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Abstract

Three-dimension finite-difference time domain (FDTD) method is
useful to analyze time varying electromagnetic phenomena such as
scattering and radiation problems. The FDTD is applied to scattering and
radiation problems including conducting material, homogeneous or
heterogeneous permittivity and magnetic material. The study of monopole
antenna for handset is directly treated in the time domain, using this
method. Modifications have been made on the classical FDTD method in
order to study the monopole antenna mounted portable radio units.

In this paper, the analysis of monople antenna on a conducting box
coating with the dieletric layer such as plastic casing arounding the
radio devices , based on this method, is presented. Assuming an
appropariate choice of excitaion, the frequency depedency of the relevant
parameters can be readily be found using Fourier Transform of the
transient currents. Radiation patterns, input impedances and gains of the
monopole antenna, which depend on the frequency, are investigated in
the case of varying the dimension of box, feeding positions and with
dielectric layer. In addition, on a given frequency(l.5 GHz), improving

results in the antenna bandwidth are obtained by an appropriate selection

of the antena dimension.



I. A &

F @22 Y (FDTD : Finite Difference Time Domain Method)& AI3HE 4%
Axd AP AL vjAF F7]9] N ANSE dE As e s W
AlAA AAg AA ARAGS AIGAAN AMI}= FAHHYeR
196634 Yeeod A3 AFo=2 AMSAG.(Yee, 1968) ©] By AF7A
oA7tA A RG-S AXNAAM dFd FHE Ze FAASTY 584
S} AAzAA LA, AAF wdgdoz HAAQ LY 5 U= AAA
Ao 2 vrAsg.

FHARY L AT A SR g AASYe] AAg AA A5
2 dstsie e AHFT G BAIEA S o] A PAo] T vHAY 9
B AN A3 AZA FAE Ao AL Fasd. e Agy A
AL £33 I AN fFIARPYoR AN A FFAEA
28 A3 Y AARAAN F3A G WAl dojyA ik E AA
A7t ARHE 99 Q@3 of I (Taylor, 1969), (Taflove, 1975), (Mur,
1990)

o]l 2 YAEWN 755 A sHo|2FH & YYo=z AAFHY 9

T N2 ZAd #F FUdFas $HAF, 999 FHE A= EA
o) 3349 RdY, £ GAEAN, FEEA, FAAE TP} TASHA 3
A4, FAA, A4A, vlTHY Zet=vl, A48 8 dRolES A= EAS
o q@ Azy FLE ANY 5= A olYF FPAx 733 FDTD7
g2 A4 Ping A 2AF olfv gy 548 AH3}c dHl 4
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Hiz A diole A o] a3 AFE 7]18Fo] LAEY HHA T3
7] gEolt. 2FAN H2o U FFE ¢E2 FDTDE RAEY A
T A4A AFY 5 Qe FAA T BRT 49 2= GHY HMGA &
FAA Yo g &89 Fo] Yolxu Y.

Maloney ¢t Smithi= 23¢d FDTD Aoz A g 2x i uypz
geivtel AxgE BAbIYE 2 Ay JdHPdAES JA4 3. (Maloney,
Smith, 1990) Katz2 221154 321919 <ty ¥AlHHo| i@ 58 A4S
YRR o G} ANA2e oS g AAE= AANFA EAY.(Katz,
1990) Luebbers¢} Kunzi= HAE 3adol A ¢t vl 31ad@d <tenvte] 7]
duEa2st Fe g2 g AW3Ath.(Luebbers, 1992) Tirkas$}t Balanis
v 2xZ3 & dEHud dF 4748 4o HAldde g 29SS ¢EEY
t}.(Tirkas, 1992) Bhattacharyat: A{AA Ao oid 8 Ygydrs @
WEY o 2 A3 th.(Bhattacharya, 1987) Chex= RHEY O I T A A
Ao e B F g digh AkAA BAYE S @E 391t (Che, 1990)

2 =TdME A SAS X3 AEY Y43 AL ZE U
g A 2 AZA HAHz 0] AQAA AYd {FIARY(FDTD)L o83
of FU§ 4% 92rd RFHE 2 X oy 542 A4 P

g27]e] ¥olE 50, 100, 150, 200 mm=z ¢tel}e] Zo)Ql 50 mm VY=
ztzy Z7HAF1EA 1.5 GHzQ A dst At Ao 12 4742 BAgde] B
3 2 92719 =017} 50 mmAM FAAZE Ae A} Q= 5 2y
de] #sts @3, /HAG AgF AR orige A=4d JPAF
dAYHAD2E AJ3, AT A L5 Fild HPo T P

oy BE BiF ddue oS 548 7. =¥ 15 GHz9 @d F



g4 AYFAeR HAH TA AdHY Hols Y. & =89 7 1%
Ax A7) AR 5HE A 2R s A2 RS A FB
Frz A3 #4357 93X FIAEYPA A AT RIS 244
= 533 3FAMc FRAEYL oL o83 FUE 423 dRIA
AHEHE 2xE GHY e Rdys &U-S 1B 4FANE 235 3
2e] olgsd #g83o FAAY 2 B4 FAA d= BT, 2719
Eolst <Y S A9 Wil e HAbAY, HYADL, Adel5 S

AR o2 5= ANAAE B2 B =F9 A28 A=t



FRALYFDTD)E AYEE 929 P42 {24 A2 o|$oQ
Yee e && AHgatel nad 2719 BHEE AXFEA dE AT
oz WRAAN A% A4 ARAYL AXIAAN A4HE £A4
Agelth. 1N 2xE dHUS A48 9% 129 $F 49 2A4Q
FRATRIAL SRR 2WANE AV A9 JAL FIP Joz
ARse o ded A9 A9 FEAAZAA HAN nIRY

1. RXSYHYA

EY(ri\.j.k-l]
= Iy
Ex(1, kel
(ﬁHz[i.j-l,k)
Ex(i, j#41,K)
B Pz (é Az
Ez(i,j,k]o Hx(i, 3K Ez(j, j+1,f)
ij 4 Byl iR
| Hy(i, i k) {
a A . \ 4 — y

f d By (i, §{K)

Ex (i 4%1,
Ex(i, j, k) @Hz(i,j k)

.
Ey(i+1, j, k)

f Ay

X

Fig. 1 Yee cell geometry.



Fig. 1& AAst AAd 4 AAANS Yebd Yee A4 AHE ol
Yeed] E7] Wiiol M2 Atat Fdeh B A9 5 FE FRAN =
¥ (8%, 4y, 82)3% AZAN) 28 (Ao BAY 0 st Po] e
4 A

F(iax, jAy, kAz, nAat) = F*(i, j, k) 1)

S e Axd AL g3 g

VXF=—‘;T§ (2)
VXE=~%+0E 3)
B=u H (4)
D=¢ E (5)

A7 =& o9 FAS p, 2R FAE & AR FH FFol.
EZ Emml= ‘E*inadenl_i_ Fum‘ered (6)

57 incident 7 Scattered ( 7)

H= B"™'= §H + H

23 ARG 4P AAAE AFTROD ARSHn WAl By
qe e Ao Ao

aE.@cat—L — scar
FrA EO(VX H™) (8)
— scat

OH_ _ ~ligx E* 9)

dt Ko
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a —E—;scal

0 = scat c Rinc
=— L -9 F
ot € € | (10)
(e—€9) GE™ 1 <5 scat
B € it e (vx H™)
5 H* — sca. inc
Mg
(11)

4 ®), 95 ARAFEAAN 22} ggNoz Yehid A E AR
AA HAREe ges go

a Ex scat . L Hz scat B Hy scat
3 = Eo(a 3y 5 ) (12)
aHyscat _L aEz scat 2k 5 Ezscat (13)
ot /10( x 02z )

EF I AFZEOR AA EAYH AA HARS EH33A 05 4o

|
E;cal.n_ExSCa(.n—l _ L AHZSCaI.n—l/Z B AH;Cal.n—l/Z ) (14)
a4t € 4y 4z
H;cnt'n+l/2_H;cat.n—1/2 B —1_ AEzscat,n B AE::cat,n ) 1s)
dt - M dx 4z



aiez WA W3 A{FIS X AA E.= 953 2o

EXLLR" =(— 5557 BULL B

(A e (0 B

(16)

+( 4t ) }E(I.],IO"AI/Z—HZ([']_LK) n—1/2
e todt Ay

3 At H;(I,],K) "vl/Z—H;(I,],K_l) n—1/2
( €+0At) Az

FAAEY T AP = AUYFAS JAd=H AAA oz Fe A

2
=
fufn
=
)
o
rr
o2
2
L
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s
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£
fir
»

olt}. R &g dolgts FFEI ARZE
F 7] dEd ARAESE Adste 4R Aol ¥4 agju2 JAJFEA
e gHUYE 843 Xl ooz T3 9AS Ao} 3=, 9
Yo A YALS Ao7A A A AFEHA 2d43E 5+ A= BA
Z3S Ao 2 A 7153t ol e FAxRAE FrAAZAel B

Taylore 249 B34 FDTD IAMH oz 31ad R4S 8§
F5AA=AE Q% (Taylor, 1969) 128l Taflove 9 Brodwind &
Aste] RE BFS A7) AN WS ANEHol T FEHPL A}
€3 FAAZRAL 71439 t.(Taflove and Brodwin, 1975) o] 32 =

499 722 SN 3939} A9 FAAA vAbE RS F53s 99



AN &d2 E908e Aot F5FAAZAS S A 2ANo 2 F83 AW
ARl AALA AAAL 558 $FH AR AAAA 53 33 £
FAE FHS Fae 2F)oL APEA 942 e AP vALE doe= @
AL 7HAR A Mure 2393 3339 Q9 A olxke} uxt ALY ] wiA}
S A 207 e FFAAZAL MY .(Mur, 1990) @ A=A
A dF Murd] F53Ax02 d9 @4 Wol dalA Edda gg

Az g,
(6x°+ 63+ 62— a YW =0 a7
Sy= f;];?a);: axl/at ' Sy:ﬁ : Szz*a% (18)
S4Si+ s =Ci§ (19)
W=Re [¥ (t+ Sx+Sy+S2)] (20)

A71N sx'=09%/ax’eln, AN} —xBBOT AR AL x=0AA
FTFAAZALE 433 2,

[ 55— (1=(a8)P = (5.7 twl =0 21)

dx at

x=(

A (22)9) FFAAZAL 13 2A4 02 AN e P
(1= (oS = (pS)H =140 - {(rS,)?— (453 - 1 (22)

1

9 _1 4 =
(ax o at)W 0 (23)

x=0




EE 22 2AME AAE 9534 2o

Il

(1= (68— (6, Sy 2 1—%{(cosy)2—(cosz)2} (24)

1fy 1 : 2
57~ {1- g {(S) = (eS)* )} 55 W . =0 (25)
0% _1 9% 1 (3 29 ¢2\.8 _
{axat o at2+zc°(at5y atSZ)at}W =0 @6)
x=0

4 (23)% (26) FIAFTEAYLR 19} 229 2AA o HHEHA 4

(273 (28)°] €.

EFN0,,k+1/2) =E1,j, k+1/2)
@7
+ete{ EFTNL, 7, k+1/2) —EXN0, j, k+1/2))

E}N0,7,k+1/2) = —EF(1,7,k+1/2)

+ete {EXNLL 5, k+1/2) +ETNO, j, k+1/2))

+eoxx {EJ(0,7, k+1/2) —EZ(1, 7, k+1/2)}

+ety {EJ0,7+1, k+1/2) —2E(0, 7, k+1/2)
+EXN0,i—1,k+1/2)+E]1,j+1, k+1/2) (28)
—2E (1,7, k+1/2)+E;(1,j—1,k+1/2)}

+ctz {EJ0, 7, k+3/2) —2E;(0, ], k+1/2)
+EN0,7,k—1/2) +E(1,],k+3/2)
—2EX1,7,k+1/2)+EN(1,7,£k—1/2)}
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A2 ctx, cxx, ctv, ctz= S AS5Z HA A,

‘tx— Co/_/’t—‘dx
= dt+ dx
cox=——24x
cdt+ dx
L dx(cad?
Ct:\'— Pl
204 (cdt+ Ax)
L Adx(cat)?
Ctz— 2
2042)(cdt+ dx)

2 AAe) A7 @ A ARA SRl AAA MR G WA A
Aot Bk okF £ Asks WJ] AAA AR A7E HPuy o4F 7
oo} BtA W, AMHoR FAZYY BAMNE U= dv= A< 10/ T BF
s, Av wgolm, AN Astel FRAT APHE QAN BQZE Ixst
AR 4t Apole) #AE Aol @t AR} APHE FAFAN @
A AREE EAA F ARAN AFF AAAAL Al ooz Assw
¢ He R AFES Courant ConditionS M8 #t}. wala T2y

AR ) BAAN A%t A §AE e FAL pod dA HHe) @

45 e oy 4 wEdo} gt

V(A + (892 + (82)? 2 cat = \,'IL At (29)

AZIN o= BEEV, EF FUFEOl Ax=Ay=nzAu ARZEe

Courant 43t £2(dt=-% el A, 4N =L 2 agago.
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FIASPAAA F5AAZAL olgalel ol EAS} VI R ¥
=E dHUe) 54 dM8] Aste] 1HAA BxE JdHUES zdda,
2AANE FASYAANe) MHTAL L Faof FABL AN 3343 B
49 NG 2AY-AA WE BAARAS FEHT, 3HAN HE A
4AAF 2 AYYAD2AE Fakn, 4FAA = ArlolSof hAN 1R

1. 2.8 CHHLU 293

a=60mm

b=10mm,

N

LA

h=50mm

X,

Y w=10, 30mm

VS
>
/ /\
x }4\ ¢=50, 100, 150, 200mm
/B \/

Fig. 2 Geometry of monopole antenna on conducting box.
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Fig. 2= ¥x & d"HUE 2= 49 o543 92718 2A8 8 =3 o)}

Y E Y A4 AAd A5

X
Rl

, R E teist 9] 2y
o AAXEAN Atel FAALG. AAUS FANANE PAAE AAFAH
AAZ AN 9P FAWl AL A/NE AAFAYE NS oFAH
Busle AxY BAdN At XX YoM 2L wet AA E2S 7
ANE= Qe RWEYA e A F89 3@ (Umashankar, 1987)
ol M- FRAA Y FA Ez4R¥e dHUS FAAIE 3202 A8 H
B 71 Yeed) H71E AMS@TE A t: adt2 FASET. AHLE
WAL o) Wge vAEYAL We B AAFAA vFEYG. T4
AvH oz TAENA 3 44 T@3 b wEd §3388 (FDTD)

A= 1 NS BHFR(L)E AEBT Fig. 38 2xZ ctate] s34

2% o] AARE EXLJKE Y3 AR, V(ndns FAAYela 3t

| g5 A 2o

EXL ] K)=—V(ndt/dz (30)

752=0 along wire

Source Vogltage

A

Fig. 3 FDTD monopole antenna excited at the base of the wire.
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telrts} BAe AL yHo FAol, xFAME NS 1Y 5 A
g27]9 B FALo] 309 FHAZL 5mm FAR 49 Ada 714
3. 4714 5mme Fdl§ @279 Z22E Rode ¥FE 5 Ad. ®
g 92719 EAS FHA}E 2 F dHyex Aol 25mme AT
Aoz JAdga 3. dBRr] BAQ xol= 50, 100, 150, 200mm= H
38 4 Au, TxE g AGFAH X xFo0 2 w=10, 30mm= B4
& 4 U @279 EA= A AGe da, EaYe] v r2 0.5mm=
%3 Aol FAR & Yo pREG. AP v E dauds A A
Z80 A 23S gA HA Ez A¥S 022 FogFo N ZAtstd.
A AR AAZANA A AN ¥ FARA Fed. guHoz
AgaAe] SAAAA FDTD AA ] HAPALES 027 HAFoZH olF
A 2xZ ddus w933 5 A HAEF AR Adte A
2] ¥ol W3 (c=50, 100, 150, 200mm), F+AA 5, 1ZYdu T
F4949x Wsh(w=10, 30mm)S 23, AelS AdAxe g ol
c=50mm¢} eyt FHAX w=30mm¢l ATE u@F} o]fRL v E <t
Hy 2dP o7 o]xAs} ddV]|d ¥ 3d & telu o] HAMAE, A
d QFA%, 2HAAEL, 052 FAAR Yo AN 5
EAS 933 A 1.5GHzY A AGE FAHA @y 2A =
o] co} W3t} FA A W] = BA
QA 7Hg-Alt AL AR 6GHze F35 AN RiE <t F3
A 2 BA Folo W fFAAMZ AS wo) 21S W JAYIAALE A
g 3 @ 2% S JHA ZRAIQE Agke FAsA Fdy Fas

AN Aol5e AN
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2. SAHRE

34 Aztgelel HAAML e Fu4 g -9 WAL AHga
A P Fol A Foo 4uasd 78 & A (Luebbers, 1991) Fig. 4

= Al AAF BAAZNY AGAF) vlh WY g 5" 2AY A

AN dAM A Gde] BEY Qo) HAMAS FE57] A et
U

far field observing point

+Q(r.0,4)
ds

Fig. 4 Coordinates of a near field element on small surface(ds) of
closed surface surrounding a general source and far zone point Q

AdA E= BARTE Fig. 494 A I AZA Sez sy

At FAAFD J(w FARAFA M(wA 98 AA 2AE Mw) 9}

AA BAE L(w)e 383 2.



Nw)= [ J(w)exp(k 7 - 7 ) ds @31)

L(w) = j M{w)expGk7 - 7 ) ds (32)

A7A j=V(-1) ,w=2xf, ARFF k=2xflc ol3, ' & YFAN HE
We] 22H7AA ] MEoli, Y& APAN A BZHAA2) @9 HE o)
o A (32)s% 33)e2 FaFYdddaxe] AAY AA E, % E. = g g

o.

Eys=jexp(—jkR)X—12Ny+L,)/(2AR) (33)
E,=jexp(—jkRX~2N,+Ly)/(2AR) (34)

Aq71A 7€ AFEN ZHYMAroln, RS AN LAY FZ Y
A2 Ao, AtGdelA ZA-AdAT WPL mAgHo= 7 JAA
THFddAA AA A ¥R Ww)ok AA AHXAE Uw)E A3

W chgst 2o
W) = jw exp(—2%R ) NCw) / (47 Ro) (35)
Uw) = jw exp(—228) L(w) / (47 Ro) (36)

A9 A& Fo qUFAA ARYAoz A AT We)9h A o

HYJE UHE B o oz dg.
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W= g s [ (7 e RIo af) @37

QD

U= g i [ M+ ) e Rio) ) (38)

A7 Jt) =n xH(H, M(t) =—n xE(Bel, 7 & HEEe] Yuug

olth. AIIAAMY AA A XY W ()Y AA AHIAL U(f)S &

AASEANCR vAY3s] dsld QANES} yA AR AGN AAY x4

wito]l EQAn JhYEA HEEAH e g g
UA(n+1/2)t= (¥ - ¥)/c}= axd2(E!™ —EJ)/(4n cat) (39)
Y =(I-1)dxx+(J+1/2-]) Ay 5+ (k—k) 4z 7 (40)

ANN e AFAR (L,].,K)9 FHAA Qoo Jpa AR (I,],K)9

FAAA B Bty AtYdNe] DA AA E,o E, = oo

3} 7o},
E t)= —aW,(t)-U,(¢t) 41)
E . (t)= —g W, (t)+U,(¢t) 42)

FEAEN 28 G 2AIHE AVSHE FU N2 OE BuztdA
dsgde) AAN AASE T8 & Ak FAALo] FUA Fo4E 2
Y24 BE 9N AYE FASRAL o HEAde) 2 T

fr

o>
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Foio) HAAYE o UF WFS AN BLHOT T 4 AL o] A

oM 9 Fo5 A sz FAAYL V(NS 15GHz 3%z AF

AR FPgdd 23 WA AAAR 2o AAAGAY 7z
Az 793G,

3. g uea

olEA3 GV TN EA 2AH uE gyl By gy ey
A28 137] fJ3A FAAYL AdvH o2 FufAdqr F7)7} A &
7HAIE 2 AQME A3 FHSAIQ WAX e 02 psAKOY, A

A
A% V(HE 9e A5 P

Vi{H=1.0exp{— a(t— B 4% (43)

AN o =(=2-)2 g =20l

B at
Hz(ij k) Ez(i,j,k)
4 Exijr1k) 4 Hx(ij k)
. Hy(i-1,j,k)
Ey(l,J,ly /‘ . /
N Ey(it1,j,k) . v(ij,k)
Ex(i,j,k) Hx(i,j-1,k)

Fig. 5 Yee cell field locations relative to Hz(i,j,k) and Ez(ij k).
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Fig. 5= R & ey 349 FAHL F92 34 Ed 9384 459
AAER AA Hel g8 58 4719 FAYREL Ygd 1doz AA
AAL AAS dedig. 2xF Ghy e FAA I, J, KAN Age] 7
Asje] AA EJ Qe o] gAY FA2 A H S Hot 294 19

B2 Ampere's lawdl HAN XL St oy AR L(He =

=& ddte) dRd e AAYES FAY AAYREL 0 Hoz A7
vgo 2 LA},
I(ndt) = (HV(LL -1, K —H V(I ] K) d%
(44)

+ {H;H-I/Z(I, ],K)—Hy”+l/2(1_l,],K)}Ay

71 AzEE 1/2& A} V(O AF L(HAolE mA@T. oRAe

FDTD AN At AA AEAtels) At ngol A%she Ho2 nfo2
2y AR Foe 388 Forz 2AY 4 Un. HF4Ye)

AHAFZE A3l =29 Fol AFHQ Ax AF LD} 7HeAd I
At VI(HE o1 ¥l @A A71e) Fo5elA AMEY. 2dEZ 9

AYPE2E 4 4oz 78 5 Ut

Zw)=V(w) /I {w) (45)

A71M w=2rfelx, f= FHgolr).
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4N GEe el5e FAR AddA FAF AAZEES BAAAE
A% 1% dee) g1F AR Fold kel oF AP vz P @k
A% deus SH4 JudE 22 W9 o|52 AelSeld stw, &40
it Wty AUz J1FE FHdE RS A9 oSS FuolSeld durh ©
et ol5e Ay WA WA Ao, Al BPAN B o)s

r U

W Ay o|5elgt g

AFLAGX2 A bog A9} o] FAG JHF-AIQF G HAYE AHEEHE o
T o5& T & At FAF ] At AG V(HE fxd ExE
S T3 AxGd) JHAF L) A Aol AAsa 333Ed
g AdYgde] At ARE Fad WA Fa5dde A
P ()& +8% o5 A3 g

P (w) = Re{ V{w) I(w)) (46)
A71M R -)e HA4Y A5yeln, L(wE Fi5dde 494
I(w)2] ZAEAFoltt

A devdd dd FAAFANA 0,92 WPOT HAHE ¥ E ¢
Ao o5 Gw, 6, ¢)5 F3d O A3 g

2
Glw, 8, ¢)= IEF(P;‘).' (gw') 74>7|r [7 ‘ (CYp

7N e ARETRY THYEd2eln, Elw, 6, ¢)v THHREANA

6,9° W0z BASE Fo5gde) AA AAolT
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AT s dhy 2d4PE Edi2 1A 15 GHze) 3 %S
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1. SAtmH

JlFAN BRrld RANE L E otujel S4L FBFLY AN
AN doAE TR ARTAAe) A JAL Agdol F. BAAHA
RAXN FAEE dr=dy=Jz=5mmz FASSHA, QB9 A7E AR
2712 AFAEE dede] Polt 15 GHze) AHS AH8EYe o 3D
A7 A1, FHAN xFo2 RAHE WS wil 20 mmE 4 A&7} 9
O E@ B2 a, b, c 9 Dol A7 12,2, 10 A7} B 0-09 x-2
PN HAEe 4347 9t A9 AAAS THHE A4S AN
Ad@e 23 dHUe] FA 9K 2 @27 BAY ol Wsle BE <ty
U4 RAME S 7ae] A2 vasr.
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Table 1 Parameters to evaluate radiation pattern.

¥°] ¢ e 99 =27 3 Ax(w)
50 mm 62%x52X60 10, 30 mm
100 mm 62X52X70 30 mm
150 mm 62 X352 %80 30 mm
200 mm 62 xX52 %80 30 mm

‘Table 12 <telite) FA 49} B2vle) Folo) Wad q@ BAAIL A
4357 AMA A2l Joe e Rel.
Fig. 65 F44%2 ©27)9) 49 sAue] F40A 15 GHze) Jdsz

HALAAS W @27 BAY ¥o] ¢=50 mmel A% A BAALHE, S

o8

et Re2 47 A Z7HA71MA ARG Aot s RARHE R g
el Ae) B E depLte] S4o) thol % tHbe] WA M) HE An:
99 #2858 9R)e AN JFo HFL AFdHu U

180

Fig. 6 Calculated radiation pattern at 1.5GHz (c=50mm, w=30mm).

_22_



Fig. 7= ¢=100 mmo} A3 HAAE-S Jed RAold. Fig. 82 ¢=150 mm
QA Aol BAES Ydebd Aol Fig. 9¢ c=200 mmol g 2AAY S
vdebd Relth. Fig. 69 Fig. 97449 BAldde] A%z g2r)e =44
2A 9 ko7t F7tsAA BAAE S Zb7t 104 7, 120 °, 132 °, 140 "= 3
T AFAL AL ¢ 4 Atk Fig 102 4347 A= AL, x39 3
WO 2 20 mm THE o)EF YA M e} HAlgEHo| dZo 7 X9
o)

i ASE BAED xFe
B SAS Hole W v W M= F o]

F9) ¥ FFAA Adehe) BAAYL 120 2 HFL
FauA WEol yo @
276 ° 2 F& WS 2= deld 54 BAYG Fig 1S #2347 92
st gle We) el £ HAIY E, S wad Aoz Ae) FUF A
54 welF, £A4 92sle BAS EM: F3AdE a0A ge

FFS A 5L 2 5 Ak

180

270
Fig. 7 Calculated radiation pattern at 1.5GHz (c=100mm, w=30mm).
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Fig. 8 Calculated radiation pattern at 1.5GHz (c=150mm, w=30mm).

Fig. 9 Calculated radiation pattern at 1.5GHz (c=200mm, w=30mm).
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Fig. 11 Comparison of calculated radiation pattern with and without
dielectric layer at 1.5GHz (c=50mm, w=30mm, ¢ ,=3).
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Table 2 Parameters to evaluate currents and impedances.

¥°] ¢ e dog =] A 93 (w)

50 mm 100X 90 X 140 10, 30 mm
100 mm 100X 90 X 150 10, 30 mm
150 mm 100 X 90 X 160 10, 30 mm
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9 AFS ARSI 944 A 9o 2AS AP Relth. FRF ol BA
AY ANAN ASP Smm Bt Fonz He 99 /S Zshse] Hz
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Fig. 12 Transient current flowing in the base of monopole due to 0.2ns
Gaussian pulse voltage source (c=50mm, w=30mm).

Fig. 132 ¢t 33 A7 x%F 9 54 (w=30 mm)olx, ¢teinr}e] o)
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Fig. 13 Transient current flowing in the base of monopole due to 0.2ns
Gaussian pulse voltage source (c=100mm, w=30mm).
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Fig. 14 Input impedance and frequency for monopole antenna on the
conducting box (c=50 mm) in the case of varying feeding positions.
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Fig. 15 Input impedance and frequency for monopole antenna on the
conducting box (c=100 mm) in the case of varying feeding positions.
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Fig. 16 Input impedance and frequency for monopole antenna on the
conducting box (c=150 mm) in the case of varying feeding positions.
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Fig. 17 Input impedance and frequency for monopole antenna on the
conducting box (c=50 mm) in the case of varying antenna heights.
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Fig. 18 Input impedance and frequency for monopole antenna on the
conducting box (c=50 mm) with and without dielectric layer ( € ,=3).
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Fig. 19 Magnitude of discrete Fourier tranform of Gaussian voltage.
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Fig. 20 Magnitude of discrete Fourier tranform of input power.
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Fig. 21 Magnitude of discrete Fourier tranform of far zone electric field.
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Fig. 22 Absolute gain and frequency of the monopole centered on the
small box (c=50 mm) in the case of varying antenna heights.
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