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Abstract: Molecular clouds are the cradles for star-formation. The stars are formed as a result of the
gravitational collapse of compact gas-dust prestellar cloud cores. Magnetic fields are one of the important
components in molecular clouds for regulating star-formation. Protostellar disks are formed very quickly
after the collapse of a molecular cloud core. The formation and evolution of the disks play a crucial role in
the formation of the planetesimals. My work focuses on the fundamental properties of core collapse and
the evolution of protostar and a disk via analytic and numerical models, and comparing with observations
in order to extract new insights. We investigate the fragmentation scales of gravitational instability of a
rotationally supported self-gravitating protostellar disk as well as for the molecular cloud using linear
perturbation analysis in the presence of nonideal magnetohydrodynamic (MHD) effects. Nonideal MHD
effects result in the diffusion of magnetic flux. We show that the influence of the magnetic field and
nonideal MHD on the preferred fragmentation mass for collapse leads to a modified threshold, as opposed
to a Jeans mass, that might lead to giant planet formation in the early embedded phase. Our results also
indicate that the trend found in the observed lifetime for the prestellar cores and fragmentation mass
cannot be explained in a purely hydrodynamic scenario. Furthermore, I will also talk about the episodic
mass accretion (therefore episodic luminosity) from a disk to star, which is considered to be one of the
most important processes in mass growth of protostar. Our analytic work provides insight into global
MHD simulations of protostellar disks that we carry out using the FEOSAD simulation code. Our results
using FEOSAD demonstrate the long-term evolution of disks, and especially the episodic nature of
accretion, which might explain the origin of observed knots in the molecular jet outflows. All of our
studies from various perspectives might fill in many gaps of our knowledge of how the pre-main sequence
stars formed over time and consolidate the broad picture of star formation.
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