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Abstract

The central theme of this thesis is to examine the existence and multiplicity of weak solutions
to elliptic problems for a class of Choquard equations driven by local or nonlocal operators. In
recent decades, nonlocal partial differential equations have gained substantial attention due
to their diverse applications across numerous fields, including engineering, biology, physics,

and more. The thesis is divided into five chapters.

In Chapter 1, we offer a brief survey and establish the background for the study carried out
in the following chapters. Moreover, we outline the structure of the thesis and emphasize its

key contributions.

In Chapter 2, we investigate a class of critical Choquard nonlinearity characterized by a frac-
tional Laplacian operator and featuring a perturbation term. Depending on the nature of the
perturbation term, we analyze three Dirichlet boundary problems on a bounded domain and
obtain the existence and multiplicity results for these critical problems. For the singular per-
turbation term, we establish the existence result for a class of Kirchhoff-Choquard problems.
We obtain at least two positive weak solutions by employing appropriate minimization argu-
ments and approximating the perturbed problem obtained through truncation of the singular
term. We prove that each positive weak solution is bounded and satisfies Holder’s regularity.
Next, we examine a class of Kirchhoff-Choquard problems with a regular subcritical per-
turbation term and obtain existence and multiplicity results using minimization arguments
and the mountain-pass theorem. Lastly, we investigate a problem with a perturbation term
consisting of sublinear and linear terms combined with critical Choquard nonlinearity, where

the nonlinearity term satisfies the Ambrosetti-Prodi condition.

Chapter 3 explores a more general class of Choquard equations characterized by subcritical
growth. Precisely, we investigate a non-autonomous problem governed by the p-Laplacian
operator with a Kirchhoff-coefficient on the entire domain RY. Due to the Kirchhoff term
and the subcritical growth of generalized Choquard nonlinearity, one can not directly apply
variational methods. Moreover, the absence of the conditions like Ambrosetti-Rabinowitz
and other assumptions, which help in establishing the geometric structure and boundedness
of Palais-Smale sequences, lead us to work on the Pohozaev manifold. Mainly, we obtain
the existence of positive high energy solutions for the non-autonomous problem. By utilizing
the polarization argument, we establish the radial symmetry of solutions for the autonomous
case, which is a topic of independent interest. Subsequently, employing the splitting lemma

and the linking theorem, we attain the solutions for the non-autonomous case.

In Chapter 4, we explore the study of the existence of positive solitary wave solutions for gen-
eralized quasilinear Schrodinger equations in RY. We develop this theory for non-autonomous
perturbations involving critical Choquard nonlinearity. Initially, we focus on the limiting case
and employ the concentration-compactness principle. This leads to the attainment of a posi-
tive radial solution, which is also a ground state solution. By utilizing the delicate estimates
concerning the critical Choquard term along with the critical level of the limiting functional,

we establish the existence of a positive solution for the problem.
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Chapter 5 of this thesis is dedicated to the exploration of Neumann problems involving critical
Choquard nonlinearity. We examine the homogeneous Neumann boundary condition and
attain a Brezis-Nirenberg type existence result. By assuming a suitable flatness condition on
the boundary, we determine sharp conditions for the existence and non-existence of positive
solutions to this class of problems. In order to demonstrate the existence of a solution, we
need an appropriate version of Cherrier’s inequality. We highlight that this extension is not
straightforward and is of independent interest. Furthermore, we utilize this inequality and

establish compactness of our Sobolev functional.
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