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y = . . V+ V*
B=1Gj+ Dt -G+ D1’
U= [w,u2 ,uv], V=[v,02, ,ov], (3)
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A(2m) A 2m : O(A+
Ame)
zn+ 1 _ zn — tanh(%.]f IA( zm))(zn+ 1 + zn) . ( 11)
(11) ; : . ,
sinh(x) . (10) t+ Nt
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1 ~ 1
z(t+ At) _ z(t _ At) — eAt,I A(Zm)z(t) _ e— ArJ A(2m)z(t) —

2sinh(AJ 'A(2m))z(1), (12)
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sinh(x) = x + ;f_!+ 9§_!+ =
oo xzk—l
k;l(zk— ! (13
(12) . , sinh(x)  2s
sinh(2s, AtJ” 'A(2m)) = AE} (A”( 2};“9’?))3% 1, (14)
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2= 77" = 2sinh(2s, AJ'A(2m))Z". (15)
(15) ,
"= D+ D (16)
1' f(x) L ., LJ+JL=0, f(L)
2° (16) , D , d=1.
1 (15) O(AZ+ Ax™) .
(3) A ., L=J'A,
LT+ JL=AT] )T+ JJ] 'A=- A% A= 0,
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, (18) ,  M(2,2m)=M(2,2), O(A+ Ax’),
SLFM(2,2). M(2,2m)=M(2,4), O(AC+ Ax'), SLFM(2,4).
(2) (15), sinh(x) 2
20— 27 = 20 A(2m) 2" + %(J‘ 'A(2m)) 7" (19)
(3),
[u] [u} [ 0 M(2, zm)] [u}
= L+ 2N +
pr! yo! - M(2,2m) 0 y"
AP 0 M(2, 2m)] 3[u"]
3 [— M(2,2m) 0 v (20
(20) ,  M(2,2m)=M(2,2), O( &'+ A7), SLFM (4,2).
M(2,2m)= M(2,4), O(A*+ Ax?), SLFM(4,4).
2
(4) , M(2,2m)
X(2,2m) = - 4jzsm in mZﬁj(sm Zw)j’ k=1, ,N.
5 ,
() - [ 0 M(2, 2m)i|
JACm) = 2. m) 0
w(2m) = =] A(2,2m) | . 4 7
2 .00 (15)
(15)
£ = TP = 2isin(2s, u(2m))N- 1= 0, (21)

sin(2s, u(2m)) = u(2m) - (_11(2_’”)_)_3_'_ . (- 1)x(£!(2m))2s-l

3! (25— D!~
p(2m)  AtJ'A(2m)
u(2m) = =il &(2,2m)] .
Miller 7 , (15)
| sin(2s, u(2m))| < 1.
Ps= minpi, Hi osin(2s,p)= 1 , ln="m ax( szl A2, Zm)l ).
3 (15 ( SLFM(2s,2m))
- st >
(22) , 1 . JUS , 4 .

1 , sinh(x) ,
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1 SLFM (2s,2m)
P, Lon r=Px/ly,
SLFM(2,2) 1 4 0.250 0
SLFM( 2, 4) 1 5.3333333 0.1875
SLFM( 4, 2) 2.847 3215 4 0.711 830 3
SLFM( 4, 4) 2.847 3215 5.3333333 0.533872 7
Ui +  Usxwx = O, 0==x = 271; I = O7 ( 23)
u(x,0) = sinx, w(x,0)= 0, 0=x =21 (24)
u(0,1) = u(2me), =0 (25)
u(x,t) = sinxcost, 0=x =21 (26)
u(i,n) x= 1M, i= nli . 2 4
(Av= 21/40= 0.157 079 6, A= 0.004 614 03,r= At/ (Ax)’= 0. 187 0).
2
SLFM(2,2) SLFM (2,4) SLFM (4,2) SLFM(4.4)
u(1,500) - 0.107 3506 - 0.107 886 2 - 0.107 349 7 - 0.107 8852 - 0.105 0449
u(2,500) - 0.208 6242 - 0.209 696 7 - 0.208 622 3 - 0.209 694 8 - 0.207 5032
u(3,500) - 0.304 7607 - 0.306343 8 - 0.304758 0 - 0.306 3411 - 0.304 8521
u(4,500) - 0.3933930 - 0.395447 7 - 0.393389 5 - 0.395 4442 - 0.394 694 5
u(5,500) - 0.4723387 - 0.474814 4 - 0.472334 4 - 0.474 810 1 - 0.474 818 3
u(6,500) - 0.5396539 - 0.542489 6 - 0.539649 0 - 0.542 484 7 - 0.543 2504
u(7,500) - 0.593 6809 - 0.596 806 9 - 0.5936755 - 0.596 801 4 - 0.598 3059
u(8,500) - 0.6330896 - 0.636428 8 - 0.633083 8 - 0.636 4230 - 0.638 6292
©(9,500) - 0.656909 5 - 0.660379 7 - 0.656903 5 - 0.660 3737 - 0.663 2272
u( 10, 500) - 0.6064 5541 - 0.668 069 9 - 0.664 548 1 - 0.668 063 8 - 0.671 494 4
: SLFM(2, 4) SLFM(4, 4) , A= O( Ax?). ,
. 3.4 SLFM(2,4) SLFM(4,4) r=0.187 0
s SLFM( 2, 4) ; r=0.188 0 , r=0.533 8 , SLFM (4,4)
3 SLFM (2, 4) Ax= 0.157 079 6
; w(1,200) w(1,700) (10, 200) «( 10, 700)
0.187 0 9. 136 4><10"?2 - 1.554 910! 6.072 610! -9.9652>=<10""!
9.442 1102 - 1.558 310! 6.035 8=<10°! -9.961 1><10""!
0.188 0 9.0719>10"2 1.184 1><10° 6. 033 6><10""! - 1. 184 1><10°
9.3805>10"2 - 1.5556><107 ! 5.996 4><107! - 9.944 4>107!




130 ( ) 2003

1

N

~

4 SLFM(4,4) Av=0.157 0796
r u(1,200) u(1,700) u( 10, 200) u( 10, 700)
0.533 8 - 1.420 410" - 1.553 810" - 8.6760><10"" - 9.7635><10""
- 1.367 3%<10"! - 1.5316x<10"" -8.7401>10"" - 9.7904>10"!
0.534 0 - 1.421 1><10"" 3.970 0<10° - 8.6809><10"" - 3.971 1x<10°
- 1.368 010! - 1.5327=10"" - 8.7449x10"' - 9.7974>10"!
;0 r=0.5340 . . 4

Feng Kang, Qin M engzhao. The symplectic methods for the computation of Hamiltonian equations[ A] -
In:Zhu Youlan, eds. Proc. of 1st Chinese Cong. On Numerical M ethods of PDE’s[ C] . Berlin: Springer,
1987. 1 37
Feng Kang. On difference schemes and symplectic geometry[ A]. In: Feng K, eds.- Proceeding of the
1984 Beijing Symposium on Differential Geometry and Differential Equations, Computation of Partial Dif-
ferential Equations| C]. Beijing: Science Press, 1985. 42 58
[]1]. ,1988,10(3): 272 281

Qin M engzhao, Zhu Wenjie. Construction of symplectic schemes for wave equations via hyperbolic func—
tions sinh(x), cosh(x), tanh(x)[J]. Comput. Math. Appl., 1993,26(8): 1 11

tanh(x) [J]. ( ),2002, 23(3): 217 221
Ge Zhong, Feng Kang. On the approximation of linear Hamiltonian systems[]J]. J. Comput. Math.,
1988, 6(1): 88 97
Miller ] H. On the location of zeros of certain class of polynomials with application to numerical analysis

[J]. J. Inst. Math. Appl., 1971,8(4): 397 409

Leap-Frog Symplectic Scheme Constructed via Function
sinh(x) for the Rod Vibration Equation of Four Order
Huang Langyang

(Dept. of Math., Huaqgiao Univ., 362011, Quanzhou, China)

Abstract By using hyperbolic function sinh(x ), the author constructs symplectic schemes with precision of

arbitrary order for the rod vibration equation of four order; and analyses their stability.
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