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Introduction. The total electron content (TEC) is one of the most important
quantitative characteristics of the Earth’s ionosphere and plasmasphere. The (vertical)
TEC is defined as the integral of the electron density from the ground height up to
the ceiling height (height of the transmitting satellite or infinity). The electron density
above approximately 2000 km contributes little (less than 5%) to the integrated electron
content and above the mean height of the plasmapause (25000 km) the contribution
is negligible. All modern TEC measuring systems rely on the observation of signal
phase <§iﬂ'erences or on pulse travel time and pulse shape measurements based on
geostationary and orbiting satellites.

Given the electron density profile (i.e. the altitude distribution of the electron
density), it is relatively easy to calculate the corresponding total electron content using
quadrature formulae. The purpose of this paper is to present a novel approach to the
solution of a long-standing problem in the space research — the reconstruction of the
electron density distribution from the total electron content.

Mathematical formulation. There are possibilities of utilising the O+*-H* and
O*-He" transition levels as supplementary research tools [1: 2]. The main idea in the
proposed reconstruction method is to use the upper (OT-HT) transition level as a
reference point when solving the above stated inverse problem. The O+t-H* level is
particularly suitable for the purpose because the relative abundance of hydrogen ions
is a significant factor affecting the shape of the topside electron density profile. The
transition level is used together with vertical incidence sounding (ionosonde) measure-
ments. Required ionosonde measurements are the F2 layer ordinary critical frequency
(foF'2), the height of the peak electron density (HmF2) and the propagation factor
M3000F2 (i.e. the ratio of the maximum usable frequency divided by the critical fre-
quency). The peak electron density in the F region, NmF2, is computed from foF2

using the well-known relation NmF2[m=3]=1.24x10'x (foF2[MHz])?.
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The total electron content is split into a bottomside content, TECy, and a topside
content, TECy, i.e.

HmF?2 00
TEC = TECy + TEC; = / N, (k) dh + / N, (h) dh,
0 HmF2

where Ng(h) is the electron density at height h. The bottomside electron profile and
corresponding bottomside electron content can be reliably calculated from foF2 and
M3000F2 using established methods and models [3]. This study is focused on the de-
termination of the topside electron profile.

The topside electron density profile is presented as a sum of its constituent oxygen
and hydrogen ion density profiles. Further, the individual (oxygen and hydrogeng, ion
density distributions are approximated by the following analytical expression using
Epstein functions [4):

h — hy F2 4.N;(hm F2) (h - hsz)
1 = 1V; 2 m = M —_—
N;(h) = Ni(hm F2).sch ( 37 ) D b P P i ,
(1 e ( H; ))
1

where N;(h) is the ion density at height A and H; is the ion scale height. Therefore, the
following “reconstruction” formula is proposed for calculation of the topside electron
density profile:

h—hnF2
— 2(Z__—m” =
(1) Ne (h) = N0+ (hsz) .sch ( 2.Ho+

) + N4 (hmF2) .sch? (
h > hy F2

h— hsz)
32.Ho

where Ho, is the O scale height. Several assumptions have been made [3]: first, the

height of the O" density maximum is equal to the height of the H* density maximum;
second, the neutral particles and ions have the same scale height; third, the hydrogen
and oxygen ion temperatures are equal.

There are three unknown variables in the proposed formula — the oxygen and
hydrogen ion densities at the peak height, i.e. Noy(hy,F2) and Ny, (h,F2), and
the oxygen ion scale height Hp. The following system is, therefore, constructed to
determine the unknowns

Not (hmF2) + Ny (hmF2) = Ny F2

htr — hp F'2

2
Noy (hF2) . sch ( 2 Hoy

) = Npg (hmF2) . sch? (ht’—_h’"—m)

32 .Hoy

TEC; =2. Hoy. Not (hmF2) + 32 . Hot. Ng (A F2)

The first equation represents the principle of plasma quasi-neutrality and the fact
that at the peak height, the only ion densities that really count are the oxygen and
hydrogen ion densities. The second equation denotes the fact that the hydrogen and
oxygen ion densities are equal at the OT—H transition level; the upper transition level,
htr, 18 determined empirically [5]. The third equation is obtained after integrating the

proposed N.(h) “reconstruction” formula (1) from h,, F'2 to infinity. The above system
is solved numerically.
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Fig. 1. Reconstruction of a topside electron density profile

(solid line); the values of the required input parameters are

TEC = 7.1x10"® [m~?), foF2 = 3.10 [MHz], M3000F2 = 3.13,
TL = 715 [km]

Results. The reconstruction is demonstrated using the following required data:
total electron content (TEC = 7.1x10'%[m~2]), empirically obtained [*] upper tran-
sition level (hy; = 715[km]), critical frequency (foF2 = 3.1[MHz]), and propagation
factor M3000F2 = 3:.13. The recovered topside electron density profile (solid line) is
presented in Fig.1; the oxygen and hydrogen ion density profiles are also plotted.

The presence of helium ions is neglected as they probably have little effect on the
electron density profiles and the integrated electron content under most conditions.
However, the offered approach is flexible and allows the inclusion of the helium ions.
The helium ion density could be introduced as a variable, and the system should be
modified and expanded with an equation involving the Ot-He™ transition level.

Conclusions. The described technique solves a difficult inverse problem - repro-
ducing the electron density profile from its integral quantity, TEC. At present, routine
measurements of electron density rely essentially on ground-based ionosonde sound-
ings which can provide vertical profiles of the bottomside ionospheric electron density
only. The offered reconstruction method delivers valuable information about the topside
ionospheric and plasmaspheric density based on reliable routine satellite and ionosonde
measurements. Possible applications include: (i) calibration of TEC measurements and
verification of TEC models; (ii) evaluation of theoretical ionospheric and plasmaspheric
models; (iii) plasma composition studies, etc.
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