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Slow Lightning in Water Plasmoids1 KARL STEPHAN, SHELBY
DUMAS, JONATHAN MCMINN, Ingram School of Engineering, Texas State
University-San Marcos — Water plasmoids are produced when a capacitor is dis-
charged into a cathode at the surface of a weakly conducting water electrolyte. The
resulting plasma jet forms a glowing spherical plasmoid which persists in air for up
to 0.3 s and resembles ball lightning in some respects. This study shows that dur-
ing the plasmoid’s formation stage, surface discharges with unusual characteristics
carry the large instantaneous discharge current. The liquid-surface discharges have
some characteristics of both conventional solid-surface discharges (branching, frac-
tal structure) and glow discharges (approximately constant current density from the
discharge plasma to the water surface over a wide range of current). Dynamically,
the surface discharge resembles a two-dimensional version of a lightning leader, but
develops at much lower speeds: a maximum of about 0.3 m/s for the surface dis-
charges in this study, compared to lightning leader speeds of 100 to 100,000 m/s.
The low conductivity of the water used (about 20 mS/m) means that the surface
discharges are interacting with a resistive barrier, which allows a significant tan-
gential electric field on the surface. High-speed photography of the discharges is
supplemented by spectroscopic and other experimental studies.
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