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General words

Lightning has electromagnetic nature, so the EM measurements is a natural very
effective and informative tool to study lightning and other EM phenomena in the
atmosphere.

Inside thunderclouds charge separation leads to very high electric fields, which
are screened by the screening layer above the thundercloud. However, lightning
discharges make a rapid redistribution of charges inside the cloud, which makes
the whole system unbalanced and high fields escape the cloud. During their
freedom period those fields give birth to a variety of transient events in the upper
atmosphere, though quite quickly they will be killed by the re-formation of the
screening layer.

In a simplistic way the lightning stroke can be represented as a discharge wave
initially rolling through the conductive channel, which is followed by a slower lower
current flow. The first current wave emits an impulsive radio wave which hits the
ionosphere and produces an elve. The slower current transfers a large amount of
charge which gives rise to a static electric field in the upper atmosphere and lead
to formation of haloes and sprites.



Frequency ranges and purposes

Different components of the electrical discharge emit radio waves in different
frequency ranges. Those frequency ranges are defined by the characteristic
timescale of the process and by the characteristic size of the radiating volume.

Thus, we have three characteristic sizes in the system: the size of the radiating
volume, distance to the observer, and the emitted wavelength. These parameters
define what kind of processes we can observe, at which frequencies, and from
which distance the observation will be most efficient.

A rule of thumb: characteristic size of the system defines the emitted wavelength
(their ratio is a parameter of the multipole decomposition); the characteristic time
scale defines the emitted frequency.

Also the ratio of the size of radiating system to the distance to the observer is
supposed to be very small, so that all the corrections of that order can be
neglected.



Frequency ranges and purposes

 ELF (3 + 30 Hz) — Schumann resonances, monitoring global lightning activity

« ULF (0.3 + 3 kHz) — long range (>10 Mm) lightning detection, slow currents
(sprites, continuing currents, TGFs(?))

* VLF (3 + 30 kHz) — lightning detection and location networks (few Mm)

« LF (30 + 300 kHz) — location (<Mm); fine structure of the strokes, tricks with
reflections, elevation angles; 3D tracking of the discharge (poor, <0.3 Mm)

 VHF (30 + 300 MHz) — lightning mapping arrays, 3D tracking of the leaders (<0.2
Mm)

« Higher frequencies are required for studying the laboratory sparks (GHz for
electron avalanches)

100km 10km 1km 100m 10m 10cm 1cm




Types of instrument assemblies

Instrument Purpose

Single station Events detection; event type identification; time
evolution of the system; electrical characteristics
of the discharge (current moment change, peak
current, etc); general E-field monitoring

Array of stations Location of the events; 3D tracking on the local
scale

Network of stations Location of events on the global scale

E-field E-field measurements; Ez near ground; only

detection is possible with single station, no
location possibility; tricks with reflections

B-field Couple of coils for Bx and By near ground;
direction finding with single station;
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Examples. 2019-02-08
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Examples. 2019-02-08
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Examples. 2019-02-08
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Examples. 2019-02-08

E-field, a.u.
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Examples. 2019-02-08

Should be 43 us, but we observe 61 us.

Accounting for the Earth curvature we would get 70 ps.
Assuming the source altitude to be 13 km gives 64 us.
This convinces me that the two sferics that we observe

are indeed the direct wave and the sky wave of the
current pulse that we see in optical channels.
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Examples. Gamma-ray glow

ALOFT campaign, gamma-ray glow detected over Colorado 8 May 2017.

Onboard instrumentation:

« optical photometer array

« gamma-ray BGO detectors
» fast E-field antenna

» slow E-field antenna

» quasi-static E-field antenna
IR radar

Ground support measurements:
 Colorado LMA

« ENTLN

- WWLLN

Satellite support:
* IR soundings for cloud tops



Examples. Gamma-ray glow
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Examples. Gamma-ray glow
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Examples. Gamma-ray glow

Layer north from track between -5 and 0 km.
T T T

15 T T
E_ 10 b
(] 5
e b
2
S gl |
| | | | | | |
-104 -103.9 -103.8 -103.7 -103.6 -103.5 -103.4 -103.3 -103.2
longitude
15 Layer north from track between 0 and 5 km.
T N T = T
£
~ 10 B
)
°
2
s gl |
| | | | | | |
-104 -103.9 -103.8 -103.7 -103.6 -103.5 -103.4 -103.3 -103.2
longitude
15 Layer north from track between 5 and 10 km.
T, T T T T
E
< 10 . b
[
°
2
s ol |
1 1 1 1 1 1 1
-104 -103.9 -103.8 -103.7 -103.6 -103.5 -103.4 -103.3 -103.2
longitude
Cloud top altitude
16 T
E1ua
[y
°
2
T 12
10 ‘



Examples. Gamma-ray glow
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Examples. Gamma-ray glow
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