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Effective results concerning new functional
solutions of fractional hyperbolic problems with
an inverse source term

Bilal Basti!, Rabah Djemiat?

! Department of mathematics, Ziane Achour University of Djelfa, Algeria.
2 Laboratory of Pure and Applied Maths, Boudiaf Mohamed University of M’sila.

Abstract

This paper investigates the problem of the existence and uniqueness of one
solution under the traveling wave form for a free boundary problem of a space-
fractional wave equation with an inverse source term. It does so by applying
Banach’s fixed point theorem.

Keywords: hyperbolic problem, traveling wave, inverse source term, existence
and uniqueness.

1 Introduction

In this work, we shall give an example of a class of well-known fractional-
order’s PDEs; such the equation which is the space-fractional wave equation
and is written as follows:
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where v = u (z,t) and v (z,t) are scalar functions of space variables x € [ct, X]
and time ¢ € [0,T], for T > 0 and X > |¢|T. With

+o(x,t), ceR*, 2<a<3, (1)
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- = x __ym—a—1 am
ox® gxg:fi%g—mu(ﬂt)dﬂ m—1<a<meN".

The symbol Z presents the Riemann-Liouville’s fractional integral of order a.
Our main goal in this work is to determine the existence, uniqueness and
main properties of solutions of the space-fractional PDE (1), under the traveling

wave form:
u(z,t) = exp (—c’t) f (x — ct), with c € R, (2)

the basic profile f is not known in advance and is to be identified.



2 Main results
Throughout the rest of this paper, we have:
2<a<3, T>0and X > |c|T for some ¢ € R*. (3)

We discuss the existence and uniqueness of solutions to the following free
boundary problem of the space-fractional wave equation:
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under the traveling wave form (2).

(z,8), (x,t) €ct,X] % [0,T], 2<a<3, ceR",

(ct,t) =0, and u (z,0) = f(x), feC([0,A],R), ()

+
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Theorem 1 Let a,c, T, X € R, be the real constants given by (3) which satisfy
the following inequality:
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0<X+|c|T < (¢TI (a+1))°.

If
a(X + ] T)*2(X + [c]|T)|c| + a—1]
Ma+1)—c2 (X +|c|T)”

then the problem (4) admits a unique solution in the traveling wave form (2).
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