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GLOBAL EXISTENCE AND ENERGY DECAY OF SOLUTIONS
FOR A WAVE EQUATION WITH A TIME-VARYING

DELAY TERM

AISSA BENGUESSOUM

Abstract. In this paper, we consider in a bounded domain the wave equation
with a weak internal time-varying delay term:

utt(x, t)−∆xu(x, t) + µ1(t)ut(x, t) + µ2(t)ut(x, t− τ(t)) = 0.

Under appropriate conditions on the functions µ1 and µ2, we prove global ex-
istence of solutions by the Faedo-Galerkin method and establish a decay rate
estimate for the energy using the multiplier method.

MSC 2010. 35B40, 35L70.

Key words. Wave equation, delay term, decay rate, multiplier method.

REFERENCES

[1] C. Abdallah, P. Dorato, J. Benitez-Read and R. Byrne, Delayed Positive Feedback Can
Stabilize Oscillatory System, ACC. San Francisco, 1993, pp. 3106–3107.

[2] A. Benaissa, A. Benguessoum, S.A. Messaoudi, Energy decay of solutions for a wave
equation with a constant weak delay and a weak internal feedback, Electron. J. Qual.
Theory Differ. Equ., 2014, 11, 1–13.

[3] A. Benaissa and S.A. Messaoudi, Global existence and energy decay of solutions for a
nondissipative wave equation with a time-varying delay term, Progress in partial dif-
ferential equations, Springer Proceedings in Mathematics and Statistics, 44, 2013, pp.
1–26.

[4] M.M. Cavalcanti, N.A. Larkin and J.A. Soriano, On solvability and stability of solutions
of nonlinear degenerate hyperbolic equations with boundary damping, Funkcial. Ekvac.,
41 (1998), 271–289.

[5] G. Chen, Control and stabilization for the wave equation in a bounded domain, Part I ,
SIAM J. Control Optim., 17 (1979), 66–81.

[6] G. Chen, Control and stabilization for the wave equation in a bounded domain, Part II ,
SIAM J. Control Optim., 19 (1981), 114–122.

[7] R. Datko, J. Lagnese and M.P. Polis, An example on the effect of time delays in boundary
feedback stabilization of wave equations, SIAM J. Control Optim., 24 (1986), 152-156.

[8] A. Haraux, Two remarks on dissipative hyperbolic problems, Research Notes in Mathe-
matics, 122, Pitman, Boston, MA, 1985, pp. 161–179.

[9] V. Komornik, Exact Controllability and Stabilization. The Multiplier Method, Masson-
John Wiley, Paris, 1994.

The authors thank the referee for his helpful comments and suggestions.

DOI: 10.24193/mathcluj.2021.1.04



[10] I. Lasiecka and R. Triggiani, Uniform exponential energy decay of wave equations in a
bounded region with L2(0,∞;L2(Γ))-feedback control in the Dirichlet boundary condi-
tions, J. Differential Equations, 66 (1987), 340–390.
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