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Abstract

Partial differential equations have many important applications in various fields of science
and engineering, such as fluid dynamics, materials science, inverse problems, computer
graphics, and pattern formation. In recent years, increasing attention has been paid to
the study of partial differential equations involving exponents p and p(x) (variable ex-
ponent). The interest in studying such problems was stimulated by their applications in
fluid dynamics, turbulent flows, non-Newtonian flows, climatology, elasticity, image pro-
cessing, and electrorheological fluids. In this thesis, our aim is to find numerical solutions
of p(x)-Laplacian problem, p(x)-Laplacian eigenvalue problem, p-biharmonic problem,
and parabolic p-Laplacian problem. Below, we provide a few details of the above works.
We propose minimization techniques (quasi-Newton and steepest descent) to solve the
p(x)-Laplacian problem using WEB-Spline method which is the generalization of Lapla-
cian operator (p(x) = 2) and p-Laplacian operator (p(x) = p). We perform several
numerical experiments to validate the results given in the literature.

Further, we analyze the numerical solution for computing the first eigenpair of p(x)-
Laplacian problem using WEB-Spline method. We adopt the inverse power method for
computing the first eigenpair of p(x)-Laplacian operator and also we study the asymp-
totic behaviour of the first eigenpair. Numerical simulations are performed to show the
efficiency of the proposed scheme.

Next, we study the linear p-biharmonic problem (i.e., p = 2 case) with Navier boudary
conditions. For solving the fourth order biharmonic problem, usually we need C! finite

elements which are difficult to construct. Hence, we decoupled this fourth order problem



into two second order equations for which we can use C? finite elements. For this decou-
pled problem, we use WEB-Spline method and verify the theoretical results via numerical
experiments.

Next, we extend WEB-Spline method from linear biharmonic problem to nonlinear p-
biharmonic problem. For this problem, we perform numerical experiments to substanti-
ate the theoretical results for linear case, and for nonlinear case no theoretical results are
available; hence we gauge the rate of convergence.

Finally, we extended the WEB-Spline method from heat and p-Laplacian problems to a
parabolic p-Laplacian problem. For time discretization, we use backward Euler method
and for this fully-discrete formulation, we use Newton’s method to linearize the nonlinear
problem. We give a priori error estimates for semi-discrete and fully-discrete formulations.

Also, we present a few examples to confirm the theoretical estimates.
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