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Neutral winds in the MLT region are affected by
dynamical influences from above and below. This is
particular true at high latitudes, where solar forcing of
the migrating tide may be smaller but other forcings
play a big role. During geomagnetic storms, MLT neu-
tral winds can be driven by magnetospheric convection
through ion-neutral interactions. This is imparted onto
the ionosphere as a cross polar cap potential forming
an anti-sunward two-cell ion convection pattern which
in turn drives the neutral winds in the polar MLT re-
gion. The question has always been how deep into the
atmosphere the ion drift can affect the neutral wind.
Scarcity of high-latitude data has hampered further un-
derstanding of the problem. Also, in the winter po-
lar regions, the stratosphere from time to time expe-
riences sudden warming events. While it is generally
understood that these warmings are caused by tropo-
sphere planetary wave activity, there are still many
unknown aspects to their excitation and propagation.
There are also changes in the MLT region associated
with these warming events. Moreover, this phenomena,
although usually confined to the northern hemisphere,
occurred in the southern hemisphere in 2002. We will
use TIDI data to examine MLT neutral winds during
the recent geomagnetic storm events in 2002 and 2003,
and present data during the recent 2002 southern hemi-
sphere warming event.
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Repeated DE-1 and other spacecraft observations
have established that transient decreases in the far-
ultraviolet (FUV) terrestrial Ol emissions at subauroral
latitudes in the morning sector are associated with de-
creases in the O/N2 ratio at thermospheric altitudes.
The largest decrease is at 130.4 nm. These decreases
are observed following onset of intense auroral activity,
and at northern latitudes the greater spatial extent and
depth of decrease are associated with a positive IMF By
component. The DE-1 viewing geometry generally pre-
cluded clear observations in the morning sector at local
solar times earlier than about 0600 hours. However, it
is believed that the altered composition is driven by
aurorally related heating and the antisunward polar jet
that transports heated air to subauroral latitudes in the
very early hours of local time and then into the morning
sector. FUV observations of altered composition closer
to local midnight are lacking, but are necessary to sup-
port this general expectation. The GUVI observations
at FUV wavelengths are providing an extensive new set
of unambiguous thermospheric composition and tem-
perature measurements over a wide range of local times
and latitudes in both auroral hemispheres as the orbit
of the near-polar-orbiting TIMED spacecraft processes
rapidly in local time. These data are being scanned in
a search for the requisite combination of sampling at
the right local times in periods of auroral substorms to
address the question of composition changes near local
midnight. A report on this search and its findings are
presented in this paper.
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The nighttime plasma distribution in the low-
latitude F region was investigated using the measure-
ments of O I 135.6-nm intensity from the Global Ultra-
violet Imager (GUVI) on board TIMED satellite. The
135.6-nm disk scan images of the Earth showed the
equatorial ionization anomaly (EIA) features around
+12°-15° magnetic latitudes. The EIA strength was
maximum during equinox periods and minimum dur-
ing northern summer at most of longitude regions. The
most distinguishing feature was a suppression in 135.6-
nm intensity in the southern American-Atlantic sector
during northern summer. Those observations indicate
an existence of season-longitudinal variations in the F-
region plasma density that may affect the equatorial
spread F (ESF) activity. That is, it is suggested that
an occurrence of low plasma density is responsible for
the suppressed ESF activity during northern summer in
the American-Atlantic sector, whereas an occurrence of
high plasma density is responsible for the strong ESF
activity during equinox periods in most of longitude
regions. We will further investigate the growth condi-
tion of ESF by calculating the growth rate of Rayleigh-
Taylor instability using the GUVI limb data.
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Large quantities of meteoric material impact the
Mesopause region on a global scale. In this highly ele-
vated region of the atmosphere where, large man-made
vehicles first encounter the near-continuum flow regime
(the so-called entry interface), there is a complex in-
terplay of air chemistry, charged meteoric aerosol de-
bris in the presence of water vapor, the presence of
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the Sodium and other metallic layers, solar electromag-
netic radiation absorption, terrestrial infrared radia-
tion cooling in the presence of a rapidly changing dy-
namic circulation pattern, height variable mean molec-
ular weight, etc. In addition, there are also individ-
ual wake ionization effects and coupling with the lower
ionosphere aloft as well as the presence of strong verti-
cal shear of the horizontal wind and subsequent atmo-
spheric turbulence and propagating neutral gravity and
tidal waves, etc. This region of relatively small pres-
sure (density) scale height acts as a physical bound-
ary (for a range of sizes, entry velocities, entry angles,
bulk densities or volume porosities, etc.) to the pen-
etration of meteoric material through the atmosphere.
We will illustrate this process using recently developed
and interconnected highly detailed hydrodynamic and
non-hydrodynamic models (including detailed fragmen-
tation processes and panchromatic luminosity genera-
tion as well as infrasound generation, etc.) that are
applicable to all sizes and type of meteors and meteor-
fireballs. Expected effects of this meteoric population
on the Mesopause region will be examined.
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This paper will begin with an overview of the meso-
sphere/lower thermosphere (MLT), and the historical
role that meteors and the metal layers produced by
meteoric ablation have played in understanding the re-
gion. The MLT is characterised by enormous seasonal
variations in temperature, very low pressures, and is
subject to solar radiation extending into the extreme
ultra-violet. In addition, more than 50 tonnes of inter-
planetary dust enters the atmosphere each day, mostly
ablating in the MLT region. All of these features con-
tribute to a very unusual chemistry that is quite dis-
tinct from the lower atmosphere. Phenomena that will
be discussed include: aspects of meteoric ablation; the
global layers of metal atoms such as Na and Fe; the
Na airglow; sporadic layers of metal ions and neutral
atoms; and the role of meteor smoke. I will emphasise
the contribution that laboratory studies can make to
advancing MLT science, because the region is so diffi-
cult to explore directly.
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The method of the eigenvalue and eigenvector anal-
ysis (EEA) to determine the response of a chemical sys-
tem to perturbations is introduced. We apply the EEA
method to analysis of the mesospheric sodium layer.
The results show that the lifetime determined using
EEA is more than a day in the vicinity of the peak
of sodium layer while the traditionally defined chemi-
cal lifetime for sodium is only a few minutes. In the
region near the peak of the sodium layer, the timescale
for gravity wave transport is substantially shorter than
the chemical lifetime, indicating that the Na layer acts
as a tracer of dynamical perturbations on short time
scales (a day or less). At the bottom side of the sodium
layer, photochemistry is rapid compared to transport
or diffusion. Tests of the sensitivity of the EEA chemi-
cal lifetime of Na show that it is sensitivity to changes
in the densities of background chemical species such
as O3, H, and O, but that the transport timescale is
shorter than the chemical timescale for realistic values.
These results provide a theoretical basis for using Lidar
observations of sodium to infer gravity wave vertical ve-
locities.
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Plasma simulations demonstrate that meteor trails
are unstable to growth of gradient-drift Farley-
Buneman (GDFB) waves that become turbulent and
generate large B-field aligned irregularities (FAI).
These simulations and our analysis indicate that the
non-specular echos, that can extend between 5-10 km
in altitude range, are reflections from plasma insta-
bility generated FAI. We present models showing that
the specific altitude range of trail instability depends
on meteor and atmospheric properties. This variabil-
ity will allow researchers to infer neutral temperature,
neutral wind velocity, and meteoric velocity and com-
position in completely new ways. We demonstrate some
of these non-specular trail diagnostic techniques using
radar observations from the ALTAIR and Piura radar
facilities. Finally, we present examples of a low alti-
tude variety of non-specular echos that may be related
to PMSE.

2003 Fall Meeting

SA41A-05 0910h

Micrometeroid Flight in the Upper
Atmosphere: Electron Emission and
Charging

Asoka Mendis! (858/534-2719;
mendis@ece.ucsd.edu)

Marlene Rosenberg! (858/534-4509;
rosenber@ece.ucsd.edu)

Wai-Ho Wong1

Gianfranco Sorasio?

1(UCSD) Department of Electrical and Computer En-
gineering, University of California, San Diego 9500
Gilman Drive (0407), La Jolla, CA 92093, United
States

2Centro de Fisica de Plasmas Instituto Superior Tec-
nico, Av. Rovisco Pais 1049-001, Lisboa Portugal
Solving the simultaneous equations for the continu-
ity of charge, mass, momentum and energy of a microm-
eteoroid entering the earth’s atmosphere, we study its
charging, ablation, deceleration and heating along its
path. This analysis, which considers different initial
entry speeds and angles, builds on an earlier study (G.
Sorasio, D. A. Mendis and M. Rosenberg, 2001, Planet.
Space Sci., 49, 1257) where only normal entry at a sin-
gle speed was considered, while emphasizing the im-
portant role of thermionic emission of electrons from
the frictionally heated micrometeoroid. While the main
conclusions are qualitatively similar, the quantitative
differences are significant. As before the micromete-
oroid can change its charge polarity during flight and
the altitude range of meteoric ionization is larger than
in the case when ionization is due only to collisions
between sublimating molecules and background atmo-
spheric molecules. However, the present study shows
that this range becomes larger, with earlier onset of
ionization, as the initial entry speed becomes larger and
the initial entry angle becomes smaller. Interestingly
we also find that the residual mass of the ablated mi-
crometeoroid is a minimum at a certain critical angle
of entry, for a given initial speed. The implications of
this study for atmospheric ionization by different me-
teor streams, as well as for radar observations of mete-
ors (e.g., the head and trail echoes) will be discussed.
The implications of this study for atmospheric ioniza-
tion by different meteor streams, as well as for radar
observations of meteors (e.g., the head and trail echoes)
will be discussed.
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In the present work we focus
thermionic emission in the charging of a meteoroid.
It has been shown [1] that the higher mobility of the
plasma electrons (that would lead to negatively charged
meteoroids) can be overcome by electron emission, thus
reversing the meteoroid polarity. Moreover, recent
work [2] has shown how electron emission can funda-
mentally affect the shielding potential around the dust.
In particular, depending on the physical parameters of
the system the shielding potential can develop an at-
tractive potential well. The aim of the present work is
two-fold. First, we will present a parametric study in
order to understand the conditions for the formation,
as well as the stability of the well. Furthermore, simu-
lations will be presented with physical parameters cor-
responding to the ionosphere, thus extending our study
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Since October 2001, we operate a Skiymet meteor
radar at the ALOMAR site (69°N latitude) close to the
Arctic circle. The gain pattern of the antenna covers a
broad range in elevation angles and is almost indepen-
dent of the azimuth. Due to its location, the axis of the
radar antenna sweeps through the ecliptic North pole
once a day throughout the year. In this geometry, it
thus records meteor entry trajectories from a very large
portion of the ecliptic Northern hemisphere. We report
on the annual variation and altitude dependence of the
observed meteor rate while the radar field-of-view is
centered on the North ecliptic pole. The maximum me-
teor rate is reached in June, while the minimum (in
January) is almost a factor three less. Independent of
this special look direction, we have also report on the
observed diurnal variation of the meteor rate through-
out all seasons.
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The solar radiative output in the far ultraviolet
(FUV, from 120 to 200 nm in wavelength) deposits
its energy in the Earth’s mesosphere and lower ther-
mosphere (MLT). Solar variability causes variability in
atmospheric temperature, dynamics, and composition,
making an understanding of the solar FUV vital to un-
derstanding the MLT region of the atmosphere. Cur-
rently there are three satellites with sets of instruments
measuring the solar FUV spectral irradiance. The So-
lar EUV Experiment (SEE) on board the TIMED satel-
lite has been measuring both the solar EUV and FUV
daily since early 2002. The Upper Atmosphere Re-
search Satellite (UARS), launched in 1991, continues
to measure the FUV with two instruments: the So-
lar Stellar Irradiance Comparison Experiment (SOL-
STICE) and the Solar Ultraviolet Spectral Irradiance
Monitor (SUSIM). The Solar Radiation Climate Ex-
periment (SORCE) mission was recently launched in
early 2003 carrying two SOLSTICE instruments which
measure the solar FUV. This paper will present the
TIMED-SEE FUV measurements from early 2002 to the
present and compare them with historical and simulta-
neous measurements from the UARS and SORCE FUV
instruments, providing an overview of solar FUV vari-
ability on time scales from days to a full solar cycle.
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With new measurements of solar irradiance, such
as by the TIMED solar extreme-ultraviolet experiment,
now available in the extreme ultraviolet (EUV) and soft
X-ray (XUV) regions of the spectrum from 1 to 103
nm, it is important to re-examine our quantitative rep-
resentations of their effect on the Earth’s atmosphere.
EUV and XUV radiation photoionizes the upper atmo-
sphere and creates the ionosphere, and also causes a va-
riety of ancillary processes, including dissociation, ex-
citation, and generation of photoelectrons. The solar
spectrum is highly structured in parts of this region,
so precise calculations of these effects should be made
using high spectral resolution. This may be appro-
priate for detailed models of thermosphere/ionosphere
processes, but global models require greater computa-
tional efficiency. Representation of photoelectron ion-
ization is a particular problem for global models, be-
cause the ratio of photoelectron to photon ionization
is so variable with altitude. We have developed a new
method for parameterizing solar energy deposition and
partitioning in the thermosphere that can be employed
at fairly low spectral resolution with accurate results.
This method is described, and its application to mod-
eled and measured solar spectra demonstrated.
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A new database of thermospheric densities has been

derived for the period 1970 - 2000 from satellite or-
bital decay analysis. The data are generated from ac-
tual radar tracking observations, rather than from the
less accurate historical element sets, to form precise or-
bit and drag/density data with improved accuracy and
one-day resolution. Satellites with relatively high ec-
centricities were used to achieve long lifetimes and rel-
atively localized latitude and local time resolution. We
analyze data from six satellites with an average altitude
of about 350 km. Data are compared to three empiri-
cal models (Jacchia, NRLMSIS and NASA MET). The
data are normalized to remove systematic model errors
vs solar activity detected in all three models. A linear
regression fit through these normalized data is obtained
for each satellite. The weighted average of these fits
show a downward trend of 5.2 percent over 30 years
with a 95 percent confidence interval of 1.1 percent.
The results are analyzed as a function of solar flux and
compared to theoretical predictions. Possible depen-
dencies on local time, latitude and geomagnetic activ-
ity are also examined. These results tend to confirm
global cooling at satellite altitudes, possibly associated
with increased carbon dioxide in the thermosphere.
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The Colorado State University Sodium Lidar has
measured temperatures in the mesopause region (80-
105km) for over 12 years. Based on 7 years’ obser-
vation, an episodic change with a warming of 11.8K
in 1993 at the mean mesopause altitude of 98km, at-
tributable to Mt. Pinatubo eruptions, was reported.
In this paper, we focus on the solar cycle effects. With
11 years of data to the end of 2001, we observed a
maximum solar response of 0.06K/SFU at 99km, which
decreases at lower and higher altitudes to nearly zero
and appears to change sign at 82km and 104km. The
phase changes are consistent with earlier midlatitude
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