52 8 2003 8
1000-3290/2003/52 08 /1984-09

ACTA PHYSICA SINICA

Vol.52 No.8 August 2003
(©2003 Chin. Phys. Soc.

2002 11
Hamilton
PACC 6120]
1.
12
PLS
3—6
Hamilton

78

Hamilton

Hamilton

Hamilton
730000
1 2003 2 18
Hamilton
Hamilton
4
Hamilton
Poisson
Hamilton
Hamilton
Hamilton
Newton
ton
Hamilton
20 80
Hamilton

10

4
P
Lagrange
Hamil-
Hamilton
Ruth
Hamilton



8 Hamilton 1985
Euler ¢ )
+ 5~ v.qy | -
Runge-Kutta e aq%aq}} oq“‘q}’
2 B0 $
2. Hamilton -2 .
L
¢ = ¢0 + E 2 aﬁq”iq-’?
=1
+ ﬁiqu,q)/ + ’yijq}iqyj
1
, @ By 7y
Hamilton .
v Hamilton
[T S o
gzmip[ P,[ H:22 pi_},_p%
i1 ml i i
+ ¢ q. 4., 9y, a0, 1 L&
+ 5 D @y,
21.}.:I
1 N + Bijq:r[q)j + yyq)tqw/ . 4
m; l Px py. l
X 9’ qxi q}', l 8
Xy 1
8
r)x qX,.qy/
B; =0.
Y
a; =Yy 2 .
By =0
a; =7 =—K j=iiniil
a; =V; =— A j=i+nzxl i -nzxl
a; =Yy = 4 +42 j =1
. 1 a; =7; =0 J#£I+tn i+l
i+n+li-n=+xli1
¢ 5
K 4 A
¢ Taylor 4
k>A.k A
N
o¢ o¢ .5 n y
$ =3 + ( q. + q.)
0 21: axio ! aq}’,»()}l N:n)(n
N 2 2
o' ¢ o)
+ ( q%q’( qxqu,
121 9¢.,9qy |o  9q, 9q, |, 12 nn+l n+2 2n N


Absent Image
File: 0


1986 52

e + A q-"i+n+1 - q)} + A q-vi—nfl - q)l'
ci=n=li+n+l + A 4.~ 4, + A O = - 6
i-n+1 i+
6 5
n-1
Xy
6

qxi q_):,,

B; #0.
B .

a; # 7y
1 2 3 n-1 n
n+1 2n 4 .
n+2
- a j =i=x1
U- b j=itn
“ = Da k2 '
a + =1
N-n+1 N EZ ] . . .
Lo j#ixl ixn 1
. 3 O ¢ j=i+n+1i-n-1
0 .. .
= - cC =i+n-1i-n+1
Hamilton Py EO g | |
i+nzxl i-n=x
. _OH e . .
q= op b j=1i=x1
. oH B B— a j=itn
p=-= Vi = .
9q FPa + 20 j=1
5 4 Hamilton Lo j#ixl i+n1
m; =m 7
a b
P,
qxl - m 4 4
p"i =K 4, T 9 K T, — ) ¢
+ K qxl.” - qx[ + K qu] - qx[
4 4
+ A q“nnn - q"i + A qxi—nfl - q"i
+A Qo — 4 tA G~ 7 4 Hamilton Ham-
Py ilton
qy, “m _ P,
. T =
p%’ =K q~"i+u - qyi + K q»’i,-u, - q)}
=b - q, + b -
+ Kk q, - qyi + K q),H - q, pxi qu” q*i qxifn -

i+l


Absent Image
File: 0

Absent
Image
File: 0


Hamilton 1987
taq.  -q +aq.  -q, LA 2
m Miens+ qxt—n—l q-‘;
+cq, = q.  +cCq =q, X
. p)" + E qxfﬂl*] + qxt*lwl - 2q"[
Ty = m .
- p%‘ =m q»”;l + q)'i,—l 2% + 4 n + g, . _Zq)i,
py, =a ¢4, —-4q +agq, —(q A
+b q"in -y +b T, — 9 * E q“wiwwl + Dy _2(]»’5
A
tc q“z+n+1 - qxunq +c qxifnfl - qum + E q, . + q}-m —2(]%
10
8 vy 10 2
10 x
d
7
dq
atZ - ‘le
Fq. Dyt b, - 24,
13 o
> q., q. 2q,
Ie n 11
oy d
qX x
q l aqx :%C05¢+%Sin © @
! ol — ox oy
. 4 ! i-n-1 i+n
+1
[
2 o =45°.1-n+1 i+n-1
Ly
Hamilton )
§02 @2 = 135 .
3. Hamilton 9q. _Q(aq, aqx)
8[1 2\ Ox ay
aq* :Q( _ % + %) 12
ol, 2 ox oy
2q. 1(azq dq azq)
2 2 2 x - — x 2 x x
a_LzL 202(8_% + 8_1;) ol 2\ o« + ox9y + ayz
ot ox oy i i i i
[S) 9« 1 (a q. o) q. o qr)
N ! u v —5 =5 -2 3
! . ol 2\ oy’ ox9y * oy’
Hamilton " l Z
6 6 4 qx 1 2
2 12 13
p, = + 2q, + + -2
pxi “m qtﬁ] q", qx qrﬁ, qx_ qx 82 q. qxi“l” + q”;—n-l - 2(]%[
olr = 4



Absent Image
File: 0


1988 52

o q.  +q.  —2q, - a
azq; S ‘. 14 P = Ga, F O, 24,
2
14 13 11 +% qu" + qv N - qu
10
c
azqr — K+ A dz(azlh azq.r) 15 + ; Yiensl q)kn—l T D T Dl
o1 m ox* T 9y ,
10 Py, =5 G, * b, 24,
y a
15 + E qun + q)’i n - 2qw1
15 9 c
+ E q’“i+n+1 q"({-n-l - qxi+n—l - q”i-nn
m 19
u= q“’ - q)’ IO = d2
2
b0=10<b0<1 aq‘:c}
K atZ x;
m = de
1 azq% qxi+1 + q",‘,_l - Zq"/
— 2 2 = 2
K =vpq + by ox d
? x. + X - 2 x.
PRI 16 2 % s q’;’" &
16 Hamilton Cl 4
o T
82 qy _ q)’m + qyi—l 2(])1’
oxr d’
82 qy . qyi+n + q}}'f 2(]32 20
Fu_ ., Fu, S o T
e or # ox’ # 8y2
dw
T v+ u aqx q‘“nl B qxi—l
oxQy o = 2d 2la
Sw _ o, Fw Fw
O = YT g Ty oq, n. ~ 9,
i ~ 21b
2 oy 2d
+ v+ pu I u 17
axay aqy q3’i+1 B qyi—l 21
17 u x ox T 2d ¢
u=gq, w w = oq, 9., — 9,
! ! Gy | i Tin 21d
q, p ) Y oy 2d
TLamé . P 21b  21d 2la  2lec
Up Co-pp Y aZ qx qxunn + q')cifnfl B qxszl B qx[7n+]
1 , 1-2¢ oxdy 442
= v
g 2 e I- ‘o 82 qy q-”i+n+1 + qyi—n—l B q}‘i+nfl B q-"zfun
: G oxdy ~ 44
Vo= pp ] 18
— Cp o)
Ur £ <o 20 22 19

8 4 2 of T m o T m oy




8 Hamilton 1989
ded> & q, 6 8 Hamilton
+ ;
m Ox9y 6 8
dq, ad” dq, bd’ dq,
of T m oy T m ox
4Cd2 az qx 23
m Oxoy’
23 17 0
_m
—dz Pk _ k _ At aH P (Z
. oq'
m = pd oH P
2 ke k o I q
a =vpp Q" -q¢ = At 5P 28
1-2c¢
2 0
b =wvpp 3 2e, 28 At k H,
{ 28 6
2 )
€ =vp 81— Co 24 pﬁ;l :pfi + Dk q',;m + qinn + q,;i—l
24 Hamilton + qiz_" - 4qfi + AIA qimm
P k k k
+ qul_l + q"i_nn + qxi—n—]
—4qfi + AO9F ¢ cos B
4 . Hamilton qﬁfl _ qﬁi + %Pﬁ?l
4 k k k k
6 8 16 A R X X 1
24 +q,, —4g + DR g,
N qk N qk + qk
Euler Runge— Kutta Yieno1 % 7./l+ 1 Va1
—4q; + DWOYF 1 sin B
k+l _ k g k+1
6 8 T =D+ Py 2
8
Pl =pe o+ OAta g+ g - 2q.
. +Ath g, +q. -2q.
H, = H + H, 25 k k k k
. + Atc q)i+n+l - qyi+n—l qu—n+l q)i—n—l
H Hamilton H, _
H, ' + AW F ¢ cos f3
» Lo ph w Aib g -
Hy, =69F t ¢q, cos B+ ¢q, sin 8 Py =Py Doy + Dy — 2y
k k k
| i g +Aa g+ g =24
op = . . 26 k [’ k k
L=t + Ate T = Ty = i t 45,
Fi v + AtS9F ¢ sin B
ﬁe 0 = bo k+1 k At k+1
Py ¢ =gy + 1
I ” At
FoomAloc g eg[ T 0 =g B 30
27 29 30

A T ¢0

Runge-Kutta



1990

A =10

52
Runge-Kutta =1
Hlol ¢0 =6
Runge-Kutta ¢ =0.25. 33
Runge-
Kutt: .
A 5.1.
Hpgq =Up +V
q Runge-Kutta 5
pr =p" + Airf g L
a :qk + Ais, g py 1 v, = 2000 m/s Il
Py =pi + Atnf g, v, = 3000 m/s B=0".
@ =q +Dts, g py 1 800
ps =D + Atrsf g, 150 (400,*100)
q; =q2 + Ats; 8 ps
! =ps + AYsf q; I
k+1 = q; + At84g pk+1 31
fq = _OH _OH
9 =%, &P =5,
800
r =0 650
1
ry =Ty = ? 2+ e 5 *
1
=——= 1+2
s 3 L+l w0 ani ] M
S| =84 = % 2+e
S, =83 = % 1-e
e =v2 + vV 112. 32
H, fq gp
31
5.
29 30 31
16 24 27
6 6 30 s
x
p =2100 800 x 800.
d =4 X
bO =0.7
At =0.01


Absent Image
File: 0


8 Hamilton 1991
Hamilton
¢y =0.25 S N :gvp 7
5.2. y p y
300 230 S . x , 8 x
600 x 600 P vp = 2500 m/s
B=90° B =120° 3 g 30"
- S 7 8 P
7 8 8 30 s
S
7 8 P
9 I P
S S vs = 1-2¢ vp vp =2000 m/s 1] P
2 1-¢ !
vp, = 3000 m/s B =60° 600 x
100 FINH NITH] = Hi o] (FHH
i . 600.
1 600
L 100
" *
o (300, 230)
HITHE ol !
1I
S
600 100
50
9
LI
Tl
b o
NHR
]
nn

10

10
10 P



1992 52

SV SV
SV SH
Hamilton
6.
Hamilton
1 Achenbach J D 1980 Wave Propagation in Elastic Solids ~New 8 LiYM HulJ X 1995 Acta Geophysics Sinica 38 651 in Chinese
York North-Holland p3 1995 38 651
2 John F 1977 Comm . Pure Appl. Math . 30 421 9 Struwe M 1990 Variational Methods Applications to Nonlinear Par-
3 Appert C Zaleski S 1990 Phys. Rev. Lett. 64 1 tial Differential Equations and Hamiltonian Systems Berlin  New
4 Gunstensen A K Rothman D H Zaleski S 1991 Phys. Rev. A 43 York Springer-Verlag
4320 10 Feng K 1985 Collected Works of Feng Kang 1l Beijing Science
5 Doolen G D 1990 Lattice Gas Methods for Partial Differential Press p8
Equations  Redwood City Addison-Wesley Press p72 11 S Reich 2000 J. Computational Physics 157 473
Peter M 1992 J. Stastical Physics 68 591 12 Feng K Qin M Z 1987 Lecture Notes in Mathematics Berlin  Spri-
Huang L. ] Peter M 1994 Geophysical J. International 117 529 nger pl
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for simulation of acoustic and elastic wave propagation
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Abstract
This paper develops a system with quasi-particles on a discrete lattice Hamiltonian description of this system is presented
which can simulate acoustic and elastic waves. The nine-point interaction models are used and interaction coefficients are deter-
mined in this system. The connection between Hamiltonian system approach and acoustic or elastic wave equations are proved
and the relations between their physical quantities are presented. The symplectic algorithms that are used in the given media

models and simulation results are presented.

Keywords Hamiltonian system approach nine-point interaction models acoustic wave equation elastic wave equations sym-
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PACC 6120]



