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OBSERVATIONS OF SKELETON STRUCTURES AT INITIAL STAGE OF DISCHARGE IN VACUUM SPARK 
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The results of studying the initial stage of discharge in a vacuum spark are presented as being aimed at verification of the hypothesis [1(a,b)] on the possibility of observable skeletons of macroscopic size assembled from microsolid blocks during electric breakdown. The carbon nanotubes may be such blocks as they seem to be practically always (at least, in systems with oil vacuum pumping) produced during either electric breakdown or preceding discharge training. Similar, though less perfect nanostructures of other chemical elements (e.g. of materials of electrodes) may work as well. Such skeleton may be a base of long-living filaments observed in plasmas of a gaseous Z-pinch [1(b)] (here lifetime of skeleton structures was of the order of duration of the entire discharge), plasma focus and tokamaks [1(c)]. 

Experiments were carried out at a low-inductance vacuum spark (condenser capacitance 12 (F, voltage bias 10 kV, maximum current ~ 150 kA, period ~ 5 (s, flat cathode with central hole of diameter 3 mm is 2 mm from the round-shaped edge of a rod anode). The original images were taken via laser shadowgraphy (pulse 6 ns, (=337 nm) using an electronic optical converter (EOC), and then processed with the method [1(d)] of multilevel dynamical contrasting of images. Those images were studied which are taken at time instants when plasma self emission is not yet detectable by the EOC (the latter takes place for electric current values lower than 20% of its maximum). 

Major result is the detection of (i) a network of tubular structures in the interelectrode space near the round-shaped edge of the rod anode, and especially (ii) the structures with the easily distinguishable topology, namely that of a cartwheel, as such structures have earlier been found in the centimeter range of size in the visible light images of plasma in tokamaks ТМ-2, Т-6, Т-10 [1(c)], and, in namometer and micrometer ranges, in electronic micrographs of various dust deposits in tokamak T-10 [2]. The present results are compatible with the hypothesis [1(a,b)] which predicted the appearance of skeleton structures at the electric breakdown stage and the topological similarity of such structures in a very broad range of length scales. 
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