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Abstract

In this study, the relationship between the electron flux and adiabatic electron
sound speed were investigated with local time variations, using the real geometry of the
earth’s magnetic field for both solstices (March 21 and September 23) and geographic
latitudes in the ionospheric F-region. For these days, the electron flux was obtained as a
tensor. According to the results, ¢y.=d-y for both solstices. Furthermore, the magnitude
of the electron flux obtained at the autumn equinox is larger than the magnitude of the
electron flux obtained at the spring equinox. In addition, a linear relation was found

between the electron flux and the adiabatic electron sound speed.
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Iyonosferik Plazmanin F-Bolgesinde Adyabatik Elektron Ses Hiz ile
Elektron Akis1 Arasindaki iliski

Ozet

Bu ¢alismada, Iyonkiire’nin F bdlgesi i¢in Diinya’nin manyetik alaninin gergek
geometrisi kullanilarak kuzey yarimkiirede adyabatik elektron ses hizi ile elektron akisi
arasindaki iligki cografik enleme bagli olarak ekinoks (21 Mart ve 23 Eyliil) giinleri i¢in

yerel zamanla degisimleri incelenmistir. Bu giinler i¢in elektron akis1 matris olarak elde
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edilmistir. Elde edilen bulgulara gore, matris elemanlarindan ¢y; nin her iki giin
dontimiinde de ¢zy ye esit oldugu goriildii. Ayrica sonbahar ekinoksunda elde edilen
elektron akisinin degeri, ilkbahar ekinoksunda elde edilen elektron akisi degerinden
daha biiylik oldugu goriildii. Bunun yan1 sira elektron akisi ile adyabatik elektron ses

hiz1 arasinda lineer bir iligki belirlendi.
Anahtar Kelimeler: Elektron Akisi, Adyabatik Elektron Ses Hizi, Iyonkiire.
1. Introduction

lonosphere is a natural plasma and an atmospheric layer starting from an altitude
of 50 km and extending up to 1000km [4,7,8,12,15,16]. There are three significant
processes affecting the change in particle density inside the ionosphere layer. The first
one is charged particles coming from the Sun, ionizing the gases inside the atmosphere-
increase in electron density, the second one is the chemical processes occurring at the
ionosphere-decrease in electron density, and the third one is the transport processes
arising from the gradients formed inside the ionosphere [12-16]. All three are complex
processes in themselves. lon densities show local variation for a variety of reasons. Due
to their light mass, electrons, which are the most fundamental parameter of ionosphere
during a collective motion, move faster than ions. Due to their heavier masses, ions
remain behind the electrons. This separation leads to the formation of an electric field
between the ions and electrons [1-3,5,9]. This electric field accelerates electrons and
ions in opposite directions. After a certain time, due to the effects of the Coulomb force,
the ions and electrons start to move together. This phenomenon is called ambipolar

diffusion, which is not independent of acoustic effects [14].

When thermal effects (VP) are added to the equation for the motion of the
particles of the ionosphere plasma, two phenomena occur. The first of these is the
acoustic wave phenomenon, which consists of different types of sound waves and the
second one is the kinetic phenomenon in which some particles move with the phase
velocity or move close to the phase velocity [6,10,11,13]. lons and electrons inside the
fluid move at their own speed of sounds under the effect of the pressure gradient. In
addition to this, due to long interactions of particles with the wave, they become

resonant with waves. These interactions can lead to collisionless wave damping,
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increase in amplitude of the wave or instabilities. When magnetic effects are included,
new types of waves can emerge and instabilities may occur. Electron sound speed,
which is an acoustic effect depends on density and temperature [14]. This speed is
directly related with the conductivity of the medium, with the mobility of the particle

and with diffusion. This relationship is expressed as:
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The lonosphere shows significant variations according to local time (daily),
seasons, altitude and location (lower latitude-equator, middle latitudes and higher
latitudes-pole). Hence, while examining any ionosphere parameter, those parameters
must be taken into account. In this work, the change of the electron flux matrix
coefficients of the ionosphere’s F-region with respect to altitude (352.358 km average
peak value for equinoxes), seasons (for both equinoxes) and latitude were investigated

via local time.

2. Material and Method

In this section, adiabatic speed of sound of electron and electron flux matrix are
derived. If we assume B#0 in any medium, this medium is called anisotropic
[7,8,12,14]. Since there is a nonzero magnetic field inside the ionosphere plasma,
ionosphere plasma is anisotropic. At the northern hemisphere, if the real geometry of
the Earth’s magnetic field is used, then the magnetic field becomes three-dimensional as

shown in Figure 1 [1-3].

Figure 1. The geometry of Earth’s magnetic field (for northern hemisphere) [1,3].
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Here, B, = BCosiSind  is B, = BCoslCosd and B, = —Bsinl . | is the magnetic

depth and d is the magnetic declination angle. The other rotations that will be used

throughout this study are the following:

o, - Electron cyclotron frequency. These frequencies are given as;

eB eB, eB

ox cy cz

m m  and m

depending on the plasma parameters. Flux density is found to be [4]:

n DU
¢6+——=p,(¢xB+n,E)-D Vn, Q
v, Dt
. . . q k,T -
via the equation of motion. Here n, = —*— and D, 6 = ——= are mobility of the
m v m v

o o o o

charged particle and diffusion coefficient respectively [11]. Recasting the flux density
as;
¢=n,U )

the electron flux tensor,

b o]
O=[0, b, b, 3)
L¢zx zy ¢ZZJ
is obtained.
The elements of the tensor for electron are given in the figure below.
0, =AU l+u?B?], 0, =AU (B, +uB,B,]

¢H=A71U§“[_By+“Bsz]’ ¢yx=A71U:H[Bz_MBxBy]

6, =AU L+u’B?], o, =AU’ u[B, +unB,B,]
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¢zx:A71U§“[By+“Bsz]’ ¢zy:A71U§”’[_Bx+p’Bsz]
0, =AU L+p’B?], A=v+p?B?]

3. Results and Discussion

In this study, with the help of IRI program, the daily changes of the elements of
the electron flux matrix for different latitudes (lower latitudes 0-30° , middle latitudes
30-60° and higher latitudes 60-90°), at 352 km for 23 September 1990 and at 358 km for
21 March 1990 where electron densities were maximum (hmF2) were investigated
using the real geometry of the Earth’s magnetic field in the northern hemisphere (Figure
1).

In Figure 2, the change of electron flux coefficients with latitude under accepted
conditions for 21 March and 23 September is given. As it can be also seen from Eq. (3),
the magnitudes of the values ¢y, and ¢,y are equal for every time and latitude. The
change of ¢xx with local time at the northern hemisphere for 21 March-23 September is
given in Figure 2 a and b. According to this, ¢xx values take maximum values for 6:00-
8:00 AM (sunrise) local time. Sudden decreases are being observed at 8:00-10:00 AM
local time and small sudden increases and decreases after that time occurs for both
equinoxes. Similar changes for the coefficients are being observed for each equinox
given in Figure 2. dxx ,pxy Values for lower latitudes during both two seasons are greater
than that of middle and higher latitudes as displayed in Figure 2 a, b, ¢ and d. The
values are maximum, particularly at the equator region (00 latitude). ¢x. electron flux
reaches minimum values at lower latitudes whereas at higher latitudes it attains its
maximum values, as it can be seen from Figure 2 d and f. At middle latitudes, electron
flux takes intermediate values. ¢yx displays changes similar to ¢xx with local time for

both two seasons, as demonstrated in Figure 2 g and h.

In previous studies, a direct relation between adiabatic electron sound speed and
electron flux was not demonstrated, but there is a linear relation between adiabatic
electron sound speed, diffusion and ionosphere conductivity [1-4]. Therefore, there is a

strong similarity between the conductivity, the change of diffusion for an arbitrary
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parameter at accepted conditions for all seasons and electron flux, depending on the
adiabatic electron sound speed [5-14].
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Figure 2. Local time variations in electron flux coefficients depending on the latitude.

Figure 3 illustrates the daily change of electron flux coefficients with latitude. It
is observed that, all coefficients for all latitudes in the figure reach their maxima during
sunrise and then reach a constant trend. The largest change for these maxima dips are
observed at lower latitudes, whereas for higher latitudes the maxima are not drastically

changed.
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Figure 3. Change of electron flux coefficients with local time depending on the latitude.

Figure 3 a, b, c and d, dyy, ¢yz d2x and ¢z show similar changes and for same
times and latitudes they reach their maxima and minima Figure 3 e, f, g and h and
Figure 2 e, f, g and h shows similar changes for all latitudes (lower, middle, higher) but
display different magnitudes Figures 2 and 3 are consistent with the literature. So, the
change in the coefficients of electron flux, diffusion, electron density and conductivity
with local time are similar [1-16]. In parallel to that, the magnitudes of electron flux
coefficients and diffusion coefficients have the same values [7,8,11-13,15].

4. Conclusions

This manuscript investigates on a daily and seasonal basis, whether there is a
relation between the adiabatic electron sound speed and electron flux at heights of hmF2

by using the real geometry of the Earth’s magnetic field in the northern hemisphere.
According to this;

. dyz=d,y for both seasons. Under the accepted conditions, this

result shows that flux coefficients do not change with the seasons. In addition,
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this equality can mean the equality of diffusion, conductivity and mobility
coefficients [11].

o All electron flux values are at maximum at locations close to the
equator, during sunrise (6:00-8:00 AM local time) and between latitudes (0-20°).
Here electron density displays an equatorial anomaly. The increase in flux at

these latitudes and times can mean an increase in pressure gradient and in

acoustic effects [4]. Furthermore, the fact that at lower latitudes, Oxx , dxy, , dyy

and dyx electron fluxes take larger values compared with the other latitudes

(middle and higher) and the fact that the transport processes here are more
effective and there are more acoustic effects means that, this process gives rise
to electron transport from the middle and higher latitudes to lower latitudes via
temperature and density gradients. It is an important subject that is worth
discussing.

. Oxz , Ozx, , 2z and ¢y, shows a contrasting result when compared
with the second conclusion, which means, electron fluxes take larger values at
higher latitudes and smaller values at lower latitudes. There could be two
reasons why these components lead to this situation:

- Electron transport from higher latitudes to lower latitudes.

- Electron precipitation occurring at higher latitudes during solar
activities [11-13].

. All electron flux coefficients take larger values on 23 September
compared with the values they take on 21 March. It could be said that, acoustic
effects are larger in the regions where conductivity and diffusion are higher.

o The elements of the electron flux tensor directly depend on the
magnetic field. An increase in electron flux is analytically possible, when the

magnetic field is large.
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