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UFRGS WFully kinetic descriptions of long-range self-
interacting systems are generally very difficult to ob-
tain because these systems do not relax to the Maxwell-
Boltzmann distribution and the tools of equilibrium sta-
tistical mechanics cannot be employed. This is the case of
electron flows in diodes and in crossed-field devices which
are fundamental for the development of several advan-
ced applications 1n areas ranging from microwave sour-
ces to space propulsion, as well as in the semiconductor
industry. Here, a statistical theory is presented that al-
lows the calculation of the stationary state achieved by
the electron in such systems after a process of collision-
less relaxation. The stationary collisionless Boltzmann
(Vlasov) equation with appropriate boundary conditions
is reduced to an ordinary differential equation, which is
then solved numerically. Special attention is given to the
space-charge hmited transition when the electron density
becomes high enough to screen the accelerating electric
field at the cathode. It i1s found that while for unmag-
netized diodes this transition is always continuous [1], in
the case of crossed-field diodes it becomes discontinuous
below a critical temperature [2]. We also investigate how
intrinsic space-charge oscillations may drive stationary
states unstable in certain parameter regimes [2]. The re-
sults are verified with molecular-dynamics simulations.
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