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Abstract

Original scientific paper
This study aims to investigate the magnitude of polarization of characteristic wave (D.=0), for all seasons by using the real geometry of
the Earth’s magnetic field for the selected altitudes (390, 410, 450, 500, 550 and 600 Km) in the equatorial anomaly region at low latitudes
(-30°S and 30°N). The part of imaginary of the characteristic wave having a complex structure in latitudes where equatorial anomaly occurs
it has a dramatically resemblance to the change of electron density, and the real part has been similarity showing with the change with
latitude of the refractive index for all seasons for 12.00-24.00LT.
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1 Introduction

So far, many important studies have been done and
continue to be done in order to know the chemical and
physical structure of the ionosphere and recognize the
structure of the ionosphere. In addition, more advanced
studies are needed in terms of communication and
technology regarding the interaction of the ionosphere
with the electromagnetic wave, and these studies are
increasingly continuing [1-18]. In this sense, the study of
wave polarization is only one of them. As a concept,
polarization is used in physics in two basic terms. The
first of them is volume polarization, and the other is the
polarization of wave [8,10-12]. It is the wave that does
not change the polarization direction when the
characteristic wave propagates any medium. When there
is any possibility of confusion, these shall refer to two
magnitudes as “the volume-polarization and the wave—
polarization” respectively. It is interesting to note that the
two meanings, now thought of quite differently,
originated in the same idea that of producing opposite
polarity at opposite ends of line. The relation to the
volume polarization is obvious. In relation to wave-
polarization, the term arose when it was thought that light
was the corpuscles in nature, and to explain the facts of
double refraction it was suggested that the corpuscles
acquired a polarity along a certain direction, known as
the direction of polarization. But these two polarities are
not independent from each other. From a detailed
analysis of the response of the charge carriers to the
oscillating E and B fields, one can deduce a linear
relationship between the electric field E of wave and the
polarization [9-11].
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The behavior of the F2- region in the ionosphere is
different at low latitudes [1-6]. Sometimes, the electron
density at midnight is greater than the electron density at
noon because of ionization is scattered throughout the
magnetic field of the Earth. This distribution affects the
latitude distribution of ionization and the daily change of
electron density formed in electromagnetic drift. The
electron density is seen, peaks between 15°-20° north and
00-5° south, in cavities (magnetic equator) 5°-10° North.
The behavior of electron density at F2 region is called as
the equatorial anomaly in ionosphere plasma [4,5,7].

Many researchers have done extensive research on
the physical and chemical processes in the ionosphere
and the behavior of the electromagnetic wave in the
ionosphere, especially propagation, reflection and
refractive index like many more subjects [1-7]. However,
there are limited studies on the polarization of the
electromagnetic wave in ionospheric plasma [8-14]. We
have focused on this issue for some special conditions in
ionospheric plasma. Because, polarization is a measure
of the behavior of the electromagnetic wave in a medium
and the response of the medium.

In this study, we investigated the relationship
between the magnitude polarization of a characteristic
wave and the equatorial anomaly for different heights of
the ionosphere F2-region.

2 Volume Polarization Tensor for Cold lonosphere
Plasma

We obtained the volume polarization tensor for the
cold plasma conditions in ionospheric plasma and
compared the magnitudes of volume polarization the
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ambient magnetic field in northern hemisphere is given
by [3-6];

B=Ba +Ba +Ba, (1)

Where B,=BCosl Sind, By=BoCosICosd and B,= -
BoSinl. I and d are the magnetic dip and the magnetic
declination angles, respectively. The force acting on
electron in the cold plasma is given by

mﬂ= - e§+ l"xB% mvr 2)

In which r, B, E and v (=electron-ion+electron-notr
collisions frequency) are position vector (r), Earth
magnetic field, electric field and electron mass (m) and
elecrtoncollsion frequency, respectively. In here, all of

fields change like e'(wt—k.r). The movement of an

electron from a point A to point B is equivalent to leaving
the original electron undisturbed at A and adding a dipole
[15].

If there are N electron per unit volume, and if all
move through equal distance r, equivalent dipole
moment, which is the polarization is given by [11-15].

P =Ner=¢,yE 3)

The movements of the electrons and the polarization
P is produced by the electric field of wave E. If there is
no applied magnetic field, and then P and E are parallel,
otherwise P and E are not parallel. If we use Egs. (1-3)
together, Volume polarization for northern hemisphere is
obtained by
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If all the polarization coefficients are rearranged both
real and imaginary, Py, Py and P, are obtained as.

P = (ZHR — X )Ex+(l’12R +l'/1/125)Ey +(113R +l’ll3.§)E: (10)

Py :(sz +l‘ZZl\')E!r +(ZZZR — Y0, )Ey +(123R _ilzs.\-)Ez (1 1)
Pz :(Zsm _iZ3IV)Ex+(ZBZR +i/1/32v)Ev +(Z}3R _iZSBV)Ez (12)

Volume-polarization tensor could be obtained
depending the permittivity coefficient (y) of ionospheric
plasma as follow

3 The Polarization of Characteristic Wave in The Cold
lonospheric Plasma

The electric flux (D) of any medium is given
by well-known equation as follow [8-15].

D=gE+P 13)

The electric flux into propagation direction of the
charteristic wave cannot be occurred. Due to this, D,=0,
when this condition is used into eq. (12) and substitute
into Egs. (10-11). The coefficiens of polarization are
obtained by

PX=(;1R+in)EX+(0R+i0'S)E) (14)
R,:(pk+ip.S)Ex+(WR+iWY)E)‘ (15)
h_E

PE (16)

y

when eqs. (15-17) are used together; the equation of
chracteristic wave is as follow.

[E),]”:—(KRHKS)im (17)

2(pi+pi)  2(pitri)

y

We could write for the expression in square root after
mathematical manipulation as follow.

VK +iKg =K + K {cos[wjﬂsin(mz}mﬂ (18)
n n

in which n=2, k=0, 1
4  Numerical Analysis and Results

In this study, the wave polarization for the
characteristic wave  was calculated as seasonal the
latitudes by using Eq. (17), at hour 12.00 and 24.00 and
as local time for 1990 year. The ionospheric parameters
used for calculation were obtained by using the IRI
model, according to the accepted conditions. We
investigated the seasonal change of eqn. (17) with respect
to latitude for 12.00 and 24.00 LT at 390, 410, 450, 500,
550 and 600 km altitudes (these heights are the altitudes
at which equatorial anomaly occurs at F2-Region and low
latitudes in ionospheric plasma) for the characteristic
wave in ionospheric plasma. The most important feature
of the characteristic wave; as wave travel in any medium,
the polarization direction of wave cannot change.
Besides, there is no induced magnetic polarization
corresponding to electric polarization and in the direction
of the wave's progress doesn’t occur the electric flux. For
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corresponded conditions in Figure 1, the magnitude of
both the real and the imaginary part of the wave
polarization are given for latitudes at 12.00- 24.00 LT as
seasonal. Looking at all the Figures (1-4), we can make a
general comment on the magnitude of the real part of
wave polarization, for all seasons. They are the same
trends for all seasons and almost equal in magnitude.
Their variation decreases exponentially, peaking
between -10° and -20° at low latitudes at both day and
night for all season and the refractive index is order of
magnitude (Figure 1-4). But the behaviour of the
magnitude of the imaginary part of the characteristic
wave at low latitudes is interesting for all seasons. The
magnitude of the imaginary part of the characteristic
wave is given at Figure 1 for March 21. According to this,
for the heights of 600,550,550 km the magnitudes of
polarization (for imaginary part) are sharply decreasing
very close to the equator, making a striking peak at about
-5%outh. However, for other heights (390,410 and 450
Km) there is a maximum increase 10° south. Its
numerical values are larger at night compared to daytime
and has a peak at 10°S for all season at 24.00LT.

For June 21, the magnitude of the imaginary part of
the characteristic wave is given in Figure 2 for low
latitudes at 12.00 and 24.00 LT. Accordingly, in both
cases, a cavity occurred approximately at 0-10° S and had
the smallest value and continues to increase after this
latitude. For imaginary parts, similar situations are
observed in other seasons for 12.00 and 24.00LT
(Sempt.23, December 21). The behavior of the
magnitude of the imaginary part of the characteristic
wave at low latitudes is generally similar to that of the
electron density. However, this adjustment is observed
more sharply at lower heights. The changes of the
imaginary part with latitude at 12.00LT are very similar
in terms of both trend and size for March-December and
June-September for 450,500,550 and 600 Km. The trend
has sharper ups and downs for 390 and 400 Km. These
are compatible with the literature [1,7-8].
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Figure 1. The change with latitude imaginary of parts of the
polarization wave (12.00 and 24.00LT; March 21).
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Figure 2. The change with latitude imaginary of parts of the
polarization wave (12.00 and 24.00LT; June 21)
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Figure 3. The change with latitude imaginary of parts of the
polarization wave (12.00 and 24.00LT; Sempt. 23).
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Figure 4. The change with latitude imaginary of parts of the
polarization wave (12.00 and 24.00LT; December 21).
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5 Conclusions

In this study it has been investigated the magnitude
of polarization of characteristic wave (D,=0), for all
seasons by using the real geometry of the Earth’s
magnetic field in low latitudes for ionospheric plasma
with respect to Eq. (17). The results obtained are truly
surprising. As a matter of fact, if the earth's magnetic
field is taken into account, polarization is ecliptic and the
electric field vector does not sweep a circle.
Theoretically, this is not surprising. However, it is
interesting to see that both the real part and the imaginary
part have great values mid-latitudes. For the accepted
conditions, the conclusion we infer from all these data;
The real part of the magnitude of polarization of the
characteristic wave is approximately similar for all
seasons and very close as magnitude refractive index
order of it [4,11]. But the imaginary part is actually very
close to the change of electron density at low latitudes.
Moreover, magnitudes in summer are larger than in
winter, and central cavities appear on the magnetic dip
equator “approximately between -10°S;10°N”,
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