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This book clears up some confusion in the field of star formation and
proposes a solution to a problem that remains unsolved for more than
a decade. Observations of molecular clouds show that dense filaments
are the sites of present-day star formation, and it is thus necessary to
understand the filament formation process because the filament is an
initial condition in a star formation process. Theoretical studies suggest
that shock waves in molecular clouds trigger filament formation.
Several different mechanisms have been proposed, and the formation
mechanism of the observed star-forming filaments is expected to be
clarified. In this book, the author performs a series of isothermal
magnetohydrodynamics (MHD) simulations of filament formation and
identifies the formation mechanisms. It is found that the dominant
filament formation mode changes with the velocity of the shock waves
that trigger the filament formation. The filament width plays an
important role in determining the fragmentation scale by self-gravity,
and observations show that the width 0.1 pc is universal. On the other
hand, in theory the width of the supercritical filaments was considered
to be narrowed by self-gravity. Recent studies suggest that massive
filaments are bound by the slow shocks that are caused by accretion
flows onto the filaments. Since the wavefront of such a slow shock is
known to be unstable as a slow shock instability (SSI), the accretion ram
pressure is expected to be converted into thermal/turbulent pressure
across the shock front, which potentially maintains the width. In the
scale of dense filaments, ambipolar diffusion (AD) suppresses the SSI at
small scales. The influence of AD on SSI is investigated using two-
dimensional MHD simulations, and the nonlinear evolution of the SSI
with AD is found to drive turbulences. The book demonstrate the effect
of SSI including AD onto the filament evolution.
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