39 1 ( ) Vol. 39 No. 1
2015 1 Journal of Jiangxi Normal University( Natural Science) Jan. 2015
: 1000-5862( 2015) 01-0055-04
3 Maxwell 1
1 1% 1 2
(1. 330022; 2. 330108)
3 Maxwell 1 Preissman
2
:3  Maxwell : LOD-MS; : Preissman
:0241.8 TA DOI: 10. 16357 /j. cnki. issn1000-5862.2015.01. 10
(2) '
0 1 E(x yz1t) H(x vy z1) Max—
well (1) u=xyz
Maxwell d( |E|>+ |H|?) /dt =0 (3)
d( || 9E/ot ||* + ||oH /ot ||*) /dt =0 (4)
Yee (3) Poynting Maxwell
( ADIFDTD) '° . L’ (4) Maxwell
( ECS¥FDTD) *7 1 H' i H'
(LOD-MS) * | e (1) o,
8
Maxwell Maxwell 1 Preissman
1243
\ 1 Maxwell
13 ] 1
1
0 1245
3 Maxwell $12 1 Maxwell 1
E _Loggd__1ypg (1) (1)
o s o m o E.g ol 0H./0y - 9H,/03) Jey g
E=(EE E) H=(d H 1) U-g O Qon,/0: - oH./0x) /20 30
e n (vy 0 00 0
o U-E.0 O 0H,/ox — dH,/dy) /&0 EPD
2) eNte(0T = 0a x 0b x 0c. EDHDLD E E D:EOD. (5)
a0 x (0T (PEC) : 0% 0 g(az/ay—a},/az)/ﬂg 0
Exn=0 Hxn=0 (2) nfh g plof/e - ob/ox) lupy OO
n 0 (1 Un U WoE /ox - oE, /ay) /ub
120140625

: (11301234 11271171)
(GJI12174)
(19779

( 20142BCB23009)



56 ( ) 2015
G=(H H H E _E E)" (5) [t " . T
x z x y z Hn E —— H
Hamiltonian Bx i k+1/2 +2(98 x 0] k+1/2 2(98z y ijk
KG, + LG, + LZG-" +L:6. =0 (6) EH;'H i j k12 +i5zE.:+l ik = H: i j k12 —i&Eﬁ ik
KL L, L, . (6) 0 (13)
3 1 . gEzH i k+1/2 _é@HZH ijk = E: i j k12 +é8zH: ijk
KG,/3 + LG, =0 H
+1 T n+l p T i
KG,/3 +L,G, =0 (7) O i han _gazEy ik = H, i k12 +Z5ZE)» Pk
KG,/3 + L,G, =0 0, 6, 6.
(7) \
o~ (9E,/at) /2 - (9H./0x) /e = 0 2
B- (0E./0t) /2 + (0H,/ox) /e = (8)
gaH),/at) /2 = (9E./ox) /u = 0 (11) ~ (13)
EtaHz/ét)/2+(0E}/0x)/,U¢=0 u=x wu=y u=zV=E V=F
I-1 J K
o~ (9E./at) /2 + (0H./ay) /e = sV |7 = o
B- (9E./9t) /2 — (9H,/dy) /e =0 5 H ” ; ; ’Zl
S ol Jot) /2 + (O /o ) /u =0 (9 {8V insi) " Av=debpde Ca=e o=
B A R I A N PR PN
ML 72 = (OS] e = IV = eV I+ sV I+ eV
- (88760 /2 = (oM, /82) /o = 0 180,V 17 = 188V 1% + 133, 1° + 38V |
o LOEa0 2k (OHL/5) [o =00 e vt = sV P 188V 1P+ 1881
ﬁ aHx/at) /2 - ( (:)E}/(?Z) /ILL = O 1 En — (Etljk E’:L]A Efl-jk) HU —
0H,/00) /2 + (9E./02) fu = 0 (H. oy My 1) (11) ~(13)
(8) ~(10) 1
: | 8E™ ||* + [|8,H" ||* + R =
orT : = ~
2 M 168 |7+ |81 |* + K (14)
a/l Ay =b/] Az =¢/K 7 =T/N x; = 1Ax )
y; =jAy z, =kAz i =01 - [ j=01 - J k= R ||38H”+1 ”2 + ||88H"+1/2 I 2)/(482) +
0 1 o K' Preissman Zu n+11 uZ n+?/2u 2 2
T ( || 6|514E || + || 626u,E || )/(4I'L )
. R =7(88H |*+ |88H""|%) /(4 +
DE) +1/72j k + 5H: ijk = w z+l/2]k _lavH: ijk 2 ( || ’ 2 || || +|I/2 2 || )2 ( )
B 2 7 18:8,E" |7+ 18,8,E %) /(4u). (15)
EH; 4172 k +2M52E‘ gk = H _iaxE? ik (11) 8,
0 (11) 4 EWE M
BE: 2k 5H: ik =B an +285Hfluk ) 1]k )
g [ 5YE' ||2 | 8.8.H. | P/(4e7) +
« T o T
y i+ "_76sz i H”H "+76xEvzli" e
[‘fl’» 172 k Q/.L ijk y i+172) k ZLL Jk 7-2 2 25 E 5"8tz A/U _ || SXE: || 2
1=0 j=1 k
g o — TS HY . =E ., +2H ., -1 K
B Rk T g ik Pk T gty ik 7| 8.8.H ||*/(48%) -1 2255:@@11% (16)
n+1 T n . =0 j=1 k=1
T ne <3 0E = paae + B8 18 17+ 185 | /(40) +
O (12) -1 7K
BE:H ijsnn T 5H: ik = E. i j+1/2 k _an’H; ik Tz(,) zl, IZ&H 5t5rE» Av = | 6.H: ||2 + 7 .
i=0 j=1 k
%‘f’: ij+1/2 k +£5 E”H i = HZ ij+1/2 k _2IL6)EZ ijk ||6169~E” || / 4/"(’ +TZ Z 25 HIS SxE;IA/U (17)
=0 j=1 k
I8.E. |7 +7" || 8.8.H, [|*/(4e") -



1 '3 Maxwell
1-1 J K
Ty Y, ZBE 88.H Av = || 8.E" |
i=0 j=1 k=
16,8.H, ||*/(4&) +72 2 Z6E"68H’Ay (18)
1=0 j=1 k=1
[ StH* ||2 P88, | 7/(4) -
TZEZSH 88 Av = |8H P + 7 -
o -1 J K
I18,8.E" ||°/(44%) +7 Y 6,H.8.8,E:Av (19)
i=0 j=1 k=1
(16) ~ (19) (
6 3.1)
I8.E, |*+ 1 8,E ||>+ |8,H, ||*+ [8H |*+
T(N88.H. ||°+ |88.H, ||°)/(4e) +

T(188.E, |°+ 188.E [°)/(4s7) =
18E, [* + I18.E1” + |84, | ° + | 8.H ||* +

T 8S8H||* + 8,81, 7)) /(4e7) +
T(188.E || * + 8.8.E117) / (4) - (20)
(12) ~(13) 2 (20)

3
ISE™ ||” + | 8H™ |* +7( | 88H" |’
” 52 Hn+1/2 ” 2) (482) + 7_2( ” 5 5 En,+] || 2
18,8, E™" (%) /(4u’) = [I6.E"|*+ | 8.H" |

TN 88H ||* + [|8,8.H"||?) /(467) +
(N 88.E"||* + [16,8,E"|?) /(4u’).
(15) u=x (14)
u=y u=z
o, O. 1
1 Maxwell Preissman
H
2 E" = (E:ijk E;l»i_fk E:ijk) H" =
(H:,,AH;I;,'/( H:ijk)(n>0) (11) N(13)
LB I H s SR =
IE"|§+ | H" ||+ ZRZ- (21)
(8) u 3
6, =1 (21)
Hl
3
(
) (14)
(21)
8 .
e=pn=10= 01 x 01 x 01

3 Maxwell (1)
E. =cos(2m(x+y+2)) E_=-2F

X0 Y0 X0
E, = Exo on =" Hzo = ﬁEl‘o H)‘o =0
Av = Ay = Az =0.02 7 = 0.01

1 1 2 1 2 1
Q. = ISE™ |I° + [I8,H ||~ + R Q, =

I8E"|*+ [ 8,H" > + R, Q"" = | E™" |} +
[H* |7+ Y R Q = |E |1+ |H|]+YR,
( 1 ~ 4).

1 u=x«
2 u=y
3 u=z



58 ( ) 2015

5 Chen Wenbin Li Xiang Liang Dong. Symmetric energy—
conserved splitting FDTD scheme for the Maxwell”’ s equa—
tions J . Commun Comput Phys 2009 6(4) : 804-825.

6 Chen Wenbin Li Xingjie Liang Dong. Energy—conserved
splitting finite difference time-domain methods for Max—
well” s equation in three dimensions J . SIAM J Numer
Anal 2010 48(4) : 15304554.

7 Gao Liping Zhang Bo Liang Dong. The splitting-difference
time-domain methods for Maxwell’ s equations in two di—
mensions J .J Comput Appl Math 2007 205( 1) :207-
230.

8 Kong Linghua Hong Jialin Zhang Jingjing. Splitting multi—

4 0 symplectic integrators for Maxwell” s equation J .J Com—
1~ 4 3 Maxwell (1) put Phys 2010 229( 11) :4259-4278.
. 9 Wang Yushun Hong Jialin. Multi-symplectic algorithms for
Preissman (11) ~(13) i A ) i
Hamiltonian partial differential equation J . Commun

(14) (21) Appl Math Comput 2013 27(2) : 163230.

10 Cai Wenjun Wang Yushun Song Yongzhong. Numerical

dispersion analysis of a multi— symplectic scheme for the

4 three dimensional Maxwell” s equation J . J Comput
Phys 2013 234:330-352.

1 Yee K S. Numerical solution of initial boundary value 11 Cai Jiaxiang Wang Yushun Qiao Zhonghua. Multisymplec—
problems involving Maxwell” s equations in isotropic media tic Preissman scheme for the time-domain Maxwell” s e—

J . IEEE Trans Antennas Propagat 1966 14(3) :302- quation J .J Math Phys 2009 50(3) : 147.
307. 12 ]

2 Namiki T. Investigation of numerical errors of the two-di— 2011 35(5) :455458.
mensions ADI¥DTD method J . IEEE Trans Microwave 13 Schrodinger ]
Theory Tech 2000 48( 10) : 1950-1956. 2010 34( 6) : 599-603.

3 Zheng Fenghua Chen Zhizhang Zhang Jiazong. Toward the 14 - Dirac
development of a three-dimensional unconditionally stable I : 2014 38(5):
finite difference time-domain method J .IEEE Trans Mi- 521-525.
crowave Theory Tech 2000 48(9) : 1550-1558. 15 Gao Liping Zhang Bo. Optimal error estimates and modi-

4  Chen Wenbin Li Xingjie Liang Dong. Energy-conserved fied energy conservation identities of the ADI¥DTD

splitting FDTD schemes for Maxwell” s equations ] . Nu—
mer Math 2008 108( 3) : 445-485.

scheme on staggered grids for 3D Maxwell* s equations

J . Sci China Math 2013 56( 8) : 17054726.

The Energy Identities of the Local One-Dimensional Multisymplectic
Scheme for 3-D Maxwell’ s Equation
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Abstract: The energy conservation properties of the local one-dimensional multisymplectic ( LOD-MS) Preissman

scheme is mainly concerned which is a scheme for solving the 3-dimensional Maxwell” s equation under the perfect—

ly electric conducting ( PEC) boundary condition. Energy analysis method is applied to obtain two energy conserva—

tion identities which suggest that the LOD-MS Preissman scheme is unconditionally stable under the new discrete

modified energy norms. Experimental results show the correctness of this conclusion.
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