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Abstract
The optical emissions in a large number of bright sprites observed over one storm in
1998 exhibit a relaxation that is closely exponential in time. This feature was unex-
pected but might be explained by the presence of quasi-constant electric fields over
times of several milliseconds, in which case the optical relaxation would be a direct in-
dication of the exponentially changing electron density. The relaxation rates for sprites
appear to have an upper bound that is consistent with the dissociative electron attach-
ment rates expected at sprite altitudes. The experimental results are consistent with
existing large scale electrodynamic models of sprites as well as with the streamer mech-
anism as the underlying physical process for sprite ionization.

Macroscopic model
We assume that the system is driven by the lightning current which
effectively deposits thundercloud charge at the altitude . The total charge which
accumulates at the lower end of the sprite is

The current flowing through the sprite is therefore

(1)

The first term here has to do with the portion of sprite current due to the source (light-
ning) current, and the second term is due to the descending lower edge of the sprite.

The quasi-constant electric field can persist in the highly conducting medium of a
sprite only of there is a net current flow through the sprite body 0. = ,
where is conductivity and is the effective horizontal cross section area of sprite.

Microscopic model

We solve the following set of dynamic equations for number densities of electrons ,
positive and negative ions:

(2)

(3)

(4)

At the initial moment of time = it is assumed that = = , and = , where
is the electron number density of stable streamers derived from similarity laws

( =5.5 10 cm at 60 km and =4.6 10 cm at 70 km). The electric field
in the above equations is assumed to be a function of time determined by current

continuity as

(5)

where and are mobilities of electrons and ions which in the present model are
assumed to be constants. The time dependent streamer current density is defined at
time as ( =761 V/m and 219 V/m at altitudes
60 and 70 km, respectively), and then assumed to decay as . The
characteristic time scale of current decay in the sprite is considered as the only input
parameter in our model, with all the rest calculated self-consistently.

Before considering the results of numerical calculations let us qualitatively inspect a
case when = =const. The above equation (5) for the electric field can be rear-
ranged as

(6)

Even a small increase in ion concentration would lead to an increase in the ion con-
ductivity contribution to and therefore to a drop in the field. However, even a
small reduction in the electric field leads to exponential relaxation of the electron den-
sity, which quickly compensates for the increase in the ion conductivity. A remarkable
feature of this system is that the electron density relaxes exponentially in time, while
the electric field is reduced by a very small amount and essentially remains constant in
time with high accuracy.

Summary
Quasi-steady currents in sprites are described in terms of two large scale physical pro-
cesses – the slow variation of either the lightning source current or the descent of the
sprite’s lower edge. In turn, sprite currents which vary slowly compared with the time
scale of electron dissociative attachment to O lead to quasi-constant total conductiv-
ity, even while the electron contribution to conductivity is decreasing. This results in
a property of streamers driven by strong external electric fields, namely, that the local
electric field is maintained self-consistently near the breakdown electric field, .

A quasi-constant electric field just below leads straightforwardly to an exponential
relaxation of the electron density and the optical emission rate in sprites. According
to our model total ion densities become significant and may dominate the conductivity.
Exponential decay of photometric features associated with sprites has been observed
in a number of bright sprites and appears to be a form of non-spectroscopic evidence
for large ionization changes in sprites. The observed photometric behavior is consistent
with the streamer mechanism as the underlying physical process for sprite ionization.
In future sprite measurements, more attention could be paid to this phenomenon, in
particular in the context of multicolor photometry and photometry with fine altitude
discrimination.
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