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Abstract

The earth’s ionosphere significantly influences the propagation of ra-
dio waves. The irregularity of the ionosphere will devastate the satellites,
and damage the GPS signals. Therefore, studying the ionosphere has
more than academic value. In this thesis, using the ionospheric parame-
ters measured by the Arecibo dual-beam incoherent scatter radar (ISR) ,
we analyze the tidal and planetary waves at E- and F-region heights in
the low latitude, and study the Arecibo ionospheric midnight collapse
phenomenon, and discuss its relationship with neutral wind, electric
field, and ambipolar diffusion. The primary results are summarized as
follow :

1. Using the observational data derived from Arecibo dual-beam ISR
in the period of Jan. 14 ~23, 2010, we analyze the propagation charac-
teristics and vertical structures of the diurnal and semidiurnal atmospher-
ic tides. Previous observational studies [ e. g. , Harper 1979, 1981 ]
suggest that the semidiurnal tide is the most dominant tidal component
above 110 km in the low latitude. However, our results reveal that the
diurnal tide dominates the semidiurnal tide as the most important tidal
component above 110 km. In the F-region, the peak amplitude of diur-
nal tide is 45 m/s, and in the E-region that value is 70 m/s at around
120 km. The diurnal tide is largely evanescent, which suggests it may be
excited by in situ solar radiation. In the first four days of the observa-
tion, the semidiurnal tides in both neutral wind components show contin-
uous amplitude increase in the altitude range from 106 km to 115 km.

This amplitude behavior is helpful in determining that the turbopause at
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Abstract

Arecibo in winter condition is around 110 km.

2. This is the first time a terdiurnal tide has been observed in the
F-region at a low latitude station. We analyze the vertical structure of the
terdiurnal tide, and discuss its excitation mechanism. The amplitude of
the terdiurnal tide is prominent. The vertical amplitude profile is single
peaked with the peak value of 34 m/s occurred at about 268 km. The
phase in the region of 180 ~320 km is largely linear. The vertical wave-
length is about 950 km. The F-region terdiurnal tide amplitude is found
to be well correlated with the background meridional wind in the lower
F-region. Our analysis does not reveal any evidence that non-linear
interaction between diurnal and semidiurnal tides is important for the
F-region terdiurnal tide.

3. This is the first time a 6-hour tide and a quasi-2 day (40 hours)
planetary wave has been reported at F-region height in the low latitude.
Unlike the terdiurnal tide, the amplitude of 6-hour tide and quasi-2 day
planetary are much weaker. The amplitude of 6-hour tide exhibits two
peaks and the peak magnitude is about 11 m/s for both peaks. In the
altitude range of 150 ~245 km, the phase progresses downward linearly
with a vertical wavelength determined to be 126 km. For the quasi-2 day
planetary, the peak amplitude is about 8 m/s. The vertical wavelength is
computed to be 640 km in the altitude range from 230 km to 305 km.

4. The Arecibo ionosphere midnight collapse is characterized by a
rapid drop of F, layer peak height (HmF,) around midnight. We exam-
ined the roles played by the neutral wind, electric field, and ambipolar
diffusion in driving the vertical ion motion throughout the whole collapse
process. The collapse process can be classified into three stages: precon-
ditioning, initial descent, and sustained descent. The neutral wind and
electric field are dominant in the stage 1 and 3. The ambipolar diffusion
plays an important role in the stage 2. Our results reveal that electric
field and ambipolar diffusion also play an important role with the former

being the most dominant factor in some cases. Stage 1 plays a key role
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on the extent of the collapse.

Key words: Incoherent scatter radar the ionosphere E- and F-region
atmospheric tides  atmospheric planetary waves the Arecibo iono-

sphere midnight collapse
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