Volume 5, 2001 1

JACOBI NONLINEAR ITERATION METHOD FOR A DISCRETE KIRCHHOFF SYSTEM

J. Peradze

Departments of Applied Mathematics and Computer Sciences of I. Javakhishvili Tbilisi State University

As is well-known, the equation w_{tt} = w_{xx} models string vibration. This equation should be considered as the first approximation of the vibration process. The equation w_{tt} − ( λ + 2 π ∫_π 0 w^2_xdx ) w_{xx} = 0, (1) 0 < x < π, 0 < t ≤ T, λ > 0, proposed by Kirchhoff [1] in 1883 is regarded as the best model as it takes into account an increase in tension resulting from the extension of the string.

Equation (1) was first studied by S. Bernstein [2] in 1940. In the subsequent years, many authors (see, for example, [3], [4] and the references cited therein) devoted their studies to this equation and its natural generalization w_{tt} − g (∫ Ω |▽w|^2dx ) △w = 0, x ∈ R^n, g(u) > 0, n > 1. In most cases these studies were concerned with the problem of the existence of a solution. Problems of controllability and stabilization were also considered, and computations were carried out (see, for example, [5], [6] and the references cited therein).

We know only one work [7] in which an approximate algorithm is applied to an initial boundary value problem for equation (1) and the convergence of the algorithm is proved. Speaking more exactly, in [7], under somewhat specific conditions with given w_t(x, 0), w_x(x, 0) and w_t(0, t) = w_t(π, t) = 0, the solution of equation (1) is semidiscretized with respect to the argument x using the finite element method and the error is estimated.

Here we consider equation (1) when

w(x, 0) = w^{(0)}(x), w_t(x, 0) = w^{(1)}(x), w(0, t) = w(π, t) = 0,

where w^{(p)}(x) are the given functions, p = 0, 1.

Using the Galerkin method and a Crank-Nicolson type scheme, the solution is discretized with respect to a spatial and a time variable. Thus the problem is reduced to a system of nonlinear algebraic equations which is solved by the iteration method. The convergence of the method is proved.

2 Bulletin of TICMI

R e f e r e n c e s

[1] Kirchhoff, G. Vorlesungen über Mechanik. Teubner, Leipzig, 1983. [2] Bernstein, S. On One Class of Functional Partial Differential Equations. Izv. AN SSSR, ser. Mathematika, 4, 1940, 17-26 (in Russian).

[3] Neuman, W. Global Solution of a Nonlinear String Equation. J. Math. Anal. Appl. 192, 1995, 689-704.

[4] Nishihara, K. On a Global Solution of Some Quasilinear Hyperbolic Equation. Tokyo J. Math. 7, No.2, 1984, 437-459.

[5] Urquisa, J. Stabilization frontiére d’une équation des ondes quasilinéaire. Laboratoire des Matériaux et Structures du Génie Civil, UMR 113 LCPC/CNRS, France, 1999, 30.

[6] Attigui, F. Contrôle et stabilisation de câbles non linéaires. Laboratoire des Matériaux et Structures du Génie Civil, UMR 113 LCPC/CNRS, France, 1999, 158.

[7] Christie, I., Sanz-Serna, J.M. A Galerkin Method for a Nonlinear Integro-differential Wave System. Comput. Methods Appl. Mech. Engin. 44, 1984, 229-237.