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Slotted Conductor-Backed Coplanar Waveguide Antennas

Student: Yi-Xiang Cheng Advisor : Dr. Yu-De Lin

Department of Communication Engineering

National Chiao Tung University

Abstract

Conductor-backed coplanar waveguide (CBCPW) exists two dominant modes
including CPW and parallel plate modes, (surface wave) with no cutoff frequency. The
latter causes the power leakage .nto transverse direction, resulting in unexpected or
even harmful coupling and crosstalk to the neighboring transmission lines or devices.
By some methods, we can suppress ‘the surface leaky wave, and the structure would
become a good transmission line. It will'be exhibited briefly in the article.

Implementing the full wave analysis (Spectral Domain Analysis) on the CBCPW
structure, we can acquire the information that the surface wave propagates along an
particular angle relative to the main CPW line. So, we etch rectangular slots along the
angle on the two side ground planes. Because the slots are separated one guided
wavelength, they are excited in the same phase. If the long dimension of the slot is
significantly longer than the wide one and approximately equals to a half of guided
wavelength, the slots fed by CBCPW can radiate power efficiently. Finally, we derive
a broadside radiation pattern.

The antenna for direct broadcast from satellites (DBS) is operated at 12 GHz and

asked for high gain and efficiency. We also make our antenna operate at this frequency.
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Finally, we have the measured radiation pattern with 25.98dBi and the measured

bandwidth with 0.9GHz.
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MR A & ¥ A fE  space leaky wave £ surface leaky wave o figAZ 2

7 * fc S (microstrip line) # & L & & F-(coplanar waveguide) 7 &) £/ 5 o
2.1.1 space leaky wave
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BI2-35 — Acd A 20t enilg ¥ ficd o A(D)F > 0 SRR F Hict A
¥ oo ?@7‘;4 PR A2 RS B R *\'f’a’f?‘ 3 5 reactive
region © (D% » Az4eB A AP = F W E N R P F DL B(S=a) > I =¥ &
NG F ol (f=k)3 88 P REI <k o wBEe T F B ¥
%z%’%&éazmw@%Dﬁ@%gﬁgﬁuilﬁ’#%ﬁ@w¢gywaaﬁ
2 & radiation region » &(IID% > F15 f>k > i A LS LRGP 2 Lo 2§ B

' #4 % 2 % bound region e

(1, (1m) (m)

Bk, -ark,

Frequency (GHz)

Bl 2-3 jicF s SDA 4 +7
2.1.2 surface leaky wave
Bl2-4~25 5 % Tao hHET LB RePBRES Z 2w #4-TRBALEY
G s RF O RTREN AAFAEBIEd WA AL - AFRERE T A
o Eom o Bk H BV Bk c WA T ek fANE T E- B
ok, o REAREFEAX e B LT ERAERZ o) o PRI §

7 8 $f(crosstalk) eI 5 2 5 F 2ok Sk o B k0 REARER A
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2.2.1 surface wave on CBCPW

B2-7 a¥2EHE T A% BI2-8 2T R0 B ¥ 2 4

A B E FE (2 Bld SDA 247 K7 > ekt § ER Z FEP) o

20

18

10

08

B] 2-7 CBCPW structure |

ol L T S o -

16 o

14 1

12 4

S

10 20 a0 40 50 60
Frequency(GHz)

®:2-8 CBCPW SDA 4 17

4G Rk, B T R A R B R GAEE e

AT L fL RS G A L (1) CPW mode (2) PPW mode » {8 & 447

FF % TEM wave o & f8 T 3532540 R 2-9 ~ 2-10 #77 °

SR N

B] 2-9 CPW mode 7 34~ #

B 2-10 PPW mode 7 34 #

2.2.2 surface wave suppression on CBCPW

TEREBE T ALY  APHE NS Al 2 s s F

(a) CBCPW with via (b) UC-PBG CBCPW (c) Multilayered CBCPW -
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(a) CBCPW with via
TG R E(CPW)E A LY B AR LR A R AR A n P REfE T

ok PR R e e SRR AR Y SMARE R B Lk

FHURRZ FFTE RARBEAEF TR 2 e) gHL L E £
BEETRERE AR T eam g #3 Y2 WAL LD T 4o 2100 A
Tl BpE e THE AR T B fjﬁa&rl’?’ AP g Frenph B % A (patch antenna)

WS B E R b R R T REET € e i > A e S R
R Rzh B AT S

Ik R BB EBF DT EREFEFPE S TR ATIHAFR PR G
o EAP A R R E TR £ 2 T (v BT P E o 4o
Bl 2-11° & IC 454+ @ * via ﬁ s; @4%’%%%ﬁvmu;4@1

— R E E I

B 2-11 CBCPW with via T .7 &, B
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( Rogers4003c, ¢ =3.58, size : 80mm x 83mm , interval of via : 7mm ,

h=1.524mm,g=09mm,w=29mm, for Z,=50ohm )

r v

Bl 2-12 CBCPW with via * & T E:. B ® 2-13 CBCPW with via * & 7§ [

B 2-14 ~ 2-15 3 ;‘24,: via #_@ : ;H{&ms FB P R ARG A F via
e CBCPW » B2 & Tik Hp |46 AT UT R A RIAEG

BELA, % - £ 4Rv ) § 45 4o via 91 CBCPW » B2 = 2 & 5GHz 14 T e S11 &

S11 521
0 :
|'r \ I|, -\“.fwf‘l
1] 1
P
ThE] -4 'l
]
]
i
-10 !
15 4
09—~ novia ——— o via
with via with via
-B0 T T T -20 T T T
2 4 5 &} 2 4 B &}
Frequency (GHZ) Frequency(GHz)
B 2-14 b gt i3 S11 £ B 2-15 vt #f 93 34 chS21 £ 38



(b) UC-PBG CBCPW

Uniplanar Compact Photonic-Bandgap (UC-PBG)> R 32 5 % 7 Baik |+ 4 31k )
MRt W E-FEMETEL T Z R PIEEEBE - FF  RIT
BARERE T A E K ARy BT H SR TR AEPN Lo R

28] -

(c) Multilayered CBCPW

BARNTREFE TG AER R PEE 4T ot EH D A F i Gt
P TEEBREDH R SR TR ERTRE Y - AF B 2-160 BT A
WAE R oL e L € 1 RIT F A F A $(grounded dielectric slab) s i i@ 3R
G HEPE 3 TM, mode(4c ] 2-5 ¥ & /ky o #0) o 711 & (AF s 2§ 0 L)
f1bound region > #* ¥ 32 & G ik € AR R > By~ £ fre, - % bound

region jd F s [ [9] -

6’1 hl
g, h,

& 2-16 Multilayered CBCPW structure



2% TEREEETe AEPSDAS 7

~F AP Ttoh FFee I g FF 4 472 (spectral domain analysis)[1] » F18
FTREHL T o AR B » i £ 4% HFSS (Ansoft)& & % & it 1
M- R AAFPN e R B

3.1 Space domain to spectral domain

Bl 3-1 50 K 4 Fenpcd 8305 B -

Ground plane

y=dttth

E— y=d#t
fn'JJrfnlll'l'Jll'fnl.ll'fJJ
fn’lf_!fn’llfn’llfn’l]fn’ﬂll
fJJl’n'J.ll’l'J.ll’n'J.ll’n'J.ll’n'

L AL r Fl + L i i + + i i N i s '“'—_ d
Y N 5 1 \ Y 1) 1} A
Y % h L] 1) & }l & A b Y % % L] 1)
L) A ik & k! 'l. I. '| '| 'l I. '| k! kY L) L) h i L) ®
& [} & A kY L] & A A 1)
n L} A 1 1) A L

‘!. L3 i 1] & I‘I'I. \\, § & \'\ & E i ) L] & \'\. W § b FD
Ground plane X

Bl 3-1a & 4 FAcE 55 F

Weng B AT DA G A D R 8 ks diceie g A R

J.[ZZZ x=x""VJ. (xN+Z_(x—=x"p)J] (x ')]dx' =FE (x) (3-1a)
“sz(x—x',y)Jz(x')+Zxx(x—x',y)Jr(x')]dx' =E (x) (3-1b)
"E! v Zzz A sz A sz A Zxx :‘% 3: Fé&"'— ?u/:"Lé—i ?}%mﬁ*#:}'&o t"—‘—g ﬁ"r”‘;z ‘/‘:'LLA"\ "'f’iﬁ

Ptk S BT o B A T RN T £ X APk S T
THHE X e lic(k )RE I E &

d(k,) = j:cp(x) e dx (3-2)
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(3-1a) ~ 3-1b) .y =d +1 =% ch% N7 &

Z_(k.,d+t)J (k)+Z_(k.,d+t)J (k)=E.(k,,d+t) (3-3a)

Z_(k,d+0)J.(k)+Z_ (k.,d+t)J (k)=E_ (k.d+1) (3-3b)
B (M) B ERBH L AEHF I NPT R E58d ZF s
NN LA S AR F L VR E Y R
3.2 SDA on CBCPW
3.2.1 #+k 3 ¥ ( Green’s Function )
B13-2 5 CBCPW 452 315 B - $ CBCPW @ = - £ 4 54 B % &

(I)region1 : mgat® 2 F 2§ (2)region3 : 5 *LB & Hfkd o

Region 1

] 3-2 CBCPW ¥ & # 7 215 §]
LRI T AR £ AN A PR BTEA R Y S »en TE 2 TM 3 &

* scalar potential 7 ~ " (y° ~ " HFT)& 7 o #1102 THEREHEL

-k ooy Y il

E =—j= kg H, = jhy —j=Y

oy zZ oy

- 1 0 ~ 1 &

E =~ (Z—+kW* H =—(—+k)y" 3-4
) )7(8)/2 W ’ 2(8y2 ) (3-4)
- koyt . N
L ==] f—l// + jk " H_ =-jky _JTL

oy zZ oy

y=jws Z=jou kK=o’ ue
He bk 5 X > w2 ¥k 5 Z 7 w2 jl#ice &) #& 3 o scalar potential & &_

2
CRIER ¥ S FR )b Sl LR TR 2 A {—kf+aa—2—kfjtﬁ+k21ﬁ:0 (3-5)
y

11



HE-SEA 2 feia 7 o APRTHEEL
W =c,coshyy+c,sinhyy, y>=kl+kl-k’ (3-6)
#-CBCPW # A g2 » @ hregionl  } 75 2" > y=h 5 Figis
e = A0 ' = Ale O (3-7)
tregion3 y=03 &% y=h i
Wi =Dcoshy,y ! =D"sinhy,y (3-8)

B (3-T) > B-8) 1% » (3-4) (T T A BRI X~ Z 7 v T B R

E, =jkx7y1Aee'“(y'h) — jk A"e O FI = jk A" + jk y A'e 0P

Ex3 =—jk.y,;D" sinh y;y — jk.D"sinh y,y = jk.D¢ cosh y,y — jk y..D" coshy,y

E, = jky, A€+ jk A"e 1:121 =—jk A" + jk y A"en "

E,= —jk.y ;D¢ sinh y,y + jk.D"sinhy,y  H_,=—jk D coshy,y— jk.y.,D"coshy,y
i R S S % y. = ;— i=1,23... (3-9)

ETAS

TREA A D D' i BBDE N y=h G b Roig e

E,=E, E,=Ey "H,~H,=J. H,-H,=-J (3-10)

xl
He B-10)enJ B J % y=h s+ G atpaii a2 > AP g

A KRB £ ety o FHRIRA TN FEHEINH AT HFE

BRSO T @I A XZ TG b (y=h)RHE T el (o X% B AR AR

[£]=[6.]{7] = EHg ZJ

. —kk - -

~ kz i S (k2Z 4k} Z,) kz—xkzz(ze—zh) .

:{f}: h [l (3-11)

- 5 NP

* k2 +k2 (Z Zh) kz (k Z +kzzzh) *
Z"’ _ 7/}117}8 Z~h — 1

7 cothysh+y,, Va7 cothysh
dogt - ko TR B E 8 R AR dc (Appendix A)
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HERERE ol s by=hintdg-

4

AN X IR e

((ERCCE ESr E S E SRS ST UL RN TS

Bo @R i BE o PR SEAG, 5 G, 0 2 BRI T

e (11 .
a1 Z27Z “\Z 7z | |KY KT, kk(Y.-T,)
K4k A KB R Rk (T -T,) KT +EY,
T Z~e Zh Z~e Z~h ]
s 17y coshy;h+y, ;sinhy;h 7 _ 1 _y,sinhyh+y coshyh (3-12)
s YuV,ssinhysh — sinh y;h

3.2.3 Basis (E field)
B 3-2 3 CBCPW 2 2B > ¥4 5 64 - (CPW mode ~ PPW mode) = + 3

PMC $H4L o #7002 9 & * Ttoh S4Bk h R S A K255

cos| nx(x+b)/w] cos|nm(x=b)/w] 024
J-[2+b)w] 1=[2(x=b)/w]

E,(x)= for x<0 for x>0
ﬁnpm(x+bywﬂ_kﬁnpm(x—bywi 135,
J-[2(x+8)w] 1=[2(e=b)rw] .
am[mﬂ(x+b)/w]+cosDnﬂ(x—b)/w] el 35,
Jl—[z(x+b)/w]2 \/1—[2(x—b)/w]2

E,(x)= for x<0 for x>0
sin[ mz (x+b)/w] sin[mz(x=b)/w] 246
Jl—[z(x+b)/m]2 \/1—[2(x—b)/w]2
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Bl3-3-34:i X ~Z 3w adH s F XHhitH :
w=2mm w=2mm
b=1.5mm b=1.5mm
~

Ex 01

n=0

/

/ \:’\\

VA R
J’\E-
P

P

1
1R
VY
\

I
1

i

!

[

1

!

1}

i \\
I

I
]

)
Y

W

2

X {mm)

Bl 3-3X > Rdiliw
Afpd BT E frgap B m AL DR E bgp#Ghmiray

B 347 % THAG

Hri ko bgap il LT JUREER 2 —k FERR  RF R

P B A T kAT S B L Bessell 5 i) 50

_‘];Wsin(kxb){fo('WX—W)TJO(MH n=0,2.4...
Exn (kx): :
—jrw wk, +nz wk_—nrx
cos(k b)| J,| ————|=J,| | ——— n=13,5..
2 2 2
_ - (3-14)
ﬂcos(kxb) J, wk, ¥ mz +J, wk, —m m=13,5...
- 2 2 2
E, (k)= - z
—-TW . wk_+mm wk_—mrx
5 sin(k b)| J, x2 -J, x2 m=2,4,6...

3.2.4 Method of solution

43228323 % EAPER] T kR PR HRa RS T AR 0 B

5 RN Z S b et Bk, o F LA P L CBCPW gap i +hE #- it & 2

E,

m

E

X

[
M= iD=

I
—_

3
I

CWI Ezm (kx )

(3-15)
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By=hAist > F B E A KT TR E KT THE RT £HIND

kT R A KT R e AP SRR T RS

ji E. (x)J.(~x)dx =0 (3-16)

He E, 5 Z> % ¥ miz- Ak o & Parseval’s Theorem ¥ 4ric & f#f 3 + on

BAEESE A L2710 1 (3-16)F 1 A A

[ B (k). (c)dk, =27 E,(x)J.(~x)dx =0 (3-17)
e
[* B (k) (k,)dk, =0 (3-18)

B¥F#(-17)~ G-18)ienJ (k) & J_(k,) * (3-15)enF 34 & 1 (3-12) s h S ik
rMER
d E, Jdk =0, k=1,2,3.N

(3-19)

dexm}dkx:O, 1=1,2,3.M

FB-19)A P T 1 E B AR A, > AP (M=2N=1)5 6> AT XS 5

I& Q.a
B A e ARER ;7 - BARER T ETIEELS 2500
-[k le ~vocEN‘vcl J‘k Exlf;x ~x2 -[k Exl ~xz Nzlw c
’ 1
-[k. x27 xx ' xl J.k EXZYX_XEXZ Jk ExZsz 21" C2 :0 (3-20)
: o X o o dl
_'[kx Ezl zx " x1 J.kx EzlexExZ J.kx EzlezEzl J

5(3-20)¢ » E, 2 E, % k b~ Y 5 (k, k) hsd i E-Y-E & (k k)
Siffced 3k EAM AN HBELE S 6 R Bk oo A S BoRE
AX =07 f258 & §vi- 30 S FR L A[(FASNE)ER > APV I r SR

B Rk, > @I Z % Ak o
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3.2.4 Integral contour

H- BaRa S B2 e P Bk N G R BerAp W S Rom o & T
EW %) S f?;ﬁﬁjfﬂf'??}ﬁ R A EF R IR (B3R lossless # F) o it sam 3o
dod B R § TR AR DBHE T fo (3-20) A A BT R PR bV
4] 3-5 ¢ e 4+ CBCPW %3 » Bk k, 59 # > RIG-12) Ao dic s 2

R ek B A kAR B > 3 E(3-20) 5 AL et A BT Ae % B b T 6

%7 4o 3-6 -
Im Im
M Fi )
Integral
contour PPW mode pole
N T ;
X T,
N b " ¥
— = Re —= o = = Re
A s
v, M 7
TE, /
kx plane Integral kx plane
contour
Bl 3-5 Mo g A B Bl 3-6 CBCPW # 4 #4/Z(- )

BB BT > 3-12)hY, ~ VA A AR LR ehEN L

Yy sinhy;h=0 (3-21)

@anﬁﬁgwﬁiE%B=m$mm%h=ma,%%:_zmo;wwi%n=o%§’
By =08~ (36)5 T

=k -k (k=1\Je k) (3-22)
(B2 ¥+ A Sk dE sk o Fh R B k% 5 R He o B e A BB
B3-65¢7F - BBG ARt o RPJESAE Sk, c BAFAPERERET

PSR RE TITAE S
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4 12 b @ae s CBCPW ehili4f 4 Bod 4 4 B8 o 2 LA PB4 2 g &

SV , —JAT L o @ g .
AR | B RS i G gy = T R B LT £ B

EPPW)# ke 2,75 CBCPW 2 HXE € ¢ 2 T & ik Henilf -

% n=0> 14 L PPW A& MH TEM : § n=x > B 5 TM, ~ TE i > & F
BERAES TR b B R B LS AR o 5 X AP A B B do
37 #eis# 37 PPW chTEM 188 » % 7+ % & 7 TEM mode e § § f 2%
k. =k, —jk, (B FEHRALIL AR RS A € 0 G 20 Bt 27 71 730
FEAE RG> B 3-7 RV 0 3R 3-8 BT o F1 A AR A BTG
¥ f&47 en(analytic) o & {5 (3-20) e A RER X HF b A £ 4o F BT HcE
(% 4 R 7F mlcink pFo EBAET § L7 phl) -

Im Im

| | T il PPW d |
ntegra mode pole

g PPW mode pole P
contour . kxp kxp

i Integral A

% X contour
> Re - > ~—> Re
E
H
b
kx plane kx plane
B 3-7 CBCPW ## 4 B /2.(= ) ] 3-8 CBCPW ## 4" B4 f2.(=)
Voo hpar b Y Y~ Ve s i
- k. os,&
0 = Res_Y_ !
2k, +K2)h
2
Res Y_= k. wsyz, (3-23)
J2k,, (K, + k)
Res Y_=Res Y. k 088,
J2(k, +K2)h
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4.1.2 Scattering method
BRI B E b BT H 7 €5 fringing T > 4o B 4-3 #7F o

ANPVARE T HEREFAREN 253 00 BT HF T RICELATAT

E:—y%wﬁbz—yaﬁ (4-2a)
Aoglogrm gl (4-2b)
na n
d

iEﬁdd - H field

B 4-3 322 PPW P T S5
SOAPHI A PERR- IRRSRE T 2 B A LA
BRI (Fe R E T ) deB 4-44TT o5 T E - RRMHV d SHP G
SR Sedatmmi()S 2t zezngG 0 2)S, i z=z, 8 G 0 (3) S,
FERMEREDSF 0 A)S, et B AHBRER S PMC Y L 5w
ARG RS E RS

BFAPEXDS AL T 0 SHP 6 A

(E,H):#$& 8%~ 5t TEM it > £ 3t 5 F & hR s o
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Fitend FHAE S B RIF e NV 5 fE s j& Reciprocity Theorem 'f;,z G

s KT "J \‘ :
[ (B xH,~E,xH,)-ds =0 (43)

$(Ey, H,) 2 1 it & 0 3 (4-20) ~ (4-2)3L {8 PPW P 5 sk 3 $ (5, H))

P9 ke R

E, = ZCaEme zZ >z, E, :ZB E e’  z

a—at

IA

Z

(4-4)

v

— aZ — _ +VaZ
Iilt _ZCaIiate 4 Z, I;IIZ - ZBaliate > Z < Z
a a

H ¥ T4 T v (transverse) 0 C, 5 AAZ 2 e B i d IR 0 B, B L-Z
S @il bRty 0 E, - H, 5 PPW 2 ke 7 cBE A&
PPW 42 TEM~TE & TM H-ji i & 5 oo $ Bk oz, <z<z, 8% &2 > F 42
RTINS AL el e B F SR

(1) E, &8+ 5 %o

2 H,~H, &5+5%

() E, &St 5 F o FhEI 6

o (43)58 [ (ExH,~E,xH,)-dS=0

(E xH,~E,xH)- ds+|

NEY

(E,xH,~E,xH,)-dS =0

= [ (BxH,)-dS=[ (E,xH, ~ExH,)-dS+[ (E,xH ~ExH,)-dS

=N Lm@l xH,)-dS=1+1, (4-5)
1= [ (E,xH,~E,xH,)-dS

I, :ISZ(EZXI;II —-E xH,)-dS

BLEL P 8 RN 2 Bt § BT TEM HOR 2 1 L34 % (E,, H,)

Lo AAZ o W TEM gk @ 15 L 5 &S, A (E,H) 5BE= w52
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1,=0 2IS1 (Erpy * H gy ) - 2dS
Fz oo A RHA-Z> e BehTEM L » ¥ (87T 5543
= (4-7)

L=0 [ (ExH,)-ds
{12 =2Cr [ (Egeyy X Hysyy)- 248 = Cm =) [ By x Hyy)-2dS
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BREHR R > Bfs s £ 00 TEM 2558 il ok 842 » 8F 0 85| B,,,, 22 Cppy, %
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PR RIS LR enmA R S TEM 3= o 547 4o 4-5 0 34 P
tehp ¢ o ¥ T E- BR(L,E) g A ilﬂﬁfl%%ﬁmﬁﬂk‘i

~:9Ecos¢5+fsin¢ i.=—§sin¢+§cos¢

- (4-8)
E=-Xsing+Zcosg  { =Xcosg+Zsing

(4-6) ~ (4-Tyenm 2 K45 5 2 Benr Bhap £ 0 gt £ATER Sy, T #(4-2)58 1%

Stenr = I _[ (—ye ") (;Cl e ) 2 dydx = ﬁ (4-9)
dda 77 77

X
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EATEHR ARG @D IR NTHY ERFRAK

_ k (¢ -
B, - L Snk() . (4-10)
2w sink (

I/S & IFJ‘—\'K/{kLJ :ufg‘)\ e @Jé |g| ’ IF fgd F\ /ﬁ»ﬁik =k 1,(1+€) ° l;t‘?*‘(él- 2b)
* (4-10) & » (4-6) 14 + (Appendix B) :

[ (ExH))-5ds

k. (0—
[ LD g5t e saga
we-l2w  sink/ n
_2Vicosd p (@-11)
n
K, =sin c(kwcos¢) k, : cosk /! —'cos(kﬁ sin @)
n’g—k sink /
d (4-9) ~ (4-11)¥ % 1 (4-0) :
2V cos¢ .
PP K,
n V. cos¢ k, cosk, ! —cos(klsin @)
B, = = kw 4-12
e 2ad ad g b ¢) *sin’ gk’ sink ( (+12)
n
32 (4-7):
V. cos¢ k cosk ( —cos(k/sin @)
Crppyy =—— sin c(kwcos 2 4-13
TEM d ( ¢) R Sk ( (4-13)
J(4-12) ~ (4-13)7 & B> w3 f (Sl drtg 3 T A M TR
Brpyy = —Cry (4-14)
413 TR
Bl4-6 5 - @Rt P - LR EFOT AR AP BRIz +HT R ET
FeR B 0 KA R MRS T o RR GRS T RT I G
V(z) = Ae ’* + Be'?”
‘ , z<0 (4-15a)
I(Z) = Ae /P — Be’*
V(z)=(4+C)e '**
( ) , z>0 (4-15b)
I(Z) =(A+C)e "
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4.1.4 I\ P BB S B

A I - 3[10]0 2 Ao - £ B iEEHT dipole tifHehHdeT

7. ~ipr

E, = I-dz jou °  sing (4-20a)
4 r

. I-dz e
H, = Jﬂ

sin @ (4-20b)
B _duality BLEE » 2 dipole fik s i ¢

_ I -dz . e/

H,="—— joe sin @ (4-21a)
4 r
~ I -dz . e’”
E,=—"2)p (4-21b)
7T r
i R{(4-10) 3% 7L 427 T Bk Schelkunoff Equivalence Principle 3% sz = g in -
- ~ sink (/- ~
Jm = 2E\é/ = ]m ( |é/|) (4_22)
w
__k
sink (
H(4-22) 1% » (4-21) 5 % ¢ ff A
It s T sink, (0 - :
H, = jwe,sin0 ¢ I If 4 . |§|) e’k“;“’sga’g”dﬁ
4 rrregey w
.fko’ %
= jowe,l k, sin@ < TRy ksi cozs(koﬁ (;os 2 (4-22a)
r ky cos™ 0 —k;
— jkor _
E, = —jk,Ik, sin0=—. [COSk{ cos(kyf cos 2 (4-22b)
r ky cos” @ —k;
FOOREPTESE > R REFEHS S A PRI R E
O [
S=—ExH
2
1 V2 ke sin® 0 [cosk ( —cos(kylcosO)] ) -
=S 22 2 2 (4-23)
2sin” k( Ty ky cos” 0 —k;
FF AP EHE-23) L 55 4 (Appendix C) -
P =[[S-ds
2
1 V: okl (5sin’@ 1| cosk(—cos(kylcosO) .
= Ekoa)go S kL ”‘2 . 02 7 k—; 2 r*sin 0dOd ¢

—cos 20-1
K’

s
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2 2
P V ky J- cosk ! —cos(k,l cos 9) sin® 040 (4-24)
T 2n,sin® k0 k2o k;
0 l—k—ozcoszﬁ

s

Bois g I A R - B IH S F I M 5 (4-24) o

415 E»xp BIEIE
(4-19)~ (4-24) % 2 H IV jocnst 5 4 7 5% £ 8] A(4-19) 2 $P HT T ;

B (4-24) 5 H PR IRREE o 3 X kAR HEN G

2 2 _
p ad B(A—B)= K k, cosk, ¢ —cos(k,l cosB) Sin’0d0  (4-25)
oy 27n,sin’ k 0 k2 90 k;
0 s T 1——k°2 cos’ @

S

SIRES T AP K =] COSRLZCOS(R30) | G2 g » (4-25)7 @ -
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A-B=——F———"—— 2K, (4-26)
B ad 2nn,sin” k! k;

B F A HH(4-26)8 (4-12) %~ (4-17)e% Am
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272 ™ _ .
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