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The Monte Carlo techniques are used in order to simulate random processes. These simulations use “pseudo-random” number sequences.  Since the MC techniques tend to be computationally intensive, they became more important as computer resources became cheaper and more available.    The MC techniques were introduced into space physics since the early 1950’s in order to emulate the effects of collisional processes and (later) wave-particle interactions.  Here, we present a brief summary of the different applications of the MC technique in the field of space physics. For instance, we consider different problem dimensionality (homogeneous, 1-D,…etc.), different collision  models (Coulomb, hard sphere, Maxwell molecule,…etc.), and different physical problems (solar wind, polar wind, auroral plasma,…etc.).  The MC technique enjoys several advantages such as: (1) It is valid in the collisionless and the collisional regions as well as within the transition region between them; (2) It is valid for subsonic, transonic, and supersonic flows; (3) The algorithm is simple and the corresponding code could be easily maintained; and (4) It is very robust (e.g. it does not suffer form numerical instabilities).  On the other hand, it suffers form some limitations such as: (1) The computationally intensive nature of this technique limits it applicability in the case global models; (2) The inherent residual statistical error limits the precision of the results to few significant digits, and (3) The statistical error can vary widely between the different regions of the simulation domain.  We also discuss the some methods that could be used to improve the efficiency, and some potential pitfalls that could arise while utilizing the MC techniques.    

