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How does lightning happen?
Leaders, streamers, and waves
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Stepped and dart leaders
Negative stepped leader – Virgin air breaks down 
in “steps”.   Steps are 10-300 m long. The leader often 
branches at multiple scales. 

Velocity:
~60 MHz power: 

Negative dart leader – Pre-ionized air (20-200 ms 
later) breaks down faster, with higher current and 
fewer branches.  

Velocity:  
~60 MHz power: 

1 x 106
−2 x107  m /s

5 x 104
−3 x 105  m /s

highly variable

10  to 30 dBW  (10−1000 Watts)



Positive leaders
Do they step? – They emit weak RF pulses.
Bright tips are not apparent.  They are slower than 
negative leaders.  

Velocity:
~60 MHz power:  

Positive dart leader? – Not much data 

−20  to 0  dBW  (10−1000 mW )
1 x 104

−2x 104  m/s   (Mach 50)
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Why do they display these behaviors?

What’s next?



Ancient
results
vs≃105  m /s



Jensen, Shao, Sonnenfeld – J. Geophys. Res. 2023, 
10.1029/2023JD039104







Cartoon of a CG flash



Lightning interferometer (5-80 MHz), 
and LMA (~60 MHz)







Stock et al. – J. Geophys. Res. 2013, 
10.1002/2013JD020217













Jensen, Sonnenfeld, et al. J. Geophys. Res, 10.1029/2020JD034309











vd=0.2−1.2 x107 m /s







vp=1−2 x104  m/s
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vp=1.3 x 104  m/s
vs=1.1 x105  m/s



vp=1−2 x104  m/s















Summary
A lot of the “physics of lightning” is in the 
streamer/leader process.

Leaders make lightning “go”.

There are two polarities of leader and they behave 
differently.

State of art RF techniques continue to increase our 
knowledge of leaders.

Natural positive leaders are dimmer and harder to 
see, so they are still a frontier of understanding.
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