Problems in lightning physics - the role of polarity

asymmetry

Jose Martinez

New Mexico Tech

April 26,2016

Jose Martinez Polarity Asymmetry in Lightning



i T

oo ')
eV D M LA B .
VAR TIEWEATH & £y

Er LAAMIEL PAVITNON]

Jose Martinez Polarity Asymmetry in Lightning



s

Jose Martinez

Polarity Asymmetry in Lightning

A Do ML RAY L |

A A DRI TIEWEATH FA.

Er LAAMIEL PAVITNON]




o NN
VD M LRAY LT |
WAL ADEIATIOWEATH R Co

] Na.

ar

4 ., -

es in negative CGs
o single re okes followed by continuing curre

-
egative h horte_r"ﬁ?‘an positive CG
. -

egative ore @nerouﬁswﬂ occurre
DO i .__ i
Po e CGs cau Drites ive CGs usua
; % & - i

EF DIAMIEL PAVITNOV |

Jose Martinez Polarity Asymmetry in Lightning



Jose Martinez Polarity Asymmetry in Lightning



¥ Kk
T il
" s DR M R LPANT L RSO C L O
WA ADERIATICWEATH R <y

ese asymetries are rooted in ¢
ectrons and heavier positive i

Er LAAMIEL PAVITNON]

Jose Martinez Polarity Asymmetry in Lightning



Figure 4. Simpson’s (1926) picture of lightning as a single-ended
tree, progressing out of positive charge regions, based on experience
with laboratory experiments on positive streamers. Later

observations by Jensen (1933) and others refuted this picture and
supported a double-ended tree for lightning.
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The Bi-directional leader
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Figure 1. Thundercloud with typical positive dipole structure,
maintained by differential motions of ice particles under gravity.
The subsidiary pocket of lower positive charge beneath the main
negative charge is not depicted here.
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Ordinary Negative Spider Lightning Ordinary Air
Ground Flash Positive Ground Flash Intracloud Flash Discharge
Figure 2. Common lightning types, all examples of double-ended ‘trees’ in thunderclouds: (a) negative CG lightning in an isolated

thundercloud, (b) positive CG lightning in stratiform precipitation of a mesoscale convective system, (¢) intracloud lightning in isolated
thundercloud, and (d) air discharge in an isolated thundercloud.
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View of NLDN on PA

Observations from the US National Lightning Detection Network
(NLDN) [...] show a pronounced asymmetry in the stroke
multiplicity with season for negative and positive ground flashes
(Orville et al 1987).
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Positive ground flashes have a strong tendency to be single-stroke
in all months, whereas negative flashes are more likely to contain
multiple strokes.
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Breakdown categories in lightning

@ expanding regions of ionization in unionized air (thermal and
non-thermal leaders and streamers)

o recoil leaders (K-changes and dart leaders)
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Instability criterion

The quantitative instability criterion is illustrated in two key
lightning measurables, channel length L and channel current I:
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Stability diagram for a lightning channel: unstable behaviour with current cutoff to the upper left of the
stability line; stable behaviour with CC to the lower right of the stability line

The unstable condition canbe understood as a nonlinear response
to a decline in current -the channel resistance rises and the current
in the arc declines still further until the channel cuts off entirely.
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Current cutoff

o Heckman (1992) predicts a stronger tendency for stable
continuing current flow without cutoff (and subsequent)
strokes when interstroke currents are large.

@ In the case of positive CG lightning, the interstroke current is
maintained by negative leader development into positively
charged regions of the cloud.

@ Heckman combines both thermodynamic constant tau and
electronic constant RC to define cutoff frequency as stability
criterion.
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What does this mean?

o Multiple strokes are favoured by both small interstroke
currents and long channels.

@ Sustained continuing currents are favoured by large interstroke
current and short channels.

o This has to do with the cloud-intruding end of the lightning
tree which also evokes growth-rates of leaders in clouds
discussed by Mazur and Lapierre
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Revisiting the sprite

Figure 20. High-speed imager showing the vertical development of
a sprite (with 1 ms resolution), another example of a double-ended
lightning tree. For sprites initiated by positive ground flashes, the
initial growth is positive end downwards, followed by the negative
end upwards. (courtesy of H Stenbaek-Nielsen, University of
Alaska).
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Long and stable CC

Credits:Johnny Del Pastro. Queensland,Australia
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What about bolts from the blue?

Credits:Jac Hagler. Mt Saleve,Switzerland
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Table 2. Summary of key historical observations and developments in bi-directional discharge and its polarity asymmetry.

Simpson argues that lightning branches in one direction only—away from positive charge
Jensen refutes Simpson’s hypothesis; lightning can branch in both directions

B Schonland identifies negative stepped leaders in streak camera observations

Bidirectional streamer-leader concept (H Kasemir)

Russian work on long air gaps (Stekolnikov and Shkilev) Stepping behaviour for negative leaders in the laboratory

French work at ‘Les Renardieres’ on 10 m air gaps Image intensifier cameras document bi-directional development

on negative leader tips

Application of bi-directional lightning development of aircraft lightning strikes (V Mazur)

Application of lab results to lightning (no direct observations of lirectional development on negative end of lightning tree)
(Gallimberti and Bondiou, Bazelyan and Raizer)

Pronounced asymmetry of VHF radiation from the lightning ‘tree’ with new lightning mapping systems (R Thomas and colleagues)
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