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Abstract

The equatorial- low-latitude ionosphere-thermosphere system (ITS) hosts several
inter-coupled process during the daytime. Various dynamical effects due to winds
and waves affect the I'TS. Further, solar forcing and geomagnetic storm effects
also modulate the low-latitude I'TS coupling. The varying nature of these dynam-
ics in response to different geophysical conditions bring in complexities in these
coupled processes, which result small and large scale variations in the behavior
of the I'TS, both in temporal and spatial domain. Even though, investigations of
the wave characteristics in spatial domain of the ITS have been carried out over
several decades for nighttime conditions, such investigations during the daytime
are in a state of infancy. Therefore, systematic investigations of the wave char-
acteristics for daytime conditions are essential in order to gain a comprehensive
understanding of the ionospheric and thermospheric system.

The optical dayglow emission intensity variations can be used as tracers of
the neutral dynamical variations that exist at the altitudes of their origin. In
the present thesis work, by using a high spectral resolution large field-of-view
spectrograph, MISE, we have obtained the neutral oxygen dayglow emission in-
tensities at three wavelengths (OI 557.7, 630.0, and 777.4 nm) from Hyderabad,
a low-latitude location in India. These emissions are considered to originate from
altitudes around 130, 230 and 300 km. The dayglow emissions are used as the
primary data set for the investigations carried out in this thesis work.

The dayglow emission intensity patterns showed both symmetric and asym-
metric diurnal behavior with respect to local noon. Considering purely photo-
chemical nature of the production mechanisms of the dayglow, the asymmetric
diurnal behavior is not expected and hence, it is clear that transport processes
play a role. The extent of asymmetric behavior in the dayglow emission intensity
is characterized in terms of Asymmetricity in Time (AT), which is the product
of difference in time of occurrence of peak intensity and local noon and the ratio
of intensities at the peak and local noon. The days with AT < 0.4 h and AT
> (0.4 h are considered to be the days with symmetric and asymmetric diurnal

behavior in the emission intensities, respectively. Comparing the roles of neutral
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winds and the EEJ strengths on the days with AT > 0.4 h, it is conclusively
shown that the dayglow emission intensities over the off-equatorial thermosphere
are predominantly affected by the equatorial electrodynamics. It is also noted
that this asymmetric diurnal behavior in the neutral emission intensities has a
solar cycle dependence with more number of days during high solar activity pe-
riod showing larger AT values as compared to those during the low solar activity

epoch.

Periodogram analyses of the dayglow emission intensity have been carried out
at all the three emission wavelengths in three distinctly different directions (west,
zenith and east) which are separated by 3°-8° depending on the altitude of day-
glow emissions. Presence/absence of the time periods with similar values in these
three directions indicates the non-existence/existence of longitudinal differences
in the gravity wave (GW) features suggesting to a common/different source driv-
ing the waves at these locations. The non-existence of the similar time periods
on the days with asymmetric diurnal behavior was attributed to the stronger
equatorial electrodynamics. Moreover, GW features in terms of the zonal scale
sizes and propagation directions also show different behavior on the days with
and without the existence of longitudinal differences in the equatorial processes.
Thus, our results show, for the first time, that there exist longitudinal variations

in the equatorial electrodynamics in as small separations as 3°-8Y.

Variations in the dayglow emission intensities have been investigated for three
geomagnetic disturbances that occurred in different seasons. It is found that the
dayglow variations showed similarity with the variation of O/N, during geomag-
netic disturbances that occurred in solstices. However, during the equinox, the
dayglow showed similar variations with that of the EEJ strengths. Taken to-
gether, this shows the dominance of the equatorial electric field over the storm
influenced neutral wave dynamics on low-latitude ITS during equinox times, and
the effect of neutral wave dynamics from high-latitude during solstices. Moreover,
contrasting distributions of the GW zonal scale sizes are observed on geomagnet-
ically quiet and disturbed days in different seasons. This shows that changes are

brought-in in the zonal GW scale sizes during geomagnetic disturbances irrespec-
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tive of the season of the storm occurrence.

Near-simultaneous measurements of the spatial varying dayglow along both
the zonal and meridional directions are obtained. From the wave number spec-
tral analysis of these data, the zonal and meridional component of the horizontal
waves are obtained. These values are used to calculate the horizontal scale sizes
and their propagation angles. Such measurements on the horizontal scale sizes
(in two dimensions) are first results of their kind. Moreover, these measured val-
ues have been used in conjunction with the GW dispersion relation to calculate
the plausible wave features in the vertical direction. Thus, the first three dimen-
sional GW characteristics in the daytime upper atmosphere has been derived.
This technique opens up new possibilities in the investigations of the daytime

wave dynamics.

Keywords: Dayglow, lonosphere, Thermosphere, Upper atmosphere, Equatorial
electrodynamics, Ionospheric-Thermospheric coupling, Gravity waves, Geomag-

netic storm, Latitudinal coupling, Three dimensional gravity waves.
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