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ABSTRACT

The photorefractive (PR) materials, which show nonlinear response to an
incident light, have already proved their importance in various applications.
These applications include two wave mixing, four wave mixing, phase conju-
gation and optical data storage. The advantage of these materials is that they
show nonlinearity at very low laser powers (¢W) unlike Kerr materials which
require very high power. In this thesis, we have found experimentally and nu-
merically, new solutions for the nonlinear paraxial wave equation (PWE) with
the PR nonlinearity for beams engineered in our laboratory using computer-
generated holography. These beams include dipole & quadrupole vortices,
Hermite-Gaussian (HG) beams, Laguerre-Gaussian (LG) beams, Bessel beams,
Airy beams and superposed LG beams. We have studied their dynamics in
free space to make a comparison with the nonlinear dynamics. It also helps us
to characterize these beams.

In this thesis work, we have studied both linear and nonlinear dynamics of
dipole and quadrupole vortices. The linear dynamics of these beams is found
to be unstable which is verified with exact analytical expression. However, in
presence of nonlinearity they form stable structures while propagating through
a photovoltaic PR medium.

We have formed dark ring beams using LG modes and studied their prop-
agation through PR medium. It is found that the dark ring beam breaks to
form quadrupole vortex in the presence of defocusing nonlinearity, instead of
forming dark ring soliton. These results suggest that dipole and quadrupole
vortices may be the solutions of nonlinear PWE with the PR nonlinearity.

We have studied propagation dynamics of non-diffracting, self-accelerated
Airy beams through the PR medium with self-focusing nonlinearity. We ob-
serve interaction amongst their lobes as they propagate in the PR medium.
The result shows that self-trapped, self-accelerated beam can not exist in the
PR medium. We have also examined propagation dynamics of HG beams,
superposed LG beams and Bessel beams in the PR medium.

Keywords: photorefractive, nonlinear, singular optics; computer holography
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