52 12 2003 12

Vol.52 No.12 December 2003

1000-3290/2003/52 12 /3035-08 ACTA PHYSICA SINICA (©2003 Chin. Phys. Soc.
610054
2002 12 13 2003 6 9
PACC 4110H 1220
finite dif-
1. ferentiation in time domain FDTD 36
finite element method FEM 7%
FDTD
. FEM
FEM
radar cross section RCS
9
0.7m 7 m
approximative boundary integral method
ABIM "
shooting and
34

bouncing ray SBR

low observation

LO

10

general combined field integral equation GCFIE
multi

level fast multipole algorithm MLFMA ' "



3036

52
10
2' H r :Hinc r o+ Hscal r
+2j ds’iwe[Ms r grr
l o, /
1a +k2V-MSVgrr] 2
1b 2
1 ¢
Mﬁ Ms Hou[ r — Hinc r o+ Hscal r 3
2
MS = i\l X E
Ms {t]}szl {Ji}?/:]
N
H = > al,
i=1
N
M, = > bJ, 4
i=1
4 2
A a8 = F + B b 5
A =| asee 6a
B; =2J ds’t; J ds 1(1)6[]1 r grr
1 7 4 /
+?V Jor Vgrr ] 6b
b -[ e 6
a?z - Youl b:’z == I 7
Y. = A ' B 1
(b)
- A" F .
M Js
a, = Y, b 8
()
a, = a,
1 bla = - b(()l . 9
a b c




12 3037
a, - = Yin ba 10 4
Yin
Yin
7 10 X% B
( Yin + Youl ) b(()z = ] . 11
b
1 o 1 R . .
a REA [v2]
— | Py I —
3. (b)
2 a
b
) 1.
H r =J7ds'iw€[Ms rogorr A; :J.;j.dStj r - {EJL' r
+%V’- M, v Vgrr +Lds[nr xJo ' Ix Vg ror }
15a
_ J ds'J, r xVg r r 12 .
) B; :J dst; r - J ds’icus[ji r grr
s rcs 12 5 5
10 1 .
+?V’- jir Vgrr ] . 15b
%H r :L?ds’iwe[Ms r grr 15 a b
1 V- M, ¥ Vgrr
+ kZ s g a C
15
—j ds'J, ¥ xVg rr . 13
s=As [Aau Au,c] [ au [ Buu BM] ’ ba] 16
12 13 s; AC’I A(‘(‘ (l(‘ - B[‘(I B(‘(‘ 0 ‘
J As 16
a2 a, = Y, b, 17a
2 A -1 -1
Y, =( A, - A, A, " A,)
1 2
X ( Btm - Au(: Acu - Bcu )' 17b
* A
3 4 " 15a 15b Y, A
y . 17b 15a 15b
A Y,
H = >aj AL i 2
M, = Db, j;. 14
14 3o 0 Y, = [Y“ Yu] 18a
Y21 Y22
(11 b/1
A a = B b 15 ' A ' T



3038

52
by = b, b, ". 18b {1 K=M
sen K =
17a -1 K =] .
a, Y Yullb, 14
N AR
a; Y, Yy b, { Ly, 23
B A a = B b + Fm 24
[%]z[Y}s Yy [b3]‘ 20
a4 Y43 Y44 b4 AI/.* = tl Lm ?l X jl-‘
2 3 @ = B, =t ieweL, j,
as bz = - b3 19 20 A F ;= t[ f . 243
B Y,
[v#] - [; i} . b= b b ‘= 0 b 25
4 “ c a 24
iy = Yy - Yy ( Yo + Vi )71 Yy A a + A a = B b + F
213 aa a ac c aa a ma
— 1 cc aL + ca aa = Bl‘(l b(l + Fﬂll‘
Yy = Yo ( Yo + Vi ) Yy 21b 2%
Yy = Yg ( Yo + Yy )_1 Yy 2lc 10 26 a b
Y:M = Y44 - Y43 ( Y22 + Yﬂ )71 Y34 . 26 a b
21d ' '
a b .
Yi“ X c a
13 a, b,
4 4 :
21 MFIE
Yoo = Yy . 22
. combined
field integral equation CFIE
4. GCFIE
10
. GCFIE CFIE
10 .
magnetic field integral CFIE  GCFIE
equation MFIE ABIM b, ¢
: ” 26 10
t- L, axH =t liecL, M +f,] 23 b 2%
L. K :st[K-grr’ +%V“ KVgrr’]
L, K :sgnK[2TtﬁxK+Jd3Vgrr’ xK] ABIM .

fo =4ni x H™
ikR
e

g:R




12 3039

1A 52 104 204 . 3b c
5. RCS 3b
3¢ P 3d e
d=10 & gp RCS
21 22 . 3 b c d =10
d RCS
3 a d 4 RCS
‘k kSCBl j}{
¢ |<— 21 —>|
777 FFFFIT >
7 Z }
ﬁ 5 2
PR, :: -

/ 4
Y 7, 1

”
/ /
/ 4
/) /
Ay (a)

0 20 40 60 80 0 20 40 60 80
6/ 6/()

0/C) 08/

3 RCS a b 0 RCS c Qo RCS d d=10A
o RCS 8 e d=10A g@p RCS 8



3040

. 4 a
4 b d =0.4251 0.85A 1.7 xoz 13
op RCS 4 ¢
13 d=0.850 ¢p RCS

0 20 40 60 80 0 20 40 60 80

/() 0/()
. 4 a b xoz o RCS ¢ d=0.852
x0z @op RCS 13
5 S
5
a mm 5b 6
HH RCS
31 ABIM
GCFIE 6  MLFMA
RCS . 0 5b
S5c¢
9 1° 60°—120°
5

RCS


Absent
Image
File: 0


12 3041
101. 6
|
® To.5 g 0.015
X
g 19. 5°
10. 41
[mfi) 304.0 609. 6
e JEEE
GCFIE+MLFMA+ABIM
20 |
m
il
~
o
-180 -120 -60 0 60 120 180
6/C)
T © fiH: 60°—120°
60 70 80 90 100 110 120
0/
5 S a s mm
3mm b HH RCS c S 60°—120° HH
RCS 1° 0.2°
1 Ling H Chou R C Tee S W 1987 IEEE Trans . Antennas Progat . 5 Lee R Chia T T 1993 IEEE Trans. Antennas Progat . 41 1560
35 605 6 Chia T'T Burkholder R J 1995 IEEE Trans. Antennas Progat . 43
2 LingH Zhou R C TeeS W 1989 JEEE Trans. Antennas Progat . 1082
37 648 7 Jin JM NiSean S Lee S W 1995 IEEE Trans. Antennas Progat .
. . . . . 43 1130
3 LiuW M 1996 Ph. D. Dissertation Chengdu Univ. Electron. ] ) )
. ' ' ) LiuJ Jin J M 1991 IEEE Trans. Antennas Propagation . 48 694
Sei. Tech. China  in Chinese 1996 Harrington R F 1961 Time-harmonic Electromagnetic Fields ~New
York McGraw-Hill Book Company
4 Liu X F 2000 M. S. Dissertation Chengdu Univ. Electron. Sci. 10 Wang H G 2001 Ph. D. Dissertation Chengdu Univ. Electron.

Tech. China 2000

in Chinese

in Chinese 2001

Sci. Tech. China



3042 52

11 SongJM LuCC Chew W C 1997 IEEE Trans . Antennas Propa- Chinese 1999 27 104
gation 45 1488 13 Jin J M 1993 The Finite Element Method in Electromagnetics New
12 NieZP HulJ Yao HY et al 199 Acta Electron. Sin. 27 104 in York Wiley
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Abstract
In this paper the electromagnetic scattering from conductive target with open cavity has been simplified as two inner and
outer equivalent models by using the equivalence principle and introducing an equivalent magnetic current in the aperture of the
cavity. For the inner part of the cavity the equivalent conductance matrix has been obtained by use of connection scheme. Ap-
proximate boundary integral method has been used to describe the coupling between inner and outer parts of the cavity and to
obtain the aperture equivalent magnetic current. Finally the general combined field integral equation was presented to form the
electromagnetic model of the scattering problem and the multilevel fast multipole algorithm was used to solve this problem effi-

ciently. Numerical examples show good agreement between calculated results and measured data.
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