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Propagation and Radiation Characteristics of
Elliptical Corrugated Waveguide
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Abstract

In this paper, we analyze theoritically the propagation and radiation chatacteristics for elliptical cor-
rugated waveguides. The solutions of wave equations in an elliptic cylinder system are obtained in
terms of Mathieu functions of 1st and 2nd kind. The electromagnetic fields in the elliptical corrugated
waveguide can be represented by series and products of angular and radial Mathieu functions, By
using impedence matching at the boundary between the inner region and the slot region, characteristic
equations are derived. Then the charateristic equation is solved for HE;; mode which is dominant
mode in the elliptical corrugated waveguide and the fields in the aperture is calculated. And the propa-
gation pattern for the elliptical corrugated waveguides is calculated through the field equivalence prin-
ciple.
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Fig. 1. (a) Elliptical corrugated waveguide.
(b) Elliptical coordinate system.

615



RETHEERGCEH o8 ¥ 5K 19984 108

321;—5(5) —(C—2q cosh2£) R(¢)=0 (3)
g} 7ol "t} 7| Ce EEggolt 4(2)&
angular Mathieu W] ¥4 4 o]0, 2(3)& 4(2)
ANM p==j (2 oW FojX & AL E modified
Mathieu v] 2% 4 o2} BT}

349 4 3le AA 2 AA S gzt 2(1)9
& A e 19 F17} 1 BE 2rQ F71F50]
olok g}, ] Ao BT Cx 9] Fgrolofo}
s, Z+72k9] ggkel] sty T3l EARES 7
& 4 Atk A(2)9 F71FA 539 7 E

|

Fe AU CE 47 a(q) 9} b(q9) E YERIZIZ
3, 2(2) 9] &l ofef ot 7o) ",
ce.(n, Q) even a,(q)
o= se(n, @)  odd b(q) @

3714 ce,(n, ¢)} se(n, )& 242 &5+ & 75
9] angular Mathieu $t#E0]t}, o] angular Mat-
hieu 35S 42549 FdF342 FHATGHE

a9 2 ¢g=1d] & 7149 angular Mathieu
e g zolrt, 1Y 204 ol ARELS E
A%k O e F de #F B WA AALE e

£ Aolth. & se= C=b(q) & WY 7|59
angular Mathieu 38 vehll& Aol 4 (3)
9] modified Mathieu vlE¥A 4 9] 3= o}
2ol & F 3tk

LCe,(¢, q)tLFey(¢ q) even alq)

- LiSe,(¢, )+ LGey,(¢, ) odd b.(q) G

R(¢)

7|14 Ce (£,q) 8t Se(éq)E 22 4+ B 715
9] A1& radial Mathieu ¥FI+EL VeI,
Fey,(¢,9) 9} Gey,(é,9) 24§47 B 7159] A2
% radial Mathieu 458 Yepd, L, L, L,
L& A4Eolth. o] radial Mathieu 3452 4
84~ (hyperbolic function)& <242 2z
Bessel #4859 F3 F42 ZIIGE, ofF
angular Mathieu ¥4 2 #1% radial Mathieu
e ot 9 2ol vErd 4 Sl

Angular Mathieu functions:

616

ce(n, q)=§0Av2H‘p (q) cos(2k+p)n

© ) 6
se,(n, q)=I§OBu+p(q) sin(2k+p)y ®
First kind radial Mathieu functions:

)
‘:82v+1(7‘ /2, q)
C82v+p (é, 4)— (&)b‘{ﬁvﬂ

Y (=1 4232 () Jyr, (24g coshé)

b
(=]

(I“P)( /2 )

se 2 (m /2,

Semiy (&, ‘1)=_2+127I1‘_‘”q‘
B

T~ (2k-+p)Bf13(q) Jusy (24 sinhe)
k=0 (7)

tanh¢

3714 Ji= A1E Bessel 348 UelE Ao
m, pe 0 = 19 & Zedh A2%F radial
Mathieu g% 2(7) 3 fAFsHA R8T

29 3% 29 4= 2 N9 q 3kl digte Zhz
A1% 2 A2%F 4 radial Mathieu 345 A
g 43S bl Aot} o] radial Mathieu g4
L BF gite] ARFE s Heidde Ae
E & Qo

o] Mathieu &4 #ES A437] H3tde v
3 FE o nHgh(eigenvalue) st LRI (eig-
envector) & AAsfok g, £ A1F ¢ A2F
Bessel §Hr& AlAtstodol gt} ARkt AfH
e QRELFTE AHsta ALetA L, Bessel
B4 AEFAYT 39 F2 (recurrence for-

mula) & ©]-83ko] A4tsict.

0.5

» 0.0 k<

se_(n.9)

-0.5

0. e

T8l 2. 7]4° angular Mathieu 34 (¢=1)
Fig. 2. Odd angular Mathieu function(qg=1).



20 ——q=0.25
q=0.75
L e q=6.25

Ce, ()

L e el PIT
0.5 "Tveaaae- -Ti0 il “za

% 3. Al1%E 94 radial Mathieu <
Fig. 3. Even radial Mathieu function of 1st kind.

Fey G

radial Mathieu &<
Fig. 4. Even radial Mathieu function of 2nd kind.

O 4 A2

. &5} & A}

am

o

At

—

A WA

w
HI
Jm

Bl AFACE Zude] AE GoA A
9] FAJ¥-o] ¢4 Mathieu §49 93 B7|=H+e
S (even mode) & thale] AA 2} 24A ¢
E2 ofefi o 7ol Yehd = Slrh

1Ez==Zle Se,(qu, €) seqy, 1)

1H2=yo‘=LOAvCev(q1, £) ceq, 1)
i8 ’
By = ——l.j‘;&; B,Se,(q1.¢) se, (g1, 1)

" ’
+l.—jKZ}v: A,Ce,’(q1.8) cev(qn, n)

eI AR Estakel Aot 2 B4 54

Hy= ;Ia()io L B, Se,'(q1.8) se(qi, 1)
1;?2" L 4,Ce(g.8) ce' (g, 1)
= — IJI'fZZBvSev (q.8) se(q1, 1)
-715 L 4,Ce(q.8) ce/(qy, 1)
He= ;Ia:j’ ;3 Se,(g..&) se” (g, 1)
s ace (0.0 celg ) (®)
A 4EL AA de-mg peTha ARENS

W, T3k I=h(cosh? —cos?y)!/20]™, 4q,=h2K?0| L,
yor AFFAA Y o =v¥ 2 (admittance) o]
o o] &L 3 AU el HAFEA | EH
Aen, =& A5 gES FAE 4 dde 7HA
&l fr= HAt.

&g A9 AAAE] cut-off TM RET &
Agot 7 e, HgE FGelA o] AAAES
olg 9} Zo] FojZn}.

ZEz:Z LrH(qu 62; 5) se’(qu 71)

jcoeo

oHy=— Z LTI (g, &, &) ser(qo, ’7)

J](Zzgo ELrHr(qu & f) se,'(qz, 17) (9)

Hy=

714 4qp = Kk oH,

I[Ti(g, & &)

_ Seilq, &) Geyilq, &) —Selq, &) Geyiq, )
Geyi(g, &)

(10)

o]t}

FE 97 ugF 949 A (=6olA E,
7h 0o Aok AAZAS ddL AR S o] &
3 54 A e F= & Qi B 2o
3 YNPELE Zte 9FF =oEd Aede o
EA B =M e dHdE GE /H7L n9
T2 Foln oAl NS B B
Aol He dl, ZAHANM AAL AAE pol
et WAoo 2A 4 5 ok 2 gAY A

617



RATHEBABCGEH 9% %5 3 19984 1047

2g Fotel y=19) FU& TP ¢4 HE R
E5d o# SAPRNE FESE B2 2ol
Ao,
K\ I—[l,(qu & 51)
[Sel (‘11, fl (k> Hl((Iz, L &)Se(qh fl)}@m
27 Ce1(¢11, 61) _
+/9 Z Sel(ql, fl) —Ce' ’(ql’ 61) a,, 6,,=0 (11)

q71M

r" sex(q, 1) seu(qs, m)n/ jo sef(ga 1
/

Il

0

2n

rn se’\(qy, 1) celq, n)dn Jo cef(qy, n)dn

0

n

Lj" ce’s(qy, 1) seulq n)dnl jo sei(q, 1

(12)

ok,

%2 HE R=Ed tg BEAA(dispersion
curve) 59 28 e 29 59 7} 29 5 oOF

qdde] AAE Yehe e oA E e 0.7, 1t
72 77 Erh 2] oA E e 0.5691 H 4o Ui
HE,, HE,, HE; R g 54 T% Jehd
Yoo}, BALNLE yARER A4 QEZOE
olg3 7te A& ¢+ AUtk

Y 6& o4& FutA o w7t thE AR 7

$ol g3 HE, 2= —‘?"&%’—ﬁa"lﬁ} a9y 59
AR o|dge] AN e=08, &=0.64 7

- LDisperslon curve for HE modes ]/

~

g sl
2+
1k
4]
3 4 5 8 7 8 ] 10 1 12
ka
1
32 5. HE RE=Zd thd EAFA (=07, e,=0
56, a;/e;=1.25)
Fig. 5. Dispersion curves for HE modes (e;=0.7,

€==0.56, a;/;=1.25).

618

Dispersion curve for HE"

Pa,
o

------ 8 =05 92=0.4 . 52/8"1.25
e =0.7, ¢ =0.56, a_fa =1.25
1 2 2

---0 =08 e =084, a_/a =1.25
t 2 2

! Il ' i
3 4 S 8 7 8 9

12l 6. HE; Z=o tf st 414
Fig. 6. Dispersion curves for HE; mode.

2032 o|5ste AYE Hol

ol €=0.5, &;=0.4%1 73l

o A2z SIEHE AFE ML,
-E‘ IEMe QEZOF o|F

stk 2ol Hae

A=k A& ﬂz‘r d‘”iﬁl%*—ri-rHEu
RES BAZAES ka%k | AFFE 9 Zl*%ﬂ

E 4 3k 29 69 e=

A ﬁl*PéaJr‘v:— 7E‘
(719 29 7, 8% 22

N
)
=]
(ﬂ
CD
o}L
_{

L 9,
=

rSL’
r-[rn

& A58 A BREY
98 wa,

3-2 B THEH

ot AN Fojz B4 B S o] dofF F
e} 2 (8)2R-¢ AA AAE ALE & ok
HE, 2o ti3t ot WiFe) AAE 22w 2
g 73 7o) vehdth a¥oA BE upg 7ol
HE,; B=d) g 71283 AA 9 $ge A5
zo] BRES A AY yE3 FYP3A
it ol 9¥5gBe B¢ el HE,
R FREYS BYFE Aol

o] Evtgo 2 RE IO 2 EAse AAAE
AA Y ARALE 571 ANAFLEER A
st =719+ (equivalence principle)®lg o]&
gt AN ¢ ok = Y AFHE X33}
' 7 vs A3ty SrkgElE H 4714



32! 7. HE, 2T t3 o3 E g goAg
7R HAEX

Fig. 7. Transverse electric fields in the inner re-
gion of waveguide for HE;; mode.

LCopolar Radiation Pattemn I

e, =0.7, ezto.SB, -z/u‘s‘l.z
§=00
- $=QQ0

~
o

Relative Power (dB)
8

A
o

2l 8. HEy R=o] FHu BAlsg
Fig. 8. Copolar radiation pattern for HE;; mode,

of B e HAAE F7e RUAFLUEER
A = At =ohd )l el AA o} A
€ 27 E, Het 818 2ot g goAe A
Ho] fRtER S AFUES} A AFLEE

ofef s} Zo] e = Qlth.

Jo=nxH,
M.=n xE, (13)

oA 2 NE HHANE S =Yk WHE o]
g3t B ALLEEH 9AE] 9902 BArg
AAL AAE 2AH R e} o] ey 4
b=
_ Jkeikr

4nr

Ep= (Lg + nNy)

eHIY ATACIE Eshue] Aot % $4 54

Ey= (Lo — nNy)
4nr
jke—jkr _2
Hy dnr (Ny ,1)
; —jkr L
— _ Jke¥ i
H; Anr (Ng+n ,1) (14)

7N g AFERANY YFizolz, N, T
o g NS X783 202 ofgst 2o,

ﬁ:]j 7: ejkr'cos'l’ dS/
s

—

Fof] o 9

2¥ 88 &=0.7, &=0.58% B}¥ HZAE
£9] E7o] 091 A% HE, =9 FHIAHE S
A AHE JEPD Zojt). o7]A £ 9E E
99 A22] ol 82 mm, F& £ &Y ol=
8 mm, 4= 11 GHzQ A48 2839 ¢
=00 A Ale]=E2HE= —30 dBo|d}o]n], ¢==00°4]|
A —27 dBosloltt,

23 9= 29 83 7 Aol thste] =450
Aol FEsdREY TAAAGYES vebd Zo|t,
FHRGAE-E 41° 24 nully o] ERET Alo)=
289 HFe —30 dBolstoln, waHT}E= A
F9oX —50 dBo]s}o]tt,

rRadiation Pattern at ¢= 450

-10 [~ e‘-0.7. az=0.58, azla1=1.2

-20

=30 =

40

Relative Power (dB)

-50 I/ S

-80 =

<70

i L ! ' '
Qe 100 200 300 400 500 800 700 800 900

5]

38 9. HE, 29 785 2 3xune) 2AmY
Fig. 9. Co-polar and cross polar radiation pattern
for HE;; mode,

619



REEHEPEECEH IS 55 W 19984 100

N.g 8

£ £EoMe g4 AFANE 2o YelA
o g &g Tt §eE =oH ¢
o] AA % AAEL radial ¥ angular Ma-
thieu FFEE XAHY, o9 FX4 AL &
et B A =¥l a7, e olE
& A2 AR 3t CHHE AMgste
AFE Z2aPL MLt gy AFANE =
st Yolre AA 2 A E AR, BE
A &3 AN a2 wfAYE o
£3le] HE R=Sd] i3 SAUA A& =38
t}h £% o]2HE €43 AFANE =oF Yo
A 2] B9 oA Bl e AREA L ANHL
o, 57198 E ol &3t AAT FGA 9 <l
L] ALY 2 A4et

0|37 ol el AFAE Zupd oA
o] ANEA 2 BAEAHL EUE AA 2 AF
37) 918 8% toleE AT}

it

b0

Mo
Fo

[11 M.EJ. Jeuken and L.F.G. Thurlings,
“The Corrugated Ellipical Horn Antenn-
as”, Proc. European Microwave cout., Bruss-
els, Sept. 1973

1983 24 : Mgt B 2485
(o] 8A})

19854 24 : @R Ere4 B &
(o] 84 A1)

) 199249 89 : SR &4 B Y
(o] gHapA})

19853 ~1988+

D ESdAgdTa

A+
19934 ~8A : AU 2t 22
(3 4 Eof) dnpast, e, A2 FAHY

620

[2] P.].B. Clarricoats and P.K. Saha, “Propa-
gation and Radiation Behaviour of Corru-
gated Feeds”, Part 1, Proc. Inst. Elec.
Eng., vol, 118 pp. 1171-1186, Sept. 1971.

[3] B.M. Thomas, G.L. James and K.J. Gr-
eene, “Design of Wide-Band Corrugated
Conical Horns for Cassegrain Ant-
enna”, IEEE Trans., vol. AP-34, pp. 750
-757, June 1986.

(4] E. Lier, “An Elliptical Corrugated Horn
Model for Radiation Pattern Predictions”,
Antenna and Propagation. Society Inter-
national Symposium, AP-S Digest vol. 1,
pp. 156-159, 1995.

(5] ®AE, 153, “Kai= Hgo]Brto]= A
2¢ FAL AFACE & gHY AT, F
2183 AFH e eRS =73, pp. 177-
181, 1996.

[6] M. Abramowitz, and I.A, Stegun, Hand-
book of Mathematical Functions, Publ. no.
AMS 55, National Bureau of Standards,
Washington, D.C, 1964.

[7] P.].B. Clarricoats and A.D. Olver, Corru-
gated Horns for Microwave Antennas, Peter
Peregrinus Ltd., London, U.K., 1984.

(8] C.A. Balanis, Antenna Theory, John Wiley
& Sons, Inc., 1984.

19879 29 : AFUHE FAFSH
(TAh

19893 29 : dgFistw oty AA
A% (FEAAD

1992 2€ : ¥¥Ugw gy AA
A (FEua

1992 39 ~1997d 24 : AR

CEELEE TR
19974 38~8A) : FoPIFY PRENH FuF
% B420F) et R AR ot



