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Abstract--

In this paper, we deal with the effect on the
refractive index of seasonal anomaly in height of the ionospheric
F2 peak for both, collisional and collisionless cases in the by using
the real geometry of Earth’s magnetic field for north hemisphere.
It is possible to say that there is an anti-symmetric harmony
between the electron density and the all waves (for collisional and
collisionless cases) at in hour when the seasonal anomaly occurs
while there is an exact harmony in the real part of extra-ordinary
wave (Z≠0).

Index Term-- Ionosphere, Refractive Index, Seasonal Anomaly,
F2-peak

I.
INTRODUCTION
The ionosphere, the layer of the Earth’s atmosphere that
extends from 50 to 1000 km, can significantly affect the
propagation of radio waves. Many communication systems
utilize the ionosphere to reflect radio signals over long
distance [4,10,13]. Usually, the ionosphere with respect to the
electron density is separated into five independent regions,
sometimes called layers. The bottom one, from 50 to 80 km, is
called D layer, from 80 to 130 km is the E layer, and above
150 km is F layer. The F region is usually separated at the F1
layer, from 130 to 200-250 km, and the F2 layer is above 250
km [4, 10]. Especially, it shows different behavior according
to seasonal, latitude, daily. These behaviors are called the
anomalies in F2 region The F2 layer anomalies generally
departure from simple solar-controlled behavior. The principal
anomalies observed at mid-latitudes may be characterized
.Firstly, winter or seasonal anomaly: NmF2 is greater in
winter than in summer by day, but the anomaly disappears at
night, NmF2 being greater in summer than in winter. The
second, semiannual anomaly: NmF2 is greater at equinox than
at solstice. Third, annual or non-seasonal anomaly; in the
world as whole December NmF2 is on average greater than
June NmF2, both by day and by night. The seasonal anomaly
is greater in Northern than the Southern Hemisphere [12-15].
In addition to all these, the ionosphere may act as an efficient
reflector with frequencies below 30 MHz, allowing high
frequency (HF) radio communication to distances of many
thousands of kilometers [1-9]. The radio waves show different
behaviors depended on their frequencies, oscillation frequency
of the electron and the refractive index of the ionospheric
plasma [5-11]. Due to these behaviors the wave reflects,
refracts or absorbs from the ionosphere. Radio waves in the
ionosphere are subject to some attenuation because the
motions of the electrons and ions are damped through the

collisions with other particles. In recent years the information
about the state of the Earth’s ionosphere has been improved
[6, 8, 9]. Hence, most of the used approximations for
ionospheric calculations are unrealistic. To see the effects of
the ionosphere on the wave propagation, more detailed
theoretical investigation of the refractive index of ionosphere
are needed [11]. The authors made some certain assumptions
that the ambient magnetic field is unrealistic in the ionosphere.
However, as in the vertical and oblique sounding of the
ionosphere by radio pulses, small differences can be important
or sometimes necessary when high accuracy is required allow
for the refractive index or wave vector[9,11] The most
dramatic features of the solution are resonances and cut-offs.
Resonances are characterized by a phase velocity going to
zero (vp=/k0) which is equivalent to the index refraction
n=kc/ going to infinity (k). The wave energy is absorbed
by ionospheric plasma at resonance points. Cut-offs are
defined by index of refraction going to zero (k0). At these
cut-offs points, the wavelength goes to infinity and the waves
are reflected. Cut-off points can be used for plasma density
measurements [3, 5, 7, 8].
In this paper, the effects of the winter or seasonal anomaly in
height of the ionospheric F2 –peak on the refractive indexes of
HF waves traveling vertical into the ionosphere have been
studied as depending on various parameters in the ionosphere.
II. DISPERSION RELATIONS
Assuming a plane wave solution, where the velocity and the
fields vary as exp [i(k.r-t)], a general wave equation for
electromagnetic waves can be written as:


i 
n 2 E  nn.E    I 
σ  .E  0

ε0 ω 
(1)
where n (=kc/ω) is the refractive index, k the wave vector, E
the electric field, I the unit matrix,  the conductivity tensor
and 0 the free space electric permittivity coefficient. Equation
(1) is the basic dispersion relation from where n can be
obtained in terms of plasma parameters. At high frequencies,
the ratio between the electron collision frequency () and the
wave frequency (), that is Z (=/), is small and can often be
neglected. However, small differences become relevant when
higher accuracy is needed. In the present work, a first
approximation is made to include collisions in the calculation
of n. A vertical electromagnetic wave is considered, which
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travels in the z direction in the ionosphere. The z-axis is
vertical with its origin located on the ground. The x and y-axis
are geographic eastward and northward respectively, in the
northern hemisphere. Being I and d the magnetic dip and
declination angles respectively, the geomagnetic field in terms
of its components is B = Bx ax + By ay + Bz az, where
Bx=Bcos(I)sin(d), By=Bcos(I)cos(d), Bz=-Bsin(I). The
travelling electromagnetic wave presents a component
propagating in a direction perpendicular to the magnetic field
and other along the magnetic field. In the first case we have
the ordinary (O) and extraordinary (X) waves with a refractive
index (nO and nX) given by equations (2) and (3) respectively
[9, 11]:
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In the case along the magnetic field, we have the circularly
polarized waves with a refractive index (np) given by equation
(4) [3-4]:
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Where the signs (-) and (+) correspond to right and left hand
polarization respectively.
Equations (2), (3) and (4) are written in terms of the magnetoionic parameters X (=P2/2), Y (=C/) and Z(=/), where
P and C are the plasma frequency and the electron
gyrofrequency respectively. From these equations’ from, it is
possible to write the refractive index as n
+ iN. The real part of n () becomes then:

2

X 4  3X 
4 1  X 

with X’=X/ [1-Y sin (I)] and Z’=Z/(1-Y sin I). These
equations hold for X<1 and X’<1.
The collision frequency  is the sum ei + en, where ei and
en are the electron-ion and the electron-neutral collision
frequencies respectively. According to Rishbeth and Garriott
[5] these frequencies are given by:
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For HF waves Z2  1, so the expression (1+Z2 )-1 in the
refractive indices can be approximated by (1–Z2), using
binomial expansion and neglecting terms of order higher than
Z2. By using these approximations,  results for the ordinary,
extraordinary and cicularly polarized waves, as follows [9].

ν en  5.4x10 16 N nTe1 2

(9)
[m.k.s.]

(10)
N is the electron density, Nn the neutral particle density, and
Te the electron temperature.
III. NUMERICAL ANALYSIS AND RESULTS
In this study, the effects of the winter or seasonal anomaly in
height of the ionospheric F2 –peak on the refractive indexes
(for both collisional and collisionless cases) of HF waves
traveling vertical into the ionosphere were seasonally studied.
The calculations were done at geographic coordinates of
(38.7o N, 39.2o E, I=55.6o, d=3, R=10, =30.7 E+6(rad/sn))
by using Eq. (2-8) for year 1996. The ionospheric parameters
used for calculation were obtained by using IRI model. “For
given location, time and date, IRI describes the electron
density, electron temperature, ion temperature, and ion
composition in the altitude range from about 50 km to about
2000 km; and also the electron content. It provides monthly
averages in the non-auroral ionosphere for magnetically quiet
conditions”.
Fig. 1. seasonally indicates the electron densities in
F2-peak and hmF2 heights with local time at the mid- latitude
coordinate. The electron density and hmF2 heights are greater
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in 21 March than from other seasons approximately around 12
o'clock the ionospheric plasma. Fig.2. (March 21-June 21) and
3. (Sempt.23-Decem.21) show the refractive index at the
hmF2 peaks for both collisional (2 for (Z≠0) and collisionless
(n2 for (Z=0)) in the ionospheric plasma. According to these
Fig, at the time (around 12 o'clock by day) when the winter
anomaly occurs , all the refractive index values in both
collisional and collisionless cases have been taking the
minimum values for every season except the x-wave(Eq.(7))
in the ionospheric plasma. The x- wave in collisional case
with respect to other waves displays a reverse behavior to the
winter anomaly in the ionosphere plasma. There is a harmony
between the electron density and the real part of refractive
index of the x- wave in collisional case in the height of the
ionospheric F2-peak; but there is dissonance between the other
waves and both the electron density, hmF2 and the refractive
indexes at the time (around 12 o'clock by day) when the
winter anomaly take places. This could be interpreted that the
denominator of the collision term in Eq.(7) decreases ,due to
this; the real part(x) of the refractive index of the x-wave
seasonally increases at the height of the ionospheric F2-peak
for winter anomaly case in the ionospheric plasma
Finally, there is dissonance between the electron
density in height of the ionospheric F2-peak and the refractive
indexes of the ordinary, the polarized and the extra-ordinary
waves for both collisional and collisionless cases except the
real part(x) of the refractive index of the x-wave at midlatitudes in the ionospheric plasma. It possible that this
dissonance can result from the collision term in Eq.(2,4).
IV.
CONCLUSIONS
The effects of the winter or seasonal anomaly in height of the
ionospheric F2 –peak on the refractive indexes (for both
collisional and collisionless cases) of HF waves traveling
vertical into the ionosphere were seasonally studied in midlatitude. The figures show that the winter or season anomaly
only affects the real part(x) of the refractive index of the
extra-ordinary for collisional case in height of the ionospheric
F2 –peak. There are dissonance between the electron density
and the real part(x) of the refractive index of the extraordinary in height of the ionospheric F2-peak. But, there is
seasonally an exact harmony between the electron density and
the real part of the refractive index of the x-wave except the
other waves (ordinary and polarized waves). From our results,
it is understood that in the case of high frequency waves
traveling vertically into ionosphere, the phase velocity of all of
the waves except the real part of the extra-ordinary (Z≠0)
increase at the time when the winter anomaly occurs. Due to
this, the reflection heights of the all the waves except the real
part of the extra-ordinary (Z≠0) in the winter anomaly
increases. The procedure may be useful in the assessments of
the ionosphere variables such as conductivity and it could be
used for ionospheric plasma density measurements. This study
could become important in mid-latitude stations for ionosonde
measurements because the refractive index of the medium
determines the medium of behavior against any external
influence.
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Fig. 1. Diagram of electron density and hmF2 peaks in ionospheric plasma

Fig. 3. Diagram of refractive index at the hmF2 peaks in the ionospheric
plasma (923-1221)

Fig. 2. Diagram of refractive indexes at the hmF2 peaks in the ionospheric
plasma
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