23 3 ( ) Vol.23 No.3
2002 7 Journal of Huagiao U niversity (Natural Science) Jul. 2002
1000-5013(2002) 03-0217-05
tanh(x)
X R B
( 362011)
Hyperbolic tanh(x),
, Hamilton s
0 241. 6 A
Hamilton )
Hamilton ( Lagrange ) ! ,
2 Hamilton ,
Hamilton »Toda
Hamilton >
ut + Uxxxx = 0, OS x < 27T, t= 0. (1)
u(x,0) = f(x), w(x,0) = g(x), 0 x< 21 (2)
u(0,t) = w(2me), t = O. (3)
u(x,t) = sinmecost (0< x < 2m. (4
(1) Hamilton . ,
(1) ,
Hamilton R
Hamilton v , (1) Hamilton
L, (D Hamilton 7, Hyperbolic
tanh( x) 2,
, 3
2002-01-09 (19745,



218 ( ) 2002
1 Hamilton
1.1 Hamilton
(1)  Hamilton ,
dz
5= He (5
Hamilton = lj‘(vaz'+ uz)dx,
OH
_|:ui| Jle e g= |:0 —l} H - 5u_|:— u.ti| 6
Z_v’ S _IO’Z_(SL_—W' (6)
o
(5)
dz -1
dt — I 4 7
e O IR R
N T 0 - A’
A a% . A(2m) a% 2m :
RS P AT T
A(2m) = - +.-7j=20(— 1) Bi( 1 ), (8)
B=L1GN 2712+ DG+ D] o U= [w.u,
7uN]7V: ['U177.)27 77.)—“\7]7 (7)
i[tﬂ_ [ 0 M(Z,Zm)] [Lﬂ_ [ M(Z,Zm)V} 9
dlvi L- M(2,2m) 0 i L- M(2,2m)U° ®)
I NxN . M(2,2m) A(2m) Nx N (9)
(7)  O(A™) : : .N2) A4)
F
&6 b
A(2)ul = ubs 1 — i;dzwL uLl, (10)
A(4)ujL: — uli,+2+ 16ld+1—122(9)61§’1+ 16lLi—1— lL’i—Z. (11)
(7) . , Hyperbolic tanh(x)
1. 2 Hyperbolic tanh(x)
Hamilton
%= J 'A(2m)z, (12)

tanh(x) . A(2Zm) A Zm



tanh(x) 219

+ At ot (12)
-1
2(t+ Ay = Y ().

20+ &) — z(0) = ("M 2 Dz(n), z(e+ M)+ z(0) = (1 4 Dz(h).

AT ' A(2m) _
Z(t+ A - z(t) = Grmm—(z(t+ A + z(1) =
e + 1
N
tanh( 2J A(2m))(z(t + Ar) + z(t)), (13)
tanh(x) = x — %x3 + %xs - 31T75x7 + = k;azk— P
= 22 - ) (fﬁ Bu  Bernoulli (14)
(13) . tanh(x) 2
JAV : AV %o 1
tanh(2s, 50 'A(2m)) = Eau- (50 A2m) T
O(A”+ Ax’")
In+ 1 — Zn = tanh(%,]_ IA( 2m))(z"+ 1+ ZH) ( 15)
(15) ’
1 f(x) L ., L'J+ JL= 0, f(L)
2 @ , I+ ®%0, F=(I+® '(I- D
(7) A . L= J 'A,
L'J+ JL=AJHYJ+ JI 'A=- A"+ A= 0
L= 7 'A(2m) : I @= tanh(2, 57 '4(2m))
2, (15)
1 (15) , 2s ) 2m
0( Al2+ Ame) 0(At4+ Ame) .
g+l — Zn= %J_ IA( 2m) (zn+ 1 + 2n), (16)
Zovt— Zn= (%J‘ 'A(2m) - (%J‘ 'AC2m))) (2w 1 + 20). (17)
(16) Euler . , o m=1
TR T T _ du™ 'y 280+ v (18)
N N 4" ’

a2 il = AR LGS A VR



220 ( ) 2002

2 tanh(x)
J 'A(2m) o, :
3 A, B,C.D NxN , AC=(CA,
N-A - B )
det = det XI- AA+ D) + AD- CB .
— C M_
, A,B,C,D ai, bi,ci,di(i= 1, ,N),

n

det XI- A(A+ D)+ AD- CB = TI(X - (a+ di)A+ aidi— cib).

i=1

4 J'A(2m) , (15)
(8) , M(2,2m)
m— 1
N2,2m)r= - 4Alxzsin22k_]1;lf-j: ﬁ'(sinzg_]‘(]-(j,k: 1, ,N.
3.,
» [ 0 M(2, 2m)]
J 'A(2m) =
—- M(2,2m) 0
1 XN2,2m)+ . , 4
2 (15)
3
\ (1) (3), Euler (16) (m= 1)(
(18)) (1). Euler (18) \ U’
U' : . : ;
. A= (17 64)°, A = 0 64( 128
). f(x)= sin(x), u(x,t)= sinx cost .
10 000 (Ui) (U(xi)) (U(xi) = Ui) 1(0s x< 817 16, =
10 000x ( 17 64)°= 24. 096).
1 Euler (18) 1= 24.096,0< x< 8716
(x;j=j% A,j= 1,2, ,128)
Xj
0 0 - 3.752 9x 10" 12 3.752 9x 10- 12

16 9. 925 8% 10-2 9.844 3x 1072 8. 155 9x 10°*
211/ 16 1.947 0% 10~ 1.931 0x 107! 1.599 8x 1073
31/ 16 2.826 6% 10-! 2.803 4x 107! 2.322 6% 1073
411/ 16 3.597 6x 10! 3.568 1x 107! 2,956 1x 1073
5116 4.230 4% 10~ 4.195 6x 107! 3. 476 0x 1073
61/ 16 4.700 5% 10~ 4.661 9x 107! 3.862 3x 1073
Tl 16 4.990 1x 10~ 4.949 1x 107! 4.100 2x 1073
81/ 16 5.087 8% 10™" 5.046 0x 107" 4. 180 6x 107°

B B



3 : tanh(x) 221

9

 — 3 [M]. : ,1983.1 40

Feng Kang, Qin M engzhao. The symplectic methods for the computation of Hamiltonian equations[A].
In: Zhu Youlan, et al, eds. Proc. of Ist Chinese Cong. on Numerical M ethods of PDE’s, Lecture Notes in
Math. [C]. Berlin: Springer, 1987.1 37
Feng K. On difference schemes and symplectic geometry[ A]. In: Feng K, eds. Symposium on Differen—
tial Geometry and Differential Equations, Computation of Partial Differential Equations| C] . Beijing: Sci—
ence Press, 1985. 42 58

, . Hamilton Ham ilton [J]. ,1991,(2):102 112
LiCW, QinM Z. A symplectic diffirence scheme for the infinite dimensional Hamiltonian systems[J]. J.
Comput. Math., 1988, 6(2): 164 174

[J]. , 1988, 10(3): 272 281
[1]. , 1990, 12(6): 1 20

QinM Z, Zhu W J. Construction of sym plectic schemes for wave equations via hyperbolic functions
sinh(«x), cosh(x), tanh(x)[J]. Comput. Math. Appl., 1993, 26(8): 1 11

, . [J]. ( ),2001, 14(2): 28 31

10 Miller J H- On the location of zeros of certain cdass of polynomials with application to numerical analysis

[J]. J. Inst. Math. Appl., 1971, 8 397 409

Symplectic Schemes of Four-Order Rod Vibration
Equation via Function tanh(x)
Huang Langyang

(Dept- of Math-, Huagiao Univ., 362011, Quanzhou)

Abstract  Hamiltonian schemes of four-order rod vibration equation are considered and hyperbolic function

tanh (x) is applied. In relation to four-erder rod vibration equation with periodic boundary condition, sym-—

plectic discretion with accuracy of arbitrary order and finite dimensional spatial truncation is constructed- Nu-—

merical examples are given finally, the results of which show that the symplectic schemes have excellent

long-time numerical behavior.

Keywords four—order rod vibration equation, Hamiltonian systems, symplectic scheme



