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Abstract: Light is a well-known electromagnetic wave
that propagates, transmits, reflects, and polarizes in any
medium. Waves have a huge technical impact as a determi-
nant of human life because of their qualities. Using real
geometrical Earth’s magnetic field, this article investigates
the latitude and seasonal fluctuation of polarization magni-
tude of a polarized characteristic wave (no electric flux in the
wave’s propagation direction) in the ionospheric plasma (the
examined conditions). Both the volume polarization and
wave polarization have been solved analytically in the iono-
spheric plasma, taking into account the accepted para-
meters. Furthermore, the volume and wave polarization
were mathematically proven to be connected, and numerical
wave polarization values were produced in the ionospheric
plasma under the considered parameters. When a magnetic
field operates on a medium, it causes the medium to become
anisotropic. The wave polarization is ecliptic and the electric
field vector does not sweep a circle as understood from ana-
lytical solutions when the Earth’s magnetic field and particle
collisions are taken into account. There is a real and an
imaginary element to the wave’s electric field ratio (Ex/Ey =
a + ib). The real and imaginary parts of wave polarization in
the x and y planes form the shape of the elliptic structure,
and the real component is associated with advancing, while
the imaginary part is related to attentiveness. The ionosphere
of Earth, all physical parameters, such as refractive index,
dielectric structure, and conductivity, have a complicated
structure. According to the study, the real part of the polar-
ization of the characteristic wave is related to the absorption
coefficient and the imaginary part is proportional to the
refractive index of the medium.

Keywords: light propagation, light polarization, iono-
sphere plasma

1 Introduction

The term “polarization” has two meanings: first, it refers
to the dipole moment per unit volume of the medium, and
second, it refers to the wave’s polarization. When there
is a chance of misunderstanding, these will refer to two
magnitudes as “volume-polarization” and “wave-polariza-
tion,” respectively. It is worth noting that the two defini-
tions arose from the same concept of producing opposite
polarity at opposite ends of a line, but in quite different
ways. The link to volume polarization is self-evident.
When it was considered that light was made up of corpus-
cles in nature, it was proposed that the corpuscles
acquired polarity along a certain direction, known as the
direction of polarization, to give a better understanding of
double refraction. A careful examination of the charge
carriers’ reactions to the oscillating E and B fields can
reveal a linear relationship between the waves’ electric
field E and polarization P [1–20]. Electric currents, con-
ductivities, refractive index and diffusion, propagation
and reflection, and other topics connected to the iono-
sphere have all been studied by various researchers. The-
oretical and experimental issues in the ionosphere remain
to this day [1–3,6–17,21–24]. However, all of these were
commonly employed in ionospheric plasma approxima-
tion and under unique circumstances [17–20]. Plasma in
the ionosphere is a poor conductor, with its dielectric
properties taking precedence. Despite the fact that the
ionospheric plasma becomes a weakly conducting fluid,
it may exhibit dielectric qualities under certain conditions.
Having a conductor property, on the other hand, causes it
to reflect waves. In this scenario, it is important to figure
out whether an electromagnetic wave sent from the Earth
to the ionosphere is inductive or capacitive [9–13]. There
are numerous studies in the literature, particularly on the
conductivity of ionospheric plasma; however, there are
few studies on the volume and wave polarization features
of ionospheric plasma. However, the polarization of elec-
tromagnetic waves in plasma waves has been explored, as
evidenced by research by Budden, Swanson, Ratcliffe, and
others [9–16]. Many scientists have worked on certain
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unique examples related to this topic, and they are con-
tinually working on it. Why is studying the polarization
of the wave in the ionosphere so important? According to
the parameter to be obtained, we would like to know the
magnitude and direction of the electromagnetic wave
[1,21–24]. In addition, based on the data, we determine
the magnitude of the wave polarization to obtain informa-
tion about the medium. As a result, investigations on the
polarization of electromagnetic waves in the ionospheric
plasma are insufficient [9–14]. In reality, the polarization
wave in any medium determines part of the medium’s
features and wave behavior. As a result, it is closely related
to electromagnetic wave propagation and is critical for
ionospheric plasma [1–6,21–24]. It can be stated that the
ionosphere has more predominant dielectric properties
than its conductivity, but to know the properties of the
ionosphere, its conductive properties are used like making
of ionosonde [14–17].

The main goal of this research is to establish a rela-
tionship between the polarization of charged particles
in the medium and the polarization of a radio wave
sent outside to the ionosphere medium, to calculate the
wave’s polarization magnitude under certain conditions,
and to investigate the trajectory of the polarization vector.

1.1 Volume polarization tensor for cold
ionosphere plasma in northern
hemisphere

To begin with, we calculated the volume polarization
tensor in ionospheric plasma under cold plasma conditions
(P “pressure gradient term” = 0, cold plasma approach) and
the magnitudes of volume polarization constants for the
accepted parameters as shown in Figure 1. Refs [1–3,21–24]
give the ambient magnetic field in the northern hemisphere.

B a a aB B B ,x x y y z z= + + (1)

where Bx = B0 cos I sin d, By = B0 cos I cos d, and Bz =
−B0 sin I. I and d are the magnetic dip and the magnetic
declination angles, respectively.

The force acting on an electron in the cold plasma is
given by

r̈ E ṙ B ṙm
t

e mνd
d

.2 ( )= − + × − (2)

where r, B and E (= electron-ion + electron-notr collisions
frequency) are the position vector, the magnetic field of
the Earth, electric field, respectively. Here all of the fields
change like ei(ωt−k.r). The movement of an electron from

point A to point B is equivalent to leaving the original
electron undisturbed at A and adding a dipole as shown
in Figure 2, so that it cancels the original charge at A.

If there are N electrons per unit volume, and all move
through equal distance r, equivalent dipole moment, the
volume polarization is given by [1–5]:

P ENe ε χr .0= = (3)

The electric field of wave E causes the electrons to
flow and the polarization P to occur. P and E are parallel
if there is no applied magnetic field; otherwise, P and E
are not parallel. When we combine Eqs. (1)–(3), we get
volume polarization for the northern hemisphere.

iων ω P iωω P iωω P Ne
m

E ,x cz y cy z x
2

2
( )− − − = (4)

Figure 1: The geometry of Earth’s magnetic field for the northern
hemisphere [6,21,22].

Figure 2: The movement of an electron from A to B is equivalent to
the addition of a dipole [5].
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The frequency components of the cyclotron are as
follows:
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where constant coefficients
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If all the volume polarization coefficients are rear-
ranged for both real and imaginary, Px, Py, and Pz are
obtained as follows.
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Volume-polarization tensor could be obtained depending
on the permittivity coefficient (χ) as follows:
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The coefficients in Eqs. (10)–(12) are as follows:
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2 The wave polarization tensor of
characteristic wave in the cold
ionospheric plasma for northern
hemisphere

The electric flux (D) of any medium is given by a well-
known equation as follows [1–17]:

D E Pε .0= + (14)
The characteristic wave’s electric flux cannot exist in

the propagation direction. When this condition is utilized
in Eqs. (11)–(13), as a result Dz = 0. The polarization coef-
ficients are derived by

P μ iμ E σ iσ E ,x R I x R I y( ) ( )= + + + (15)

P ρ iρ E W iW E ,y R I x R I y( ) ( )= + + + (16)
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When Eqs. (16)–(18) are used together, the equation
of the characteristic wave is as follows:
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We could write the expression in square root after
mathematical manipulation as follows:
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3 Numerical analysis and results

Eq. (18) was used to compute the wave polarization for
the characteristic wave at hours 12.00–24.00 LT for the
year 1990 as seasonal. The IRI model was utilized to cal-
culate the ionospheric parameters that were employed in
the calculations. For the characteristic wave in the iono-
spheric plasma, we evaluated the seasonal change in
Eq. (18) about latitude for 12.00 and 24.00 LT at 230 km
altitude (F-region). The most essential property of the
characteristic wave is that the polarization direction of
the wave cannot change while it travels through any
medium, making it necessary to make some parallel
approaches. Furthermore, there is no induced magnetic
polarization matching to electric polarization, and the
electric flux does not occur in the wave’s progress direc-
tion. In the z-direction, there is no electric flow, and the
current density and the electric field are not in phase. We
achieved the following findings for the corresponding
conditions. The change in latitude of the component
of real and imaginary at Eq. (15) at 12.00 LT for an altitude
of 230 km is shown in Figure 3(a and b) (this altitude
is the beginning altitude of F2 peak, “which is the
region where the maximum electron density occurs in
the ionosphere”). The variation in the real part of wave
polarization (Ex/Ey)R with latitude has been shown in
Figure 3. When the variation in the real parts of wave
polarization with latitude is analyzed, the real part of
wave polarization shows the same tendency for all sea-
sons, according to it. It has greatest values in −75°S and
75°N latitudes, and minimum values at −60°S and 30°N
latitudes. We can deduce that the real part of a
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Figure 3: Seasonal change in the (a) real and (b) imaginary components of the polarized wave with latitude (12.00 LT).
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characteristic wave’s polarization has a seasonal harmonic
behavior, with a magnitude equal to the order of magni-
tude of the refractive index [1,23]. However, there has been
little to no change. The imaginary component of Eq. (18)
has been shown to alter with latitudes in Figure 3b.
Its maximum and minimum values differ from those in
Figure 3a. So, the imaginary part of the characteristic
wave polarization coefficient has greater values on June
21 (the period when electron density is highest) than in
other seasons. We may deduce that the real part of the
polarization characteristic wave has been taking larger
values at high latitudes for the entire season, but that

these values have been dropping especially for north lati-
tudes, and that these values have been minimum between
0 and 45°N latitudes for all seasons. Similarly, the ima-
gined part has been a tendency for all seasons. Unlike the
real part, it has various values for 12.00 LT in each season.
The latitude of both the real and imaginary parts of the
polarization of the characteristic wave for 24.00 LT is
shown in Figure 4a and b. In fact, the change in the real
part with latitude in Figure 4a is similar to the change
in the real part at 12.00 LT for all seasons. They are using
the same latitudes for the maximum and minimum. The
values at 24.00 LT, on the other hand, are slightly higher.

-90 -75 -60 -45 -30 -15 0 15 30 45 60 75 90
0.15

0.20

0.25

0.30

0.35
-90 -75 -60 -45 -30 -15 0 15 30 45 60 75 90

-5.0E-3

-4.0E-3

-3.0E-3

-2.0E-3

-1.0E-3

0.0

 March21
 June21
 Semp.23
 Decem.21

(E
x/E

y) R

Geographic Latitude

a

(E
x/E

y) I

 March21
 June21
 Semp.23
 Decem.21

b

Figure 4: Seasonal change in the (a) real and (b) imaginary components of the polarized wave with latitude (24.00 LT).

Figure 5: The 3D diagram of characteristic wave polarization
(12.00 LT).

Figure 6: The 3D diagram of characteristic wave polarization
(24.00 LT).
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For all seasons, the fluctuation of the imaginary part of the
polarization of the characteristic wave with latitude at
24.00 LT vs 12.00 LT is interesting. In latitudes near the
equator, especially at low latitudes, there are significant
declines. On March 21st, the most severe reduction hap-
pens, and on June 21st, the least. Other middle and high
latitudes have similar changes to 12.00 LT. It is possible
that this is related to a change in electron density. Because,
whatever happens, electron density is the most important
component of the ionosphere. The characteristic wave is
depicted in three dimensions in Figure 5. The real part is
represented by the x-axis, the imaginary part by the y-axis,
and geographic latitude is represented by the vertical axis.
The electric field vector is considered to be capable of
rotating around the z-axis, as seen in Figure 5 and Eq. (7).
The characteristic wave’s electric field vector is bigger at
high latitudes, smaller at medium latitudes, and smallest
at low latitudes. This situation could be explained as fol-
lows. The precipitation of electrons flowing from south to
north along the magnetic field encircling the Earth can
cause the electric field vector strength of the upper latitudes
to increase.

4 Conclusion

Using the real geometry of the Earth’s magnetic field in
the northern hemisphere, this study analyzes the ampli-
tude of characteristic wave polarization of Dz = 0 for all
seasons. In some ways, the outcomes are as expected, but
in others, they are absolutely startling. The polarization
is elliptic when the Earth’s magnetic field is taken into
consideration, and the electric field vector does not sweep
a circle. It also exhibits a harmonic characteristic, as
shown in Figures 5 and 6. This is not surprising in theory.
However, it is interesting to note that towards high lati-
tudes, both the real and imaginary parts have high values.
The major parameter of the ionosphere, without a ques-
tion, is electron density. Electron density, on the other
hand, is greatly influenced by the ionosphere’s external
dynamics (such as solar radiation) as well as its internal
dynamics (like chemical reactions). We can deduce that
this scenario is caused by polar electron precipitation.
Winter has a bigger size of the imaginary part of the char-
acteristic wave polarization than summer at 24.00 LT. It
has to do with aberrant electron density behavior. The
more the atoms and molecules in the atmosphere ionize,
the more the Sun’s rays reach the Earth’s surface in
summer than in winter. The number of electrons is pro-
jected to increase greater in the summer than in the winter.

In the winter, however, the electron density is larger than
in the summer. This could be due to an anomaly. This
anomaly is explained by the imaginary component of the
magnitude of polarization coefficients. Finally, the find-
ings are consistent with previous research.
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