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Two  surface  streamer  discharges  start  from  the  two  parallel  connected  positive 

electrodes on an insulator plate in air are synchronized by the discharge light of vacuum 

ultraviolet region from the first streamer discharge[1]. In this previous paper, it was clarified 

that  the  photon  energy  of  the  discharge  light  from  the  first  streamer  effective  for  the 

synchronous generations of the streamers. The threshold value was about 5 eV. The photons of 

higher  than  5  eV are  in  vacuum ultraviolet  (VUV)  region  and  generally  the  photons  are 

absorbed strongly by air, especially oxygen. Consequently, spectroscopic experiments were 

carried out by the authors [2] to investigate the presence of the VUV discharge light and the 

transparency of air; oxygen and nitrogen. As a result, it was found that discharges in air, 

mixture gas of oxygen and nitrogen, are capable to emit VUV light. VUV light can travel 

through air because oxygen has absorption windows in VUV region as Watanabe reported [3] 

previously. During these studies, some fundamental data of surface streamer discharges such as 

characteristics of voltage - current, voltage - diameter of dust figure, current - diameter, time 

lags  of  discharges,  were  accumulated.  After  that,  specialized  experiments  for  these 

fundamentals were carried out in room air, pure air, nitrogen, oxygen and some rare gases. 

Figure  1  shows  the  experimental  setup  for  this  study.  Impulse  voltage  of  6.4 

microseconds in front time, 202 microseconds in time to half value, 16 - 18 kV in peak value 

was applied to the rod like electrode RE. This electrode has 4 mm radius of curvature and the 

lowest point on this curve is the tangent point to the insulator plate IP. Surface discharges 

were generated on this IP placed on the back electrode BE. The applied voltage and discharge 

current were measured simultaneously by the voltage divider and the current transformer CT 

respectively, and recorded by the digital recorder DR. The time to discharge; time between the 

origin of the applied voltage and the current pulse, and the instantaneous voltage at the instant 

of the discharge were computed from the recorded waveforms. The dust figures on IP were also 

observed and the diameters were measured and recorded. 

Figure 2 (a) shows diameter of the dust figures in oxygen, nitrogen, room air and pure air 

as  a function of  the instantaneous voltage when the discharge occurs.  The diameters  are 

depends on the gases as Przibram reported [5]. The diameters of the dust figures by the 
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discharge in oxygen are smaller than the others. Contrary to this, only time lags in nitrogen are 

shorter than the others as shown in Figure 2 (b). The distributions of the time lags in oxygen 

and two types of air are in similar area, and are longer than that of nitrogen since oxygen is 

electronegative gas. This reason may be one of the causes of smaller diameter in oxygen in 

Figure 2 (a). The diameters in room air and pure air are similar to the diameters in nitrogen, 

not oxygen. The Laue plot method seems to be sensitive to detect the electronegativity. The 

main factor to determine the time lag is only distribution of the initial electrons at initiation of 

the discharges but the factors for the diameter are more complicated. It may be caused by 

transmittance of the light [4], namely, VUV light in oxygen can't travel through a long distance 

and can't generate the electrons required for development of the streamers in distant place.

In the case of air for all experiments, no effect of  impurities, such as humidity and fine 

dusts in air, is recognized. The other characteristics will be presented at the conference.

Fig. 1 Experimental setup

Fig. 2 Fundamental characteristics of surface streamer discharges in nitrogen, oxygen,
room air and pure air. (a) Diameter - voltage plots. (b) Laue plots, N: total number
of time lags observed, n: number of time lags of length greater than time T.
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