL dEE
AAsta, B4, A& ZZ(contour of integration)ol 2l&] EEMel FHERZFE A= o/ ~AEHE 2
L3t F Fresidue sum)S Avtol] s SAskoz x4 07 744 (damp)dh= B]-TEM X&) F 9 9 (non-
TEM traveling surface wave)E< Z#ldtth. o]g3s % i

W5 4% A% fFel EX(guided transmission
line mode)Eo|t}. F7} Adwo] tisfA+=, [Friedman, B., Principles and Techniques of Applied
Mathematics, Wiley, 1956, pp. pp. 214, 283-286, 290, 298-300]< tzx3lt}.

A FIRAA, HEHIUEL, B9 HeZt 594 (in—phase)ql 3o 2 A}3}=(outwardly propagating) RF ol

7 LdEgl, 35 BAAY dA AFHES oAV|AZIT. & dHeR, =g 2
FHES A7N7IaL, o= AE gel A9E et 3 [Collin, R. E., Field Theory
of Guided Waves, McGraw-Hill, 1960, pp. 453, 474-477] b oolEA BAES &4y 44

o
= = RSy
w A (lossy, homogeneous media)®] HHE T= T+ FHE ¢ /MY EH FE=3H(open surface guided

wave) 55 WXA7E 7HEA 7hsAdE AFSISIAINE, g A7) o] s, 49 AE8H &R olRAS st
71 93 ¥t 7| EorsEddAY Aud FAE FREEE EASHA ZI. BIASHAIE, dA VAE o]EF
AL 19003 X &S o]F R, EEHo7 o|Eor ol o, £48 44 ujAe HWIY =&
T ZHE fd /M B FEIGES ATIE 2SS d8HeR gAdsE] S oud IAH FREEE
AT

2 AR ke AAldE mEY, &A% AEA wAY WS wE FE 32d E9E R A3t
= A7 dEES AUAPIESE FAYEE Y R 3W SR Z2B 5] JlesdHng. odd fX A
o5 77 9 $o] &43 drd miAe 3H 9 fx Wy Rid dAdon Rr-ufH Y, o
23k f W9 = Zemneck =R REdal A" v 29 Vede iR 3W BoE 28
HEo 93 o7|Ee= AdA] Hduso] &4% HAEA ufAe] BW FelAe ffE W E3E Ko AHA
o8 RE-ujHHTE AMERE QlE, e xHT FHY FE Ay duvt E4F AR WA 1ds wet
FledRah=s o Ao wmEW, EAY HdEAg ujAe A7 22 A ufA|(terrestrial medium)E
s

%= 25 x3lW, Jonathan Zenneck®] =i [Zenneck, J., "On the Propagation of Plane Electromagnetic

Waves Along a Flat Conducting Surface and their Relation to Wireless Telegraphy," Annalen der Physik,
Serial 4, Vol. 23, September 20, 1907, pp. 846-8661° 7]1A|¥ u}<} Z+o] Jonathan Zenneckol] 2]3l 19071l
EZ(derive)® Maxwell?] WA Eo tigk AAFL 3 (boundary value solution)E°] tgk HEE A|&st= A

3} Al (propagation interface)©] Z=AIFo] Qlth, = 2% 99 124 XAE £4F A=y vjAe} g9 22
A AZE AAA Atole] AWE wel Ao R Hutete dEdd tid dF AXRES =G ATk 99 1
2, dE Bo], 999 &4 HreAg ujAE T F vt A oA, o)d &4 HEA wiAE AT
EE e wAe 2L 4 wiAE 28 o Qdvk. 99 28 99 19 AA AWS FHeka 99 1o i
3 A5 Eof, t7] e v ujAlet 22 oo dd
B
5

oF T4 SeUHES e A2 Al 99 2=,
£ EFT 5 oAk olEF HA Avel vlF AL AGE
Aol s A

& JAiuk 0o] ®ty. F3 [Stratton, J. A., Electromagnetic Theory, McGraw-Hill, 1941, p. 516]%
Zhz 3

tekst AAdEe waw, 2 YL 99 18 s &4 Axg A 79 el f= g9
Tz B AANoz Rr-mAEE Axry] BSES AASE s 5 ¥ Sz T2HES U4
gtar k. kst AAd B wER, o]gd dxr] BE=EL AR WHAH(zero reflection)E& 2T F A=
E4Y Axy Al B4 BRE2E o2 ARSI (vave front)S Aoz A3}

2712 Amer) 98, ¢ WE WME(field variation)o] 7FAHm P 0w ooas HESA 2= 9
19] ®wel 49 44 #Fxolm P= wiAwd x4 (radial dimension)?)ql 4 2014, AWS wat 77
ZAES FEA7]E Maxwell9) WAAEY Zenneckd] #H & A@si(closed-form exact solution): TS}

5
4o g 2] d= RS fa xddch:

_9_



[0027]

[0028]
[0029]

[0030]
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[0032]

[0033]

[0034]

[0035]
[0036]

[0037]
[0038]

[0039]

[0040]

[0041]

[0042]

[0043]
[0044]

[0045]

[0046]

[0047]

ZIHSd 10-2018-0050725

=
N
<
Il
N
|
g
[N
N
I
R~
S
™\
~
©
A

Ezp = A(22) e22 HP (—jyp)

JwEg

X

FEHA 7]+ Maxwelle] #F

s
o)s) wAATH

Eip = A(==2=)e"? H(=jyp)

o1+ jweq

Ey, = A(=—==) e* HY (—jyp)

O1+HjwWEq

)

o] TSN, = 99 19 wwe] 79 47 zHyolx, P wAwa % (radial coordinate)o]],

@, .
Hy,) ( n/p)—t* A2%(second kind) nxf(order n) &4 HZ} Hankel 3 (complex argument Hankel
function)©]al, w2 G 1oAY 4o FA(z) WEke] As} Aoy, e I9 20049 2 (z) W] A

o dgrolar, o1& A 19 AEFO]AL, e=2nf - 7N, [ 7] FIFY - o

e AR B §

Agola, e,& A9 19 Ao, AL axd o8] Ryus ax Agolw, Vi mus WA As) 4
“(surface wave radial propagation constant)©]T}.

£ BFEANA A5 AFEES 99 13 GG 2 Aelel AW 9 % ohlA HE PAHE LeAw A
2Q5S ¥ohgons AErt. gl e A2, 99 200A, £ 72 AT
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[0048]

[0049]
[0050]

[0051]

[0052]
[0053]

[0054]

[0055]
[0056]

[0057]

[0058]

[0059]

[0060]

[0061]

[0062]

[0063]
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wpebA], EHa 1 A e 32 dE-tiFola WAMY o R A HshE =utE R E(cylindrically-symmetric,
radially-propagating waveguide mode)Q! He2 z+=9 4 <9lty. &3 [Barlow, H. M., and Brown, J.,
Radio Surface Waves, Oxford University Press, 1962, pp. 10-12, 29-33]1& ZF=x3dt}. B AAYES o] 3t
"0 7 A (open boundary)" =R EEE AVATE FTREES AEIU. FAHOZE, Ul AAdE

o MEW, f ¥W E9E T2HE A W/EE AFE FEWA 99 29 99 1 Alole] AA A o
3 fAEE, A-hE a7 Fd dAE FHlEka k. oA ® 3% Fxete] Ho # olsjd 5 don,
T 32 &A% AEA mA(203)d o3 ATE= HWd A FH H2)S w47 dEA mA(203)
(AAY, ARG =2 AFEo] dE FA G} (charge terminal )(TDE ¥3eteE = HW Evz T2d

S
(2002)9] ¥ dE AL ATt &4y AA ufA(203)= 99 18 FAst, A2 wA(206)= 99 2&
TASY &48 AxA wiH(203)2 FAA ARES FH3)

Y rp
>
o
2
H

4 mA(203)7F A wi A == ATFE XS A
F k. olgk Zeol, di7le, AT di7lE olF1 U+ =5

(atmospheric medium)"#}iL X A= ¢ drd. 1o BErtsle], A2 wjA(206)= &4 A=A vhA(203)0] o
3 e Aes 23 4 It

e 39 =32 Z2H(200a)v 7] £2=(212)5, o4, & Fu #H0 HEA(vertical feed line
conductor)E A Fd @xH(T)ol AN 7= &F WEYI(feed network)(209)E FEa3lc}. v}k A A«
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e
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13} 949 2 Alo]9] Leontovich Y3

A7 A=E)9 A el wEt, 99 15

69] Zenneck 2

e

kA
S}

(203) 9]

b A WA(T) Aol ol
ok 1A 5

[0064]
[0065]
[0066]
[0067]

o

N

ly
ox

¢

),

3]

91" A

"1
|

2 1(2002)°] et 29 (close-in)o A ( P <K< A 1

A

W Eag

v
R

AT7t, FE

-A(2)
m(—jyp’)

o]t}

=
T

S

A
o] RiE, a2 AFUNZE = 3o oAAlE ule} ol

I,(p") = —AHP (—jyp")

A71A Ae
]close (p,)

o

i=]

[0068]
[0069]
[0070]
[0071]
[0072]
[0073]

A

4 16012t 254

"] el A o] Hy ol

o

o

el
™

I

b8

o %z

Hankel

-
+ Bessel &%

and Brown, J., Radio

-
st

G382 170014 AHE-H

=

%3 [Barlow, H. M.
=1

6

82

Cvielwk.  mebA, 4=t
?

A1 9

1

o

14914, qy
o

1l
A1ZF 2 A2Z nxl Hankel 5E0] A1ZE 2 A2F

A)
2

=
=

__ og1y
H (—jyp")

4

Jo(p") =~

o714, sk 1 WA
4

[

Surface Waves, Oxford University Press, 1962, pp. 1-5]&

[0074]
[0075]
[0076]
[0077]
[0078]
[0079]
[0080]

el

o}

s

E2A
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[0083]

[0084]
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[0086]

[0087]

[0088]

[0089]

[0090]

[0091]

[0092]

[0093]

[0094]
[0095]

[0096]

[0097]
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[53t4) 19]

HP (%) = J(x) — jN, ()

o) garEe, A7, wAgon ygow! agw ggeztin’) ange age gse geag.

o] A= #A et/¥ =cosx * ]Slnxﬂ- A8, & 59, 3 [Harrington, R. F., Time—
Harmonic Fields, McGraw-Hill, 1961, pp. 460-463]% #x3Mc},
HP(k,p) . ..

PP 71 429 outgoing wave)ZHE Z10] Tu(x) 2 N.(x)9 35 A (series definition)SZHE ZA
2 355 129 tht A2 A% (large argument asymptotic behavior) CZFE AAE 4 v, Fi
Loz T2 2REY 9944

SN =
H® (y Ne=J* = |= ji¢g 4

n (K)o ] —

o "ol wala W, WPz mze e gy el @R o gaon ggas 98 Soutvard

propagating cylindrical wave)oltl. 1xH(n = 1) @l 82 20a25E 2] 20b2 Aoz ZAAF 4=

ATt

[4=5}4] 20b]

2 2] - 2 x————)
( )(x) > ] jx —
xX—Cco X X

fE FW = T2 g 294(P < Ao b)), A2% 15} Hankel 5 8k 213} o] A%
Ela=3
[&4] 21]

2)
H( iy

( )x—>0 X

o]#13t =2 (asymptotic expression)E©°] BAFH(complex quantity)Eo]dl: Ho FEIT. x7t A

(real quantity)dw], 4=} 20be} =8H4] 218 Vi ol 45" i, TUFHo®, A/89 F7F 9 AX
(extra phase advance) Hi= "9 F-X~E(phase boost)"dl th-$g - wF Akl Aolsit.  A2FE 13
Hankel ¥4=¢l 291 2 9191 W2HEL, ol5o] P=Rel Aejels FA% 2719, Hankel "I220m" AH
("crossover" point) H+= o] X H(transition point)e Zte

whebA], Hankel FAR20u] AHE HolAd, "A9" o] Hankel FH=o] "Z9" FAWTh A8t Hankel

AR2~e8 XAZAY AP (FEE Hankel T 22~9H 72 (Hankel crossover distance))+ VP 5

PN

T
kAl 225k A] 910 7b = S i Aol olal Sralm 2= o) x:O-/wgoo Ho o
g2 20bet A 218 ZAvka Fa Rell s Fe Ad g8 FelE 4 Ao A A5, 49
9 9] Hankel ¥ HEAEo] Fip oEAola, Fup47t Yol ule}l Hankel ZZ2~QW A Ho] ¥fo=z
olsdth=E e & 4 Uk, £A4E ARA A9 AX=&(o)o] Wl wE Hankel 34 A Eo] g
HE ¢ ke Hol| g FESof st oE 5o, EYY HAEEo] 7| sy WEEd g Wy ¢
ATt
% 42 FHzepd, 1850 kHz9) B2 Fulgold, & =199 ) fHg 2 .010 mhos/m¢] HA=£<1

1M o2
(V4]

= 2o
Lo disto] =8k4) 20b 2 F+3H4 219] 12F Hankel 59 27159 X9 A <7F m=AHo §
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[0099]

[0100]
[0101]
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[0106]

[0107]

[0108]

[0109]

[0110]

[0111]
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(115)& 478k 20b9] A9 "M Z7)ola, FA(118)L F38H2 219 ¢ ATXY A7]o]Y, Hankel I =
29 A (121)L R, = 54 T ES] AglolA @Az, 7|52 FY3AN, Hankel T220W 3 (121)0
A 2 A Alold] 94 @ Alo] EAETE, Hankel AR2~9W A7l 52 FI49 wdntt E4 4
e e w3 & 5 oo
o 20142 Zenneck A dlle] FEA 2 E F82] 30 o) FoA= AY] B= AR ES 1HsH, ES

E o WI7F Ao 8k 228 Hal

[534 22]

5 2) 5
E — H, — , O
Er _ ( JV) %2)( ive) S £ — ] — wg = fermn
Ep Uz / Hy"(—jyp) p—oo wEg
o714 nd 82 109] 4 FdEola, 6, A7 BEo] YAbzeltr. o FUtete], G284 39 RE-u)

T 232 ©ab Akl e e T dAbe] A8 ny AxEdE(isolated component) “Fo] At
%

e B, = 3ddA9 dsd T AT =el(H)7h T EAHT) el AR dshke] Fol dEFES
nRT S SAHT) 7 49 19 gA HW(ground plane) el S wf, oA} o] HsHQ) ] iR
"SutEth(bound)".  FH SAH(T)7E AdsEel wek, S AT 7F 1Y ko] ddHow HARTE A
B2 we golo =ad w7bx] Hub Mt FojE.

flo

.|_,

A G2 (T)oll e &34 L= (capacitive elevation)e Z7Fe] FHS Acd FH SxH(T) e Asrt
HAH O ZHE F/IE AAFC], JJUAE = BH Tz Fro AIAZL AF A3H(qre)d ¥ 571

ghof= Aolth. FH SAN(T) 7 A HAoRRE He o gol wel, Ma $xE v xH F9)
U]

L L

oY

)
\=!

O

=]
RLN

¢

R
oon
=V
e
ol
on
X
™
B
L)
X
)
v
N
o
2
o
on
o
o2
flo
ofj
2
v
=
=3
o
N
N
o,
2
oo
ot
>
@D
-
o
)
o)
)
o
s
)
=
)
e

=)
=

dE 5o, 78 o] AWNEHE AR HHoRHEH FE4 Folo FTFEA %
H(perfect ground) & ZH-E he] &% Fold e F+A AHAE&HFS

ATt
oA aL,

e,
2

X

o rt

4 4
o

1

N

2
Ny

[=sh2] 24]

Celevated sphere = 4mgoa(1l + M + M? + M3 + 2M* + 3M® + ---)

A7 TR AAe 2aom, o7 M=a/2hom yo 29 gxe) wojon. o

)

!_":
gadae. A7 ok o (4D =84 woq g 2

L =

w2k o] (h) 9] =
T S FoolA E wdst, o= = FW =vE Rl

7t 5
A G2 (T o] sl e, st Ex7

of els) 2AbskE gl

K

>
AN, @r e wele wA wgeld, dade A7 gagde O T 8% g anma 4 g
AN, @ e wele] Pad wheld. F4 wA)E P, tad, AF, 934, 984 (torus), F
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[0113]

[0114]

[0115]
[0116]

[0117]

[0118]

[0119]

[0120]

[0121]

[0122]

[0123]
[0124]

[0125]

[0126]

[0127]

[0128]
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S(hood), sht el P, i ol ve whstd Fgelt FE 2Pw e ele 3

o
[S] = =
F k. FH EHTDE AAA717] Al 7 A A4 (equivalent spherical diameter)o] ZZw o] AR

AL T HAHT)7F 49 A=A viA(203) 258 h, = 18] 224 fol2 4550l e &= 39 dF #F

)
x3te] F72 ols® 4 Atk "Fuh(bound)' W3] EAEES A2AY) e, FA BAT)IE St Al
o %

FAES PAAVNES A SR FA AAEE 57 A A7) 4] ol BalA ol 9X9 F
9.

theol = 508 FEeW, 39 4 W) A AsE AsQol o8 AME Ay Beo] B Pt 5
Mol mAFe] gt BshelAst o], YAt Ay WEe] wAtE Hasehs 2 £4d AR u)A(203)9)
F5 EW =92 moo AFHE duAE @3 R/EE Adss Ao QA FEEA Aol obd)el
FsHA Bshpolarize)Fe A7) AEE(E ) thstel, Ak 27] o] wiabe] e 8ha 2524 EAL
4= A= Fresnel WHAF A5 AREste] 2A4d 4= 3l

[4=3}4) 25]

r(6,) = Er _ +/(er—jx)—sin2 8;—(&,—jx) cos B;
1 E)i \/(Er—jx)—Sll‘lz B;+(sr—jx) cos B;

714 0.2 EW WAl sl SHE TPl Aol

A e YAt =S nojE Fu(@)

0; = arctan(y/&, — jx) = 0,5

A X =0/WE oy o) ma qazt(e, )e BRay oot AFALG. S84 28 oA Fxs
*é‘_]__

hl -
W, U Bh nFaE (0, WAL £ 22 9 £84 26 F o] £

= 5a0l o AlE wmie} o], 7] H= 9E(E)= %”\]' HAo| HYstA AgdE Y4 vFY FAI(incoming
non-uniform plane wave) 24 HAME 4 t}. 7] Bz WE(E): 482 277 o] B9l 49 9 47

JeEEyd 448 5 gk

et or, w 5aolM ) oAl A7) A= WE(E)7F 7514 28a 2 8H 28bell o] Fold & Advke A

E,(p,z) = E(p,z) cos (g — Bi) = E(p,z)sin;
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)
rr
i<}
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=
)
4
L
42
[\
©
=
rr
=
tlo
Lo
=)
o
v}

E 1
P
- = = tan y;
E, tan 6; 1’01
"9} ZHAHwave tilt)"ga EEE dntstE U E (W)= 8] 30a R ] 30bol 93 oAl 37 A
7] ME AR @ 539 1y A= AR NN 474 5755

E
W==L=|Wwle/¥
EZ
T

2 =t} stod, I AA M (wave tilt
angle) (W) 49 139 ZAA A sl WHdat o] AA AW gk HA Apo]e] Ztre|t}, oA
WAL A4EE Fx g gl AR g T4 xUET 159 HAES dAEE T 5holA Rk A
o 4= ok, b AxA e AA AWM(z = 0)ollA, i WA AA AW HAel H3 0}3’— a2 A3\ =

z

= mesho] S84 30p% Aah 54 310 FolAt.

E u 1 1 .
tanBLB:—Z:_Zz & —jx=m=—=— JY¥
’ Ep Y w |W|
2 BRE2H (0,3 5 JAMAA, 814 259 Fresnel WHAF Alg7F, §78H2] 320 9@ e w}

s} o], A2t

=0

r (9_ ) _ J(er—jx)—sinZ 8;—(er—jx) cos 6;
IN*e8 J(er—jx)—sin2 B;+(er— jx) cos 8; 0.8,
i—YiB

Fo 229 Ba A= wE 2EFORN, WAL FRHAY AAHE B4 FER QARHES A dE7)
gaE & o o me T VE TIX o g us nean dew gass @y A0 AEs) Qe
A3, wAbge] ARkt
A7)4 fri ol (electrical effective height)®] Nde fE ¥W B2 Z2R(200)904 Ha A4S 2
A7 e F4sks Ad g 244 52S AT F Yo A4 & Bol(ha)E hel BEE ol
(= do)E zte BxZo i) =38k 33024 HojHr),
[5=5t2 33]
h —fhp 1(z)dz

eff 0
o]l Aol TRES wWe} a2 By 7] L el &) uFel, & Eol(E LoDk AdwnHoz
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3} ¢1x}(propagation factor)o|t}.
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94+ A 4A(spatial phase delay)
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3 AA == A5 T G2 T (A, Fol(hyel = TA)E 23T &
Atk A2 WA(206)= &4 A=A wA(203) HAFdd fXETG. TH G2 (T)E 2] BAEFH (S Ze
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d dEe 322159 H(tap)(224)= AHE A4 (215)& :4(215)9] dHF- Hol Q=
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Helical Resonators and Voltage Magnification by Coherent Spatial Modes," Microwave Review, Vol. 7, No.
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By S
714 B, 74 Fa B A=A gk Ay §4 Adgelar, h, T 29l HEA L 44 dol(Ee
Eol)oln, V= HAA(wire) oA &FX JAAFela, AeE 37 TIFoNA 9 e, A

2HE zdEe A9 FFo)tt. #4Y 953 A=A (uniform cylindrical conductor)ell wisle], &£ <zt
V, & 0.94%0 o)Ak, oF 0.93 WA oF 0.989] ®Hlel vk, vhAE(mast)7t #+d A% g<l(uniform
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7, = 138 log (—1'12;‘;“0)
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FH @I E 7RSS T WEAA(209)7F 249 F 9l o] xdde] 54
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G2H(T) Aol A% AdH(oscillating charge)(Q)E FoJste=: A4 2
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(capacitive effect) &S AAIZI7] $18] 51(224)2] HAE Hold o =
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X
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Z=H (superposition) S 9d AxA Hwo] izt A2 SHYH(zero equipotential surface) A= A7) A
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e = \/jwlh(al + jwey)

j (w0
Z :] Hq

ox
i
o
an)
).
rlr
O‘<
fo
)
X
ox
&
Ll
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A
T oevh WAl AE ERl oA B mdleM mdygd 5 . E 9at o7F vl g #l oA Fd
Zde] ol oE LmAsta glom, & b, Ik 8cf] wEtdE AF SRS Edehe, udA S AF &l 2l
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3714 7, = 0°lt}.
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A7) Agel olgHh. A4E 5 9

= Sl Z= Tl 7lstetAor At
Ast A3 (coupled magnetic flux)S FA3s= Aol os] mA(Lg)eo

ALl Ba-A3(link-couple)d

e
il
off
{7
ot
— M
M 2
-4

Ark. el Frhste], Al F2E(306a)0] AE FPdE 7 (series—tuned resonator)E EFSHARE, WY
7938 3 7|(parallel-tuned resonator) Hi& AXA|oj= XA 9 AA] EA-24 FF7|(distributed-

element resonator)”} W3k A&E 4 At}
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22 I3, 5 THFRRE AYeo A P/ S RoldA dy] Y&, FE Tty A&

(7)ol A ZU(309)S THIEF 27| ZA(309)0] AXE = dow, 14 gI%H ZM A (309)] AF
% (induce)dtar 19 &2 dAE(330)0] @A A Ags A
St = st A5 5282 1040 9§ A

K
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Hog HAFE FFas d ol&= & duk. A7) ZA 309l & AFTHE A IR HAM EHor
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D\_:]_ 1__—0 =

(309)el & AFHE 4l 3285 474 34 7jed fE ¥WH =92 T2HE(200)9] AAGE F 499
AL ZHY AFHe dEE FAseE AE &olshA gt ol 93, #4149 AuAE, AAE ¢ A= vk
Zol, Ad WA WEYIAES | d7] H51(315/327/336) A AHEE FFE= H AHRE 5 9 o|RAL H
Ab A7) Heo HEjRE AFHE, FAT|A FAE F e ASETR dxAHo|tt. ojg JsES uf- o
< 7HE AEE 2o, o]gsk A3 EY FAVIES FAVIE & FatR A8stA 2
A3 ZEH(303), Re-miAd F2EB06), 2 A7) ZURB09 o3 AFTEHE F4 IERE] fE 2WH &
g2 TEH(200)0] QAUFEHE o7 A2212)(dAY, = 3, ® 12 @ T 16)d W3] FatE 283 Aolxw, 1
of o8] o3t 4=Al FRE VlEE F EHYE PSS Aol I UM YW FE FW EvE I
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A, FE9E8 E= i A =%l (wireless distribution

g PERER06) Z/EE Y] ZA(309)S B Rw
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4E % e el s,
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TAE fE W =92 Zz28(P)g AHE Aot o A HEAS A8, FE 32 =R ZEH
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= WH (2106 sk o] el &dolE A= mE(2103)ERFHY SAAES Hrbsta, OF, AT = g
T oukeh o], §8&¢ AAES ZaH Alo] Al2E(230) HWEF F ATt

E 2le= 2 MAWES] ohkdE AAjdel mE G TR Zabd 2= mEEe vE det. E 2lew =
21c7t EdleolH = WEE(2103a—g) ¥ whaE FE W E(2106)) EFE EFSTHE HelA ® 21a ¥ & 21c
of vEv. vkiaE 2= PE(2106M) = ~Eﬂ°l‘ﬂ 2= MEE2103) 2 S4d As s ealsta, flie
W EvE 221 (20009 FEe SAANES Hustes AR

olAl, = 22a% FIshw, # JRAES] vhdd AAldsel whE WEH A 273(2200)0] Z=AIH Ut 4]

ER54 BR2008 FE LW EE mEna00e] mEn Aol AZH(230) % UENLE0HE E
o[l BAlahe shu} ool WE WE(2103)F EaTh WIEL(2203)% 2A AHY, AEHY, oxE

_45_



[0488]

[0489]

[0490]

[0491]

[0492]

[0493]

[0494]

[0495]

[0496]

[0497]

SIHS31 10-2018-0050725

9, F HESAWAN), A9 HEAADLAN), 4 WEH=, Fd HEAA, de HEYA E= & 4A
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T AAdsA, AE AR B/Ee AT e viek 22 bE 24 fEhE delHE SAstEs A=
ME(2103)F FHEshe e 9Ee] wAlE 4 9tk e dEE A= VE(2103) de] AREAR el E
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AFE-#5 715 vlAE ROM(read-only memory), PROM(programmable read-only memory), EPROM(erasable
programmable read-only memory), EEPROM(electrically erasable programmable read-only memory) & T2
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