17 7 Vol. 17,No. 7
2005 7 HIGH POWER LASER AND PARTICLE BEAMS Jul. ,2005
1001-4322(2005)07-1111-06
1 2 1
’ ’
(1. . 102205; 2. 710024)
s (CPML)
’ ’ 2 -
s CPML
(CPML) H ; ;
0241 . A
(NEMP, nuclear electromagnetic pulse) T=ct—r,
. “ ”» ( 10'-\’
105 m )’ ° ° ’
, Taflove  Brodwin(1975 ) , Taflove (1980 )
’ ’ “,1981 , Murt”
Mur . (one-waywave) x , Mur
d 1 9
(ﬂ o 3—7:)@ —0 (D
Mur
1 2 1, 1/ | & -
['UT) dxdt ;ﬁﬁ ?<ay2+azl‘>]®io ()
:Up ;D 3
b b ( ) b
, Mur ; o
(perfectly matched layer, PML) Berenger(1994 )t . FDTD
PML . PML , PML ) N
. . PML, PMLH
PML™ . PML , PML;
PML , . 3 PML,
. £s . . ’ H
PML, ’ ’ o H
(CPML), , . N
:2005-02-18; :2005-04-11
1971—, s ; E-mail: gchunxia@ yahoo. com. cn,



Lismyan; (1=1,2)

XTsYsZ

1112 17
CPML , burst
poinl z P(cf, C’ ‘P)
8] |
2 , 1
“ ” I
’ - |
C D, =1, 1 .a ! .
' B d
. 2 |
CPML )
o ground
surface
1 x
3 Fig.1 Geometry for the prolate spheroidal coordinate system
1 -
1B g xE (3)
c Jdt
cIE_ g xB (4)
c Jdt
) 90 s (3)7 (4) 1)
(TE) (TM) s - ,(3), (D)
i (TE)
1 IB. _ IE,
c Jdit Ig
iﬁB: :i(7E¢ 5)
c Jdt a
1JdE, ¢ 1 9B ¢ IB:
c di € dE e Jd¢
i (TM)
1 JIE. _ 1 B,
¢ Jdt €
1 IE, _ 1 9B, (6)
c Jdt ea
1 JIB, 1 F)EZ JE.
c o ¥ dE T It
k
k= eXp(iwl‘ — (EZ —a®) (1 *EZ)(ZSingp—l—mCOSgp) *nCS)
- 9(5) 9(6)
E. = ( CO@@ZI**SIHWHl‘F‘gnl)& D)
. §
E, = (h’cosdl#—/;gsmgmnl—i——gnl)k (8)
E, = (— singl, + cosgm )k (9)
“&osal, — L kS
(h osgl, — =singm, +h5nz)/e (10)
B, = (Lcosgolz—kisin(pmz—l-én;)k (1D)
h. h: ¢
B, = (— singl, + cosgm;)k a2

o



1113
2 PML
, Bernger (PML) ,  MPL
Berenger . PML ( TE )
198, __JE, 9
c It (’}C (CZ_QZ)(l_EZ)GZ(E)Bs‘
1 dB, 1 JdE, | 1 3
195, _ 1 1 —5.(OB
e 2 (F—aHa—gH s
; IE C:b 157Ba ; 1 ' i (9
RTINS S
c Jt e a 9J¢& a (§2*a2)(1*52)65(5)E¢E
L IEy e 9B g q
c dt e I e (g?—a2><1—52>”?(§)E%
, (13)
B. = (—cosgalz——smgpm?Jr—g—nz)/eD(S Co) (14)
B, = ( co<gplz+£smgom;+énz)/eD(E Co) (15)
¢
E,. :—< cosgl +£gm¢mz fnz)[ (@ —aH) (1 — &) Ising kD (£.5.¢) (16
E% == (lcosdgf—simpmz +—§7’12>[ (ngaz)(lfgz)mcog ]kD(SaCsQD) (17)
hy hy he S¢
D8 @) = exp{—/ (T —a) (1 — &) [6:(O)Ising + o, (O mcose] | (18)
16y (7D
E.+E,=ED(. ¢ (19
(u:S’gagD)vB“(uzsyng) (5) (6) ° PML
o (W) (u=¢.¢.¢) PML
0, PML ) PML
3 CPML
PML ) PML, (13)
iwp _IE, 4 E
c £ (’)C (EZ_aZ)(l_EZ)O‘C(é‘)Bé
iws _ 1 0E, 1 5 =
—B, = — —+— — , ~0: (&) B,
dJ (f—a>Ha—¢)"
.C 6; 1573 ‘ ; 1a i (20)
lop ¢ 2 90¢ | ¢ 1 3
CE¢E e a JE + a ({2*612)(1*82)65(5)&95
iwp g 9B: g q B
L‘E% e J¢ € (§2—612)(1—52)0‘5(§)E@C
— g d, —— L 3 de —— ¥ L
(20 d = e g (Ped: T a1 Ded e a
3 _ ¢ ¢ . E. = (E.LE
@ —aa—erPod =T aaman P E= B TEODE L)
lﬂg __ 1 E]E
e ° (1+d\/iw) 9§
wp 11 OE,
c‘B; a (1+d,/iw) J& 21
wp _ ¢ 1 1 9B ¢ 1 IB
c % e a (I+dy/iw) 96 e (1+d,/iw) I¢




1114 17
2D PML ,
S U
S = 71+d,/iw 1 di,- T (22)
5; (1) = 8(0) —die " =50 + 5 (D) (23)
2D ) ,
19B: . 2B
c at - S ([) * aC
1dB 1y, 9k
c at = a.\z([) X (’)S (24)
1 IE, e 1oy, IBe ey, IB:
c o1 = . aSs(t)X ag eé4<t)x QC
, % . t (r=ct),
B L OE
7 - él(f) * (’)C
B _ 1, OB
. a‘sz(f)* PE: (25)
JE, ¢ 1 IB, ¢ B
e = ¥E ¢ et SN, < g¢
. R ass(‘r)* 7z em(z’)* PR
5 () = 6(0) —d;e % = 8(¢) + i (o (26)
X,‘(T)
(1) Ac , , (1) Ar , , )
VASES J yi(cHde =— d,-J e r/dy = q e A @27
mAT mAT
cq;=e 4% —1.0,
4 CPML
4 IE
I”]’;; =0 (7) * ag (28)
nt1 _
aEu+l m
e m
Iy WZ;)ZI Lag 29
3E11+1 B " (")E”7m
[t S *dIAr,z m
Iy, a —Laé, +e ,,Z:;)Z] —Lag (30)
aEn+1
I, = a ¢ ToTh 3D
:b] :efc[‘m/to
JBQ.}I‘}] = Bé(éHrl,r’Z & )
thlj - B;(S;’Cjﬂxz 7T71+1) (32)
Eztlj = FE, (&1 G N
[9] ; (25)
(ng'r.lﬁl _‘_BQT,IJ' * (Bgi.ﬁrl —l—BZ;,j) — l(E;fJ‘II/ * E;‘i.l/fl + E;i./+l * (33)
20T 2 A§L A§U
wtl okl w o
Iyl = o5, +a i(E‘f By Berin E¢) (34)

2 ALL AU



1115

7
By + By — (B, + Btia,) i(E’i,-,j — LG + EjL, —Ej >+ ipgﬂ (35)
2Nt 2 a AeU aAEL a” &
1/(E",, —E' Ertl . — Ent!
I-m;rl — ])‘ F”i a 7( Qis) [l ) [kl ) w-J) (36)
= :The + a2 5 AU + AEL
Ey —Ey, ¢ (BB, — (B + By, +ﬁmﬁ B
At € 2aA& ea #
g BE HBD0 — B A BDL g )
E .
€ 2AC e ¥
Bn+l Bn = Bu+1 Bu .
IE = by, +ay DT80 — B A B0, (38)
2AE
(B + B2, — (B + B
mt+1 __ 1 a S &0+l ¢ s/
FEV{ — [)41—”1;9:{ +a4 ZAC (39)
5
CPML : s o
3 o 1 ? C Clesl b §lesl ’
: 2 .t CPML; 3 2
s o 1 R...=116.2 km; 2.3
R...=16.6 km, 2~5 1.5 km, 100 kt .
1504 200"
] 0
0 I
] o~ -200
T 8
B -1501 a
> & —4001
o
3 ; R
Ry - —with CPML 500
3007 - without CP
4501 ~8001
- r r _— S —— -1 000 T T T d T —
0 20 40 60 80 100 0 20 40 60 80 100
-t/ ps ¢/pus
Fig. 2 Electric field waves at R=7. 24 km, 0=90° Fig. 3 Electric field waves at 9. 05 km from the hypocenter
2 R=7.24 km,§=90° 3 9.05 km
400 - 1
150
200
o~ [
g
& -200
"%
]
-400
—600 |
—800 ¥ v v -
Q¢ 20 40 60 80 100 40 60 80 100
tps t/ps
Fig. 4 Electric field waves at R=5 km,0=96. 5" Fig.5 Electric field waves at R=8 km, §=93°
4 R=5km.0=96.5" 5 R=8 km.§=93"
2~5 , CPML s o

3 CPML



1116 17

CPML o

PML , PML, , 2 -
CPML o , N
. ., CPML NEMP , 0
[1] , . [M]. : ,1994. (Wang C Q. Zhu X L. Finite-difference in time-

domain of electromagnetic field calculation. Beijing: Beijing University Press, 1994)

[2] Mur G. Absorbing boundary conditions for the finite-difference approximation of the time-domain electromagnetic field equations[ J]. Elec-
tromagnetic Compatibility , 1981, 23.377—382.

[3] Berenger ] P. A perfectly matched layer for the absorption of electromagnetic wave[ J]. Comput Phys, 1994, 114(2) ;185—200.

[4] Zhao L, Cangellaris A C. GT-PML: Generalized theory of perfectly matched layers and its application to the reflectionless truncation of
finite-difference time-domain grids[J]. IEEE Trans Microwave Theory Tech, 1996, 44:2555—2563.

[5] Gedney S D. An anisotropic perfectly matched layer-absorbing medium for the truncation of FDTD lattices[ J]. IEEE Trans Antennas
Propaga, 1996, 44:1630—1639.

[6] Sacks Z S, Kingsland M. A perfectly matched anisotropic absorber for use as an absorbing boundary condition[]J]. IEEE Trans Antennas
Propaga . 1995, 43(12) .

[7] Mitchell A, Aberle ] T, Kokotoff D M, et al. An anisotropic MPL for use with biaxial media[ J]. IEEE Trans Microwave Theory Tech ,
1999, 47(3) .374—377.

[8] . PML [D]. : ,2004. (Wang Y. Truncation technique of particle simu-
lation opening boundary based on method of PML. Xian: Northwest Institute of Nuclear Technology. 2004)

[9] Knight R L, Parkinson E R, Pine V W. Electromagnetic pulse environment studies| R]. AD-780939, 1974.

Application of CPML to two-dimension numerical simulation

of nuclear electromagnetic pulse from air explosions

GAO Chun-xia', CHEN Yu-sheng’, WANG Liang-hou!
(1. Second Graduate School s Research Institute of Chemical De fence, Beijing 102205, China;
2. Northwest Institute of Nuclear Technology. P.O. Box 69-1, Xian 710024, China)

Abstract;: The characteristics of different types of MPL were analyzed and the convolutional PML was chosen to truncate the
open boundaries in numerical simulation of nuclear electromagnetic pulse from air explosions. On the basis of the split-field PML
and the plane-wave solution of electromagnetic field in free space, the unsplit-field PML was constructed. By applying the convo-
lutional theorem of Fourier transform, the discrete iterative equations of electromagnetic field components were presented in the
CPML media under the two-dimension prolate-spheroidal coordinate system. The numerical results indicate that the method of
CPML can largely decrease calculation errors of boundary fields.

Key words: Convolutional perfectly matched layer (CPML); FDTD;  Electromagnetic pulse;  Nuclear explosions;

Truncation



