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In addition to the development of the longitudinal lightning channel, the dynamics of phenomena occurring 

transversely to this channel play a very important role in the mechanism of lightning discharges. This results from 

the close relationship between the charge forming well-conducting core and deposited within the corona sheath 

during the leader stage, and that which is neutralized in the lightning return-stroke stage. Assuming a specific 

longitudinal current, the dynamics of the lightning corona sheath were described strictly for the first time in [1].  

 

 

 

Figure 1. Lightning channel segment of +CG during return stroke stage  

 

The proposed in [1] model predicted: (1) a dynamically developing lightning corona sheath consisting of two 

zones (sometimes referred to as reverse corona) with positive and negative charges in the lightning return-stroke 

stage (Fig. 1); (2) electrical conductivity of the return stroke corona sheath of the order of 10-6–10-5 S/m;  

(3) velocity of the return-stroke corona sheath expand that is between 104 m/s and 105 m/s (except for the first 

microsecond when this velocity briefly exceeds 106 m/s); (4) energy dissipated in the lightning return-stroke 

corona sheath which is comparable to that dissipated in the channel core. 

 

Such structure and dynamics of the lightning corona sheath make it possible to explain the recently discovered 

side electric discharges, which were briefly called needles [2]. The needles are observed so far as negatively 

charged thin plasma structures extending sideways from a positively charged lightning channel. Although the 

mechanism of the formation of the reverse corona is slightly different in the case of the development of the positive 

leader and the return stroke stage during the positive cloud to ground lightning (+CG), in both cases we are dealing 

with a net negative charge distributed close to the channel core and a positive charge outside. Such a structure of 

the lightning corona sheath can cause in certain places along the channel and under favorable electric field 

conditions rapid leakage of the negative charge even beyond the outer positive zone of the corona sheath [3]. 
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