56 12 2007 12 Vol.56 No.12 December 2007

1000-3290/2007/56 12 /6937-08 ACTA PHYSICA SINICA ©2007 Chin. Phys. Soc.
*
1+ 2 1 1
1 212013
2 710071
2007 4 15 2007 6 25

PACC 4110H 5170

1. RCS 11
2. FDTD
12
FDTD ) oB
FDTD 3ORC Vx E =- > 1
4—7 8 9
Z Vx H =¢ge, oFE 2
FDTD ot
B =Uol,* H 3
Padé-FDTD 0 €, L=,
11 3
11 ) FDTD
RC-FDTD FDTD
Padé-FDTD | FDTD x
a1 .1 ) +|/2(- 1. 1 )
Atl—[;(z+2]+2k—l']'; L+2]—2k

+1.71.)_n(.71.)7
E';(L+2]k_Exl+21k+€

. . 1 . 1 . . 1 . 1
w(iegbeg)-me(ieg ) k‘?)]
Az

* 40674060
+ E-mail lixiayang @ yeah. net



6938 56

FDTD - -

=Re y,t =Rey,. 1t . 10
3.2. FDTD
3 B w H o
. 4 3
B, w =py 1+y, o H o
+ Xy @ o, 11
3.1. B, w =p1+y, o H o
_ijx w #()Hr w 12
N B, w =¢H, o . 13
11 12 13
B, t
po=p Ity # =H, t +y.t *H 1t
0
O + xu X1 OE +oyn b ¥ H 14
o )
_#OE XZI 1 + Xzz OE 4 B '
O o 0 1d ) = vt+X}yt*H}t
Ho
I 4 - X. ¢ *H 1 15
O xn w lez @ OB B. t _u 16
X w _E_JXZI ] X2 @ 0@ 5 to )
U o 0 ot 4 15 16
wy + jwa w, B, 1 !
Xu @ =)xn @ = wo(-)kja)ozz—w2 6 Mo = ot +-[OHXI_TXHTdT
ww“\ '
Xe @ =xam @ = o - +J0H” t -7y, tdr 17
0 _
B, t !
! :H3t+JH,,t—TX”rdr
w, = 7H, Mo 0
H, y Y = —JOHX t—7 . tdr 18
1.76 x 10" Am/kg B
Lt
w, = '}’47‘[M5 o :Hz t . 19
M, a . 17 — 19 n+1/2
6 IFFT 7
8 17 — 19
N ~ Z?\"“/z nel2 At ~
Xxxt :X“ﬂt l; :}Fx+l/2+ J Hx TLAt—T medf
w,, . W . ’ 0
—]+za—]€Xp—Fa—Jt 7 n+li2 At _
+ [ H nAt -7 y, ©dr 20
~ ~ '0
X b =Yt E"H/z n+1/2 At
w,, ) w . L =H + J H nAt - o7 dr
:1+a21+]aexp —1+0aza—3t] 8 €9 ’ ) ! X
nel2 At
Yo b =Yy 1 + J H nAt -7 y, ©dr 21
:Re ;xx 13 = Re ;,ﬂ' 13 9 B,Hl/z ’
z :Hn+l/2. 22

Xxy 14 :ny 14 Ho



12 - 6939
E/Hl _ §n —~ —~ —~
et = (L WHY + (= 1= W),
Ho
+ ,}Z?fyH';‘H + ;L) - ;(9)@‘ H;
n-1 n-1
Sagme - Sague
n+1/2
n
" ~ m+l
FDTD At H, AY e =X = X
Y S 28
4 Afw =Xw = Xn
20 18
E\ x" n m— m /n E ;I*+I - /\;’" AO 1+1 Al AO n
P _H-"'XMH-"'ZH Tz(l’LXn‘)H’x +(Xn‘_1_Xn‘)H)
0 0
n— l ~ N N 7\ n
OH: " ‘H;: m m 23 _X?anxl _(X]}"X _X(})”’L)H*
m=1 n—l‘ —~
_ ZIA mH;',_m + ZAX;H;—M 29
a m= m=1
X(ix = |y T dr a2
’ X(;?:JXH’TdT
At/2 0
Xon = J X T dr A
! 24 X?x = | xw tdr
2m+1 At/2 0
Xﬂ,: = X w T df 2m+1 At/2 30
2m1 A2 Xy = X, T dr
2m+1 A2 2m-1 At/2
X:: = J Xw T dr. . 2m+1 At/2/_\
2m 1 Aif2 X = X T dr
2m=1 A2
Au+ A/\m _ m+1
B 1 X XW X
x HT:+1 + X ”H”+l + ZHn+l m m . 1 31
o S
0 Hn+1 + ZHHI m m . 25 1
BB Mg p &)
25 23 0 T VXE.
—~ n+1 n
BEH - B;’ m+1 n+1 n+l u = — V E 33
1o =H" - H: + er « t X“CJ Ho #0
m+1 At 27 32
+1-m ~ ~ ~
+ ZI'F J w T dr Re( B - B")
mAt IL[O
m+1 At
+2H’”1 " J . T dr —ngEx
mAL ) Ho
- mel o =(1+ ) + (e = 1= XL H,
- R o+ (= )
m+1 At S

el o) - wl Soag) . s

m=1



6940 56

+ 1 n 0+ n
H =+ " Xi[ — (e = V=) H = 1 = (o = X H,
n-1 n-1
+ Re(ZAX;ZH;””) + Re( Z‘{AX;;’.H;‘T”‘) - ﬁ—; VxE |. 35
n+ 1 - At
H}'l :w[ - (X)v I - X)W)H + XOH Lt (le* - X(ir)Hv _T VxE y
n-1 n-1
+ Re( D Ay H ™) — Re( > Ay nH™) 36
m=1 m=1
35 36 H’;” IT_:” 35 36
1+ 70
e e L B SN IS VR PP S A R S
(T+%%)7 +(x%)° 0
+ Re(ZAX 37 Re(ZAX "H )]
- ~o X;y ~o 2[ - (vay -1- X?y)H; + (X)n - X~ )H + RC(ZAX;’H’ )
(L+ %)%+ (%)
n-1 —~ At
- Re(ZAXj;H;"’") o VXE ] 37
1+ 70
o o= ( +Xxx) —(Xl'—]—X?V)H?+(Xlx—X?x)H:—&VXE
) AO 5 AO 5 Yy Yy ) ¥ ] #O
(L+ %)%+ (%)
n-1 —~
el Shagom ) - el Shagen )]
o
+ = Xz” ~ 2[ (e = 1= 0 H = (s = 20 H) + Re(ZAX ")
(L+%%)° + (%)
n-1 —~ At
+ Re(ZAX;;H;-'") b VX E ] : 38
37 38
HT] = C,H; - CBH; -C VxE ,+C) VxE y
n-1 —~ n-1 —~
+ Co| Re( D Ay mH ™) + Re( D Ay rm )
m=1 m=1
n-1 n-1
— Ce| Re( D a5 H; ") - Re( 250y nH: ™) 39
m=1 m=1
H =CH, + C,H - C. VXE , - C, VxE

n-1 n-1
v Gl Re( 250710 ) - Re S5a7 )

n-1 n-1
+ Ce Re( 2507 2H) + Re( 2 ax ;™) 40
m=1 m=1



12 - 6941
(U 20) (4 o = o) = 50, O = 20) X0 ~ ~
C, = = = = AP = i H ™ "Ay™ = H"'Ay
' (14 2207 + (1) Dl = 2 AL = Y,
c ) O =) + 0 (L ol = 20) +exp(— P e At)agg;‘ 43
B = (1+ )%+ ()2 1+ a ’
A Ay - A _
n N\ n—m m -1 1
(1+Xt)g ¢ :Z{Hg AX}) = H')' AXU'
/10 m=
) (1) , s
“ o + exp| — 3 a—] At)¢r 44
o At 1 +a
xy #0 —~ n-1 . —~ B Al
= )7 + () Phe = 2 HTAY L = HAY
1+ 9 ( w ),-\
C = Gl _ 0 s n-1
P 0) ()7 M 4 R T FAt)d o 8
c 7 RC-FDTD
P )+ ()
33, RC-FDTD H' =CH, - CeH} - C, VXE ,+C, VXE |
+ CE s[}xx + xy CF </Jj)’ - S[})x 46
H =CH, + CH - C, VXxE ,-C, VxXE ,
e +Cp gl =+ C P+ G 47
n-1
YL = D HT AR 41
m=1 ~
28 (/JT(X :Re </}.\f.t
a7 = el - 2 g o =Fe 4,
a ~
=R
41 ¢w e ¢;ﬂ
_ n ~ . =Re ¢,
$Lo= D H"Ay L = HI' Ay o
m=0 z
o o\~ RC-FDTD
+ exp| — 5 a—j At . 42
1 +a
39 41 4.
1.5cm
0.8 @ 0.8+ (b)
0.4} i
] 0.4
> L
E 0.0—\
0.4}
0.0 ' 0.4 ' 0.8 ' 1.2 08550 ' 0.4 ' 0.8 ' L2
t/ns t/ns
1 a b



6942 56
. FDTD 0 =
0.75mm At=46/ 2¢ ¢ r
4t -1 ° 2
E. t = exp| - %] 48
T RCS 2 a RCS 2 b
z r=34At 1,=0.87. RCS 2
z wy =21 x20GHz w, =2xrx 10GHz a = 11 . 2
0.1. 1 2 |
_ 20 ———————————
_40_

=

g

2 o JCERL11W4H

-100 A AR
-120 |
0 I 4 I é I 1|2 ' 16
f/GHz
E] :
5.
IFFT
FDTD
FDTD
RC
RC-FDTD
RCS
Recom Joseph W. Schuster
41 — 45 o
~n n n 11
yxy Sbyy beyx
4 — 45 GL Pl Py D
41

-
.
U

n-1
= > THTAY L. Al

m=1

RCS

RCS/dBm?
|
I
S

—o0— R[]+ A
— AIHAE

-100 1 1 L 1 L L L

)
N

1

2 2-m A m

Pl = E H" Ay
i

m=

= H.AY .. A3

2
3 3-m A m
U E H" Ay

m=1
=AY L+ HAY?,. Ad

28

A;?;";l = exp( 1.2 _C:Oaz a -] At) A)?X”; A5

2
3 3-m A m
Pou = E H" Ay
m=1

=AY, + H.AY?,

20 a—jAt). A6

= AT+ | - 1


Absent
Image
File: 0


12 - 6943
3 n-1
[ ™ n i-m AL m
gL = D HTAY L gL = > H Ay
m=1 m=1
3 A 2 A2 1 A3 ~ ~
= H. Ay + oAy + HoAYS, =H Ayl + exp( -1 i") s oa -] At)(/) A8
a
= LAY L + §lex (_ 5 @] At) . A7 ~ o, s, ~
X S[) P 1+ a 2 L Sb yxy ¢' ¥y ()b xyx Sb xx
1 He P B Liu W M 2005 Phys. Rev. B 72 064410 Leit . 3 416
2 Li Z D Liang J Q Li L Liu W M 2004 Phys. Rev. E 69 066611 7 Joseph R M Hagnes S C Taflove A 1991 Opt. Lett. 16 1412
3 Luebber R J Hunsberger F P Kunz K S 1991 [EEE Trans. 8 Dennis M S 1992 [EEE Trans . Antennas Propag . 40 1223
Antennas Propag . 39 29 9 Ge DB Wu Y L Zhu X Q2003 Chin. J. Radio Sci. 18 359 in
4 Teixeira F' L. Chew W C Straka M 1998 [EEE Trans. Geosci. Chinese 2003 18
Remote Sens . 36 1928 359
5 Gandhi O P Gao B Q Chen J Y 1992 IEEE Trans. Microwave 10 YangL X Ge D B 2006 Acta Phys. Sin. 55 1751 in Chinese
Theor . Tech . 41 658 2006 55 1751
6 Kashiva T Ohtomo Y  Fukai I 1990 Microwave. Opt. Technol . 11 Schuster J Lubbers R J 1996 Radio Sci. 31 923



6944 56

A recursive convolution-finite-difference time-domain
implementation of electromagnetic scattering
by magnetized ferrite medium”™

Yang Li-Xia' ¥ Ge De-Biao> Wang Gang'  Yan Shu'
1 Department of Communication Engineering Jiangsu University Zhenjiang 212013  China
2 Department of Physics Xidian University Xi'an 710071 China
Received 15 April 2007 revised manuscript received 25 June 2007

Abstract
The permeability of magnetized ferrite medium in the frequency domain is transformed to the time domain and the complex
magnetic susceptibility dyadic matrix and the complex magnetic strength vector in time domain are introduced. A recursive
convolution-finite-difference time-domain  RC-FDTD  method of electromagnetic scattering by magnetized ferrite medium is
analysed in detail based on the convolution principle. To exemplify the availability of the algorithm the backscattering radar
scattering section of a magnetized ferrite sphere is computed and the numerical results are the same as the reference values

which shows that the RC-FDTD method is correct and efficient.
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