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Fig. 2. (color online) Space distributions of electron at (a) 0.5 ns, (b) 0.8 ns, (¢) 1.02 ns, and nitrogen ion

at (d) 1.02 ns. The legend shows the weight of macro-electrons and macro-ions.
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Fig. 3. (color online) Space distributions of the charge density at (a) 0.5 ns, (c) 0.8 ns, (e) 1.02 ns and the
electric field at (b) 0.5 ns, (d) 0.8 ns, (f) 1.02 ns. The unit of charge density and electric field are C/m? and

V/m, respectively.
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Fig. 4. (color online) The electric field distribution
along y axis for 16000 V and initial electron number
of 1000.
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Fig. 5. (color online) The electric field distribution
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Fig. 6. Electron number versus time for different voltages.
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Table 1. The ionization frequency, electron drift velocity and ionization coefficient for different voltages.
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7000 4.375 1.64 235 6.98 2.73 11.6
8000 5 3.29 282 11.7 1.63 5.79
9000 5.625 5.45 321 17 1.12 3.49
10000 6.25 8.2 361 22.7 0.84 2.32
12000 7.5 15.7 436 36 0.53 1.21
16000 10 38.2 580 65.9 0.29 0.50
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Fig. 8. (color online) The average electron energy and
number versus time for 10000 and 16000 V.
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Abstract

The stream formation in a l-atm nitrogen gas switch is investigated by the two-dimensional and three-velocity
(2D3V) particles through the cell-Monte Carlo collision (PIC-MCC) simulation and theoretical analysis. For simplicity,
two parallel plane electrodes of 0.6 mm width are separated by a distance of 1.6 mm. It is found that the analytical
solution of the electron density equation can be used to study the evolution of the plasma before the stream breaks down,
for the ionization frequency, mean electron energy and electron drift velocity are all constant. After the breakdown of
the stream, random collisions destroy the symmetry of the plasma region and cause plasma to branch. As plasma density
increases, the electric field inside the plasma region decreases due to the shielding effect. However, charge densities at
both ends of the plasma region increase and the density at the anode end is larger than that at the cathode end, for
the plasma exponentially grows as electrons move from the cathode toward the anode. This causes the electric field at
the end of plasma near the anode to be larger than that near the cathode. It is found that the electrons can achieve
their stable mean energy in several picoseconds due to the high transfer frequency (101171012 Hz) of the electron energy
in the nitrogen plasma. After the breakdown of the stream, the mean electron energy decreases due to the decrease of
the electron energies inside the plasma. By increasing the electrode voltage, it is found that the mean electron energy
increases, the electron drift velocity increases linearly, and the variation rate of ionization frequency with electric field is
in a range between E* and E°. Therefore, the time taking for breaking down the stream decreases with the increase of

the electrode voltage.
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