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Lightning Discharges and Their Physics

KAWASAKI Zen
Osaka University, Suita 565-0781,Japan
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Investigation of lightning discharges has about 250 years history. During these 250 years we have accumulated
the knowledge, and the understanding of lightning physics has been done qualitatively. According to the author's
understanding our interpretation and understanding about lightning physics is not sufficient. Moreover still we have
newly discovered phenomena related with lightning discharge, like discharges from thundercloud top to the iono-
sphere named Red Sprite. The investigation on lightning physics can be concluded as one of the attractive subjects,

though it has long history.
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Fig. 1 Charge distribution and wind flow inside a thundercloud pro-
posed by Simpson after ten years investigation.
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Fig. 2 Laboratory experiment's result for riming electrification as
a charge separation mechanism in thunderclouds. Polarity
of precipitation particle is revealed to depend on the atmos-
phere temperature and cloud water content.
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Fig. 3 Categorization of four types of cloud to ground (CG) strikes.
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Fig. 4 Bi-level charge distribution measured by VHF broadband
digital interferometer. The lower dense VHF sources are be-
lieved to be positive charge locations, and higher thin ones
are negative charges.
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Fig. 5 Categorization of three types of cloud discharges, (a) intra
-cloud, (b) inter-cloud, and (c) air discharges.
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Fig. 6 Electric filed change caused by a positive cloud-to-ground
(CG) strike as a function time (a) The entire electric field
change, (b) The initiation part of CG called preliminary
breakdown with time axis expanded.
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Fig. 7 Conceptual process of the stepped leader and return stroke.
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Fig. 8 Average negative return stroke current wave shapes nor-
malized to the peak amplitude as reported by Berger[18].
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Fig. 9 Conceptual time sequence of a cloud-to-ground strike. This sequence includes all of the processes which are described in the text.

Fig. 10 Time sequence of a red sprite for every 32 millisecond re-
corded a Darwin Australia.
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