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Propagation Characteristics of Rectangular Waveguide
with Elliptical Conducting Post
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ABSTRACT

In this paper, scattering characteristics of the rectangular waveguide with elliptical conducting post and
equivalent impedance of post are analyzed by mode matching method and generalized scattering method. The
scattering characteristics of rectangular waveguide arc varied by the height and eccentricity of elliptical conducting
post. When the height of post(2.54mm, 4mm) is small, variation in scattering characteristics appears in total
simulated frequency. But as the height of post(7.62mm, 9mm) is increased, it is dominant in higher frequency. The
simulated result shows good agreement with the HFSS’s result. Proposed structure and analysis method are easily

applied to the design and manufacture of waveguide component with elliptical conducting post.
1.4 & slo) e Aol WA 94T nA
7 A8 E e FY aAAIRY A ws
Sohphg AESHs REe] Aol gl B 3 Al B8k ol 49 v WA Wikel 4%

Be A ad Agiol, Fuprt Foldrw & 7beE Qo Ak webd, e ¢l
54 dslol] tg dFo] vj¢ o 7] wEe] H3t e 9% MRS Fd PR ol diF FHH
@ s @ Avrh gus ddHa guth 4 whgel g 7ol "WaAol dFHEa”,
A 71 wol AgHE FY aaE 9%d IF 7Y ERE e BAE T2 Qoo gug
Bolu #e ARgste Aol tlokat Myl ol e BA&FEd g A7 IBH FEM,

3 ATt Aol AA HEFQ] dA L A F MoM, Point matching Method, FDTD, U‘:UH
AH §8=HI 9 A 5 kg saile] 7|t =@ E
* FJustE whe Al Ay A oA FAIE] (kwk332 @hanmail.net)
#x ol Rel sty Ax}gahy-
*xr garal]z e
E=TWF  #030123-0320, HFUA 20034 39 21

256




=B/B9Y B4¥0) At 7Y Eaue dusay

e Ak QNI 23], 9o
4 W F Rudywe wude] B
il |3 A5 g Ao vl& sAlayge
B34 2 A Ao glo] Zjeke] wrc)
golstA A& riseidE Aol Ak

#HZ =347 FY 242 NEE F27F A
Hu glor, o|F RCocciolit F4d 84Z half
cylinder postg ol€3l= W& Al oE
Hybrid FEM/Modal expansion approach %}
Point matching o2 Aodd T+2& Y314
o Al BAE 459 B’in}m =& B.N.Das”
9} P. Bhartia V& Fd Fz= ugwsgz& Az} )
ol ~2EHHR, 9%5F U—w% By IF45%S
7zt FUIHeE YAAFIE TRE AlgEln,
Conformal mapping& °©] &3ty $-Ec/71RE 9
A2 59 E4& ARl nd¥E AMshe
294 B HE e gFstack olF el

4% W AT E3] Optical Fiberd ¥
ol AE we- el o] Foixm ot i o
2, o]F 9 YA BAE FEFOE AMSHE =
g BEAE 2 Hgo] wig nuls Aotk ®
3 gsEe sj2ubdo] Point matchingel A
gt o] Foix|7] wiie]| ZFAHe Feel A
utel sjapgo] Eshy Antel exle AF F
Jeke D] girk

E =EdAE duds FEe sk 5y
FEES AN Ej}ﬂri’% T2E ARkl e
AR VA HE At EHE 358
o] ojdE ¥ ¥ ‘i‘iiﬁ}oﬂ ng =ade] A &
A5 B5h¥ 24559 7t dNd2E Addshs
FAH HES AAEEh Adte A3 HFSS
o} vt Syl eldAdS dEEATh V&
o] ElRle] ¥%E TE5E Ui Mol Bl AR
Aol 243 mathieu’s equation®] ©]&%H+& yb
9, B ERela Agke e V)& B F3A
A5 HFAZ Wsle 35S B3l o]
S L aﬂ“ﬂr@ﬂ Zreratn] ukakgAggt
I AAY A o 72 dg #Me] Jheste

Lo BEWRA, 293, ] F FF AAd
folatA A& 7158 Aol

mjm

0. 893 5588 2« 79 =9

2-1 B98 F530) o 78 Sgwe) AA)

a9 1o B98 3ol YE T Eou)
T2 Uitk YT R e 2
AAE Y gEEel Ja Awsel 1 Fust
wske glom, Y FH8C) 9F 7Y Evw
o Wik B4 BE uFHeE ANE] A
= HAE 9o Bu 2 99N AAs A
g FEY ¥, 22U G AARAM 2As 2
Ao AAEAL AUIORA 4 Fpsslet I
Y S el B s A

Ael A wae B old sk
9 moiae] Fdo] BAY F4%o|

JraEAA

(a)

'y

b .
Bliptical | p°—>| T
canducting Post . bl
|
. |l o

(b)

257



TR FAES =4 '03-4 Vol.28 NodA

(¢
O§ 1 By F4%0) AXE 7Y =i FRE
(a) A= (b) FUE (c) FHE
Fig. 1. The Structure of rectangular waveguide
with elliptical conducting post.
(a) Full structure (b) Front view (c) Top
view

Y FEE HEuiPEe Agsiel a4s]
dsE Hae Qoo $u% 2uE Foely
AAAS f=rt Agsiolop BT o)y,
pe AHoERH BUANY Az 99 3
03] AARE Uehi® p,, & e 45

ZE]O]'E‘ pmm‘—— 1..‘7-’] 71012 L]-E]-L)]E]-
I8 19 F2A AR HE=E Ak £2E
A9 o5 Zo] Aojdrt
YAy Enhe 99
{ I p=p, , 0<y<p
I: p<psa , 0<a<b
FeEsn 9 )
[Wi: p>b 0<y<b , 2<0
W, o o>b , 0<y<b , 250
QY 1,IelH AAAE 9% FuANN Bag
w0 g]g“ &3} 7o) %E%E}[Z],BL[N]*[M].

E%(0,6.9)=E,+ E,+ E,=
2 ZBLC T B 0+ DY (8%0)]

[e ¢nk(¢ y)+ eTMR(¢ y)]+

[CTHT(8%)+ DIy (B* 0] | B%1 5 T4, +

o2 cyﬁ"z,:[CT;?/;;(IS’R;O)+DZ’E,”Y"‘(6RP)]

| 81 [T ) + TR +

[CT (6 0+ Dy, (e gy ()

258

H¥p,¢,9)=H,+ H,+ H,=
3 ZSICTH B0+ DY, (8%)
(355 + BT g ) +
(e, (BF0)+ DY (8] | 6% | 7Kg, 30+
T ZSICUT (B + DY (B0

WA= y)ﬁ%"(qs N+
[C™M (8R0) + DPEY (BRo) TR M5, 5) (2b)

d71M, Re 99 12 OE dvjsly, esthe
WA =se] o, ¢, yiEEel ek AAet AA
o 31f BREE ek Pe 4uE] digt 1
frReel W3 sin(g), cos($)E Snlsh, n
e Az ¢sl yWgorel RE  folr) EY,
BF=R=Eolv ke Argde Asise
o WA Ewme) yue] Waboly
L% Y, = R el ARHE A1F 2% Bﬂ
A 3 EE: AETH 2% Modified WASTE
Ueha
78 =% 990 W, (o> a)dA HAt =
Ale vhre) A3t 2,
{ E;(x,y,Z) }Z
Eyl(x,5,2)

(3a)
| g 25

{ ﬂ(x,y, 2) ]=
Hy(x,y,2)

(3b)
o e 25

714, A% B¥e= 99 Welxe gsis}
gkAlmtel A7|Bolm, e, ke TE il

THEE YEplE, 3 e xst yEEel gig 2
= 48 onsty, 9¥4 Fe 3g%E B w
Abte vehdd,

-~

2-2 B11Y 3480 AL A 74 99
Az

% =g e BEY 252 UH o4

& "N FEF AAsh AL p=p,,a 2

oA WAL QR B FARNCRE

oy

)



=249 25%0 3

rie

79 29e 4454

A

(b)
a3y 2. 9% FHEA) e 4% FIxA vl
(a) 93 919 AFde] Huawe A%
(b) €5 e} gAawsr deo @A
Fig 2. The comparison between elliptical
cylindric- al coordinate and cylindrical
coordinate
{a) The tangential component of circle
and ellipse.
(b) The relationship of tangential
compo- nent between circle and
ellipse

q71A, F AAWN p=p,9% a¥l W& HA
Ao Fxvh ey do HYE oy, 71E AR

A Bdel A% (7,6 y)eln, A A
a?l A%

(o, ¢, y)Z AR o3t} &, o=
A ARAL) B YRS oUEF yie A
Fol =t ZAAWel 84 p=p.

R
ml
>
Z,
o

HEe e 9 ywke] Aoz gaEEC
T 20 93} elgle] AAWAA HAI ZAQ
A YRy Foga W 47 A8 wAS
WERARATH
g Ao WAl =g JA(1, M)A T°r5
R AAAE (o, 6, ¥) 8 B8 9% HEAY 9
&4 WA ofg) ADH To] FEEHY, O¥ 2
A 2 F g5ol p=p,0 EFES] AATAA
AAAL HA WE 4R § vl AR R
gt wehd, A AAE =0, B
o} AN z‘é“ Wl ¢,y dReR 8
#Asl7] e 4% FEASG e 9% AR
Alre] #HERFho] %BLHP‘:}.
Iy 204 945 HuAle e 4F ABAe
o] A e
&= cosh ~ 1[ "““] d: focal distance
7= cos’ 1[2d(\/7>;m— (4)
V& + & —2pdcos §)]
y=y

NN, O St O = EFES WS R TR
4ol onjain, 4 & EMY 2PN Aols
0.5 AHOZEEH EI7IA S HolE LEhin,
T3 R 9530 gl Aex HAAAY A
A W 4EE E,S Hyestn A 28

20k Ao WAE Agad v 2ol 24
gy

E = sin(E,+ cos(E,+ E, )
H,= sm(x)H + cos (x)H¢+H

A7NA y=p—¢ olth B p=p, & ZA
Hol Yol H“ﬁx 0 ol 5ol daAlel HA wak
.1

elt E¢+E

—H,+H, ®
2(5)ell A E}%J_f‘é T—:‘—ﬁ?‘%—gl BEdE AAUE
p=p, QA A LT 42 o e
Hegi=g
Ep—Ea! o= 0, =0
Hy—Hy | - o, { E_j Eﬂ‘@_ @

259



gaF sl =F 4 ‘03-4 Vol.28 NodA

pmaxxpmin
A7, een (0 oy * SING)Z+ (0 i ¥ COS $)°
o},
oz 7ol AAHEA p=a o HA
AAE thee AA 21E& wEd

Eglt(av ¢,y)= Ble;(x,y,Z) l p=a+
62E[1V2(x1yvz) | o=a

Huyla, $,3)= 6 Hy (x,3,2) | ,-,+
8 Hylx, 3,2 | ,—,

(8)

o714,
{al=1: T p <2 {az=0: K P<2m o
8,=0:0<¢<m [ 8=1:0<¢x7 '

2-3 Y 430 AP 2 A9 A
Y 2580 A% AR AFE & BN 4

Be 7F JoAe] WA AA e R= A
wAo) el Fegoan fed 5+ Ao

r2

A p=p, A AANY WAk A= @)
3} AG)e wet 2Q)e ol FAT F vk

N 11 10 1
Coi Zy Cotmit Dy €otnj™
70 0 U0 0y __
(anZn eelln/'+DmZn eelmi)_o

9
Cylu' Zrl, hézmj+ D}erIl hézm;"

T, =489
(CRZ8 Wt DZE Ry ={ o =

71, ZF- T Chet DE 2 TE4
™ Z=el wet 23se A1FH 23 wasks
E¥ modified AlET 2% WATFE 2wy,
eF=1. Mg piR=1.10= 2oy Hx8 WA
=3RS p,¢,y 8% WY af EEE el
AN A A4S e HG)9 o2t
FHT Lol

O 9 12 p=02S X8 o #
AL AEe A 2%« g IsleE
D,& 00 ®r} ¥3, CRa DEe uge #74
= 77%{—5‘;]_[31.[18].

DE=—-T%CE (10)

H10)E olgste] B AAUA p=p A

WM g 19 AAe 949 T AAe ga
Y 4R dus maEdw 1D 2.

260

E;h: CrIf };e{zlmjzcrlf rltelelmj
HY= CZRhl,+DLZih,, 1V
= Ci(ZEhEM;*ZBFFuhEIMj)

)‘\4(9)9‘] %17‘“0“ (Zg hglm]—ZBI-‘theH]m;)'o’] 9‘];51
& FHsly, =AA Z,ﬁeé,,,,,-ﬂ AHE FHehH A
s} 2HAlY AAzAL RuxaAe deld we
A(12)7 e Aoz gt

SECt+sD =MC"C' (g
ME'CU+MP' DY =5C"C!

2(12)& CU"<} DUel @A kA oL

gg%q% 01_1% g]'-_ gl‘:]_[Sl,[lﬂ,[lS]'
i
[ [ME] (M) ] IC)H ]=0 (13)

olwl MEst MY (R=ID¥& 2717} NExNE A
wgdz A ok g9 AALL AA B
=Hmgel ezt A48 nH mee) oF @
AE JeE | CRet DRe 1§ m=9 AA¢
A2} A UehE ABggoelrt

ot FUg wioem p=ggl AAHANA A
<} AAe AAZRAYD H@) I 09 A
Aol Wt JEos AL AR ¥ RER
B9 9818 Hgsld CUs DU B A
s A(14)9 2o PyAo Eﬁ%]:}_[ﬂ,[lﬂ,[m]-

[c“]: (789 [TCWZB]] A"
DU LTy (77| A%
[TZ5) [ T2 [ BY
[TH5) [T | B*

AN A% BY Aane vl msg
vehlie  #Elo|3, TV THe anst
NExN/2R 9 f1g= v =3 d9(m) =
74 =vkg A W] AAS Aol RER
A9 st 4" 1f RERY &3 dAE o
Ehis, QHA Fol BE Adsel vAmE e
Bui=3

mpxeto 2 A(14)% A13)] TPt Aas
Ast ¥lsk Bel @52 Aeisid mad gl
ElE S48 9% ARAIRE 78 £tk

[Bl=[SI[A] (15)

A2rgl Ao Network Theoreme A48 73
S B9y 534 gF SURIEdEA fE £
TPes T gle] aAge dutadAFES 9

(14




ER/E9Y 34%0 gt 73 E3ed A5y

T A% e 2o HE A B8 ThsH]
wue S $E 4A 2 A Solshi
489 & gk

. #4as 2 24

% 300 22.86x10.16m{(WR-90)%) 78 =38
o] Uige] MY g8 dish Atk Aol ¥
=5 Ueplidldh e 72 Fues 100k
ERE 2559 A (0@ 50 (o) &
Z} 3.175mm, 2.175mme) &o] (h)E 7.62mmo|T}.

a9 3e2HE AN® REgvE 474 NS5,
Nj=6 oldold A&AGFr}t sH3la Y& &
Ak wehd E =&elM N N,= 47 59 6
o2 gk Ed B =EdA e e Al
4% 73 =9@Ee 2% WR-90(22.86x10.16m)
oz 7HRE

1.0

T —T T T T

u
oo B
0.98f
o.94F

0.92F

0.9({_

\{

—a— Nx=2
0.88 —a— Nx=3
b NX=4
0.86F —y— Nx=5
iy NX=6
0.8 — 1 1 N i
2 3 4 5 6
Ny
(a)
142 T T T T T
144 F -1
.
146 | .__——‘.M
-148
o ~a— Nx=2
@ 4150E —e— Nx=3
Q e NX=4
F oo F —w— Nx=5
» - g NX=6
54 £ ]
-156
-158 1 i 1 1 1
2 3 4 5 6
Ny

(b)
a9 3 AT FREE (a)327], (b9
Fig. 3. Convergence of S-parameter
(a)Magnitude. (b)Phase

el Feli= AE 9] Zoldl uiel HH
7h AREY ol A5} ¢S5 dolo Bl o4
E( e, eccentricity) 2 Z#ETL o7A, T F5
o dolg 0, BFY AoIE o, 7HEEE

5L, e=V (O — Oin) /O max & 2T
99 4o B =R A wael o8 Ak
=49 AN ARE HFSSel o3 Ave} umst
gt WM TEE 4572m Qolo] TE Ty
(WR-90) W] =) (B)7F 7.62mm 0 max 7t
3175m, O 7t 2575me) ¥ 719 EldY F&
o) 22.86mel 7elE Fu AxHog Fogd 91|
Sgn sk,

9 428y T A} F GAs0, meps B
=R AAE ol B & % ok

st QvEa Fd 84z BUY 2o
A" o ARSHe] JPe F= Fo WebE F
&R0 94, Eo| % BHe] T2E A=
JAEE F2 oAzt I Aotk meu AA 7
&30 oo 90| get wolvre] 54 W
B dA77) $Y=HoL ol4ge] we =g
A5 Wahe o}F AT} ojug AAolnk o
AA, B =RNE B9Y B4 odgd
£ rae) 54 Wde FHow Folnd 7zE
sj4shelc,

0

58
p

%1

—m— S, .- Simulatedresuit
[-4—S,,: Simulatedresult
—#—S,;: HFS8'sresult
——S,,: HFSS'sresuit

Magnitude[dB]
s )

et ) 10 11 12
Frequency[GHz]

a9 4. AL HFSS9] As wial
Fig 4. Comparison between simulated result and
HFSS's resuit

a9 582 78 =dE iR Sl 9 B

%89 olHE (93 ol ¥gd we =3
ARG WMEE dehdg #dd 7z
By 2589 FFe 2ol (0,,,)E 3175mE

oot
o
aj

261



SR EAISZ =8| 03-4 Vol.28 NodA

gon, 78 mud(WR-90)9 gl A%t
i et

-95

S,[dB]

-120 . i 1 1 "
8 9 10 11 12

Frequency[GHz]

(a)

$,,[dB]

) 9 10 11 12
Frequency[GHz]

(b)
9 5. 5429 o7} 254mY W ojAdEd wiE T
3 Ta#e] AEA (a) Sy, (b) Sy
Fig 5. Scattering characteristics of rectangular
wave- guide according to eccentricity
when height of post equals to 2.54mn (a)
S, (B) Sy

S, [dB]

8 g 10 11 12
Frequency[GHz]

(a)
262

-1.50

RES —8—e=0.728
-—a—g=0.663

a7 s =0.585

185 —w—eo=0.485
—a—g=0.349

.70 “—e=0

-1.75
-1.80

pa)

S, [dB}

-1.85
-1.90
-1.95
-2.00
-205

8 9 10 11 12
Frequency[GHz}

(b)
a8 6. F&EY Fol7t 4mY w o)4Ed wE T
EH}I’&Q} /3%5}6' (a) Su, (b) SZI
Fig 6. Scattering characteristics of rectangular
wave- guide according to eccentricity
when height of post equals to 4mm (a) S},

S, [dB]

Frequency[GHz]

(a)

-10.5% v P

-110 |

-115 |

S,(dB]

-120 -

-125

-130 1 1 1
[ 10 11 12

Frequency[GHz]

(b)
ad 7. 4529 Eolr) 762mY o oJHEe] WE
ﬁgEj}i&Q,] /}}%—5—,‘)\3 (a) S”, (b) 821
Fig 7. Scattering characteristics of rectangular
wave- guide according to eccentricity
when height of post equals to 7.62mm (a)
Sy (0 Sy



=R/EAY 3580 JE 7Y =hud Q454

0.00;

o
B,
o -
Frequency[{GHz]
(a)
o .
B
'
Frequency[GHz]
(b)
a9 8. F4%9 =o)7l 9m¥ o oldEd wE 73
Eﬁ}%p’] )\\_}'é'—gfxé (a) Sll’ (b) SZI
Fig 8. Scattering characteristics of rectangular

wave- guide according to eccentricity

when height of post equals to 9mn (a) Sy,

(b) Sy
a9y 5~8=%EH mne udx Fd o4
Be4E 948 (e+0)o] AH8E B¢ Fok ¥
o mE =f#e AP 542 o|dEd HEyo
HEen, 488 F4% (e=0)°) A48 259
Hlgte] A HstET Qloh ol 549 Hol=
458 589 A 72t g o)7] Wil =
o e §xjo we AA AAe 54 W}
7} 2A g Ao, BEE F5%9 Fe A5
©&o] Zol7h g &4 FHos =dd Y
oA $ixjof wha A AA] FAo] MsH7
yiEd lolt}. ol o doA fx¥ BUE =5
B A x2AdAME 54 Wt 488 5%
o vzl & AYE ¢ 7 Utk =, 5589 =

o7} & A% (h=2.54mm, 4mm) EFE F&£¥o
oA g wE =uiuel AREAR WHele Fur
o Ao W23 9Fe T wbE, FE58Y Fof
(h=7.62mn, 9mn)7} F71ESE EE F58¢ &
B3 AFEAC A= JFL IAFHATHEG
g o AZE & F stk

Tuigte] 4kt B4 tEo] BHYd F45% A
Ao 57t dAL EAL =oag ASS BE
o] Al Qo] F8 AA dvelHz 89tk 1¥
9% 1% 69l A P9 B1EE F&Bel o
g TH S7is2W08e 38y 571 Hodd
25 JERTh

-0.125 ¢

-0.130
-0.135
-0.140
-0.145

-0.150
-0.155
-0.160
-0.165

Xa [Normalized Reactance]

-0.170
-0.175
-0.180

10 11
Frequency[GHz}

(a)

e
i
o

o
1N
-

o
Y9
N

o
i
=)

Xb [Normalized Reactance]

8 9 10 " 12
Frequency[GHz]

(b)
1% 9. BHY 545%9 Avsd 57 gde s
@ X,, X,
Fig. 9. Normalized equivalent reactance of

elliptical conducting post (a) X, , (b)

X,
ag 9o yelhd S7F gldesd] did dAds
a7 69 Agel FUI S Helth F oHE
of 23 ARIEAo] AFyrol] | ZA W

263



T EAEE =F A '03-4 Vol.28 NodA

He A $d3A 898 5589 571 eldd
22 AA] oj4 & o3 ®wigEW, 49 Fur g
o2 ZAgE 1 AA W=z Yok

ToEhe AREEE RES Al glol dnux
Fd 842 ey 480 A" A 1 Ay
T 3 7 olie]l & 4 irh o|EE Ay Hrofy
g ARES XA AL A dy Fas Ayt
AbdASHe Hegogn M JHesich

O 109 78z JiRe] % sie ey
F&Eol XY u ojdE W3 93 muue
A EAE YERSL S FRE 7Y =9
FHWR-90)9) Wil p, .= 3175m ks 762
me! BFE 24% F /vt 22.86me] Agl A2
Axeta 7pA st

[| —*—e=0728
—e—g = 0.663
5 T i @ = 0.585

—v—e=0485

4@ = 0.349
ot @ = 0

S [dB]

21!

(

Frequency[GHz]
2% 10 F M9 BE 53589 oldgd] uwE =
Be] AFEH(S,)
Fig 10. Scattering characteristic of rectangular
wave- guide with two elliptical cond
ucting post by change of eccentricity

(S
a9 109 FE a9 694 AN 27} o
Foz AZHRS W) s Anolek o] A
A vEREel of W BY #4% g% =
dhpel A SAWSH: B9 Faold FeEe
¢ itk 1Y 105 olst bR BaY
L) olUE W] o3 MRS ST
FHCRE A9 Fokol M Fashl vehta Qe
b, AAY ole ¥ FEEE Juds
F 22 A 3 B9 FasdA s
o A B M aHoE AHEE F U

ofujghe},

v. 42

264

2 =woMe duy] 3 EdRA & =ad @

e
d FE9 duds Fdg A ey 358L
=z

E Roopya dubdAlsHE AMeste] $AA
o7 gMete S AABIATE & =RA Al
Alg BPgl ofs] 7y ot e gYy 55
5o oldE E o] W3] wrE N 5A4E A
Ak, BEE F480 tig B dEeaE
F=stgh Al AsERE ol4E Wil 93
ERIY 580 =ude] A B4 wHAE 4
T ENE 5589 wolol dHEIA D
Yy 2589 ®ol7t ¥ Z(h=254mm, 4mm)
AA T dgealA vled a8 e W, B
Ay FE£59 Fol7t & B-H(h=762mm 9mm) E
48 #4580 mupge] AFEA 2 571 499
20 H)RE JES A9 FurR SEHEesE 7
A PEE E F Uk B3, 95y FEo
g Arsl vlwg o FAF HE Helx} ol
Tubge] mAg 54 Jjde] gRHoR ARE vt
SEE & & ok B =Rl AN T2} 8
AL gt ARG dAE AS g o
A FFRAE H4A Aol risstd, map g R
9 AA HAsA AR JFEsi.

==

Faed

f11 A. S. Omar and K. Schiineman, “Scatterin
g by material and conducting bodies insid
e waveguides,” IEEE Trans. Microwave
Theory Tech. vol. MTT-34, pp. 266-271,
Feb. 1986.

[2] R. Gesche and N. Lochel, “Scattering by
a lossy dielectric cylinder in rectangular
waveguide,” IEEE Trans. Microwave The
ory Tech., vol. 36, pp. 137-144, Jan. 1988.

[31 H. W. Yao, K. A. Zaki, A. E. Atia, and
R. Hershtig, “Full wave modeling of cond
ucting posts in rectangular waveguides an
d its application to slot coupled combline
filter,” IEEE Trans. Microwave Theory
Tech.., vol. 43, pp. 2824-2830, Dec. 1995.

[4] N. Marcuvitz, Waveguide Handbook, Bost
on : Boston Technical Publishers, 1951.

[5] R.Coccioli, A.Morini, G.Pelosi and T.Rozzi,
Design of Tolerance-Corrected Filters Em



=R/EY 3530 dt 78 wnwd 495y

p- loying Half-Cylinder Posts,” IEEE Tr
ans. Microwave Theory Tech, vol. 46, pp.
116-118, Jan. 1998.

[6] H. Auda and R. F. Harrington, “Inductive
posts and diaphragms of arbitrary shape a
nd number in a rectangular waveguide,”
IEEFE Trans. Microwave Theory Tech, vo
L 32, pp. 606-613, Jun. 1984.

[7] J. M. Reiter and F. Arndt, “A boundary co
ntour mode-matching method for the rigor
ous analysis of cascaded arbitrarily shaped
H-plane discontinuities in rectangular wav
eguides,” IEEE Trans. Microwave Theo r
vy Tech, vol. 2, pp. 403-405, Oct. 1992.

[8] M. Okoniewski and J. Mazur, “An accurat

e field matching analysis of waveguides o

f complex cross-sectional geometry loaded

with magnetized ferrite rods,” IEEE Tra

ns. Micro wave Theory Tech., vol. 43, pp.

380-886, Apr. 1995.

B. N. Das and K. V. S. Rao, “Analysis of

an elliptical conducting rod between parall

[9]

el ground planes by conformal mapping,”
IEEE Trans. Microwave Theory Tech., vo
1. 30, pp. 1079-1085, July. 1982.

[10] P. Bhartia and K. V. S. Rao, “Analysis o
f edge coupled elliptical(Oval) rods betwee
n infinite ground planes,” IEEE Trans.
Microwave Theory Tech., vol. 37, pp. 1260
-1263, Aug. 1989.

(11} E. Yamashita, K. Atsuki, Q. Hashimoto a
nd K. Kamijo, “Modal analysis of homoge
neous optical fibers with deformed bounda
ries,” IEEE Trans. Microwave Theory T
ech., vol. 27, pp. 352-356, Apr. 1979.

[12] E. Yamashita, K. Atsuki and Y. Nishino,
Composite dielectric waveguides with two
elliptic-cylinder boundaries,” IEEE Tran
s. Microwave Theory Tech., vol. 29, pp. 9
87-989, Sep. 1981.

[13] E. Rothwell and L. L. Frasch, “Propagatio
n characteristics of dielectric rod loaded w
aveguides,” IEEE Trans. Microwave Theo
ry Tech., vol. 36, pp. 594-600, Mar. 1988.

[14] E. Yamashita, K. Atsuki and R. Kuzuys,

IEEE
Trans. Microwave Theory Tech., vol. 28,
pp. 986-990, Sep. 1980.

[15] A. S. Omar and K. Schunemann, Trans
mission matrix representation of fin line d

Composite dielectric waveguides,”

iscontinuties,” JEEE Trans. Micro wave T
heory Tech.,, vol. MTT-33, pp. 765-770, S
ep. 1985.

[16] Morse and Feshbach, Method of Theoret
ical Physics, New York : McGRAW-HIL
L, 1953.

(17] A7), 714, 2199, welm A3, “270
o] BHs FXES ZHe wylde] Yvda A
A, =R EE =R, 88 53, pp.d62-47
5, 1997.10.

(18] Z97], o, d&d), AdA “2719 A%
A2 749 8ol v T Eude A%
547, @=EAEgs =R, 2798 113, pp.1046
-1054, 2002.11.

Z A 71(Won-Ki Kim) A3l
19954 24 : ol5rhstw Az}
et &

19974 24 : elista Az}
FE3} ML

1997 39~ : ot
gt uhalgAg

1999 39~&A] : ZAEtw Hb=A AgzAm)
4k} QA7AlE Q71

GRARD WA, FATY, FEA T

o] # <l(Chang-On Lee) A3
19989 24 : o}t &=}

T3t &4

20004 29 : o)k Az}

Fata Al

2000 39 ~3A) : olFdistn
HzpEEr) kAl

(FEAEep Axget, galwst, 454l 3
265



T E A8 = F A ‘03-4 Vol.28 NodA

Z A ®i(Sang-Tae Kim) 254
1985 24 : ol5ista A}
Tt 24

119873 84 : o} st A}
Fapz}h A

20014 24 : oo

.‘ Axpgs}s it

19911 39 ~aA : FEAkd7 17 AT

(AR AxEs, BAEs #ea 3%

gy

A 4 =H(Yong-Tae Sul) Azl
19794 24 : gekigy A1)
I3 24

19814 24 : ghefujetaL 7]
Fet At

F 1984 2% : FediEs A
¥ uat

19859 39 ~3A) : st A7 1A BEAITE-

e

(FHAED 3AA e, W=A A

A1 A AH(Chull-Chai Shin) A=l
1964 29 : AL A
2o} 29

1968+ 24 : At A
28} A4

19839 3% : AAYL W
Folh upa}

1977 ~"A @ eldishal AxlEEy ap

FHAEeh Axbsst, $alsd, #8435

266



