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Abstract 

     This paper studies the effect of electron temperatures and densities on the F layer 

of the ionosphere during the seasons (winter, spring, summer, fall) of the first years of 

solar cycle 25 (2020-2022) in the sky of Baghdad, the capital (44.3⁰ East, 33.3⁰ 

North). The temperature and density data were taken from (IRI-2020) for the height 

(150-500) km with an increment of 50 km. The study shows that the values of electron 

temperature  (T_e), Debye length λ_De, and the number of charged particles enclosed 

within a Debye shielding region 〖(N〗_D) in 2020 were higher than in 2022. 

Whereas the electron density (n_e) and plasma frequency  (f_pe) in 2020 were lower 

than in 2022. It also shows that the plasma coupling parameter (Γ) was weak during 

both years. It was observed that the thermal velocity 〖(v〗_te) of the electron 

reached its highest Values for both years at an altitude of 500 km . 
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 الخلاصة  
البلازما لطبقة         تأثير درجات حرارة الإلكترونات وكثافتها على خصائص  تم دراسة  البحثية،  الورقة  في هذه 

)   Fالايونسفير   بغداد  العراقية  العاصمة  ( فوق  الخريف   , ,الصيف  ,الربيع  )الشتاء  السنة    044.3خلال فصول 
تم اخذ بيانات الحرارة    25التي تمثل بداية الدورة الشمسية    2022و    2020شمالا ( خلال عامي    033.3شرقا ,  

 ( ) IRI-2020و الكثافة من  قيم درجة حرارة    .كم  50( كم بزيادة  500-150( للارتفاعات  وتظهر الدراسة أن 
أعلى مما كانت    2020في عام    (𝑁𝐷 )(وعدد الجسيمات في كرة ديباي    𝜆𝐷𝑒وطول ديباي)     (𝑇𝑒) الإلكترون  

أقل مما كانت عليه    2020في عام    𝑓𝑝𝑒وتردد البلازما    𝑛𝑒، في حين أن كثافة الاكترون  2022عليه في عام  
(ضعيف خلال كلا العامين . وقد لوحظ أن السرعة    (𝛤. كما تثبت أن معامل اقتران البلازما  2022في عام  

 كم  500الحرارية للإلكترون وصلت إلى أعلى مستوياتها لكلا العامين عند ارتفاع 
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1. Introduction 

     The atmosphere surrounds the Earth and acts as an effective protective shield by absorbing 

the harmful portion of solar radiation, thus protecting living organisms and ecosystems. The 

absorption of solar radiation within the atmosphere also results in the formation of electrons, 

ions, and neutral particles [1][2]. These processes contribute to the formation of the ionosphere. 

The ionosphere is located within the upper atmosphere, extending between altitudes of 50 and 

800 km [3]. Figure 1 shows that the ionosphere is divided according to the electronic density 

into the D, E, F1, and F2 Layers. The F Layer has the highest electron density and is therefore 

the most important [4]. The study of the ionosphere is of great importance as it is the major 

cause of errors in communication systems, satellites, space weather, and positioning systems 

[5]. Plasma is the most abundant state in the universe, which makes up 99% of observable 

matter [6]. Plasma is a state of matter that is a nearly neutral ionized gas containing free 

electrons and ions along with occasional neutral particles, and is produced either by heating or 

by other ionizing means such as strong electric or electromagnetic fields and radiation [7]. In 

addition to the three known states of matter, plasma is a distinct fourth state [8]. In highly 

ionized plasmas, Coulomb forces control the interactions and behavior of particles, while in 

weakly ionized plasmas, interactions resulting from collisions with neutral particles dominate 

over those resulting between charged particles [9]. The Ionosphere is a layer containing natural 

plasma formed as a result of the interaction between the Atmosphere and the Sun [10]. The 

density of the Ionosphere changes according to solar activity, represented by sunspots and solar 

Flux [11], as well as the time during the seasons of the year and the day [12]. The relationship 

between the Ionosphere and plasma, which represents a vital area of scientific research that 

determines the total electron content associated with the twenty-third solar cycle, was 

calculated [13]. Several previous studies have examined the behavior of the heliosphere during 

solar cycles 23 and 24, indicating a link between the ionosphere and the number of sunspots 

[14] [15]. The purpose of the research is to calculate the plasma parameters at different heights 

of the ionosphere and to study the effect of sunspots and flux. In this research, the plasma 

properties of the ionosphere for solar cycle 25 were studied. 

 

 
Figure 1: Differences in ionosphere layers during day and night [16]. 

 

     Figure 1 shows that layers E and F of the ionosphere can be distinguished at night, while a 

new layer, D, appears during the day as a result of the ionization of the ionosphere by solar 

radiation, particularly X-rays and ultraviolet radiation. This layer lies below layer E, the 

uppermost layer of the ionosphere. Known as the F layer, it is divided into two regions, F1 and 

F2. This division is due to the influence of solar radiation, especially ultraviolet radiation. 
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Plasma parameter2 

     The properties of plasma are determined by several factors, the most important of which are 

the behavior of electrons in terms of temperature and density, in addition to the plasma 

frequency of electrons, the Debye length 𝜆𝐷𝑒, and the number of particles within the Debye 

sphere [18][17]. These parameters determine the physical behavior of the plasma and its ability 

to conduct electricity. Studying these factors is essential for understanding the properties of 

plasma and its applications in space, advanced technologies, and nuclear energy. 

 

2.1 Debye length 

     The Debye length is one of the most important parameters for plasma. Particles behave as an 

individual charge on a scale larger than( 𝜆𝐷𝑒), while they behave collectively when they are on 

a scale larger than (𝜆𝐷𝑒 ) [19]. The distribution of charged particles (ions and electrons) around 

a single charge and the formation of a cloud around the charge are described by Debye 

scattering[20] 

𝜆𝐷𝑒 = √
𝜀∘𝑘𝐵𝑇𝑒

𝑛𝑒𝑒2
= 69√

𝑇𝑒

𝑛𝑒
                                                                   (1) 

Where: ne  is the density of electrons in m-3,Te is the temperature in kelvin, Boltzmann constant 

is (kB=1.38x10-23 JK-1 ), 𝜆𝐷𝑒 is the Debye length (m), e is the charge of an electron (e 

=1.602x10-19  C), and ε° is the Vacuum permittivity (ε°= 8.85 × 10-12 Fm-1). 

 

2.2 Plasma frequency of electron (𝜔pe): 

     Plasma frequency: It is the frequency of the collective oscillatory movement of the electrons 

around the ions due to the exposure of the plasma to external disturbances [21]. The electrons 

are more responsive to the movement, while the ions are less due to their heavier weight [22]. 

 (2                                          )𝜔𝜌𝑒
= √

𝑛𝑒𝑒2

𝜀∘𝑚𝑒
  

     kg).  31-=9.11x10eis the electron mass (m eWhere: m 

And the frequency is given by: 

𝑓𝑝𝑒 =
𝜔𝑝𝑒

2𝜋
=

1

2𝜋
√

𝑛𝑒ⅇ2

𝜀 ∘ 𝑚𝑒
   ≈ 8.98 ∗ 103√𝑛𝑒(𝑐𝑚−3) 𝐻𝑧                                              (3) 

2.3 Number of particles in a Debye sphere (ND): The more electrons in a Debye sphere, the 

greater its contribution to electrical shielding [23]. 

 (4)                                           𝑁𝐷 =
4𝜋

3
𝑛𝑒𝜆𝐷𝑒

3 = 1.38 × 106 𝑇
3
2

𝑛
1
2

 

2.4 The plasma coupling coefficient (Γ): The ratio of typical Coulomb potential energy to 

thermal energy [24]. 

(5)                                                        𝛤 =
1

(4𝜋𝜆𝐷𝑒   
2 𝑛𝑒

2
3⁄ )

 

2.5 Thermal velocity of electron (𝒗𝒕𝒆): The speed of an electron's response to a change in the 

electric field [25]. It is one of the most important parameters because it determines many of the 

properties of the plasma [26]. 

)  6 )                                                        𝑣𝑡𝑒 = 𝜔𝑝𝑒𝜆𝐷𝑒 

)  7                                                        )𝑣𝑡𝑒 = √
𝑘𝐵𝑇𝑒

𝑚𝑒
 

International Reference Ionosphere Model (IRI) 3  

     IRI is a project endorsed by the Committee on Space Research (COSPAR) and the Radio 

Research Institute (URSI). The IRI is an active component in the study of ionospheric 

parameters through analytical formulas based on fundamental data sets.[28]. 
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     It is used in many engineering and science applications and has undergone many 

verifications [29]. In this research, the IRI 2020 version was chosen to study the ionosphere. 

 

4. Results and Discussions  

     In this research, the beginning of Solar Cycle 25 was chosen, which is represented by the 

years 2020 and 2022. Table 1 shows the smoothed sunspot numbers (SSN) and the smoothed 

solar radiative flux (F10.7cm) [30]. 

 

Table 1: Monthly smoothed to the sunspot numbers (SSN) and the solar radiative flux (F10.7cm) 

in the years 2020 and 2022 [30]. 

2022 -cm  (10.7)F SSN-2022 2020 -cm  (10.7)F 2020-SSN Month 

104.5 60.1 69.5 2.2 Jan. 

108.4 64.7 69.8 2.7 Feb. 

112.1 68.7 70.1 3.0 Mar. 

115.9 73.0 70.5 3.6 Apr. 

119.2 77.4 71.6 5.6 May 

122.4 81.1 73.0 7.9 Jun. 

127.3 86.7 73.8 9.0 Jul. 

133.0 92.6 74.1 9.5 Aug. 

137.4 96.5 74.5 10.5 Sep. 

139.8 99.0 75.0 11.9 Oct. 

141.4 101.2 75.5 13.6 Nov. 

144.3 106.7 76.2 15.3 Dec. 

 

Figures 2 and 3 show the electron temperature( 𝑇𝑒 )variations for the years 2020 and 2022, 

which represent the beginning of solar cycle 25, for altitudes of 150-500 km, with an increase 

of 50 km during daylight hours in four different seasons of the ionosphere F layer over the Iraqi 

capital, Baghdad, the increased temperature of electrons in the ionosphere was caused by 

increased ultraviolet and X-ray radiation from solar activity, leading to greater ionization and 

heating. This changed the density of the layers, affecting the reflection and propagation of radio 

waves and the quality of communications, using the IRI model in the study and the Microsoft 

Excel program. 
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Figure 2: The electron temperature 𝑇𝑒 at 12 pm for altitudes 150-500 km for the ionosphere F 

layer during the four seasons in 2020. 

 

  

  
Figure 3: The electron temperature 𝑇𝑒 at 12 pm for altitudes 150-500 km for the ionosphere F 

layer during the four seasons in 2022. 
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     Figures 4 and 5 show the electron density (𝑛𝑒) changes in the years 2020 and 2022, which 

represent the beginning of solar cycle 25, for altitudes of 150-500 km, with an increase of 50 

km during the day’s hours in four different seasons for the ionosphere layer F above the Iraqi 

capital, Baghdad, electron density was highest in spring and autumn due to the balance of solar 

radiation and solar wind during equinoxes, which increased ionization of the ionosphere, using 

the IRI model in the study and the Microsoft Excel program. 

 

  

  
                                                           

Figure 4: The electron density 𝑛𝑒 at 12 pm for altitudes 150-500 km for the ionosphere F layer 

during the four seasons in 2020. 
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Figure 5: The electron density 𝑛𝑒 at 12 pm for altitudes 150-500 km for the ionosphere F layer 

during the four seasons in 2022. 

 

     This work deals with the analysis of the plasma properties in the F layer of the ionosphere, 

at local time noon (12 pm), when ionization conditions are usually at their maximum, 

depending on the temperature and electron density for the years 2020 and 2022. The study 

showed an increase in the temperature and electron density during the day for altitudes 150-500 

km, with an increase of 50 km. The work includes a study of the following plasma parameters 

(𝜆𝐷𝑒 , 𝑓𝑝𝑒 , 𝑁𝐷 , 𝛤, 𝑣𝑡𝑒) for each altitude. 

    Figure 6 shows the electron temperature during the years 2020 and 2022. The electron 

temperatures in both years were higher during the winter and spring seasons because the 

electron density decreased in winter and spring, collisions decreased, and the electrons heated 

up more, so their temperature rose. 
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b) ) 

 
a) ) 

Figure 6: The electron temperatures 𝑇𝑒in the F-layer of the ionosphere at an altitude of 150-

500 km during the years 2020 and 2022. (a) The temperature of electrons in 2020, (b) The 

temperature of electrons in 2022. 

 

      Figure 7 shows the electron density (𝑛𝑒)  during the years 2020 and 2022. The electron 

density  (𝑛𝑒) in 2022 was higher than in 2020, reaching its highest value in spring and autumn 

at an altitude of 300 km. 

 
(b) 

 
a) ) 

Figure 7: The electron density 𝑛𝑒 in the F-layer of the ionosphere at an altitude of 150-500 km 

during the years 2020 and 2022 (a) The electron density 𝑛𝑒 in 2020 (b) The electron density 𝑛𝑒 

in 2022. 

 

Figure 8 shows the Debye length( 𝜆𝐷𝑒) during the years 2020 and 2022. The figure shows a 

decrease in the Debye length (𝜆𝐷𝑒) values from an altitude of 200 km to 250 km. At an altitude 

of 250 km, it begins with a slight increase until 300 km, after which it increases significantly to 

reach its peak at 500 km. The decrease was in winter during the years 2020 and 2022. 
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(b) 

 
a) ) 

Figure 8: The Debye length 𝜆𝐷𝑒 in the F-layer of the ionosphere at an altitude of 150-500 km 

during the years 2020 and 2022 (a)  The Debye length 𝜆𝐷𝑒 in 2020, (b) The Debye length 𝜆𝐷𝑒 

in 2022. 

 

Figure 9 shows the Plasma frequency 𝑓𝑝𝑒 during the years 2020 and 2022. Plasma frequency 

values start to increase from 150 km to reach their peak at 300 km and then decrease to 500 km. 

Plasma frequency was higher during the transitional seasons than during the peak seasons of 

the year. 

 
b) ) 

 
a) ) 

Figure 9: The Plasma frequency  𝑓𝑝𝑒 in the F-layer of the ionosphere at an altitude of 150-500 

km during the years 2020 and 2022 (a)  Plasma frequency  𝑓𝑝𝑒 in 2020, (b) Plasma frequency  

𝑓𝑝𝑒  in 2022. 

 

     The plasma frequency in the ionosphere is higher during the equinoxes (spring and autumn) 

than during summer and winter. This is because the equinoxes are characterized by a more 

balanced solar incidence angle and a more uniform distribution of solar radiation over the 

Earth. This leads to a more efficient ionization process in the ionosphere, and thus a higher 

electron density, which is reflected in an increase in the plasma frequency. In summer and 

winter, however, the unbalanced distribution of solar radiation and the less favorable incidence 

angle of sunlight led to less ionization and a lower electron density. 

 

Figure 10 shows the population of charged particles enclosed within a Debye shielding region 

𝑁𝐷   during the years 2020 and 2022. There is a slight increase in the values from an altitude of 

150 km to 350 km, after which a significant increase begins, reaching a peak at 500 km. The 

values were higher in winter and autumn than in the summer and spring. 
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b) ) 

 
a) ) 

Figure 10:  Number of particles in a Debye sphere ND in the F-layer of the ionosphere at an 

altitude of 150-500 km during the years 2020 and 2022 (a) The Debye sphere _ND in 2020, (b) 

The Debye sphere _ND in 2022  

 

     Also, Figure 10 explains the charged particles enclosed within the Debye shielding 

region 𝑁𝐷 within the range of the F-layer of the ionosphere at an altitude of 150-500 km with 

an increase of 50 km during the years 2020 and 2022. (a) The population of charged particles 

enclosed within the Debye shielding region 𝑁𝐷 in 2020, (b) The population of charged particles 

enclosed within the Debye shielding region  𝑁𝐷 in 2022. 𝑁𝐷 determines whether the plasma is 

ideal weakly bound ( 𝑁𝐷˂˂1 ) or non-ideal strongly bound ( 𝑁𝐷~1). 

Figure 11 shows a decrease in the value of the Plasma coupling parameter (Γ) as the altitude 

increased in the ionosphere F-layer during the year 2020, where the value of the coupled 

plasma was at its highest level at an altitude of 150 km, then decreased as the altitude 

increased, reaching its lowest value at an altitude of 500 km. 

 
b) ) 

 
a) ) 

Figure 11:  Plasma coupling parameter Γ in the F-layer of the ionosphere at an altitude of 150-

500 km during the years 2020 and 2022  (a) Plasma coupling parameter Γ in 2020, (b) Plasma 

coupling parameter Γ in 2022. 

 

     Also, indicators of coupling strength within ionospheric plasma within the range of the F-

layer of the ionosphere at an altitude of 150-500 km, with an increase of 50 km during the years 

2020 and 2022. (a) Plasma coupling parameter (Γ) in 2020, (b) Plasma coupling parameter (Γ) 

in 2022. plasma was weakly coupled (Γ˂˂1) in the ionosphere, where the thermal energy of 

electrons is much greater than the coulombic attractive energy due to high temperatures and 

low density. 
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Figure 12 shows a slight increase in the thermal velocity of the electron 𝑣𝑡𝑒 from 150 km to 

200 km, after which the sharp increase begins, reaching its peak at an altitude of 500 km. 

Thermal velocity of the electron 𝑣𝑡𝑒 values were higher during winter and autumn than in 

summer and spring. 

 
b) ) 

 
a) ) 

Figure 12: The thermal velocity of the electron  𝑣𝑡𝑒 in the F-layer of the ionosphere at an 

altitude of 150-500 km during the years 2020 and 2022. ( a) The thermal velocity of the 

electron 𝑣𝑡𝑒in 2020 (b) The thermal velocity of the electron  𝑣𝑡𝑒 in 2022. 

 

. Conclusion5    

• The study revealed that electron temperatures (𝑇𝑒) in the selected period increased with 

increasing altitude in the ionosphere. 

• Electron density (nₑ) in 2022 recorded higher levels compared to 2020, as a result of the 

increased number of sunspots and higher solar flux (F10.7cm), reaching its peak during the fall 

and spring seasons. 

• As the temperature increased, the Debye length (𝜆𝐷𝑒) , Debye sphere particle count, and the 

electron thermal velocity 𝑣𝑡𝑒 reached their highest levels at a height of 500 km. 

• The mean free path of electrons increases with altitude, in parallel with the decrease in their 

collision frequency with neutral particles or ions, and the electron plasma frequency generally 

decreases at higher altitudes. 

• The study shows that the plasma was weakly coupled (Γ˂˂1) during 2020 and 2022, in the 

ionosphere, where the thermal energy of electrons was much greater than the coulombic 

attractive energy due to high temperatures and low density. 
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