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Introduction

Variations of the Fl traces (the "cusp") on the ionogram were recognised early in the begin-
ning years of the vertical sounding of the ionosphere, while the actual shape of the corresponding
electron density profile are still an open problem nowadays, not only from an information ex-
tracting point of view but also from its empirical descriptions as have been done within the IRI
model. Results from theoretical models can be a useful complement to the experiment data
base, considering the availability and reliability of the data, and are particularly essential for
the physical understanding of the processes and the characteristics involved.

Some key points on the electron density profile, e.g., the half maximum electron density
height, is used in IRI to give a certain representation of the profile shape. Physical discussions
on the points are very important because this may provide us a clear idea on the features of
our choice and help to judge if this choice is physically reasonable.

Model Highlights

The theoretical model for middle ionospheric profiles over mid-latitudes (Zhang et al, 1993;
Zhang and Huang, 1995a,b), is used in this study. Basically, the model solves the continuity
and momentum equations for O+,NO+ ,0% and N£, as well as electron. Dynamic processes
of diffusion and wind, and also photo-chemical processes (with involvement of meta-stable ions
of atomic oxygen), are taken into account. The ion productions from photoelectron impact are
also considered (Richards and Torr, 1988) The EUV91 model (Tobiska, 1993) is used to specify
the solar irradiance, and neutral atmospheric density and temperature are given by the MSIS86
model (Hedin, 1987).

In order to gain a realistic electron density profile, the model adjusts the topside (500 km)
density so that the simulated maximum electron density is fitted to the observed one. The
model tries to let the height of the F2 peaks close to the observation. This can be done by
using a more or less realistic vertical drifts of the ionization (Zhang and Huang 1995), derived
from servo model, which are found to be more reasonable than the empirical model values like
HWM90 (Hedin et al, 1991) by prior studies. Of course, some modifications on the Servo model
coefficients have to be made as suggested by Titheridge (1995).
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Results and Discussions

Model calculations were carried out for 2 October 1992 over Millstone Hill (42.6°N, 288.5°E).
The daily Ap is 10, F107 is 118 and its 81-days-median 122. To have a reasonable reproduce of
the Fl-layer shape, the neutral temperatures were increased by 15% from their MSIS86 values,
while EUV flux increased by 25% from the EUV91 values over all bands and lines.

• Profile shape
Figures 1-3 give examples of the comparisons among the model profile, the observation,
and the IRI profiles with the standard BO and the Gulyaeva BO options.

In general, the theoretical model is able to reproduce the observed profile shape. In some
cases, the model underestimates the Fl region density.

• Key points below the F2 peak
The height of the half maximum electron density h05 is a useful parameter in the de-
scription of the single layer profile, since it approximately lies at the height of the dN/dh
maximum hi, (base-point), which can be considered as the base of the layer. It can be
proved that, at the base point, Nb = NmF2/2.03 and p = (hmF2 - hb)/(3.l7H) = 1 where
H is the constant scale height.

However, the ionosphere above the E-layer cannot be considered as a single layer, even if
it is a single one (nighttime) it may not be a standard Chapman layer. For some cases,
the /10.5 may drop to the E region height. Fig.4 shows the hi, and /10.5 variations from the
observation and the model, where there exist cases of a single layer (nighttime) and two
layers (daytime) in the F region. Differences of the two heights are evident when there
is an intermediate layer. In a sense of the F layer morphology, this base point carries
information from both F2-layer and Fl-ledge. And the simulated ratio p doesn't remain
at 1 but about 0.3-0.4 during the day and 0.8 during the night, as shown in Fig.5. The
F-layer thickness defined by hmp2 — hb is about 40 km by day and almost doubled by
night.

• Physical meanings of the hb

Fig.6 shows the dN/dh profiles obtained with the theoretical model, with the hb and h05

given also. The occurrence of the base points is quite evident. In fact, as shown in the
O+ continuity equation, dN/dt = q- (3N - vdN/dh - Ndv/dh, at the height of the base
points, changes of the electron density is most sensitive to the transport velocity.

Conclusions

1. The theoretical model is capable to reproduce important observed features in the Fl-
layer, and thus can be used for further studies in this area, not only from the physical
understanding viewpoint but also from the practical uses in the empirical modelling.

2. The /io.5 parameter has obvious physical meanings
(1) the change of Ne at the height is most sensitive to the plasma transport;
(2) the height is sensitive to the ionization not only in F2 region but also in the Fl
region, i.e., it reflects the occurrence of the Fl-ledge. Thus it implies an important use
in determining the F2-layer shape as well as the Fl-layer shape.
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Figure Captions:

Fig.l Comparisons of the simulated, the observed and the IRI Profiles for 01LT.

Fig.2 Comparisons of the simulated, the observed and the IRI Profiles for 12LT.

Fig.3 Comparisons of the simulated, the observed and the IRI Profiles for 14LT.

Fig.4 Diurnal variations of the base point height (Hbs) and the half maximum density height
(Hp5) obtained from the profiles of the theoretical model and the observation.

Fig.5 Diurnal variation of the ratio p = {hmF2 — /if,)/(3.17H) obtained with the theoretical
model.

Fig.6 Height profiles of the dN/dh values obtained with the theoretical model. Note the
corresponding heights of base point and the half maximum density heights.
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