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CHILTON ISTASYONU UZERINDEN OLCULEN VE IRI-2001 MODELIYLE ELDE EDILEN
MAKSIMUM ELEKTRON YOGUNLUGUNUN KARSILASTIRILMASI

OZET

Bu calismada, NmF2 verileri (51,70 °K; 358, 67 °D) cografik
koordinatlarda Chilton istasyonunda medyan olarak o6lc¢iildi. Bunun
yanisira NmF2 dederleri ayni codgrafik koordinatlar i¢in IRI-2001
modeli kullanilarak elde edildi. Olciilen ve hesaplanan deJerler

mevsimsel ve yillik olarak karsilastirildi. Olciilen ve hesaplanan
maksimum elektron yodgunlugu deJisimleri mevsimsel ve vyillik olarak
arastirilmistir. Iyonosferin F2-bdlgesinde &lcgiilen ve hesaplanan
maksimum elektron yodunludgu arasinda tam bir uyum vardir. Bu uyum,
korelasyon katsayisi ile verilmistir.
Anahtar Kelimeler: Maksimum Elektron Yogunlugdu, Iyonosferin
F2-Bb6lgesi, IRI-2001 Model, Ionsonda,
Plazma Frekansi

COMPARISON OF MAXIMUM ELECTRON DENSITY PREDICTED BY IRI-2001 WITH THAT
MEASURED OVER CHILTON STATION

ABSTRACT

In this study, N2 data were measured as median at geographic
coordinates (51,70 °K; 358, 67 °D) for Chilton station. In addition,
N,F2 wvalues were calculated by wusing IRI(International Reference
Ionosphere)-2001 model for same coordinates. The wvalues of measured
and calculated were compared as seasonal and annual. The changes of
measured and calculated maximum electron density have also been
investigated as seasonal and annual. There is an exact harmony between
the results of calculated the maximum electron density with IRI-2001
model and measured at F2-region in ionospheric plasma. The harmony has
been given by correlation coefficients.
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1. INTRODUCTION (GIRIS)

Ionosphere physics may be regarded as a branch of aeronomy, the
science of the atmosphere. TIonosphere physics 1s related to also
plasma physics because the ionosphere 1is, of course, a weak natural
plasma: an electrically neutral assembly of ions and electrons [1, 2,

3 and 4]. The ionosphere plays a unique role in the Earth’s
environment Dbecause of strong coupling process to regions below and
above [5 and 6]. The ionosphere is an example of naturally occurring

plasma formed by solar photo-ionization and soft x-ray radiation.
Ultraviolet radiation from the sun ionizes the atmospheric
constituents. Free thermal (1 < eV) electrons and ions are present in
the earth’s upper atmosphere between 50 km and 6000 km approximately.
In this region, the atmospheric temperature first increases with
altitude to an overall maximum value (~900°K) and then becomes constant
with altitude In the ionosphere, a balance between photo-ionization
and various loss mechanisms gives rise to an equilibrium density of
free electrons and ions with a horizontal stratified structure. The
density of these electrons 1s a function of the height above the
earth’s surface and is dramatically affected by the effects of sunrise
and sunset, especially at the lower altitudes. The presence of these
free electrons in the ionosphere can influence the propagation of
radio waves. The ionosphere is conventionally divided into the D-, E-,
and F-regions [2 and 3] The D-region lies between 60 and 95 km, the E-
region between 95 and 150 km, and the F-region lies above 150 km. In
daylight, it is possible to distinguish two separate layers within the
F-region, the F1 (lower) and the F2 (upper) layers [2]. During
nighttime, these two layers combine into one single layer. The
combined effect of gravitationally decreasing densities of neutral
atoms and molecules and increasing intensity of ionizing solar ultra-
violet radiation with increasing altitudes, gives a maximum plasma
density during daytime in the F-region at a few hundred kilometers
altitude. During daytime, the ratio of charged particles to neutral
particles concentration can vary froml0® at 100 km to 10™* at 300 km
and 107' at 1000 km altitude. The main property of F-region consists of
the free electrons and 1is a very important region for radio
communication. Within the F-region the main features of the vertical
distribution of electrons are the F1 “ledge” at about 160 to 200 km,
present only at times and F2 “peak” which generally lies between 200
and 400 km. The F2 layer is the most important ionospheric layer from
the point of view of the radio communication [7, 8 and 10]. The oldest
of these stations is Slough, England, which began regular operation in
1931. This is because it contains the greatest concentration of free
electrons, and can therefore reflect radio waves of a higher frequency
than can the other layers. In principle a through understanding of F
region physics could lead to better utilization of the ionosphere for
communication purposes. The available information pertaining to F
region falls 1in various categories. The most important parameter 1is
the electron density, or electron concentration N, which is a function
of altitude and local time, and may vary considerably with location
and season. The basic data on electron density are obtained by pulse
soundings at vertical incidence [12]. The electron density in
ionosphere depends on some process which called the dynamics (into
ionosphere) and photo-chemical processes (out of ionosphere).

2. RESEARCH SIGNIFICATION (ARASTIRMANIN éNEMi)

The present study intends to serve as guide for researcher who
make theoretical studies about the critical frequency ionosphere F2-
Region. It is to also test IRI-2001 model with the experimental data.
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3. THE CALCULATION OF ELECTRON DENSITY WITH IRI-2001 MODEL AT F2
REGION (F2 BOLGESINDE IRI-2001 MODELIYLE ELEKTRON
YOGUNLUGUNUN HESAPLANMASI)

Propagation of electromagnetic waves in the atmosphere is
influenced by the spatial disturbution of the refractive index of the
ionosphere [1]. The presence of the earth’s magnetic field makes the
ionosphere a double refractive medium. When an electromagnetic (EM)
wave of frequency f, from the ground enters the ionospheric D-region
its refraction depends on the initial polarization state of the
incident wave. Two types of waves are most commonly used in the
ionospheric modification experiments, namely ordinary (O-mode) and
extraordinary (X-mode) waves. From the ordinary critical frequncies
fo of the various layers, the corresponding ©peak electron densities
are deduced by a well-known standart Formula [2 and 3]

fl
80.6

and similiraly fort the order layers, the frequencies f, being in Hz
and N, in electrons per cubic meter. Where N,: the electron density at
F2 peak and fy: the wave frequency.

N, F2= (1)

4. NUMERICAL SOLUTIONS AND DISCUSSION
(NUMERIK SONUCLAR VE TARTISMA)
In this study, N2 data were measured as median at geographic

coordinates (51,70°K; 358, 67°D) for Chilton station. In addition, N,F2
values were calculated by using IRI-2001 model for same coordinates.
The wvalues of measured and calculated were compared as seasonal and
annual. The changes o0of measured and calculated maximum electron
density have also been investigated as seasonal and annual. The f0F2
data measured at Chilton station has been chancing between 1994-2006
years. For the same years, the maximum electron density at the F2 peak
as numerical has been obtained by using IRI-2001 model. The maximum
electron density both measured and calculated has been investigated as
annual and seasonal, with  respect to local time. Whether a
relationship between the maximum electron densities of measured and
calculated exit, among of them depend on the correlation coefficients.
The correlation coefficients have been given by Table 1.

There 1is an exact harmony between the results of calculated
maximum electron density with IRI-2001 model and measured at F2-region
in ionospheric plasma. The harmony has Dbeen given Dby correlation
coefficients.
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Figure 1. The diagram with respect to years of the maximum electron
density of the measured and calculated for March
(Sekil 1. Mart ayi ig¢in &lcilen ve hesaplanan maksimum elektron
yillara gore degisimi)
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Figure 2. The diagram with respect to years of the maximum electron
density of the measured and calculated For june
(Sekil 2. Haziran ayi ig¢in 6lciilen ve hesaplanan maksimum elektron
yodunlugunun yillara gdre degisimi)
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Figure 3. The diagram with respect to years of the maximum electron
density of the measured and calculated for september
(Sekil 3. Eylil ayi 6lclilen ve hesaplanan maksimum elektron
yogunlugunun yillara gdre degisimi)
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Figure 4. The diagram with respect to years of the maximum electron
density of the measured and calculated for december
(Sekil 4. Aralik ayi ig¢in 6lclilen ve hesaplanan maksimum elektron
yogunlugunun yillara gdre degisimi)
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e 5. The sunspot number profile between 1995-2005 years [9]
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2002
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degisimi [9])

yillara

arasindaki

The change with respect to years of correlation coefficients

as seasonal and annual

(Tablo 1. Olciilen ve Hesaplanan maksimum elektron yodunludu dederleri
icin korelasyon katsayinin yillara gdre mevsimsel olarak degisimi)

Years ry;y (March) Iy;y (June) ry;y (September) | ry;, (December)
2005 0.905966 0.874311 0.892003 0.935627
2004 0.732062 0.502985 0.790239 0.92806
2003 0.800549 0.899096 0.762335 0.950747
2002 0.865241 0.568222 0.855549 0.950188
2001 0.8492 0.88217 0.82675 0.937553
2000 0.916668 0.729576 0.89381 0.952331
1999 0.888606 0.868518 0.823899 0.947221
1998 0.924381 0.825365 0.910118 0.961924
1997 0.949852 0.820814 0.920321 0.927882
1996 0.937745 0.859546 0.883883 0.917215
1995 0.889577 0.854342 0.865651 0.895963

List of Symbols
NmF2 The maximum electron density of F2-Region
f0 The critical frequency of F-Region
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