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Roughly 3-Million volts/m is necessary to break down
virgin air at STP.

A thundercloud may be at 100 Million volts with
respect to ground.

But it’s much higher than 33 meters.

So how do you break down a one kilometer, or three
kilometer, or ten kilometer, or hundred kilometer
path in virgin air?

A little bit at a time
With a “leader”
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How does lightning happen?

Leaders, streamers, and waves



What are lightning leaders?
Why are they important?

How do we know?

Initial results summer 2025



Negative stepped leader — Virgin air breaks down
in “steps”. Steps are 10-300 m long. The leader often
branches at multiple scales.

Velocity: 5x10*—3x10> m/s
~60 MHz power: 10 to 30dBW (10— 1000 Watts)

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

Velocity: 1x10°-2x10" m/s
~60 MHz power: highly variable



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

Velocity: 1x10*—2x10* m/s (Mach 50)
~60 MHz power: —20 to 0 dBW (10—1000mW )

Positive dart leader? — Not much data



What are lightning leaders?
Why are they important?
What behaviors do they display?

Why do they display these behaviors?
What’s next?
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Table 1
The Range of Maximum and Minimum Dart (and K) Leader Velocities
Reported by Selected Studies, and Compared to This Study

Paper Leader velocities (m/s) Leader type
Schonland et al. (1935) 1 X 10° to 23 x 10° Dart
Loeb (1966) 2 % 10° to 20 x 10° Dart
Jordan et al. (1992) 6 X 10° to 50 x 10° Dart
Shao et al. (1995) 1 %X 10°to 10 x 10° Dart

M. G. Stock et al. (2014) 3% 10°to 17 x 10° K leader

This study 2 X 10° to 20 x 10° Dart & K
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Figure 4. Overall time waveforms for flash 203100 of Figures 1 to 3. The flash produced nine
strokes to ground and a final attempted leader (AL4) following the seventh stroke.
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What are lightning leaders?
Why are they important?
What behaviors do they display?

How do we know?
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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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