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An arbitrary motion of a quasineutral collisionless plasma is considered in the hydrodynamic approximation. We are dealing with a motion that differs from a uniform flow or nonlinear simple or shock waves. A linear differential equation that describes such motions is obtained. The problem with characteristic data (Goursat problem) for the equation is studied. The problem is completely solved in analytical form for the case of a plasma with cold ions.

 With this approach the solutions of two problems: the expansion of a plasma with nonzero ion temperature and the expansion of a finite region of a plasma, both, into a vacuum are found. These problems were also simulated by particles. The results obtained by the two methods are in close agreement. For example, the density profiles, that are found analytically and by simulations,  practically coincide even then the density changes are four orders of magnitude.

