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Abstract 

The behavior of phase and group velocities of a left-polarized wave in the F-region of the ionosphere 

is studied in this paper. Despite the fact that the magnitudes of a left polarized wave's phase and 

group velocities in the F-region of the ionosphere are almost identical at low latitudes, they are 

schematically asymmetric under acceptable conditions. Under the same conditions, the group 

velocity changes in the same way as the electron density in this region; however, the phase velocity 

changes in the opposite direction. According to the findings, the left-polarized wave's group 

velocity and electron density have a linear connection. The phase velocity, on the other hand, 

cannot be said to be the same. 
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1. Introduction 

Many scientists have done very valuable studies about many properties, physical struc-

ture, and chemical structure of the Earth's ionosphere so far [1-8;11-13; 25]. Since the io-

nosphere has a conductive structure, the behavior of the electromagnetic wave in this 

environment under various conditions and its response to the wave for high-frequency 

waves have been studied and continue [14-24]. To measure the parameters of the 
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ionosphere, especially the electron density, the remote sensing method the ionosphere is 

widely used[10- 21]. In this method, the electromagnetic wave is sent to the ionosphere 

by a transmitter and received by a receiver [14-19]. By comparing the characteristics of 

the incoming and sent wave, information about the ionosphere is obtained [21-24]. Ver-

tical and horizontal ionosondes used in the world are used for this. The wave sent for the 

vertical ionosonde is the ordinary wave and the medium is considered collision-free. 

Group velocity is often thought of as the rate at which energy or information is carried 

along with a wave[1-8].  In many cases this is true and the group velocity can also qualify 

as a waveform signal. However, this information is not always correct if the wave is tra-

veling in an absorbing medium. Many studies and experiments since the 1980s have 

shown that the group speed of laser light sent with specially prepared materials can 

exceed the speed of light in an air gap. However, in this case, faster-than-light communi-

cation is not possible because the signal speed remains slower than the speed of light in 

every way. It is also possible to reduce the group velocity to zero by stopping the current 

or creating a negative group velocity. In all cases, however, photons continue to propa-

gate in the medium at the expected speed of light [1-3,24] 

The behavior of the F2 region is different at low latitudes. In some timeframes, midnight 

is greater than noon. The vertical diffusion is neglected. Ionization is not distributed ac-

ross the earth's magnetic field lines but along the field lines. This distribution can affect 

the latitude distribution of ionization. Meanwhile, electromagnetic drift greatly influen-

ces the diurnal variation of electron density[1-3;8;13]. Depending on the latitude, the 

maximum electron density (NmF2) of the F2 peak at night time, peaks at latitudes (150-

200) in the northern and southern hemispheres, forming a focused trough on the magne-

tic dip equator. There are two main theories in the literature on this sink.  First, it has to 

do with diffusion under gravity in pit formation, below the earth's magnetic field lines. 

this affects the discharge of the plasma and the electron density in the north and south. 

The idea was put forward that the anomaly was caused by the dispersion of the conden-

sation in the equatorial region, causing the condensation of electrons in the northern and 

southern hemispheres. In the second, drifts have been used that move the plasma 

upwards during the day through the magnetic field. This view is obtained by solving the 

diffusion equation, taking into account the geometry of the magnetic field. When electro-

magnetic drift is taken into account, eastward electric fields produce upward plasma drift 

throughout the day. The plasma is lifted in this way, moving away from the equator and 
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dispersing below the magnetic field lines. Electromagnetic drift and diffusion combine to 

cause an upward increase of electrons like a "sprinkler" in plasma motion[1-8; 11;13] 

Generally, the accepted mathematical inferences are based on this basis. Although this is 

an acceptable approach in some cases, it is not a realistic approach. It is necessary to know 

all the features of the ordinary wave, which is the basis of the working principle of the 

vertical ionosonde. In this study, we studied the phase and group velocities of the ordi-

nary wave in the collisional ionosphere, which is an indicator of propagation and energy 

transport environment[9-19]. 

How do the phase and group velocities of the polarized wave, which is connected to the 

magnetic field, behave in the equatorial anomaly region? For this, we analyzed the comp-

lex phase and group velocity of this wave analytically by taking the collisions into acco-

unt, then we calculated the magnitudes of the real and imaginary parts of these velocities 

numerically according to the accepted conditions. 

.  

2. The Numerical Analysis Of The Group And Phase Velocity Of The Left Polarized 

Wave In The Equatorial Anomaly Of The Ionosphere 

if the collisions are taken into account, the ordinary wave from well-known 

equations is as follows[25]. 
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After some mathematical manipulations to get the group velocity of the ordinary 

wave 
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 The phase velocity of the polarized wave for the accepted conditions is obtained  

by 
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3.  Numerical analysis and Results 

We used the results of previous research by Aydodu. et al. (2002) to investigate the 

magnitudes of the phase and group velocity of the left polarized wave utilizing the data 

of previous studies by Aydodu. et al. (2002) in 1990 "sunspot is maximal," on the equinox 

days. On equinox days, the sun's rays are perpendicular to the equator at midday, 

resulting in equal day and night. The longest day occurs on June 21 in the northern 
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hemisphere, and the days begin to shorten, while the shortest day occurs on June 21 in 

the southern hemisphere, and the days begin to lengthen.. This day is regarded the start 

of summer in the northern hemisphere and the start of winter in the southern hemisphere 

in some countries. In certain nations, however, it is considered as noon in the equatorial 

anomaly zone of the ionosphere (F-region 390,410,450,500,550, and 600 Km) in the middle 

of summer or winter. 

Figure 1 shows the change in electron density for some heights of the F-region at low 

latitudes, which was previously discovered by scientists. Our primary goal is to 

determine how the phase and group velocity of the left polarized wave will behave at 

different heights. To answer this topic, we first calculated the magnitudes of the phase 

and group velocities analytically. When collisions are taken into account, the phase and 

group velocities get complicated, as seen in the equations. Figures 2 and 3 show the 

results of the numerical calculations.

 

Fig.1 Diagram of electron density with Geographic Latitude for some altitudes of F-

region in the ionosphere 

In general, the change in polarized wave group velocity at low latitudes 

corresponds to the change in electron density in the equatorial region with latitude for 

both March 21 and June 21 (see Figures 2-3). However, when examining the same figures, 

the change in amplitude of the left-polarized wave's phase velocity at low latitudes in the 
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equatorial zone demonstrates a nearly symmetrical relationship with the group velocity. 

However, when examining the same figures, the change in amplitude of the left-

polarized wave's phase velocity at low latitudes in the equatorial zone demonstrates a 

nearly symmetrical relationship with the group velocity.  

On June 21, the group and phase velocity readings are higher than they were on 

March 21. In both seasons, group speed is at a minimum of 100 in the northern 

hemisphere and a maximum of 5 -150 in the southern hemisphere. The asymmetrical 

nature of this change is the condition in phase velocity. 

 

Fig.2 Change of the group and phase velocity of the left polarized with Geographic 

Latitude for some altitudes of F-region in the ionosphere (March 21, Hour 12.00 LT,1990 

Year) 

 

 

 

 

1,0E+05

3,0E+07

6,0E+07

9,0E+07

1,2E+08

1,5E+08

1,8E+08

2,1E+08

2,4E+08

2,7E+08

3,0E+08

3,3E+08

3,6E+08

3,9E+08

-5 0 5 10 15 20

G
ro

u
p

 a
n

d
 p

h
a

se
 v

el
o

ci
ty

Geographic Latitude 

March 21

GV-310 KM PV-310 Km GV-390 kM PV-390 Km GV-410 Km

PV-410 Km GV-450 Km PV-450 KM GV-500 Km PV-500 Km

GV-550 Km PV-550 Km GV-600 Km PV-600 Km

Magnetic Equator



The European Journal of Research and 

Development, 2(2), 2022 https://doi.org/10.56038/ejrnd.v2i2.93  
 

Online ISSN: 2822-2296 journals.orclever.com/ejrnd 472 

 

 

Fig.3  Change of the group and phase velocity of the left  polarized with Geographic 

Latitude for some altitudes of F-region in the ionosphere(June 21, Hour 12.00 LT,1990 

Year) 

 

 

4.  Conclusion 

We evaluated the magnitudes of phase and group velocity for the left polarized wave (F-

region 390,410,450,500,550, and 600 Km at midday), which is dependent on the magnetic 

field and occurs in the ionosphere in the case of medium collisions under acceptable 

conditions. The magnitudes of the group and phase velocities are nearly similar when the 

findings are evaluated in general, according to the regarded and approved criteria. The 

group velocity is slightly higher than the phase velocity. In the equatorial zone, the 

change in group velocity with latitude corresponds to the change in electron density, but 

the change in phase velocity is asymmetrical in trend to the group velocity. At 10 degrees 
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minimum of 5 degrees north. In comparison to the group velocity, the phase velocity of 
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