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Ionospheric Effects of Lightning Discharges

by Umran Inan / Stanford Univ.

Tonics to be discussed:

* Lightning-induced electron precipitation (LEP)

* l ightning fields in the ionosphere

* Lightning-induced acceleration of Ionospheric
electrons

* Lightning-induced heating of the lower ionosphere

* Upward (cloud-to-stratosphere) lightning

* Intense ionospheric VHP fields

* Lightning-associated gamma ray flashes

* Ion heating above thunderstorms

Tonics not discussed:

* Generation of magnetospherlc hiss by lightning

* Qjiasi-static (dc?) electric fields

* Discharge physics

* Lightning and x-rays

* Planetary lightning

* Other
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FIGURE 2.5 ATYPICAL WHISTLER EVENT. This event yas observe^^^
(El). Antarctica, on 6 June 1963 at 0150 Local Time (LT).

This time corresponds to 0650:06 Univerwl ^ime (UT^^ The toP
shows the frequency time spectrogram, th! whistler
the 'sDheric' and three of the many individual traces of the wnistier.
The lovyer panel shows the magnetospheric paths traveled by the three traces
[Park, 1972].
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FORMULATION OF THE PROBLEM

• EM fields (E&B) are described by Maxwell's equations:

- 1 dE A-k ~
V ^ B = +c at c /jN

- 195

where c is the velocity of light in the vacuum, and J is the

electric current density.

• Since the random electron velocity is much larger than

the average directional velocity we can expand f{r,vA) in

spherical functions of zero order [Allis, \956\

f(r. V. t) =/o(f. V. t)+^ (2)
V

• The Boltzmann equation for the distribution function is

reduced to the following [Gurevich, 1978]

dfo e , 1 c>r 2^. Jdfo ^
'w= 5 • ^

d]\ tEdfo , e r3 7i r
HT ~ —•*" —\P° ^ /i J~ ^/iof m av mc'- •'

(3)

5c = ' +Sr (4)

where —e is electric charge and ?n is mass of an electron,

T is the temperature of neutrals, S is the average fraction of
the energy lost in one elastic collicion, ly^/iv) is frequency of

elastic collisions, and iy(v) is the total collision frequency.
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Fig. 1. Negative (top) and positive (bottom) CG flashes reported by the National Lightning Detection
Network between 0300 and 1030 UTC 7July 1993. The location and field of view of the low-light camera
system is indicated.
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