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ABSTRACT 

 

In this thesis, the classical diffusion tensor (D0, D1, D2 ) for both steady-state and 

unsteady-case) for F- region of the ionosphere at the equatorial region is investigated by 

taking (B=B0z), and by neglecting the neutral winds velocity (U). The calculations were 

made in the height (280,300,340,390 and 410 km) where the equatorial anomaly was 

observed predominantly. The magnitudes of the difference of classical diffusion tensor 

for electrons are D0>D1 >D2 for all seasons with respect to both 12.00LT and 24.00LT at 

F-region. However, D1 and D2 are bigger during nighttime than daytime and show a 

behavior reverse to the change with latitude of electron density in the magnetic equator. 

It is possible to say that the behavior of them can be the result of electromagnetic drift 

and dynamo effect. 

 

Key Words: Diffusion Tensor, Ionospheric Plasma 
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ÖZET 

EKVATORAL ANORMALLİK BÖLGESİ YÜKSEKLİKLERİNDE 

İYONKÜRENİN F TABAKASINDAKİ DİFÜZYON TENSÖRÜNE YENİ BİR 

YAKLAŞIM 

Bu çalışmada, Klasik diffüzyon tensörünün (D0, D1, D2 ) elamanları nötr rüzgar 

hızı(U)  ihmal edilerek ve Dünyanın manyetik alanı B=B0z, alınarak ekvator bölgesinde 

etkin yükseklikler olan (280,300,340,390 410 km) kararlı ve kararsız durumda 

İyonosferin F- bölgesi için çalışılmıştır. Kalasik diffüzyon katsayılarının büyüklükleri 

F- bölgesinde hem 12.00 gündüz ve 24.00 gece yerel zamana göre bütün mevsimler için 

D0> D1> D2 dir. Ancak,  D1 ve D2 gündüz geceden daha büyük değerler almaktadır. Bu 

manyetik ekvatorda electron yoğunluğunun enlemle değişimi ile zıt bir davranış 

gösterir. Onların bu davranışı elektromanyetik sürüklenme ve dynamo etkisinin bir 

sonucu olduğu söylenebilir. 

 

Anahtar Kelimeler: Difüzyon Tensörü, İyonosferik Plazma 
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1. INTRODUCTION 

 

Atmosphere is an air layer enclosing the planet Earth. Atmosphere is where the 

clouds roam and meteorological events happen and it protects living creatures against 

external effects. High energy particles from sun are blocked at magnetosphere. While 

harmful ultraviolet (UV) rays are absorbed during photo-chemical reactions, absorption 

of X rays and ultraviolet rays by atmosphere causes ionization of atmosphere gases. 

Atmosphere is divided into various regions according to temperature, physical 

events and chemical components. The division of atmosphere according to these 

attributes is shown in Figure 1.1. It is divided into five regions as troposphere, 

stratosphere, mesosphere, thermosphere and exosphere by temperature. Into four 

regions as ozonosphere, ionosphere, heliumsphere and protonsphere by chemical 

components. As for physical attributes, it is divided into three regions as mixed region 

which under the effect of too complex events at close heights of earth, diffusion region 

where each gas moves separately under the effect of gravity by its own weight and 

magnetosphere where the earth's magnetic field take the loaded particles under its hold.  

Troposphere is the lowest layer of Atmosphere. It is where the atmospheric events 

happen most intensely. This layer stretches up to about 10 km height from the surface. 

Due to variations of water vapor, pressure and temperature, it is not homogeneous. Rays 

larger than 800 nm wavelength are essentially absorbed by H2O and CO2. The highest 

concentration of gasses found in this layer are oxygen and nitrogen molecules. Weather 

events such as rain and snow happen in this region. 
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Figure 1.1. Atmosphere Structure [14]. 

The atmospheric region above 10 km is called Stratosphere. Gasses keep their 

densities about up to 35 km height in this region. Ozone layer is at about 25 km height 

within stratosphere. Ozone layer was formed by UV rays naturally affecting O2 

molecules. Ozone layer is very important for the living creatures on the Earth. Because 

this layer absorbs the incoming harmful rays. The region after Stratosphere and stretch 
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up to 85 km as upper border is called Mesosphere. This region is the coldest region of 

the Atmosphere. Rays between 175–200 nm wavelength have formed this region by 

being absorbed by oxygen. Thermosphere is the region above Mesosphere. The main 

reason of ionization in this region is radiations smaller than 175 nm wavelength. Its 

temperature at about 500 km height is 1700 0C. The collision between molecules in 

Exosphere is very low. Ionized particles can be moved in short distances in this region 

by magnetic field and neutral particles by gravity.  The region of Atmosphere formed by 

Sun rays is called Ionosphere. It consists of usually equal number of free electrons, 

positive ions and neutral components. Therefore, Ionosphere is the ionized section of 

Atmosphere and is electrically neutral. Due to this property, Ionosphere is considered a 

natural plasma. The largest effect in forming of Ionosphere is created by Sun but since 

the chemical structure and components of each region are different, the rays with 

different wavelengths coming from the Sun creates regions with different structures. 

Electron density in Ionosphere changes according to height, latitude, season and local 

time. Ionosphere starts at about 50 km height from Earth and although the upper border 

is not certain, it is considered to end at a height where light ions such as  He+ and H+ 

became dominant to ions such as O+. Ionosphere is divided into three regions according 

to electron density as D, E, F (F1, F2) [1, 2]. 

In studies made about Atmosphere, the Trans-Atlantic experiment of Marconi in 

1901 has provided important steps in this field. As a result of this experiment, the wave 

passing the Atlantic lead to the result that it can only be reflected from ionized layers 

due to Earth not being a planar structure. In later researches, the structure, changes, 

physical processes affecting and shaping its behavior were revealed. Long distance 

communications are made by reflection and radiation of electromagnetic waves from 

ionosphere. The most important region in terms of radio communications is F2 region 

where electron density is highest. The height of this region (hmF2) changes between 

200-400 km. The electron density in this region influences the plasma diffusion, neutral 

winds, thermal movements and electric field drag. The reflection of waves from 

ionosphere depends on the refractive index of the environment and frequency of the 

wave. High frequency radio waves requires reflection from upper heights, however 

when the wave frequency is too high, the wave may pass without reflecting. Also, the 



4 

waves are absorbed in the lower layers of ionosphere. This effect is larger for lower 

frequency waves [1, 2, 3, 4,5].  

Ionospheric plasma events could be analyzed using macroscopic momentum 

transport equations not only by considering the plasma as a multi-constituent fluid but 

also by treating the plasma as a single conducting fluid. There is force of pressure 

gradients that are as-sociated with the existence of either density gradients or 

temperature gradients, or both in flooded plasma. This motion of the electrons, induced 

by pressure gradients, is called diffusion[6]. The diffusion subject has been studied by a 

lot of authors both theoretically and empirically in the ionosphere plasma [3, 7-13]. 

Actually, the diffusion studies holds up until the be-ginning of the 20th century in 

ionospheric plasma. Mariani, F. obtained diffusion equations including the thermal 

diffusion theoretically in 1956 after Ferraro’s approximations in non-isothermal 

ionosphere. Fiala, V. (1963) conducted a study which examined the non-potential 

component of the electric field diffusion of inhomogeneity which drifts due to the 

motion of the neutral component of the ionospheric plasma or external electric field. 

The findings of his work showed that when considering the non-potential elect-ric field, 

it depended weakly on the drift velocity of an inhomogeneity and the parameters related 

to the io-nosphere was omitted for the ambipolar diffusion. The same researcher 

published a detailed paper on diffusion in anisotropic ionosphere and resolved the 

momentum and continuity equation by using some approximations and did some 

corrections in the diffusion equation in 1967. In 2011, Pavlov, A. V. and Pavlova, N. M. 

showed that the general expression for thermal diffusion and diffusion correction factors 

in an ion would be simplified by using Grad’s 13- moment approximation in 

multicomponent partially ionized plasma. Besides, Bohm-Type Coefficient of Diffusion 

was used by Dominguez, H. J. Quantum Mechanical methods in plasma[14]. One of the 

recent studies on the diffusion subject in the ionospheric plasma is the one which was 

conducted by Sagir et al., 2014. They suggested a new solution that established a 

relationship between the electrical conductivity and diffusion equation and applied it to 

ionospheric plasma for mid-latitudes. The vast majority of authors studied the diffusion 

coefficients of not only electrons but also minor ions as the frequency independent for 

mid-latitudes in the ionosphere plasma, and their findings showed that electrons and a 
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number of minor ions resulted from a temperature gradient in gas or from a relative drift 

between the major ion gases[23-29]. 

The equatorial anomaly is an anomaly in the E/M field of the Earth, creating 

ionization crests about 17o north and south and a trough at the equator itself. When 

upward drifting ionization loses its momentum it diffuses under gravity along the 

magnetic field lines tohigher latitudes where it causes an increase in the ionization 

concentration defined as the equatorial anomaly[23-27]. 

Ionosphere plays a constructive role in radiation of very long and short waves. For 

very long waves, the bottom region of ionosphere plays the role of conductor. For long 

and medium waves, the ionosphere acts like a lossy conductor. Especially the long wave 

radiation is used in submarines for guidance via high attenuation. Very long waves are 

returned to earth by reflecting from D layer. Thus they move to very long distances 

between earth and D layer with very low attenuation. Ionosphere acts like a highly lossy 

environment in day time and low lossy environment at night. This causes the waves to 

fade out by creating differences in medium and long wave radiation. D layer acts like 

low lossy environment for short waves both in day time and at night. Thus short waves 

can be transmitted to much longer distances with high attenuation. If medium and long 

waves hit D layer, they are faded out by high attenuation due to highly lossy 

environment [4]. 

 

 

 

 



 

2. IONOSPHERE REGIONS 

 

X and UV (ultraviolet) rays from the Sun forms the most important source of 

ionization in atmosphere and electron production. These radiations lose their intensity 

due to absorption as they move in the atmosphere. They are completely absorbed and 

lose their effectiveness at the height where their intensity falls down to 1/e. Since 

ionization would be higher where absorption is high, maximum ionization occurs at this 

height. Electron production being directly proportional with Cos1/2 (zenith angle) was 

discovered by Chapman. Ionization at about 170 km by heights of the value 1/e are 

made by radiations at 500-600 


A  wavelengths. Since the O2 molecule at around 100 

km will be decomposed to O atom, it is seen in high amounts at this height. We can 

summarize the radiations forming the ionosphere layers as follows: 

D Region:1-10 


A  X -radiations and 1216 


A  UV 

E Region: 10-200 


A  X-radiations and 800-1030 


A UV 

F Region (Bottom parts of F region): 200-800 


A UV 

The region below 80 km where sun rays could not get to is ionized by cosmic 

rays and solar rays. This region is called C region. [8] 

 

2.1. D-Region 

 

D-regions is the poorest region of ionosphere in terms of electron density. Most 

of the ionization in this region provided by X rays between 1-10 


A  and UV radiation 

with wavelength higher than 1030 


A . Therefore these radiations are an important 

source for electron production in D-region. Other than these radiations, Layman-α 

radiations with wavelengths around 1216 


A  go down to D-region and ensure ionization 

of NO+ ion. Also, since high energy cosmic rays have high energy, they can only be 

absorbed after 70 km. The effects of these radiations appear especially at night.  

Electron production in D-region depends largely on the effect of Sun. Electron 

production starts to increase just after the sunrise. The increase in electron density is 
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inversely proportional to the zenith angle () of Sun. The highest production happen at 

noon hours. The decrease in electron density starting after noon hours continue until 

sunrise. Electron density at the height of 85 km at night hours decreases to a level about 

108 per cubic meter. The existence of electron density at this height at night hours is 

completely by the effect of cosmic rays. Basic ions in D-region are O2, N2
+ ve NO+ . 

 

2.2. E-Region 

 

Generally, it is accepted that E-region is formed by X rays with wavelengths 10–

200 


A  and UV rays with wavelengths 800-1026 


A . UV radiations are absorbed 

completely at 100-120 km's and ionizes the O2
+ and N2

+ molecule maximum at 125th 

km. Since ionization also means electron production, maximum electron density in E-

region was also measured at these heights. 

In E-region, NO+   ion is found most. Then, respectively O2
+ , O+ and N2

+  are 

found mostly according to their ions. Since NO+ and O2
+  ions are found in very large 

amounts compared to O+ and N2
+  ions in E region, a large electron loss happens 

through photo-chemical processes. 

Maximum production of electron density in E-region changes as Cos1/2 by the 

zenith angle () of Sun at around 100 km. While the electron density in this region is 

about 1011 / m3  level in day times, it decreases to the level of around 109 / m3  at night 

hours. The reason of this big change in electron density is the dominance of photo-

chemical processes in E-region. 

 

2.3. F-Region 

 

The region after the 150th km of Ionosphere is defined as F region. Along with 

the upper border not being certain, it is considered as the height where light ions such as 

H+ and He+ are dominant compared to O+ ion. It is the most important region in terms of 

radiation of short waves. UV radiations above 200–800 


A  are basic sources of  
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ionization. Sun radiations in this wavelength are mostly absorbed between 160–180 km 

and form 
2O , 

2N  ions. F region of Ionosphere is divided into to layers as F1 and F2. 

F1-region is formed at about the height of 150–180 km, by ionization of UV 

radiations between wavelengths 200–900 


A . Electron density is maximum between 

200-300 km. Besides NO+ and O2
+ ions, O+ and N+ ions are found secondarily in this 

region. 

F2-region is at about 180–450 km height. It is the region where electron density 

is maximum. UV radiations with wavelengths between 200–800 0A provide basic 

ionization. The most important attribute of this region is the role it plays in radio 

communication. Maximum electron density in this region is seen around between 240–

450 km [3]. O+ is the basic ion in this region. Besides, H+, He+, N+ ions can also be 

found. 

Ionosphere plasma consists of free electrons, positive ions and neutral atoms. 

The most active particles in the plasma are ions. 

The F-region maximum electron density (NmF2) value not depending on only to 

cos1\2 factor was revealed as a result of measurements. Movement of Ionosphere 

plasma by winds and photo-chemical processes are effective on this region. 

 

 

 

 

 

 



 

3. FACTORS INFLUENCING ELECTRON DENSITY 

 

 While the electron density in Ionosphere is created in one process, it is lost in 

another process. Also, they may be moved from one region to another through dynamic 

processes in the atmosphere. Moving procedures are a gain for one region, while a loss 

for another region. Photo-chemical processes are the most important factor for regions 

D and E. In F2-region, dynamic processes as well as photo-chemical processes are 

effective. Therefore it would be correct to divide processes affecting the electron 

density in F2-region as photo-chemical and dynamic processes. Change in densities of 

neutral atoms and ions in Ionosphere by height, is shown in Figure 3.1. 

 

 

Figure 3.1. Change in densities of neutral atoms and ions in Ionosphere by height [5]. 

Photo-chemical processes are; 

Particle movement 

Ionization of X and UV rays  

Loss mechanisms, ion-atom exchange, decomposing and reunification processes. 

Dynamic processes are; 

Plasma ambipolar diffusion 

Neutral winds 

Electromagnetic drag  

Expansion and contraction of atmosphere. 

Density (part,/cm3) 

H
ei

g
h
t 

(k
m

) 
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The equation of continuity for change of electron density in time, depending on 

the production, loss mechanism and movement processes in Ionosphere can be shown 

as: 

N
q βN div(N.V)

t


  

                     (3.1)
 

Here, q means production,  loss coefficient, NV dynamic processes [6]. 

 

3.1. Photo-Chemical Processes 

 

UV radiation are the source of ionization in F-region. However, X rays also 

contribute to the ionization. Also, the effects of particle ionization could not be fully 

measured. The most important gain for F-region, O atom ionizing by means of photo-

chemical, is shown in Figure-3.2 schematically [15]. 

 

 Figure 3.2. Free electron creation by photo-ionization 15 

Radiation coming from the Sun is quite effective on a gas atom or molecule. In 

the process, part of this radiation is absorbed by atom and a free electron and a positive 

ion is thusly created. 

eOhνO  

                     (3.2) 

Thusly ensured. Here, h is Planck constant,  is incoming radiation frequency. 

O+ ion created with 3.2-correlation can combine with O2 and N2 molecules as : 

OOOO 22  

                      (3.3) 

NNONO 2  

                      (3.4) 

O+ and NO+ ions created with (3.3) and (3.4) correlations, cause electron loss by 

combining with electrons in free state [7]. So, 
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ONeNO                       (3.5) 

OOeO2 

                      (3.6) 

 

Ionization of N molecule in F region as  : 

 eNhνN 22  

                      (3.7) 

Also ensures electron production. In case of no dynamic process, it is equal to 

electron loss of about up to 200 km. But, this equality is disrupted during sunrise and 

sundown. The correlation will increase during sunrise according to 3.2. As for the 

sundown, the loss is not that much. 

 

3.2. Dynamic Processes 

 

The effects of dynamic processes on electronic density about up to 200 km are 

low. Up to this height, electron density production and loss processes can be 

determined. However, after about hmF2 height, the effects of dynamic processes on 

electron density are more than photo-chemical process. 

 

3.2.1. Ambipolar Plasma Diffusion 

 

Ions and electrons are diffused under partial pressure and gravity effect. This 

diffusion is prevented due to collision between the gas molecules. Therefore the 

diffusion speed depends on the density of gasses.  

Each gas diffuses according to its own scale height at the heights after F2 peak 

where diffusion equilibrium is dominant. Since the mass of electron is a lot smaller than 

mass of ion, scale height is very high. Therefore electrons diffuse by going higher and 

ions diffuse by staying at lower sections. Electrostatic force between electrons and ions 

pulls the electrons down and ions up. Thus as the scale height of electrons decrease, 

scale height of ions increase. When the scale height of electron is twice the scale height 

of ion, ions and electrons diffuse by same scale height. In the end, ions and electrons 
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have started to diffuse together with the same velocity. This kind of diffusion is called 

ambipolar diffusion [8]. 

Vertical direction change of electron density is a lot larger than horizontal 

direction. Therefore the diffusion in horizontal direction can be omitted. The diffusion 

velocity, initially considering the magnetic field of Earth is in vertical direction, is as  














p

p
2H

1

dh

dN

N

1
DV

                                       (3.8)

 

 D=k(Te+Ti)/mi here is diffusion constant, HP=k(Te+Ti)/mig plasma scale height 

and N is electron density. Then, vertical direction component of VD velocity becomes 

[8]. 

ISin
H

1

h

N

N

1
DSinIVW 2

p

pD



















                   (3.9)

 

Influencing the electron diffusion in F2 region is WD velocity. WD velocity, 

which is downward, pushes F2-region down, WD  velocity which is upward, lifts the 

region up. Also, due to geometry of magnetic field, WD velocity has the most effect in 

polar region where the magnetic field is perpendicular to earth's surface [8]. 

 

3.2.2. Neutral Winds 

 

Daily heating and cooling caused by Sun rays, usually cause horizontal winds 

blowing from the warmer part of the earth in day time to cooler part of the earth at 

night. This wind with horizontal direction flows from high pressure to low due to the 

difference in pressure caused by the temperature difference of day and night [9]. 

Despite the winds blowing in horizontal direction, ions and electrons are forced 

to move along the magnetic field. Projection of horizontal wind along magnetic field is 

given by [9]: 

θ)CosIUCos(DV                                   (3.10) 

As for vertical component is 

 SinICosICosDUSinDUW KDN 
               (3.11)
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Figure 3.3. Geometry of vertical velocity of neutral wind [9]. 

In equation 3.12, D is declination, I is magnetic dip, UD, UK are winds blowing 

in east and north direction reciprocally. Vertical velocity geometry of neutral wind is 

shown in Figure 3.3. Since, with the influence of neutral wind, the curves of daily 

distribution of electron density look like a bite, this is called "bite-out" [9]. 

Velocity of the winds change by latitude. Abur-Robb (1969), has found out that 

the wind velocity has a maximum in ±45 latitudes and disappear at equator and poles, 

also at 450 latitude during day times in polar region, despite the wind velocity being 

low, caused an equatorial anomaly at late hours in the evening. He identified that 

neutral wind continues (effective) at night in the equatorial F2 region. 

 

Figure 3.4. Vertical velocity of neutral wind [9]. 

As can be seen from Figure 3.4, neutral winds move the Ionosphere by carrying 

up and down. Neutral winds blowing in the direction of equator at night carry a 
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stationary region to regions where loss is less, upwards.  As for the day time, this drag 

pushes the region to lower regions where loss is more, via total opposite effect. Neutral 

winds form a "bite-out" in the afternoon during solstice and equinox months in the value 

of NmF2. At night, it is an important factor in existence of Ionosphere. Large values at 

NmF2 at night is caused by upwards drag by wind in the equator, during afternoon and 

evening hours [9].  

At night, production stops in F3 region after sundown and losses start. Just 

before the sundown, density increases and reaches a maximum during evening hours. 

The decrease in electron density in F2 region during night happen irregularly. This 

decrease does not continue through the night. Especially in winter, the density 

fluctuates. In middle latitudes, electron density decreases very slowly in winter months 

and after midnight in equinoxes and stays close to sunrise with secondary changes (Base 

level). This base level is around 105 cm-3. In high latitudes, neutral winds carry the 

plasma to regions at night to where loss is less, upwards and cause and increase in 

electron density. As for the low latitudes, neutral winds together with electromagnetic 

drag ensure continuity of F2 region at night [9]. 

In F2 region, electron temperatures being more than ion temperatures can be 

observed at night as well as in the day. At night, there is no energy source heating up 

the plasma. Plasma, when cooled off, gives the correlation (Nm α T-1\2) between 

electron density with high temperature capacity, electron temperature and electron 

density [9]. Production stops at night. Therefore the changes in the electron density at 

night shall be dependent on loss and movement processes. By numerical analysis of the 

change data depending on the height and local time at night, it is possible to obtain 

values for loss, diffusion and drag velocity [9]. Loss and diffusion values at fixed height 

is found considerably smaller at night compared to day. This provides an answer to 

night anomaly. This difference in loss ratio between the night and the day is due to 

thermal expansion and contraction causing a huge difference in molecular density at 

fixed heights. This can also be explained by the upwards drag effect due to neutral 

winds. However, these mechanism do not completely stop the losses in electron density. 

Risbeth and Garriot (1967) have found out that F2 peak (hmF2) is larger at night 

compared to day. 
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Other than these, the process with an important effect in the increase of electron 

density at night is the downward flow of H+ ion at night. Since the density of O+ ion at 

night is lesser compared to day time H+ layer (protonsphere) goes down [9]. 

 

3.2.3. Electromagnetic drag 

 

 Due to the heating effect of Sun and gravitational pull of Moon and Sun, the air 

struggles to move between the magnetic lines of Earth. This movement causes an 

electric field as much as BUE  . The flow caused by this electrical field occurs 

disconcertedly and causes a new electrostatic field by influencing polarization of loads. 

The E electric field, which is perpendicular to B magnetic field, moves the particles 

perpendicular to magnetic field. This velocity is given by 

2
e

B

BE
V                    (3.12) 

The vertical component of this velocity is as [9]: 

CosI
B

E
W

y

e                    (3.13) 

 

Here, while the day time electric field is towards east We velocity is upwards 

and lifts F2-region up; while at night the direction of electric field is towards west and 

the direction of We velocity is downwards. Therefore the electromagnetic drag which is 

downwards at night in middle latitudes causes very small loss in electron density [9]. 

 

3.2.4. Expansion and contraction of atmosphere 

 

Te and Ti temperatures sustain sudden changes during sunrise and sundown. 

These changes in temperature causes expansion and contraction of atmosphere. 

 Mathematical expression of physical processes in F-region of Ionosphere is 

determined by (3.1)-correlation. The expansion and contraction of the atmosphere also 

have a contribution on the change due to movement term div(NV) in the expression. 

Accordingly takes the form of: 
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)(NV
h

)div(N. h



V                   (3.14) 

Here, h shows vertical direction and Vh the velocity of electron in vertical 

direction. The correlation for upper Ionosphere at night hours is q=0 in (3.1) equation 

and L is approximately zero. Continuity correlation under these conditions can be 

written as  [5]. 

h

Φ

t

N










                   (3.15)
 

hNVΦ   here is the electron flux [5].  

As for the velocity expression here is  

dt

dN

N

H

dT

dH

h
V

                  (3.16)

 

According to this expression, electron density and the changes in scale height 

causes a velocity to occur in the vertical direction. During sunrise and sundown, sudden 

changes in electron and ion temperatures cause sudden changes in scale height. As a 

result of this, the vertical velocity increases. During sunrise, the direction of the velocity 

is up and during sundown is down [5]. 

 

3.2.5. Diffusion Between Protonsphere and Ionosphere 

 

The density of oxygen ions above F2 region decreases exponentially with H 

scale height. This decrease can be shown as   H

h

eON


   [5]. But however, the density 

of H+ ion increases with height. The region where H+ is dominant in atmosphere is 

defined as protonsphere. Production or destruction of H+ ion is actualized alternatively. 

So, 

OHHO  

                  (3.17) 

The density of these ions supervises the electron density of Ionosphere. Since 

the density of O+ ion at night is less than day times, it lowers the  H+ layer at night. 
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Starting to decrease by sundown, electron density starts to increase at about 18.00-23.00 

LT with the H+ ion flux from protonsphere [5]. 



 

4. DIFFUSION TENSOR FOR IONOPHERE PLASMA 

 

If there are no external influence for the movement of particles from one place to 

other in Ionosphere plasma, it originates from pressure-gradient (P). This force is 

created towards removing the inhomogeneity occurring in any part of the plasma [8]. 

The equations related to Ionosphere plasma obtained by taking the situations 

mentioned above with the help of relevant literature into consideration are as follows. 

4.1. Simple Diffusion Equations 

Considering the deviations from the equilibrium formed by the inhomogeneity in 

the density are very small and these disequilibrium’s of density are of the first level, 

velocity distribution is considered approximately isotropic. In that case, density can be 

defined as below. 

  t),n(nt,n 0αα RR 
                     (4.1)

 

Here, ∝=e,i is for (electron-ion). n0∝: density at equilibrium and n(R,t): 

deviation amount of density from equilibrium. R: position vector. If the Ionosphere 

plasma is considered an ideal fluid, pressure expression for ion is written as 

t),(nTkt),(P ααbα RR 
                     (4.2)

 

From gas approach. On the condition of n(R,t)≪n0, if Ionosphere plasma is 

considered a fluid, both the fluid equations (continuity-momentum) and equations valid 

for loaded particles can be used due to being electrically loaded. From here, according 

to continuity equation, 

  0ρ
t

ρ
αα

α 



U                       (4.3) 

Here, U∝ is the average velocity of :α type fluid and ρα=mαnα is mass density of 

α type fluid. If (4.1) equation is used in (4.3) equation; 

  0n
t

n
α0α

α 



U

                     (4.4) 

is obtained. If E=0 and  B=0, momentum equation for the fluid can be written as 
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αα

α

αα

α νP
ρ

1

t
UUU

U






                    (4.5)
 

Here α: is the collision frequency of α type particles and (electron-ion, neutral) 

inside the plasma. If (4.1-2) equation is used in (4.4) equation, 

ααα

α0α

αbα Uνt),(n
mn

Tk

t





R

U

                    (4.6)
 

Is obtained. When (4.3,4.5) equations are used together, it becomes 

2

α

2

α

α

2

αα

αbα

t

n

ν

1
t),(n

νm

Tk

t

n









R

                    (4.7)
 

Here, it is 









m

Tk
D b

                      (4.8)
 

(4.7) equation is known as diffusion coefficient of α type ion. 

4.2. Diffusion Equations for Anisotropic Ionosphere Plasma 

If B≠0, then the environment is called as anisotropic. Since the magnetic field is 

different than zero in Ionosphere plasma, Ionosphere plasma is anisotropic. If the real 

geometry of the magnetic field of Earth is used, it becomes three dimensional according 

to Figure 4.1.  

 

Figure.4.1. Geometry of magnetic field of Earth (For Northern Hemisphere) [2]. 

D 
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Here, BCosISindBx  , BCosICosdBy  and BSinIBz  . I is magnetic dip and D 

is magnetic declination angle. Other rotations to be used in this study are as follows: 

c : Electron Cyclotron (rotation) frequency. These frequencies are given as  

m

eB
ω x

cx 
, m

eB
ω

y

cy 
 and m

eB
ω z

cz   

depending on the plasma parameters. 

Flux density from correlation (4.4) is obtained as: 

αααα

α

α nD-E)n(μ
tD

D

ν

n
 BΓ

U
Γ                    (4.9) 

Here, 
αα

α

α
νm

q
μ   is mobility of the loaded particle. Г: electron flux density 

From the resolving of this expression, if the flux density is written as 

UΓ αn                    (4.10) 

diffusion tensor 

 

)( BnD  Γ                    (4.11) 

From here, the diffusion tensor; 

 

                                                                                           (4.12) 

 

where (for steady-state case; =0)
, 


m

Tk
D b

0 , 02

c

2

2

1 DD



 and 02

c

2

c

2 DD



  

For unsteady case; 0 ; the elements of diffusion tensor 
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The differences of diffusion coefficients are obtained by; 
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In which;  

 

Here, R refers to the real part, I refers to the imaginary part,  

kb refers to the Boltzmann constant, T refers to the  Electron Temperature, m refers to 

the  electron mass. 
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5. MATERIAL and METHOD  

 

The general system of transport equations is applied to the low-latitude for 

ionosphere F2 region. The restriction to this region of the ionosphere enables us to make 

several simplifying assumptions that significant-ly reduce the general system of 

transport equations. It is fully ionized plasma composed of two major ions, electrons, 

and a number of minors[1,2,4,6,16]. There are various theories explaining equatorial 

anomaly. The most important one is Martin’s theory dragged upwards by diffusion of 

plasma. Besides, in this theory, the equatorial anomaly extends on both sides of the 

magnetic equator between 30oS-30oN latitudes[3]. Therefore, this study examined these 

latitudes.  

The difference ( D= D≠0- D=0) of the classical diffusion tensor (D0, D1 

and D2 for both steady and unsteady-case) at the equatorial F2-region of ionosphere 

plasma was examined seasonally (both equinox (March 21 and September 23) and 

during the solstice (June 21 and December 21) by taking (B=B0z) the geometry of 

Earth’s magnetic field for local time (LT) 12.00 and 24.00. The examination was made 

in the elevation (280, 300, 340, 390 and 410 km) where the equatorial anomaly was 

observed [17-29]. The results were obtained for I (dip angle)=55.6o, d 

(Declination)=30, R=159 by using Eqs. (4.12-13). The ionospheric parameters used for 

calculations were obtained using the IRI (International Reference Ionosphere) model.  

The difference of the classical diffusion tensor has a complex mathematical 

structure as ≠0. It is possible to say that the imaginary part of the difference of 

diffusion coefficients related to slowing of the average electrons and ions velocity 

directly depends on the electrons’ or ions’ mobility. We calculated the magnitude of the 

tensor elements of the diffusion difference in the accepted conditions and investigated 

in different seasons (on both equinox and solstice days) 



 

6. RESULTS and DISCUSSION  

 

        The seasonal change of electron diffusion coefficient with local time in F region of 

Ionosphere is given for 240, 280, 340, 390 and 410Km altitudes in Figure 6. 1. a. b, c. 

The tensor element ( D2)of the electron diffusion coefficient(eq.4.12) takes maximum 

value at approximately 09.00 LT and 17.00 LT for figures at Z =0 in March 21 for 1990 

year.  But D1 has maximum value between 10.00LT a.m. -20.00 LT p.m. except 240-

280 Km altitudes. D0 for Z=0 has considerably values with respect to local time 

especially at around 7.00 LT a.m. for March21 in the selected every altitudes. D0 for 

this clock has been doing a sharp peak around 7.00 LT a.m. But despite upwards and 

downwards, the magnitude of it decreases between 10.00 LT a.m.- 20:00LT p.m.   
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Figure 6.1. a. b, c:  The change of the electron diffusion by local time (March 21, Z=0) 
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The change of the real part of the electron diffusion coefficient with local time 

in F region of Ionosphere is given “eqs.4.13-4.15” in Figure 6. 2. a. b, c.(Z≠0) for  240, 

280, 340, 390 and 410Km altitudes for March 21 at the same year. According to these 

figures, the real parts of the electron diffusion coefficient takes maximum value at 

approximately 09.00 LT and 17.00 LT for figures at Z ≠0 in March 21 in general.  But if 

.(Z≠0), D0, D1 and D2 are bigger than Z=0 in march21 for all of  the considered 

altitudes. The real parts of electron diffusion coefficient in the F region of Ionosphere 

take approximately a value of (104) for figure (a) D0R(m2/sn) and (1013) for figure (b) 

D1R(m2/sn) so tensor elements of electron diffusion coefficient in the F region of 

Ionosphere take approximately a value of (104) for figure (c) D2R(m2/sn). 

 

 

Figure 6.2. a. b, c: The  change of  real parts of the  electron diffusion by local time (March 21, Z≠0) 
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According to Figure 6.3. a. b, c.; the change of the imaginary parts of  the 

electron diffusion coefficient with local time in F region of Ionosphere is given for 

effective altitudes “240, 280, 340, 390 and 410Km” in Eqs.4.13-15,  the imaginary parts 

(D0I,D1I) of the basic tensor elements of  the electron diffusion coefficient show similar 

change as trend  and  take maximum values at approximately 08.00 LT a.m. and 17.00 

LT p.m. for in March 21.  Other hand, D2I is to show a different behavior with local 

time for march21. It takes maximum values between 100LT a.m- 17.00 LT p.m. except 

for down altitudes (240, 280 Km). Imaginary parts of the electron diffusion coefficient 

show a different behavior compared to some altitudes.  These coefficients suddenly 

drop at approximately 13.00LT.  The basic elements of  the electron diffusion 

coefficient in the F region of Ionosphere take approximately a value of (1017) for figure 

(a) D0I (m
2/sn) and (104) for figure (b) D1I (m

2/sn) so  the electron diffusion coefficient 

in the F region of Ionosphere take approximately a value of (101) for figure (c) 

D2I(m
2/sn). Moreover, they are D0I> D1I>D2I as magnitude. D0I has the biggest value in 

them. 
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Figure 6.3. a. b, c: The Change of the imaginary parts of the electron diffusion coefficient by local time 

(March 21, Z≠0) 

  



26 

The change of  the electron diffusion coefficients with local time in F region of 

Ionosphere  has been showing  for the selected altitudes “240, 280, 340, 390 and 

410Km” in  Figure 6.4. a. b, c at June21 (Z=0). D0  shows  a complex behavior  with 

local time in fig.4a. According to these figure, It is similar to each other as trend with 

altitude  except for 240,280 km altitudes. D0 takes the biggest value at 7.00 LT a.m. 

while taking the smallest value at 240,280 km altitudes.  After this time, there is sharp 

upwards and downwards in its value and seriously decreases as magnitude. D2  is shown 

similar change with D0 as trend  but D2 is very smaller than D0 as magnitude with 

respect to Fig.4. Most remarkable change is to show D1  as different from other diffusion 

coefficients in Fig6.4.b. with respect to the accepted altitudes especially for 340,390 and 

410 km altitudes. So, It takes minimum values for these altitudes at around 7.00 LT a.m. 

for June21 month. They are D0, D2, D1 as magnitude respectively for June 21 month. 

The electron diffusion coefficients in the F region of Ionosphere take 

approximately a value of (108) for figure (a) D0(m
2/sn) and (10-1) for figure (b) 

D1(m
2/sn) so tensor elements of electron diffusion coefficient in the F region of 

Ionosphere take approximately a value of (103) for figure (c) D2(m
2/sn). 
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Figure 6.4. a. b, c: The Change of   the electron diffusion by local time (June 21, Z=0) 
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The change of the real part of  the electron diffusion coefficients with local time 

in F region of Ionosphere  has been showing  for the selected altitudes “240, 280, 340, 

390 and 410Km” in  Figure 6.5. a. b, c at June21 (Z ≠0).  D0R  takes the biggest values 

with respect to other tensor elements and is different as trend and complex for every 

season.  The change of D1R at around at 6.00 LT a.m. sharply decreases for 240,280 and 

340 Km and increases for 390,410 Km altitudes. D2R increases between 6.00LT a.m.- 

12.00 LT all the selected altitudes. The tensor elements of electron diffusion coefficient 

show a different behavior compared to other seasons.   For all seasons, tensor elements 

of electron diffusion coefficient in the F region of Ionosphere take approximately a 

value of (101) for figure (a) D0R(m2/sn) and (1013) for figure (b) D1R(m2/sn) so tensor 

elements of electron diffusion coefficient in the F region of Ionosphere take 

approximately a value of (104) for figure (c) D2R(m2/sn).  
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Figure 6.5. a. b, c: The  change of  real parts of the  electron diffusion by local time (June 21, Z≠0) 
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The change of the imaginary part of  the electron diffusion coefficients with 

local time in F region of Ionosphere  has been showing  for the selected altitudes “240, 

280, 340, 390 and 410Km” in  Figure 6.6. a. b, c at June21 (Z ≠0).  The tensor elements 

of fig.6.6.a.b, c. is similar to fig.6.5.a.b, c for accepted conditions but the values of the 

imaginary parts of the electron diffusion coefficients are bigger than real parts for all 

seasons and altitudes. D0I and D1I are very similar to change of electron density with 

respect to local time. D2I is different than other tensor elements as trend with local time. 

For all seasons, tensor elements of electron diffusion coefficient in the F region 

of Ionosphere take approximately a value of (1017) for figure  (a) D0I(m
2/sn) and (104) 

for figure (b) D1I(m
2/sn) so tensor elements of electron diffusion coefficient in the F 

region of Ionosphere take approximately a value of (101) for figure (c) D2I(m
2/sn).  
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Figure 6.6. a. b, c: The  change of  imaginary parts of the  electron diffusion by local time (June 21, Z≠0) 
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The change of  the electron diffusion coefficients with local time in F region of 

Ionosphere  has been showing  for the selected altitudes “240, 280, 340, 390 and 

410Km” in  Figure 6.7. a. b, c. at June21 (Z=0). Fort the considered conditions , the 

values of tensor elements are D0>D2>D1 respectively. D0 takes the biggest values with 

local time and the change of its is parallel with electron density in ionospheric F- region 

like D2 but D1 is exactly different from D0 and D2 as trend. 

The tensor elements of electron diffusion coefficient show a different behavior 

compared to other seasons. For all seasons, tensor elements of electron diffusion 

coefficient in the F region of Ionosphere take approximately a value of (10- 1) for figure 

(a) D0(m
2/sn) and (108) for figure (b) D1(m

2/sn) so tensor elements of electron diffusion 

coefficient in the F region of Ionosphere take approximately a value of (103) for figure 

(c) D2(m
2/sn).  
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Figure 6.7. a. b, c: The Change of   the electron diffusion by local time (September 23,Z=0) 
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The change of real part of electron diffusion coefficient with local time in the 

ionospheric F region at autumn equinox  at z ≠0 position in the Figure 6.8. a, b, c. is 

seen. According to these figures,  electron diffusion coefficient (240, 280, 340, 390 and 

410 km)- D2R -takes maximum value at approximately 07.00 LT( obtained for 240, 280, 

340 km altitudes) and 08.00 LT (obtained for 390 and 410 km altitudes)  while  It take 

its minimum values approximately 05.00 LT.  D1R -takes maximum value at 

approximately 15.00 LT( obtained for 240, 280 km altitudes) and 04.00 LT (obtained 

for 340, 390  and 410 km altitudes)  while  It take its minimum values approximately 

05.00 LT. The coefficient obtained for an any altitude  are not cut to be obtained the 

others altitudes both D1R and D2R while this is not true for the D0R . 
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Figure 6.8 .a. b, c: The Change of  real part of electron   diffusion coefficent  by local time (September 23, Z≠0) 
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Figure 6.9.a. b, c. Shows the change of imaginary part electron diffusion 

coefficient with local time in the ionospheric F region at position z ≠0 on September 23. 

Tensor elements (D0I, D1I and D2I) obtained for 240, 280, 340, 390 and 410 km 

altitudes. D2I tensor elements takes maximum value at approximately 14.00 LT except 

it’s for 240 km altitude while it take its minimum value  approximately at 05.00 LT . D0I 

and D1I coefficients take its maximum values approximately at 07.00-08.00 LT.  Then 

they are behavior as damped sinusoidal wave.  

0 2 4 6 8 10 12 14 16 18 20 22 24

8.0x10
16

1.0x10
17

1.2x10
17

1.4x10
17

1.6x10
17

1.8x10
17

2.0x10
17

2.2x10
17

2.4x10
17

0 2 4 6 8 10 12 14 16 18 20 22 24

5.0x10
3

1.0x10
4

1.5x10
4

2.0x10
4

2.5x10
4

3.0x10
4

3.5x10
4

0 2 4 6 8 10 12 14 16 18 20 22 24

0

1x10
1

2x10
1

3x10
1

4x10
1

5x10
1

 2
4

0

 2
8

0

 3
4

0

 3
9

0

 4
1

0

D
0
I

Local Time(Hour)

a

 2
4

0

 2
8

0

 3
4

0

 3
9

0

 4
1

0

D
1
I

b

 2
4
0

 2
8
0

 3
4
0

 3
9
0

 4
1
0

D
2
I

c

 

Figure 6.9. a. b, c: The Change of imaginary part of electron   diffusion coefficients with local time 

(September 23, Z≠0) 
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The change of electron diffusion coefficient with local time in the ionospheric F 

region at position z=0 on December 21 is seen in the Figure 6.10. a. b, c. tensor 

elements of electron diffusion coefficient obtained for 240, 280, 340, 390 and 410 km 

altitude. D2 elements of electron diffusion coefficient takes maximum value at 

approximately 10.00 LT and 16.00 LT while it (except for 240 km and 280 km altitude 

values) suddenly drop at approximately 13.00 LT. D2 elements takes its minimum 

values between 20.00 LT and 04. 00 LT. D1 elements of electron diffusion coefficient 

takes maximum value at approximately 10.00 LT for 240 and 280 km and 13.30 LT for 

340, 390 and 410 km while it takes at 05.00 LT its minimum values for all altitudes. 

The situation in D0 is quite different. D0 coefficient takes its maximum values 

approximately at 05.00-06.00 LT.  Then D0 is behavior as damped sinusoidal wave. For 

all seasons, tensor elements of electron diffusion coefficient, D0, D1, and D2 take 

approximately a value of 108, 10-1, and 103 (m2/sn) in order.  
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Figure 6.10. a.b, c: The Change of   electron   diffusion coefficients by local time (December 21,Z=0) 
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Figure 6.11. a. b, c. The change of real part of electron diffusion coefficient in 

the ionospheric F region with local time at position of z ≠0, on December 21 is seen.  

According to these figures, tensor elements of electron diffusion coefficient for 240, 

280, 340, 390 and 410 km altitudes  show different behavior compared to other seasons. 

The tensor elements, D0R, D1R and,  D2R,for at z ≠0 position takes maximum value at 

approximately 09.00 LT and 15.00 LT (except at 240 km), 09.00 LT and 13.00 

LT(except at 240 and 280 km), and 10.00 LT and 16.00 LT, respectively. D2R tensor 

elements suddenly drop at approximately 13.00 LT. For all seasons, tensor elements of 

real part of electron diffusion coefficient in the ionospheric F region take approximately 

a value of (1013) for D0R(m2/sn) while the elements take approximately a value of (104) 

order for D2R(m2/sn) and (101) order for D1R(m2/sn). 
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Figure 6.11. a. b, c: The Change of real part of electron   diffusion coefficients by local time (December 21, Z≠0) 
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The change of imaginary part of electron diffusion coefficient in the ionospheric 

F region with local time at position of z ≠0, on December 21, in the Figure 6.12. a. b, c. 

is seen. According to these figures,  tensor elements(for 240, 280, 340, 390 and 410 km 

altitude) of electron diffusion coefficient show a different behavior compared to other 

seasons. Tensor elements of electron diffusion coefficient takes maximum value at 

approximately 10.00 LT and 16.00 LT.  The tensor elements suddenly drop at 

approximately 13.00 LT. For all seasons, the tensor elements of electron diffusion 

coefficient in the ionospheric F region take approximately a value of (1017) for figure 

(a) D0I(m
2/sn) and (104) for figure (b) D1I(m

2/sn) while the tensor elements take 

approximately a value of (101) for (c) D2I(m
2/sn).  
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Figure 6. 12. a. b, c: The Change of  electron   diffusion coefficients by local time (December 21, Z≠0) 
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All tensor elements decrease rapidly and approximately exponentially between 

two maximum values in March 21, June 21 and September 23. However, in December 

21, tensor elements of electron diffusion coefficient show a different behaviour 

compared to other seasons.  tensor elements suddenly drop at approximately 13.00LT. 

For all seasons, tensor elements of electron diffusion coefficient in the F region of 

Ionosphere take approximately a value of (108) for figure (a) D0(m
2/sn) and (10-1) for 

figure (b) D1(m
2/sn) so tensor elements of electron diffusion coefficient in the F region 

of Ionosphere take approximately a value of (103) for figure (c) D2(m
2/sn).  



 

7. CONCLUSION 

 

This thesis has reviewed the difference of classical diffusion tensor for electrons 

in the low-latitude ionospheric plasma and investigated whether there were any 

relationships between the diffusion and equatorial anomaly. According to the findings 

of previous studies, the magnitude order of diffusion coefficients is approximately the 

same at the considered conditions (1010 [m2/s]) .But the difference of this thesis is that 

when 0, the diffusion coefficients have a real part and an imaginary structure. The 

imaginary part of the diffusion coefficients may give rise to the missing of the electron 

energy; and it is possible that this loss causes decrease in the electrical conductivity. 

Due to this, all of the diffusion coefficients are interpreted in terms of the electrical 

conductivities and motilities. This paper gives some clues of the information on the 

diffusion in the ionospheric plasma, how much the electromagnetic waves have 

influences at various frequencies sent from the ground to the ionosphere. 

The findings indicate that the magnitudes of D0, D1 and D2 have bigger values 

calculated at 24.00 LT than 12.00 LT for both equinox and solstice days. The values of 

D0, D1 and D2 value calculated at both 12.00 and 24.00 LT is in the following order 1010 

[m2/s], 104 -10 6 (m2/s), 10 4 -10 6 [m2/s] for all seasons (March 21, June 21, September 

23 and December 21), respectively. Finally, the magnitudes of the difference of the 

classical diffusion tensor for electrons are D0>D1>D2 at Equatorial F-region for all 

seasons with respect to both 12.00 LT and 24.00 LT, respectively. However, D1 and D2 

are bigger during nighttime than in the daytime, and show a behavior unlike the change 

with the latitude of the electron density in the magnetic equator. It is possible to say that 

the behavior of these abnormalities may result from electromagnetic drift and dynamo 

effect. The difference of classical diffusion tensor depends only on the temperature of 

the electron and collisions frequency of the electron D0 in Eq.(2.4). However, the other 

difference diffusion, such as D1 and D2 are affected by the Earth’s magnetic field as well 

as the electron temperature and electron collisions.  
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