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We consider various models of dark energy and study them in cosmological aspects of dynamics,
mathematical alternatives and modeling from obeservational data. The first part consider string inspired
cosmology on a solitary D3 brane moving in the background of a ring of branes located on a circle of
radius R. The motion of the D3 brane transverse to the plane of the ring gives rise to a radion field which
can be mapped to a massive non-BPS Born-Infeld type field with a cosh potential. For certain bounds
of the brane tension we find an inflationary phase is possible, with the string scale relatively close to the
Planck scale. The relevant perturbations and spectral indices are all well within the expected observational
bounds. The evolution of the universe eventually comes to be dominated by dark energy, which we show
is a late time attractor of the model. However we also find that the equation of state is time dependent,
and will lead to late time quintessence.

Next scenario, a dynamical system of phantom scalar field under exponential potential in background
of loop quantum cosmology is investigated. In our analysis, there is neither stable node nor repeller
unstable node but only two saddle points, hence no Big Rip singularity. Physical solutions always possess
potential energy greater than magnitude of the negative kinetic energy. We found that the universe bounces
after accelerating even in the domination of the phantom field. After bouncing, the universe finally enters
oscillatory regime. We also study this system when phantom scalar field dark energy under exponential
potential is coupled to barotropic dark matter fluid.

We investigate non-linear Schrodinger-type (NLS) formulation of cosmology. This is a mathematical
alternative to the Friedmann formulation. We set up the procedure of transforming the Friedmann
formulation to the NLS formulation. We also reports all usages and disadvantage of the NLS in the
cases of power-law expansion, de-Sitter expansion and phantom expansion. We extend the formulation
to include phantom field case and we have found that Schrodinger wave function in this formulation is
generally non-normalizable. We also find exact solutions for the scalar field in various cases and analyzing
the effective equation of state for these three cases. In the phantom expansion case, we found that, in
a non-flat universe, there is no fixed weg value for the phantom divide. In a non-flat universe, even
weg > —1, the expansion can be phantom. Moreover, in open universe, phantom expansion can happen

even with weg > 0. We also study NLS-formulation of slow-roll approximation, acceleration condition,
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WKB approximation and Big Rip singularity. We reexpress all slow-roll parameters, slow-roll conditions
and acceleration condition in NLS form. WKB approximation in the NLS formulation is also discussed
when simplifying to linear case. Most of the Schrodinger potentials in NLS formulation are very slowly-
varying, hence WKB approximation is valid in the ranges. In the NLS form of Big Rip singularity, two
quantities are infinity in stead of three. We also found that approaching the Big Rip, wegr — —1 + 2/3¢,
(¢ < 0) which is the same as effective phantom equation of state in the flat case.

Since the DBI scalar field can describe non-Gaussianity found in the CMB. We investigate the phase
space of a quintessence theory governed by a generalised version of the DBI action, using a combination
of numeric and analytic methods. The additional degrees of freedom lead to a vastly richer phase space
structure, where the field covers the full equation of state parameter space; —1 < w < 1. We find
many non-trivial solution curves to the equations of motion which indicate that DBI quintessence is an
interesting candidate for a viable k-essence model.

Last part of the project is to determine potential function of a canonical scalar field in FLRW universe
in presence of barotropic perfect fluid expanding with power-law. The combined WMAPS5+BAO+SN
dataset and WMAPS dataset are used here to determine the value of the potential. The datasets suggest
slightly closed universe. If the universe is closed, the exponents of the power-law cosmology are ¢ = 1.01
(WMAPS dataset) and ¢ = 0.985 (combined dataset). The lower limits of ag (closed geometry) are
5.1 x 1026 for WMAP5 dataset and 9.85 x 10%6 for the combined dataset. The domination of the power-
law term over the curvature and barotropic density terms is characterised by the inflection of the potential

curve. This happens when the universe is 5.3 Gyr old for both datasets.
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