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A photometric array named the Fly’s Eye was previously used to detect a predicted signature of “elves”,
the lower ionospheric (80 to 95 km altitude) optical flash due to heating by an impinging electromagnetic
pulse launched by intense lightning currents. Nine narrow individual photometer fields-of-view of (2.2◦×1.1◦)
are horizontally arrayed to provide a spatial resolution of ∼20 km at a range of 500 km. The Fly’s Eye
array, operated with a high-speed triggered data acquisition system, bore-sighted image-intensified CCD video
camera, and a VLF radio receiver, was also used to investigate sprites. Sprites are diffuse to highly structured
discharges lasting 5 to 100 ms and extending from 40 to 85 km altitude which result from intense electric fields
following a major redistribution of electric charge in the troposphere — usually in association with a positive
cloud-to-ground return stroke.

The optical emissions in a large number of bright sprites observed
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   PHOTOMETRIC RELAXATION:
SPRITE AT  1998-200 - 04:41:03 UT over one storm in 1998 were measured using the Fly’s Eye and ex-

hibit a relaxation that is closely exponential in time. This feature was
unexpected 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 indication of the exponentially
changing electron density. The relaxation rates for sprites appear to
have an upper bound that is consistent with the dissociative electron
attachment rates expected at sprite altitudes. In comparison, lumi-
nosity from elves as measured in narrow field of view photometers
exhibited much shorter timescales of relaxation. Two complementary
theoretical descriptions of this phenomenon are presented to account
for macroscopic and microscopic processes.

Quasi-steady currents in sprites are described in terms of two large
scale physical processes — 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 O2 lead to quasi-constant total
conductivity, 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 main-
tained self-consistently near the breakdown electric field, Ek.

A quasi-constant electric field just below Ek leads straightfor-
wardly 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 as-
sociated with sprites has been observed in many bright sprites over multiple observation campaigns 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.

An observed association between sprite currents, as inferred from ELF magnetic field measurements, and the
incidence of exponential relaxation is used to lend further support to our interpretation. It may be concluded
that ion conductivity plays a signficant role in observed sprites, and that in the observed events free electrons
may become highly depleted in sprite streamer channels.
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