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РАЗДЕЛ 5.  ИНФОРМАТИКA И ВЫЧИСЛИТЕЛЬНАЯ ТЕХНИКА 

 

 

NUMERICAL SIMULATION OF ONE HYPERBOLIC TYPE EQUATION 

WITH A DELTA-LIKE COEFFICIENT 
 

A. ALTYBAY 

 

In this note, we illustrate numerical experiments for the one-dimensional wave equation with 

𝛿-like terms. Our research is connecting the theory with the numerical realisations. By using results 

on very weak solutions introduced by Ruzhansky Tokmagambetov [1], we investigate a 

corresponding regularized problem.  

Here, we study the Cauchy-Dirichlet problem for the 1D-Wave Equation  

 

{
 
 

 
 
𝜕𝑡𝑡
2 𝑢(𝑡, 𝑥) − 𝑎(𝑡)𝜕𝑥𝑥

2 𝑢(𝑡, 𝑥) = 𝑓(𝑡, 𝑥), (𝑡, 𝑥) ∈ [0, 𝑇] × [0,1],

𝑢(𝑡, 0) = 0, 𝑡 ∈ [0, 𝑇],
𝑢(𝑡, 1) = 0, 𝑡 ∈ [0, 𝑇],

𝑢(0, 𝑥) = 𝑢0(𝑥), 𝑥 ∈ [0,1],

𝜕𝑡𝑢(0, 𝑥) = 𝑢1(𝑥), 𝑥 ∈ [0,1].

 

 

We allow the coefficient 𝑎(𝑡) and the source term 𝑓(𝑡, 𝑥) to be distributionalin𝑡. One of the 

interesting cases is when 𝑎(𝑡) = 1 + 𝛿(𝑡 − 𝑡0) and 𝑓(𝑡, 𝑥) = 𝛿(𝑡 − 𝑡1) for some, in general, 

different  𝑡0and 𝑡1.  

Numerical experiments show that approximation methods work well in situations where a 

rigorous mathematical formulation of the problem is difficult in the framework of the classical 

theory of distributions. The concept of very weak solutions eliminates this difficulty, giving results 

of correctness for equations with singular coefficients. In the framework of this approach (very 

weak solutions), the expected physical properties of the equation can be reconstructed, for example, 

the distribution profile and the decay of the solutions for large times. 

 

This work is done in collaboration with my supervisors Prof. Michael Ruzhansky and Dr. 

Niyaz Tokmagambetov. 
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