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Figure 2.8. Backscatter power of 3-m irregularities (i.e. the radar plume)
observed by the Jicamarca radar, Peru.

electric field and the northward magnetic field as explained above. When the ionosphere
co-rotates with the Earth toward the dusk terminator, the eastward component of the
neutral wind increases with the wind blowing predominantly across the terminator from
the dayside to the nightside. The combination of the increased eastward wind component
with the sharp day-night conductivity gradient across the terminator leads to the
prereversal enhancement (PRE) in the eastward electric field [Schunk and Nagy, 2000].
As a result, the F-layer rises when the ionosphere co-rotates into darkness. On the other
hand, the lower ionosphere rapidly decays in the absence of sunlight and a steep vertical
density gradient develops on the bottomside of the raised F-layer, as shown in the vertical
electron density profile (NE) in Figure 2.9. In this condition, a heavier fluid (plasma in

this case) is situated above the lighter one (magnetic field lines), which is the necessary
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Figure 2.9. A schematic diagram to show the classical configuration for the Rayleigh-
Taylor instability [Schunk and Nagy, 2000, Figure 11.29].

configuration for the Rayleigh-Taylor instability (RTI).

2.7. Rayleigh-Taylor Instability

The theory of the cause of the Rayleigh-Taylor instability in the ionosphere was
first presented by Johnson and Hulburt [1950], with the work of Dungey [1956] making a
connection between the Rayleigh-Taylor instability and ESF. The simplest form of the
RTI (also known as the interchange instability) occurs when a high-density fluid is
situated on top of a low-density fluid in a gravitational field. Any fluctuation at the fluid
interface allows gravity to pull the high-density fluid downwards so that the low-density

fluid ends up on top and an interchange of the two fluids takes place. More generally,
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interchange instability occurs when two types of fluid are situated with an external force
such that the heavy fluid pushes against the light fluid, and the potential energy of the
system is not a minimum. In plasmas with a magnetic field, both the plasma and the field
have an associated pressure; therefore the plasma may interchange position with the
magnetic field.

The RTI theory involves a vertical plasma density gradient with dense F-region
plasma over less dense E-region plasma, enhanced by the steeping of the bottomside at
night. This gradient, when perturbed, will generate polarization electric fields that grow
the perturbation through ExB plasma drift. The situation shown in Figure 2.10 is post-
sunset equatorial ionosphere just below the F-region. The D- and E-regions disappear due
to recombination after sunset steepens the bottomside and prevents the shorting of the F-
region currents. We can approximate the layer below the F-region as a vacuum in terms
of plasma density with heavy fluid supported by the lighter one, as shown in Figure 2.10
(upper panel). The electrons and ions drift in opposite directions. As a result of random
thermal motion of electrons and ions, a ripple develops along the interface. The further
drift velocity will cause the ripple to grow as shown in bottom panel of Figure 2.10, and
they cause a charge build up on the side of the ripple. Additionally, an electric field E
develops, which changes the sign from crest to trough in the perturbation wave. The ExB
drift is always upward in the upper surface of the ripple and is downward in the lower
region of the ripple. As a result, the ripple becomes unstable producing the small-scale
irregularities. As they rise, these irregularities spread out along the magnetic field lines in

north and south higher latitudes.
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Figure 2.10. Characterization of Rayleigh-Taylor instability in equatorial ionosphere
at dusk. Axes X, y, and z point to the south, east and upward directions, respectively.
Here, Vny is the electron density gradient, G is the gravitational field, and By is the
Earth’s magnetic field [Schunk and Nagy, 2000, Figure 11.30].

The F-region fields cause the F-layer to rise at higher altitude, which reduces the
collisions between the charged particles and the neutral species, and hence, the E-region
conductivity, which then enhances the R-T growth rate [e.g., Balsley et al., 1972,
Haerendel, 1973; Sultan, 1996]. Seeds are necessary to set the linear instabilities in
motion, and the fact nonlocal linear growth for interchange instabilities decreases with
increasing wavelength suggests that strong seeds are necessary to incite large-scale (very-
long wavelength) F-region irregularities. Numerous theoretical and experimental studies
have suggested the importance of gravity wave effects on the seeding and evolution of
ESF [e.g., Klostermeyer, 1978; Kelley et al., 1981; Hysell et al., 1990; Vadas and Fritts,

2009; Takahashi et al., 2009]. Recently, much attention has gone toward identifying
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PLOTS OF JICAMARCA RADAR MEASUREMENTS OF ESF
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Figure A.1. Percentages of radar echoes occurrences for nonspread F (NSpF), weak
spread F' (WSpF), radar plume, and broad spread F' (BSpF) from Jicamarca radar
observations on equinox, December and June solstices during 1996-2006.
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Figure A.2. Onset altitudes of ESF (Hj) and virtual heights of F-peak layer (h'F) from
Jicamarca coherent and incoherent scatter radar observations and digisonde data,
respectively, during 1996-2006.
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Figure A.3. Average peak and base altitudes of radar plumes as a function of solar flux
index from Jicamarca radar observations during equinox and December solstice from

1996 to 2006.
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Figure A.4. Percentage of radar plume occurrences with peak altitudes below and above
900 km as a function of solar flux during equinox and December solstice from 1996 to

2006.
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