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Ionospheric Effects of Lightning Discharges
by Umran Inan / Stanford Univ.

* Lightning-induced electron precipitation (LEP)

* Lightning ﬁeld; in the ionosphere

*  Lightning-induced acceleration of ionospheric
electrons

* . Lightning-induced heating of the lower ionosphere
. Upward (cloud-to-stratosphere) lightning

. _ intense ionospheric VHF fields

* Lightning-associated gamma ray flashes

* Ion heating above thunderstorms

Topics not discussed: |
*  Generation of magnetospheric hiss by lightning

S Quasi-static (dc?) electric fields
s Discharge physics

* Lightning and x-rays

*  Planetary lightning
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FIGURE 2.5 A TYPICAL WHISTLER EVENT. This event was observed at Eights
(E1), Antarctica, on 6 June 1963 at 0150 Local Time (LT).

This time corresponds to 0650:06 Universal Time (UT).. The top panel

shows the frequency time spectrogram. The middie panel is a sketch of

the 'spheric' and three of the many individual traces of the whistler.

The lower panel shows the magnetospheric paths traveled by the three traces

[Park, 1972].
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BURKE ET AL.: IONOSPHERIC. EFFECTS OF A LIGHTNING DISCHARGE , /992 .
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FORMULATION OF THE PROBLEM

e EM fields (E&I—é) are described by Maxwell’s equations:

xﬁ:-l-a—E+4—tj |
Cat (1)
L F._l0B
\ T ¢ Ot

where c is the velocity of light in the vacuum, and J is the
electric current density.

e Since the random electron velocity is much- larger than
the average directional velocity we can expand f(7.7.t) in
spherical functions of zero order [Allis, 1956]

2)

PRGN
f(T_‘Zf".t)=fo(F.v.t)+l fl(T',L )+
fl‘

e The Boltzmann equation for the distribution function is
reduced to the following [Gurevich, 1978]
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where —e is electric charge and m is mass of an electron,
T is the temperature of neutrals, § is the average fraction of
he energy lost in one elastic collicion, v,;(v) is frequency of
elastic collisions, and v(v) is the total collision frequency.
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Fig. 1. (Top left) Ambient profiles of electron and neutral
densities. Electron density profile (a) is for nighttime, profile -
(c) is for daytime. and profile (b) represents intermediate. Fig.
2. Time evolution at A = 90 km of (a) (top right) the electron
- distribution function. (b) (bottom left) the normalized electric
current and average electron energy, and (c) (bottom right)
the attachment and ionization rates.
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Fig. 3.1. Dynamics of the interaction of an EM pulse with the ionosphere. Snapshots

of thg electric field, normalized electron density change, and average electron energy
covering the 80 to 180 us time interval in 20 us increments following the injection of
a Einj = 20 V/im EM pulse at 70 km under the ‘tenuous’ nighttime conditions (Fig-

ure 2.1 (a)).
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Fig. 3.3. Electron density changes. (a): The resulting density changes produced by
a single EM pulse with E;,; = 25 V/m under ‘tenuous’ nighttime conditions (Fig-
ure 2.1 (a)). (b): The resulting density changes produced by a sequence of 8, 14, and 20

EM pulses with E;,; =25 V/m under the same conditions.
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Fig. 5.1. Evolution of an electron density disturbance due to successive EM puises
from Bghtning. The disturbances were produced by an EM wave with En; = 25 V/m and
differem time durations of 0.1 ms (a single puise), 1 ms (equivalent to a sequence of about
8 pulses), 1.6 ms (equivalent to a sequence of abort 14 pulses), and 2.2 ms (equivalent
to a sequence of about 20 pulses) under ‘tenuous’ nighttime .onditions (Figure 2.1 (a)).
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