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Application of Quintic B-spline functions for numerical
solution of Generalized Benjamin-Bona-Mahony Equation
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Abstract: We propose a numerical technique for solving the Generalized Benjamin-Bona-Mahony equation.
Firstly, we obtain a time discrete scheme by approximating time derivative via crank-Nicholson finite difference
formula, then we use the interpolating quintic B-spline approach to approximate the spatial derivatives. The
stability and convergence of the method are considered, and the theoretical results are supported by numerical
examples. We compare our numerical results with those given in the literature in terms of numerical accuracy.
The results reveal that the proposed method is very accurate and efficient.

Key words: Finite difference, Quintic B-spline, Generalized Benjamin-Bona-Mahony equation, Convergence.

1. Introduction

Nonlinear partial differential equations play a crucial role in applied mathematics and physics from fluid
dynamics, solid state physics, material science, quantum machines, plasmas physics to nonlinear optics and so
forth, and in chemistry and biology as well. Phase field models have been given considerable popularity and
importance during the past few decades due to their applications. We consider the following initial-boundary
value problem for generalized Benjamin—Bona—Mahony (gBBM) equation for our numerical study

g +uy +11(H’m ]x ~ ity =0, (x.0)eQ, (1)

ula,)=u(b,t)=u.(a,1)=u,(b1)=0, te [0,7), u(x,0)=p(x), xe [a,], (2)
where i and , are positive constants, mz2 is positive integer, and 0= (a,6)x(0,7)- IN the cases, m=23 (1)

represents the BBM (or regularized long wave) and modified BBM equations, respectively.

The BBM equation was first put forward as a model for small-amplitude long waves on surface of water in
channel by Peregrine [1, 2], and analyzed by Benjamin et al. [3]. This equation describes phenomena with weak
nonlinearity and dispersion waves, including for example ion acoustic and magneto hydrodynamic waves in
plasma. Subsequently, the BBM equation and its generalized form have been shown to be relevant in several
physical situations.

The fields of numerical analysis and the theory of approximation have witnessed the rise of many approaches in
the development of techniques to approximate the solution of partial differential equations. Since the gBBM
equation is nonlinear and possesses multiple time and space scales, it is difficult to solve accurately. Thus,
development of effective computational methods for investigating this problem has practical significance, and
has drawn the attention of many researchers. However, development of highly accurate and energy-stable
numerical methods is still a challenging problem. For BBM and gBBM equations, certain numerical methods
Galerkin [4-7], least squares [8, 9], collocation [10-13], Adomian decomposition [14-16), finite differences [17-
26] and etc have been explored. In particular, Zhang [21] has investigated a three-level difference scheme for the
gBBM equation and ascertained second-order convergence under assumption that exact solution belongs to C*
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