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SUMMARY

On the basis of experimental data vertical distribution electric field strength of the
atmosphere, the applied problem of fitting constants in the model of the average self-
consistent electric field is solved. The model is based on the nonlinear Poisson equation. Such
an approach is not trivial because generally known in meteorology interpolation exponential
functions describing the empirical distribution of the electrical characteristics of the
atmosphere not quite correctly reproduce the experimental data. The verification of the
constants was carried out based on two different experimental data sets of aircraft and
Balloon sounding of the electric field intensity of the atmosphere. The values match well
despite the fact that the results of the calculations were carried out using different
measurement methods, spatial distribution and for different years. It is also shown that the
results of the vertical distribution of dielectric constant correlate well with the vertical
distribution of ozone partial pressure. For the first time the relationship between the vertical
distribution of the polarization term and the partial pressure of ozone has been obtained
which requires further study.
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Introduction

For the standard atmosphere the barometric distribution does not contain a stable stratification of the
electric field with height, which is observed in reality, because the semi-empirical exponential
dependencies for interpolation are used (Pruppacher, Klett, 2010). On the other hand, the direct
rocket measurements (Brahyn, Shamakhov, 1969; Brahyn et al., 1974) of the vertical electric field
intensity show that the electric field of the atmosphere at altitudes of 15-80 km carries out from five
to ten vertical oscillations for every 2 km, keeping characteristic extrema of the full field oscillation
are about 1 km. Below 15 km (Stolzenburg et al., 2015), each extremum of the electric field has a thin
bifurcation structure, such as period of doubling, up to a fluctuating "palisade".

This behavior extends not only to the electric field of the atmosphere, but also to the experimental
profiles of water vapor, ozone, and other characteristics (Thomas, Bradley, 2003), i.e., the atmosphere
is stratified by many parameters. Excited and highly polarized particles in the lower stratosphere
turned out to be stratified. Thus, according to rocket sounding data (Degtyarev et al., 1981), layers of
the UV radiation in the wavelength range of 1034-1118 A were registered, which correlate well with
the electric field of the atmosphere at the same altitudes (Bilyi, Zelenin, 2014). Thus, in order to study
and monitor natural processes using data from the aerospace methods, it is necessary to abandon
"smooth" interpolation dependencies and build such a model of the electric field, which should
correctly describe the relationship between the electric field, the polarization of atoms and molecules,
and the chemical state of the atmosphere.

Method and Theory

Let us consider the dielectric parameterization of the nonlinear Poisson’s equation based on the data
of aircraft and balloon observations (Observational..., 1963, 1974), using the right-hand side of the
nonlinear Poisson’s equation in the approximation of the average self-consistent field (Bilyi, Zelenin,
2014): 3%@/dz* = —4mpshlep/ekT). Here e — the electron charge, ¢ — the potential, p — the volume
charge density, € — the dielectric constant, k — the Boltzmann constant, T — temperature, °K.

The vertical characteristics of the electric field of the atmosphere, which are shown in Figure 1, are
used below to calculate €. It is important to note that during the atmospheric electric field strength
measuring (Observational ..., 1963, 1974), non-systematic values (Centimetre-Gram-Second System
of Units) of volume charge density p — SGSE/m® (SGSE — Centimetre-Gram-Second-Energy) were
used. For our calculations, the conversion from non-systematic units is carried out by a multiplier
(2,66-10°%/4,8 - 10'°) =5541,6.

The calculation of & consists in compiling two equations from the complex right-hand side of the
Poisson's equation for the effective impedances €*, n* of the global atmospheric electrical circuit at
two sliding experimental points 1 and 2 — analogues of the simplest estimate(q1,p1), (Q2,p2):

4mp,sh (i_;i) COS (i—;%) =p,, 4mp,sh (z—zi} cos {i_:ni) = p,, (1)

where @o=kT/e. We determine the working equations by separating from expression (1) the parts that
depend only on ¢, taking arccos from the equation €*, and the parts that depend only on n, taking
arcsh from n*. After simple mathematical transformations, we obtain transcendental expressions for
e* and n*:
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Variation of the step and selection of the experimental constant scaling for finding the roots of
expressions (2) was carried out based on the experimental profiles shown in Figure 1. The results of
the calculations of € are given in the Table 1.
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Figure 1 The structure of the vertical characteristics of the electric field of the atmosphere (Tashkent,
April 1958): a — the electric field intensity E; b — the volume charge density p,; ¢ — the potential, ¢

Table 1 The dielectric permittivity values calculated using the transcendental equations in the dipole
approximation

Balloon sounding, Aircraft sounding,
Height, Japan, Tateno, 1972 Height, Tashkent, 1958
Z,m ¢ qx) |e10*|n-10* Z,m ¢ qx) |e10*|n-10*
150 2629 | 0.201 | 3.6 1.8 150 2041 | 0.112 | 2.7 1.2
250 | 6456 | 0.203 | 83 | 5.0 250 | 4673 | 0.035| 6.1 | 49
350 12103 | -0.004 | 2.7 94 350 7833 | -0.01 | 0.64 11
450 17710 | -0.191 | 0.76 | 8.4 450 11798 | 0.050 | 16 13

Note: ¢ — the potential, q(x) — the current volume charge density at a given height SGSE/m?;
g, n —real and complex dielectric constants taking into account kT.

Let us note that the generalized dielectric function varies with height increasing and indicates that the
system is essentially non-invariant by scale. The values match well, despite the fact that the results of
the calculations were made using different measurement methods, spatial distribution, and for
different years. That is, the global electrical circuit is not rigid in distributed capacitive and inductive
parameters. The distributed capacitive and inductive parameters of the electrically active part of the
atmosphere are implicitly contained in the functions of the complex dielectric constant € as a dynamic
variable.

Let us consider the relationship between the polarization term and the excited component of the
oxygen cycle — the vertical distribution of ozone partial pressure. For this purpose, we will use the
parameterization of the Poisson-Boltzmann equation with a rigid right-hand side
a2 @/ = —4mp /= at =1, which is used in the processing of the most experimental observations.
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Figure 2 shows the ozone partial pressure distribution (Kagoshima, Japan, 04/13/1972, 14:30 UTC —
a) and the vertical profile of the polarization term & (Kagoshima, Japan, 04/12/1972, 06:00 UTC — b).
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Figure 2 The vertical distribution of ozone partial pressure, mPa, Kagoshima, Japan — a); the
vertical profile of the polarization term ¢, SGCE/m®, Kagoshima, Japan — b)

It can be seen from Figure 2 that the distributions of O3 and € in height agree well with each other.
The system of main peaks is followed and the positive trend of the system polarization with ozone
partial pressure increasing is maintained. The data correlate well with each other and require a more
detailed study.

This behavior can be explained by the fact that the excited component of the oxygen cycle is
electronegative, it easily forms negative ions O, O,,0 3, which are easily polarized and interact with
electrons. Here are some reactions of the oxygen cycle in which free electrons participate (Brasseur,
Solomon, 2005):

Dissociative sticking e+03;—0 +0..

Radiative sticking e+0—0O +hv; e+0,—0, +hv.

Unsticking upon collision with neutrals 0, + Oy— 0,+0yte; O +0,—0O+ Oy te.
Photounsticking O +hv — O+e; O, +hv— Oy+e; O3 +hv— Oste.

It is obvious that the electroactive block of reactions makes a contribution to the chemical potential of
electrons, keeping around heavy (electronegative) particles of air electrons with an energy lower or of
the order of KT.

Therefore, the oxygen cycle is the main mechanism for the accumulation of excessive internal energy
of the environment in the form of atomic-molecular polarization and the accumulation of sensitized
average polarization of the excess charge. If we refer to the general radiation balance of the
atmosphere, which is 5 cal/(cm? min), then the ozone cycle accounts for 0.014 cal/(cm? min), which
corresponds to 9.33-10° erg/(cm?-s). This is three orders of magnitude greater than the hard proton or
electron intensity of 10 erg/(cm?:s) or 0.3-1.0 erg/(cm®s) at the upper boundary of the troposphere.
These simple estimates show that the excited component of the oxygen-nitrogen cycle can supply
Rydberg electrons to the general self-consistent field of the atmosphere. Thus, the electric field can
redistribute metastable (excited) atoms and molecules between vertical layers, forming local layers
with their excess. This, in turn, is the most important feature of the aeronomic processes, when the
appearance of long-lived metastable atoms and molecules determines the direction of development of
one or another chain of photochemical reactions.
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Conclusions

For dense layers of the atmosphere, electrons are in a bound state with electronegative air molecules,
so electrometric observations mainly register negative ions and partially electrons. The efficiency of
recording depends on the Debye shielding, the barrier potential of the capacitor cell and the
adsorption layer of the electrode (condensed water), which inevitably gives underestimated results for
electrons of thermal and cold energies (<KT). It is in this zone that space charges are formed, but the
number of electrons is not determined by thermodynamic equilibrium, since at kT~0,025 eV an
electron cannot ionize a molecule with an ionization potential of the order of one Rydberg (10—
15 eV). This indicates that the ionization balance of the atmosphere is not fluctuation-thermodynamic,
but kinetic-radiative.

Solving the Poisson’s equation with the dielectric parameterization allows to describe not only
oscillatory solutions and reproduction of the potential, but also to simulate the redistribution of
metastable atoms and molecules between vertical layers. This approach can be used together with
electrical prospecting methods (Kushnir et al., 2020, 2021) to search for fluid migration zones.
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