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The Analysis of Electromagnetic Scattering
of Perfectly Conducting Polygonal
Cylinders Using Extrapolation
Integral Method
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ABSTRACT  The integral equations used in electromagnetic fields theory can be used for scattering problems. We
can obtain various characteristics of scatterer. ie, power pattern, scattered field. by finding current distribution

on the scatterer. In this paper, current distribution on polygonal cylinder is obtained using integral equations in 2
dimension. For numerical analysis, the moment method is used with pulse function as a basis function and integral

eqation is used with extrapolation method, which saves cpu time.

I. M = 2 o) A A B elutdel F2E A 9
2} Aled A HF EE odael cross
Azpa} abet s o] oA gl ubdollA & 2 7 section5 & g 4 gJon] ¥ k=Rojii g
of Al gt oke Aol slAAQl vmd et P 54 FEES 94 mA BAF pd s
¢ mopel salo] TRAYE £ ERME  of o]F R Tz Abek BAlL 2 AUseln
Folo RopilE 2sled ofe] mobel AR dabzie) Telelqel 4AS ol§F 14U AL
| oz 44335k o2 4 odojn Az £4)
*, R, kR gL KR I.ka.?: ifll%!f:} TF2ZE AbololA] EAlzhe] Azl AL o)a) g4
Dept. of Electronic Engineering, 21 1) %) s B .
Chung Ang University, 151 Korea. ol UL gl L) oA Bl EHS
S 87 - 56 (HEF 1987, 7. 14) AbE-3lo] A BulA Aol s F F3igc}t o] HA

571

www.dbpia.co.kr



BRELRERHMLLE'87-12Vol. 12 No. 6

2l
A

zzw

oA W¥HozE HY T
sl 223 HExE =
Ay & Abstgded ole C
R AA st 3 L5lo]x 9 xfat 0\]/4
Zholl A28 4 gloic}8linti

< 34

914k
time 2%
CELL

Hz
ﬂrﬁ

l

FH&

C.\u

I-1. TMIEle B

dA £A7} A5 Tl FAUAL @ 2 ol
A el Wbt gl A 2wl §715
£ AE UE S22 29 AR} Er bk, v) A

Ges 2t
V*Ez+k*Ez=jw ulz (1)

9 JzEEA Falo| opy i
2ol ek (1Al o] lubsl=

Aol 0 9

Ez=—wgu/4 1z Ho? (kir—F ) (2)

(2)A el A 1z = soll F715+=
e

HE Jz &

Ez=—wu/4 Ss Jz (V) Ho Pk IT—F |)gs’ (3)

PRESCEREE
<r>»m Aelsl A
L

Ez=—jw u SCG F ) Jz (F) do’ )

G(F, ¥)=1/(4j)) Ho® (kIt—¢" 1)

0-2. TEmtg 74°l8)‘ 19)

23t TE#lAME Ez = 951 Hzuel £ 3
B2 A7), A7) ZUA A, $E FEAL ubE
Lia=d

A+KEA=—u] (5)

572

14

v gk g2 (6)
04 7]/‘1 p, et Al dxy FAFoic}
REE L
NG SSJ(F’) G, ¥ )ds’ (7)
1 o
B = S o (F) GG 7)ds (8)
0]1

H(F)= SC oG (F, )/ an” Kt (¥')de” (10

0-3. & ™A 9 "pAHY
A AAY ZAAE & o] Haie 9

A s AReRS el £4]oz 3¥E £ 9l
o},

E@®=E'®F)+E®®F)

H(E)=H' ) +HS (F) an

DA ol (4)A 2 104) & g sh
EF) - (F)"jquCJz () G (F, 7) de’
(12
HE)=HFE) + SC G (T, ™)/ on Kt(F) de

B33 (0PH) ol A E=1 AA 32
@ w034 o) $9 FARL cheF Pol BHY
!

www.dbpia.co.kr



i /A EAEE o] A Ea ebab3e Azls} 4bek @4

lim S 3G (. ¥) / an Kt (') d¢’

e

= lim
T-re

[ acm )/ anKe@)ae+

S. 8G(F, ')/ an’ Kt () dc’ 14

l

ool

BEAH(r) ol A Edoz HTY 7é—r v &3

# A6 2 olFE ol tr—r'lE {iﬂi(r’)

A% Azl)  o—6

In the case of field point approached at object

body’s surface

(¢ is angle at fild point (r) to surface 6 and
{r—r’| is distance to source point(r’))

-

(194 el A 6— 0ol =3

lim{_, 2G @)/ an Ke(F) de’

—1lim(—1/2 =) ¢Kt (F)
ot g= A ol ro] AT vl HEE

lim Sc 3G (%, ¥/) / an’ Kt (¥ ) dc’
+1/2Kt (Fc) (19
1548 (134l ol el 3 3}ed

1/2 Kt (Fe)

=H' (F) + SC_. 8G (F, )/ an” Kt (') dc’
16
st 2 (1240l ToTe 2 st 4 =4

FEdoll4 A HAAE 0°] "ot 2BlEE

E! (F)=‘lign jw;.:XC“G (F, ) Jz(F) de’ (17

o|Atz} o] TE, TM zhe] & HAA 2 419,
13og FRY 4 A AFSA AL A6,
ez ¥ 4 YA =Hdh ol dFel= Fredholm
ARl A TAg wopg o|F 3 Y@

M. X i % 7 22 A3

I-1. 2HEY

441 (16, 172 TM, TE 3}2] Fredholm ¥
W40l Heh AHYLIE BA YL4E AE
o] ZRlE WG o] &3 el F Hold

M-z
R

: Akl
AR UE

T™ ol 4 &

L=timwarl L Gr, ) ac
g=E' (F¢) 18)

TE}bol 4 &

L=1/2P () +lim | 8 G 7)/an’de’
g=H' () 19

Z 3¥E3sich

M-2. Hg ¢yl ayd iy

duiH oz HHEE A8 E vl Simpson,
Gaussian 2§ o]-&3lof AAkgct, Simpson
Ao vto 9318 3] 83lw Gaussian HEH
2 E5o]A (Singularity) & ¥ gcte A o] A&
e oo HE prhe] $¥o] Y EA Ho

=3 A e A7 el Ay el #
2 71A F45¢ ds 2 ded olv HFEHTF
2t A7kl F2lE ZA st

¥ eRoldE fe el HAEE TEHD
Eol A8 gol 2HoHE oz g
573

www.dbpia.co.kr

{6), (7)



REBEPHRALE'87-12Vol. 12 No. 6
SAE T 4 AA ek
3% 7b4 h=(b—a) /22 ¥1 ,
Ea
L— g f(x) dx=S (a, b) ~h/90 % (w1 @y T2
a H
e E
th, S, b)=h/3(f@@)+4f@@at+h)+fb)) {ul
=3 o Aog T o 1 2
b ‘24. l:'l + Aot %
Saf(x)dx=h/6 (fa)+dfath/2) i
+2f@+h)+4f(@+3/2h) ED
]
+i®))—(h/2) b—a)/180 f¥ () Q1 ot ZT il 2 —t
Sa

Sf(a, (a+b)/2)=h/6(fa)+4f@+h/2)

a2 2AAYE 3 AAF EA 2AUK-YS)
sl AbabE 30" 2 QAR EAlE A A

+f(a +h)] Array of 2-dimmensional polygonal cylinder at 30°
—_— angle wave incidence.
T 4
~
- IS, s 22 |
>
=
-
S 2
] & 300
(=}
=
Z,
1o
2]
=
=g
O o ey
0 L4 27
¢ (radian)
(a) TM 74 -
T a :
; .
e . -
- r :?\\ : 0. fj
S ™ AN X -~ e
I A : R
- \, \, : o S
o \ \ ] V;
z N\, \ X /‘ ’
2 N\ N /
o \ \\‘ . / 7
\ N 4 /
e N /
4 . N e
x] N
[+
e .
=) :
Oy R T S oo
o 7 27
8 (radian)
(b) TE 2%

33 WYF el frlde AR $2 54 (QAeke 0094 307 94 ka=1.0)

Current distribution at cross section of circular cylinder (incident wave at 0° and 30° angle, Ka= 1),

574

www.dbpia.co.kr



i L/ A EAEE o83 kA £

S{((a+b)/2,a)=h/6[f(a+b) —S ((a+b)/2, b)) 24
fat3/2b)+f(b)) 22) >
(i a5 @, G+b)/2)
A28 A @)ol st —S((a+b) /2, b) |<e 25)
13
Sa fx)dx=S (a, (@+b)/ 2)+S(a+b)/2,b) o %4_
A= A
—1/16 (h /90) £ () 23) HEE HE2ste & 2 A4l 47
%4.
o e},
_ I
4003} 409 wletod BAG 5 M-3. #Fel 22 g
s £ AFe whele 233 ol wiel
h/90f* (4) =16/15(A (a, b)—~S (a, (a+b)/2) ste] Hwdsbrk A A 2 QA Hoa AbA
o XZel 4715 £ Atz ARe 2
T
~
] L, i
- { l'\. B C
B \ R\ A /
o) »/[z\z\ AV 500
8) N e ,I X "\'.\ o ‘30 / ~%- 30
= L =L =
a TS TN 7
. \Vg. \Vg. : °
& — e
o
Ez N
o .
© ) PR TY SOUON WY WU VT 3 AR SN U VO G SRS DUV S
A B ¢ i A
(a) TM7%H$
T4
oo}
~
:’ﬁ e NT—— e ‘."’:..
S AN ‘\‘ ,/l ,/
é 2 \‘\ \\ . ‘,/; / )
:\_.\ R '.!
; \ // \\ 1"'
W \ .-“"'-?—"‘TF b /
«© YoM K "
& v
= :
ST bt} N '
A 1) c n A
(b) TE 74 %
Qg4 AE delel fol8E HF BT 4
(U hskE 0°9) 30° Ak, ka=1.0°l2 7t #xA A, B, C, Dolld #AFgtol wab)
Current distribution at cross section of rectangular cylinder
(incident wave at 0° and 30° angle, Ka= 1, at singularity of edged point A.B. C. D).
575

www.dbpia.co.kr



BREEEERLEBT-12Vol. 12 No. 6

et

V. & £

FA AT o3 o] BAMATH

s E gt WS ofe] chF w7
EO-E®-Z Aol §715E 85 Lo Aol g3 7
. steick ot ole) o) AYF(FrES BH)
jwy& G@EF)JE)de’ (26) obol Al MOl Abek E A4S o) shod £ 4) )0l
o 44 o ool 223 CT ol B2 A2t e
H(f)zH(F)/‘r‘:l £ oluby B 24 sAdol 2ol Ew Al Rl 4
_ HEH S EeFaolA AAE Y4 A A

Si 3G (F F) / an’ K (F) dc’ on GE el uH Y5 H Lo shaet

576

CURRENT DENCITY (J/Ef
=
e
L

) kjF
0—tE 2 30°
Ianlit

[v] 4 - 4 4~
l’ L N ]
A 8 [ D E F G H A
(a) TM 7% &
4
=
~N
3
- 0
)
B~
3)
> 30
[ 2
Q
§._
z
=
e
o
=}
© \_/J
o L= I R— $ At
4 8 c o E F G H A
(b TE 7§
285 oo f7lse " v B4

(ﬂ#ﬂ‘()%%0ﬂ4 M*loﬂﬂﬂ' FA 4 A BUEVF, G H ol HFatel b

Current distribution at cross section of inmodel object
lincident wave at (° and 30° anele, Ka 1. at singularity of edged point A.B.E,F.G H).

www.dbpia.co.kr



B /A4 TARE o848 S mA wAF] MaAsh Ak A4

4
2
S F___G
= o I
o __.E .

E { 427 30
- 30 ..

2 2 c ‘
= _—
Q P A H
£

Z

]

1

I~

o

o

o 4 +——t t +—+
A B C o] E F G H A
(a) TM 73 ¢

<

o=

>

E=

Lad

(&}

Z

]

a

&=

=z

=

[~

[

=)

3]

(b) TE 7 %
a6 A¥F dulel f718E AR BE 54
(J2hske 02k 30° AL ka=1.0°lm 2 FAA A, C, D, F,G, HolldE AFatol i)

current distribution at cross section of model object .
(incident wave at 0 and 30" angle, Ka= 1, at singularity of edged point A.C.D.F.G.H)

387 2”29 FAR(TMAE) £ T4
Total E-field distribution al Fig.2

577
www.dbpia.co.kr



BEREERRRTE7-12Vol. 12 No. 6

Foz A7y FAzE B ¥
o 4 o B AN AR WA
olck.

E1 Sl4bs e 4Eyste] CPUtimeslx

CPU time compared of extrapolation integral method
and other method.

51

°1-' U}-}l

Gaussian Quadrature Extrapollation
Integral (4 point) Integral
™ 1760 850
TE 2380 1120
(per/SEC)

AEFH 28 2 o8] 2oka e HFellA b
o AAHNA ] AFY Abstshe] & Tkl
TAA (s ol AFohe] wabsty, T
A%g 71Fsto] gl BAE woln Uk =9
Ag L Fobes VHF dollA AHE3ka ka>19)
A BE FA AFEe] ka= 1014 &8}
9}t w3 Gaussian AEHollA oo g8
b 4 "oz Ye&u dlole} 3t & =FellA
A g oAb ol 8 A E-ghol Aol AA
olem CPU time& oigt 1/2A 5 AZutES
Holx glrh

#F #8 #Hi(Sang Hoi YI) E®AR

1958% 9 A 3 AL
1983 2 A [ PRABETHASR &
TR R (TALL)
19854 2 A @ A RAHUE ABE B L
HREY (T PR6R 1)
19854 3 B ~BL7E | P RABE KT
BT LAH B LRE
19874 9 A ~BUHE | hRABR TH K
BETLERH &L

578

2 2 XN

(1} K.K.Mei and J. Van Bledal, “Scattering by perfectly
IEEE trans. Anten-

nas propagation, vol. Ap-11. no. 2 .pp. 185-192,
March 1963.

Satron Sugimato, “Electromagnetic Scattering by per-
fectly conducting polygonal cylinder”. IECE of Japan,
vol J68-B. no. 2. pp 251~258. Feb. 1985,

(3) K.K.Mei, “Comments on Scattering by conducting Rec-

conducting rectangular cylinders”.

=

tangular cylinder”, IEEE Trans. Antennas Propagation.
vol. AP-12, no. 2, pp. 235-236. Mar. 1964.
Nagayohshi Morita, “Reonant Solutions involved in the
Integral Eq. Approach to scattering from conducting
IEEE Trans. Antennas Pro-
pagation. vol. Ap-27. no. 6. pp 869-871, Nov. 1979.
donald and Raj Mittra,

the Caculation of Electromagnetics Scattering Proper-

(4

and dielectric cylinders”.

E

“A new numarrical approach to

ties of 2-dimension Bodies of Arbitrary Cross section”.

IEEE Trans. Antenna propagation. vol. Ap-20. no. 3.

pp. 310-317. May 1972.

" The algorithim for the Mode-
matching Method considering Edge Condition”, IECE of
Japan. vol. J60—B.no. 11. pp 820-827. Nov. 1977.

(7) Ercument Arvas. R.F. Harrington and J. R. Mauty. "

(6) Kamenosvke Y asuura.

Radiation and Scattering from Electric lly small cond-
ducting Bodies of Arbitrary Shape”. IEEE trans, An-
tenna propagation. vol. Ap-34. pp. 66—77. Jan. 1986.

(8! R.F. Harrington. Field computation by Moment method.
Macmillian. New York. Sec. 3.4,1986.

(9) R.F. Harrington. Time-harmonic Electromagnetic Field.
MacGraw-Hill book Co., New York. pp 228-280 1961.

(10 R. Mittra Computer Techniques for Electromagnetics.
Pargamon press Co., Oxford. pp 173-177. 1978,

B X ¥ (Goo Cheol Jeong) IERA
195641213 25 HF

1979% 2 A - shR KM B f TREHE¥

198152 B PRAHK KRBT E L
HE (T BHET)

19824F128 ~1984%: 3 f © RaIER
shdadk #i R RPT B RLATR
(WRa)

1984% 3 B ~BIfE | thR KM KBEE
TR WERE

1986%F 3 A ~BlfE . R KM BT TRE B

www.dbpia.co.kr



# X/ A A E ol 4T A Ea o3 Aizbal A7 a4

£ IE M(Jung Ki KIM) EFRA
‘ 1942%6 5 A 5 B4
1965E 2 F | EH ABEKIER T BB E¥%
1969% 2 f [ EEH KB ABZE R T B
H(IREL)
1975 2 8 | Et KB ABRRERATLS
v B (T8gL)
1970% 3 ~1977% 2 A © .5 LEA#
Bt

19775 3 A ~BLE | PRABKE F THREK2
19824128 ~19834° 12 | £33 KB KE B ¥

579
www.dbpia.co.kr



