18 3 Vol. 18, No. 3
2006 3 HIGH POWER LASER AND PARTICLE BEAMS Mar. ,2006
1001-4322(2006)03-0435-04
9 ’ 9
( 710024)
: , (GPML)
(MRTD) . GPML Maxwell » MRTD GPML
. GPML s GPML
, GPML ,
GPML —40 dB,
GPML .
0441. 4 A
(MRTD) N N N
. (FDTD)  ,MRTD =
. FDTD 10 ,
, s MRTD s
MRTD , . Linda P. B,
MRTD Mur “ PML el )
. MRTD “1, GPML Maxwell
, . s GPML MRTD
MRTD N , ,
. GPML MRTD ; s
GPML o
1
(esprso0s00 ) s Maxwell [e]
V. XE=—jou'H (D
V.XH=jweE (2)
’ . /e ;_ . _ 19 19 19
p =putos jw; € =etoo/jw; V,=e, S 9x e, 7@ R :E,sﬂs‘y,s: XsysZ
o €300 200 N N D o
(6/19/1/1)7(6;7/1/2) Zzoa (99¢ 1 °
R [7]
R — kycost, /4/2 —ky cosﬂg/;/] R, — ki cosfe, — b, cosbse) (3)
L kicostp + kacosb | 7 ki cosbie, + ks cosbye,
15,1:6',2’/1,1:/1;;511:521?Sly:sZyo yR | :R//:Og s 1
2 M]o
1 s 2 (GPML), 1 Gssiyssi)=01,1,1),
* :2005-08-30; :2006-01-23

(1981—),

5 maliang423@ustc. edu,



436 18

2 (521.952y9$2;):<1919$:>0 2 ’
() = s[14+ 2327 4)
jw €
i0.(2)ys50(2) 2 ) z o
, (D,(2) ) Berenger 1,2 TM Maxwell
3 (6D
JH, . : JH, . i
— = H. = (Jae + 0o +(7y + ojog) )E:y ’ N H) = (Jaue + 00 T 0, T M)Eu (5
Sy (y)dy Jae s.0(x)dx Jae
JIE. ) \ . | 000y IE. . ; < , 00 0.
—_— = —)H,, —_— = . —)H, 6
50y Gop 07 + o0, + i )H, s ()dx Gop 07 +o0; + g ) (6)
6:/e=0i/psi=xy300 0, .
2 GPML
2.1
Battle-Lemarie oI, s R
Ez(r,t) — 2 kE;,’,Sf,,,,Jrl,'ghk(t)¢/(.T)¢,y,(y)¢,,+1,r2(2) (7)
kilomon=—oco
H,(r,t) = 2 kF1/2 H‘;‘.'ll‘l;‘*’l/'z.ll‘f’l,’z Rir12 (D (I)‘«{’mﬂ,’z (y)si‘m,/z (2) €D
kylsm,n=—0co
:(ﬁ(l')ahk(Z) ’ []7210 0
, o (5) GPML MRTD R
,  (5)
J JIE.,
— 9H. 9By o E, + OO (9)
sy (y)dy dt €
JEL /ot=E,, .
., (7)), (8) 9 (Galerkin) 0]
. 1
N R _ S
JERE DR /At (on ol )/Z{ES/At (oo + 0 )/ijEl.m.n 1/2
8
/Ay Z a() /sy e Hibiems — 000y /€1 EZE ) 10
i=—9
s Bt e = e ERE s TRER 10 AL
R ,  GPML , .
2.2
95:0(2) 90:(2) Z ’ 9 Lo
50(2) = 1+sm<§>", . (2) = g,,,sin2<72L§> (11)
0 o
520 (2) ) z ) S 2AR<<A/(1+5,)<<3Ah, Ah A
[6] 3
o ec/d
Om t0nm 1+S,,,<1/3+2/T(2 ) lnR(h o Rth o Om
, . MRTD , 0.(2)
[5] 3
3

GPML o 1 ,



3 437
o 1 1. 5 GHZ ) v
N b b o .
, 4 GPML , 5% , B
207 —4cells -201
4 cells
i ---=-8cells Ah=A/10 - =
...... 16 cells Rh=1><10" E ?6{:311151 Ah =115 .,
—404 i _a0] cells R, =1x10
m T -
mn
T S ol e
A L P L @ fmmememmmmmmTTIOT
£ Femmmmmmmes a i
.1 s 1
& 8 B B0 e
E [ LR ;E 4
— 1001 ~1004
=~ 120 r T T T T -120 T T T +
0 0.3 0.6 0.9 1.2 1.5 0 0.3 0.6 0.9 1.2 1.5
J/GHz f/GHz
Fig. 1 Reflectance of GPML
1
2 2 , v , 3 ns,
x , oy 18 m, 1 m, v
20 mX 20 m, , 100 ns . 3
mX20 m, ,GPML (€ 0.5 m, 6 ns
o 3 ( 1) ( 2)
80 ns 2 . 3 GPML , , GPML
8_
Cy Ah=Ai/5 case 1
£l  Re=1x107 * casel
E
- 5
E
i T 41
S =
5 tes 2 34
o st point =
TS
=
g N
E
O
_] T T T T ¥ T T T 1
0 20 40 60 80 100
f/ns
Fig. 2 Computing model Fig. 3 Magnetic field at test point
2 3
4
GPML fo3 | ]
GMPL ,  MRTD GPML s
b
, 4  GPML . ,
MRTD ,

[1] Krumpholz M, Katehi L P B. MRTD: new time domain schemes based on multiresolution analysis[J]. IEEE Trans Microwave Theory

Tech, 1996, 44(4):555-561.

[2] Tentzeris E M, Robertson R L, Katehi L. P B, et al. Stability and dispersion analysis of Battle-LLemarie based MRTD schemes[]J]. IEEE



438 18

Trans Microwave Theory Tech , 1999, 47(7):1004-1013.
[3] , . [M]. : ,2005. (Chen L. Z, Guo H W. Theory of wavelet and discrete
transform and their engineering realization. Beijing: Tsinghua University Press, 2005)
[4] Sarris C D, Katehi L. P B, Harvey ] F. Mesh truncation methods for the multiresolution time domain technique[ C]//IEEE International
Symposium on Antennas and Propagations. 2000, 3:1350-1353.
[5] Tentzeris E M, Robertson R L., Harvey J F, et al. PML absorbing boundary conditions for the characterization of open microwave circuit
components using multiresolution time-domain techniques (MRTD). IEEE Trans Microwave Theory Tech, 1999, 47(11):1709-1751.
[6] Fang]J Y, Wu Z H. Generalized perfectly matched layer for the absorption of propagating and evanescent waves in lossless and lossy media
[J]. IEEE Trans Microwave Theory Tech, 1996, 44.2216-2222.
[7] Chew W C. A 3D perfectly matched medium from modified Maxwell equations with stretched coordinates[]J]. Microwave Opt Technol Let ,
1994, 7(13):599-604.
[8] Berenger ] P. A perfectly matched layer for the absorption of electromagnetic waves[J]. J Compute Phys, 1994, 114(1) ;185-200.
[9] Harrington R F. Field Computation by Moment Methods[ M]. Malabr, FL; Krieger, 1982.
[10] , , . 3 [J]. , 2005, 17(10):1557-1563. (Wang Y,
Wang J] G, Zhang D H. Truncation of open boundary of 3D rectangular waveguide by CPML. High Power Laser and Particle Beams,
2005, 17(10) :1557-1563)

Generalized perfectly matched layer in lossy media

using multiresolution time domain

MA Liang, CHENG Yin-hui, ZHOU Hui, FENG Ke
(Northwest Institute o f Nuclear Technology . P.O. Box 69-10, Xi’an 710024, China)

Abstract: A generalized perfectly matched layer (GPML) in lossless and lossy media is proposed. The GPML is derived
from the Maxwell’s equations in stretched coordinates and can be easily used in multiresolution time domain(MRTD). The valida-
tion of GPML is analyzed in frequency domain and the reflectances are attained in several conditions. An example is given to test
the performance of GPML. The results show that the reflectance of GPML is below —40 dB under certain frequency and becomes
smaller when the space step is smaller and GPML is thicker. GPML provides a general absorbing boundary condition for lossless
and lossy media using MRTD.
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