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Abstract

In this thesis, we focus on obtaining bounds for dimension of the graph of func-

tions on the Sierpiński gasket. Also, we will show the existence and multiplicity

of weak solutions to some p-Laplacian equations on the Sierpiński gasket. Earlier,

many authors have studied Laplacian and p-Laplacian equations on regular do-

mains (bounded domain with smooth boundary). Strichartz, Kigami, Barlow and

some more authors took a step forward and defined Laplacian on the Sierpiński

gasket and p.c.f. fractals. Herman, Peirone and Strichartz defined p-Laplacian on

the Sierpiński gasket. Many authors have studied about the existence and mul-

tiplicity of solutions, eigenfunctions decimation, distributions of eigenvalues, Hot

spot conjecture and addressed many related questions. All of them answered these

questions based on Laplacian equations. This is one of the reasons, we have consid-

ered p-Laplacian equations on the Sierpński gasket and did our analysis. Also, we

have provided bound for box-dimension of the graph of Harmonic functions on the

Sierpński gasket.

In chapter 1, we will give a brief introduction about fractals, where we provide

a possible characterization of fractals and how to identify them. Also, we discuss

different notion of fractal dimensions and give some idea to calculate them. Anal-

ysis on fractals is a crucial part of our study. So we will explain its motivation,

applications in real life and more. At last, we give motivation for this thesis.
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vi Abstract

Chapter 2 comprises of many definitions and well known results which we require

to build up this thesis. We recall the definition of Hausdorff metric, s-dimensional

Hausdorff measure and with the help of this, we define the Hausdorff dimension.

Then we describe the Iterated function system(IFS) and with the help of this, we

define fractal interpolation function(FIF). We present the construction of Sierpiński

gasket and different aspects to look at it. The concept of weak Laplacian and

p-Laplacian on Sierpiński gasket is also presented. At last, we define harmonic

function and give a formula to construct it whenever we know the functional values

at boundary points.

In chapter 3, we elaborate the process of constructing fractal interpolation func-

tions on the Sierpiński gasket. Taking help of this, we will show the existence of

fractal functions in the function space dom(E), that is, all finite energy functionals

on the Sierpiński gasket. Moreover, we provide bounds for the box dimension of

some functions that belong to the family of continuous functions and arise as fractal

interpolation functions. Further, we have obtained bounds for the box dimension

of the graph of a harmonic function on the Sierpiński gasket. Also, we get upper

and lower bounds for the box dimension of the graph of functions that belongs to

dom(E).

In chapter 4, we study the following boundary value problem involving the weak

p-Laplacian

−∆pu = λa(x)|u|p−2u+ b(x)|u|`−1u in S \ S0; u = 0 on S0,

where S is the Sierpiński gasket in R2, S0 is its boundary, λ > 0, p > 2, p−1 < ` and

a, b : S → R are appropriate functions. We will show the existence of a nontrivial

weak solution to the above problem for a certain range of λ using the analysis of

fibering maps on suitable subsets.

In chapter 5, we will study a more general version of the above problem and



vii

show the existence of solutions to the following boundary value problem

−∆pu = λa(x)|u|q−1u+ b(x)|u|l−1u in S \ S0; u = 0 on S0,

where S is the Sierpiński gasket in R2, S0 is its intrinsic boundary, λ > 0, p > 1,

0 < q < p − 1 < l and a, b : S → R are bounded nonnegative functions. With the

above hypothesis we will show the existence of at least two nontrivial weak solutions

to the above problem for a certain range of λ using the fibering map technique.

In chapter 6, we examine a system of weak p-Laplacian equations

−∆pu = λa(x)|u|q−2u+
α

α + β
h(x)|u|α−2u|v|β in S \ S0

−∆pv = µb(x)|v|q−2v +
β

α + β
h(x)|u|α|v|β−2v in S \ S0

u = v = 0 on S0,

on the Sierpiński gasket in R2. Parameters λ, γ, α, β are real and satisfies 1 < q <

p < α + β. Functions a, b, h : S → R are suitably chosen. For p > 1, we show the

existence of at least two nontrivial weak solutions to the above system of equations

for some (λ, γ) ∈ R2.

In the last chapter, we will give concluding remark on the thesis. Also, we give

some possible directions to work in future.



       

इ             ,  ह                       फलन        -                  ल              न        न            ह  ।     ह , ह  
                               -ल  ल    न                       न           औ   ह ल            । इ     हल , 
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            , ह      ल                                ,  ह   ह      ल               ल         न    न       औ  
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2.6 Sierpiński gasket . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11
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