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Abstract

This paper analyzes the uniform exponential stability of a coupled system consisting of linear
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ordinary differential equations and a one-dimensional wave equation. A semi-discrete finite differ-
ence scheme is constructed for this system, and the uniform exponential stability of the discrete
scheme is further studied. Firstly, the Backstepping control method is employed to transform the
original coupled system into an equivalent target system, while deriving the control law that stabi-
lizes the original coupled system. Subsequently, an appropriate Lyapunov function is constructed
for the target system, and the Lyapunov stability analysis method is used to prove the uniform ex-
ponential stability of the target system. In order to more conveniently study the spatially semi-dis-
crete finite difference scheme corresponding to the target system, the target system is first simpli-
fied into an equivalent lower-order coupled system through variable substitution. A spatially semi-
discrete finite difference scheme is then constructed for this lower-order system, and a correspond-
ing Lyapunov function is designed to prove the uniform exponential stability of the semi-discrete
system. This demonstrates that the proposed spatially semi-discrete finite difference scheme effec-
tively preserves the exponential stability characteristics of the original continuous coupled system.
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P (X, 1) =0, (x,1),0<x<Lt>0,
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