ISSN: 2321-2837 (Online)
ISSN: 2321-6506 (Print)

Volume 13, Issue 3, 2024

Research & Reviews: Journal of

Space Science & Technology

G

STM JOURNALS

September—December

DOI (Journal): 10.37591/RRJoSST
https://journals.stmjournals.com/rrjosst

Research RRIoSST

Analysis of the Wave Function of Perturbed lonospheric
Waves for Communication Signals

Aasim Sultan Khoja"*, Purvee Bhardwaj

Abstract

Our daily communications and navigational systems rely on the ionospheric conditions, and this
sensitive region of the atmosphere is traversed and governed by radio and global positioning system
(GPS) signals which broadcast on bouncing off the ionosphere to reach their destinations. All the
communication signals can be interfered with modifications because of the changes in the ionosphere's
density and its composition so that large percentage of the free electrons in the ionosphere affect radio
wave signal propagation and disturb our communication signal. The ionosphere's free electrons
oscillate in response to high-frequency radio waves, which cause them to radiate energy back down at
the same frequency. This essentially makes the radio wave to return to the earth. The wave function
study of the perturbed ionospheric waves is a mathematical description that explains or describes
disturbances in the ionosphere. It typically involves solving complex equations to model the behavior
of perturbed ionospheric waves, considering factors like electron density variations and magnetic field
interactions. The specific form of the wave function depends on the type of perturbation and the
underlying physics involved.

Keywords: lonospheric storm, solar activity, airport communication signal, ionospheric critical
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INTRODUCTION

lonospheric storms refer to the highly perturbed conditions of the ionospheric layers, particularly the
F layer caused due to the highly variable and magnetospheric energy inputs into the earth’s ionosphere.
lonospheric storms, according to scientists, are caused by solar particle radiation. The solar eruption's
ultraviolet light waves travel at a faster speed than the particles it emits. This would explain the roughly
18-hour time delay between an ionospheric storm and sudden ionospheric disturbances. An ionospheric
storm connected to sunspot activity can start anywhere between two days before an active sunspot
crosses the sun's central meridian and 4 days after it. Solar activity is closely linked to magnetic fields,
which are thought to originate from a dynamo action within the sun [1]. The sun is a magnetic variable
star that can fluctuate on timescales ranging from a fraction of a second to billions of years.

Moreover, at times it is also witnessed that when

*Author for Correspondence
Aasim Sultan Khoja
E-mail: aasimkhaja@rediffmail.com

1Research Scholar, Department of Physics, Rabindranath
Tagore University, Raisen, Madya Pradesh, India

’Dean, Department of Physics, Rabindranath Tagore
University, Raisen, Madya Pradesh, India

Received Date: October 16, 2024
Accepted Date: October 23, 2024
Published Date: October 30, 2024

Citation: Aasim Sultan Khoja, Purvee Bhardwaj. Analysis of
the Wave Function of Perturbed lonospheric Waves for
Communication Signals. Research & Reviews: Journal of
Space Science & Technology. 2024; 13(3): 13-20p.

active sunspots have passed through the sun's center
no ionospheric storms are created [2]. The storms in
the ionosphere may strike quickly into the
atmosphere. lonospheric storms primarily cause a
turbulent ionosphere and extremely unpredictable
radio wave propagation. Particularly for the F2
layer, critical frequencies are lowered than usual
due to these storms. lon density is decreased in the
upper F2 layer because of this. Except for severe
disturbances, lower levels do not suffer much.
lonospheric storms have the practical consequence
of decreasing the range of frequencies that may be
utilized for communications signals in comparison
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to normal conditions and the communication remains confined to the lower frequencies affecting long
distance communication [3]. German astronomer Samuel Heinrich Schwabe discovered the solar cycle
through his observations of sunspots. Swiss astronomer Rudolf Wolf reconstructed solar activity back
to the 17th century. International Civil Aviation Organization (ICAO) regulations require air traffic
control towers to possess such signal lamps. The signal lamp has a focused bright beam and can emit
three different colors: red, white and green. These colors may be flashed or steady and have different
meanings to aircraft in flight or on the ground [4].

MATERIALS AND METHODS
The wave function for radio waves can be described mathematically by the sinusoidal wave equation,
the wave function (E) for an electromagnetic radio wave can be represented as

[E (x, t) = Eo cos (kx — wt)] (1)

where, E (x, t) is electric field at position (x) and time (t), Eo is the amplitude of the electric field, k
is the wave number, related to the wavelength, w is the angular frequency. This equation represents a
propagating wave with a specific frequency and wavelength. In the context of radio waves, variations
and complexities may arise based on the specific characteristics of the medium through which the wave
is propagating and any potential perturbations or interactions it experiences [5].

Now, to measure the impact of ionospheric storms on communication signals, seven very low
frequency (VLF) stations’ data and nearly 8000 airports’ communication signal data are examined [6].
The communication signal strength is measured by power of the signal collected by the antenna which
are usually expressed in dBm.

_ Efus
p =& @
Typically, this is converted to decibels relative to dBm.
Lapm = 10log, (0_0§1W) 3)
RESULTS

The ionospheric storms occur due to solar wind generations and some coronal mass ejection (CME)
events which are observed during the observed period on 06 September 2022 06:00:00 to 06
September18:00:00. The vertical dashed lines represent the CME duration in the plotted graph in Figure 1
[7]. Present measurements data is sampled at At = 3600 s in the last step of the analysis so that
comparison with the communication signal frequency could be performed by using the data with a
similar sampling time. Because of the strong statistical nature of the analysis and the robustness of the
airport signal strength database, no pre- processing of the data was necessary [8]. On the flip side, the
ionosphere’s critical frequency was observed through radio propagation and the limiting frequency at
below by which a wave function is reflected and penetrates through into an ionospheric layer. At critical
frequency below the incidence, the wave function is reflected and penetrates through an ionospheric
layer. Sudden ionospheric disturbances (SIDs) are caused by solar flare enhanced X-rays in the 1 to 10
A (angstrom) range [9]. Solar flares can produce large increases of ionization in the D-region of the
ionosphere over the daylit hemisphere of the Earth Critical Frequency shows variations with solar
activity and atmospheric perturbation in addition to angle between the radio waves and antenna. The
presence of the critical frequency is the result of electron limitation, the inadequacy of the existing
number of free electrons to support reflection at higher frequencies [10]. It is the highest magnitude of
frequency of ionosphere above which the waves penetrate the ionosphere and below which the signals
get bounced back from the ionosphere. It is denoted by "fc". Its value is not fixed, and it depends upon the
electron density of the ionosphere. Critical frequency can be computed with the electron density given by:

f. = 9VNmax )

where, Nmax is maximum electron density per m®and f. is in Hz.
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DISCUSSION

In Figure 1, the variation in the worldwide airport communication data in terms of frequency in the
range of -200 to 1400 Hz, on 06 September 2022 06:00:00 to 06 September 18:00:00 is reported [11-
15]. Communication signal frequency can be investigated to analyze the disturbances in the
communication system due to ionospheric disturbances. To study the ionospheric wave function of
critical frequency it is correlated with worldwide airport communication signal. The main advantage of
using correlation methods is the ability to extract frequency information from a complex time series
using similar day temporal window. Communication signal frequency transforms a signal into a Fourier
series of coefficients which is associated with ionospheric critical frequency [16-20]. SID offers an
alternate method to analyze the effect of solar wind on the ionosphere and disturb the communication
signal. Figure 2 clearly shows that the critical frequency is at its peak during the daytime on 06
September 2022 [21-25]. It is also clear in this graph that at the time of solar storm of class 1 critical
frequency may increase in the ionosphere but its effect in the worldwide airport frequency maximum
goes up to 1300 Hz, which is extremely value in terms of general frequency trend which lie in between
300 and 900 Hz. Thus, the value of critical frequency in Figure 3 increases in the morning time on 06
September 2022 and solar storm of class 4 also occurs in the morning time around 06:00 am [26]. But
Figure 4 shows another station data of ionospheric critical frequency value with no changes due to solar
storm and due to this station, it seems that there was no effect on the airport communication signal.
Figure 3 shows the NRK VLF stations of SID monitoring system indicating the variations of critical
frequency due to various solar storms. The maximum value of critical frequency in Figure 5 is falling
between two solar storms of different classes; such types of modulated waves may also affect the
communication signal [27].

Figure 6 shows completely different behavior from the normal behavior of ionospheric critical
frequency, despite being a solar storm graph it has not shown maximum value of critical frequency on
06 September 2022. Whatever the maximum value is obtained is outside the defined limits of the
selected day. In the same sequence, Figure 7 shows the normal trend, or sinusoidal waveforms have
been generated due to solar storm and the periodical variation of critical frequency is observed. The
trend of critical frequency and airport frequency are almost similar at this station, so that wave function
in terms of critical frequency may satisfy. In Figure 8, another SID station data is shown and the
maximum value of critical frequency occurs in the daytime on 06 September 2022, when the solar storm
of class 1 reaches the earth environment.
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Figure 1. Number of airports communication signal data.

© STM Journals 2024. All Rights Reserved 15



Analysis of the Wave Function of Perturbed lonospheric Waves Khoja and Bhardwaj

Tonospheric Critical Frequency(f)
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Figure 2. NAU Roswell meteor very low frequency (VLF) station for critical frequency (f).
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Figure 3. NRK Roswell meteor very low frequency (VLF) station for critical frequency (f) due to
various solar storms.
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Figure 4. NRK Roswell meteor very low frequency (VLF) station for critical frequency (f).
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Figure 5. NRK Roswell meteor very low frequency (VLF) station for critical frequency (f): Maximum
value.
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Figure 6. Comparison between normal and modulated wave.
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Figure 7. Periodical variation of critical frequency.
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Figure 8. Another SID station data.

CONCLUSION
The ionosphere will be recognized as a helpful instrument for long-distance radio communication in
the high frequency band considering the anticipated outcomes. When very high frequency (VHF) waves
are used as a communication signal from a satellite or space probe to Earth, the situation is entirely
different. The ionosphere works as a degrading medium and affects the navigation performance of
communication signal systems; the key frequency of the F2 area is employed to avoid their reflection
back to space-based systems. Numerous radio propagation effects exist, contingent on the type of
medium required for the signal to go from Earth to space. lonosphere scintillation, Doppler frequency
shift, polarization, absorption, refraction, and propagation time delay are a few examples of these.
Range error arises in tracking and navigation applications from two sources: a decrease in
communication signal frequency and an increase in path length brought on by refraction-induced radio
wave bending. The phenomenon known as scintillation is caused by variations in the signal strength
and phase of a radio wave passing through ionospheric medium. Enhancement and fading around the
medium level are caused by ionospheric scintillation when the radio signal passes through the disturbed
ionospheric area. A band encircling the geomagnetic equator and sub-auroral to polar latitudes are two
regions of the world that are severely plagued by scintillation. Therefore, propagation lines that cross
the auroral and equatorial ionosphere are more likely to cause deterioration of earth-space
communication signal linkages. This impact is amplified by the worldwide distribution of scintillation
at the L band (1.5 GHz) during the solar maximum and minimum dates. The results depict that the
intensity of scintillation rises with solar activity, and it seems more severe close to the magnetic equator
than it exists in subaerial to polar areas. Here are a few consequences for earth-space communication
propagation systems caused by ionospheric scintillation:
1. In satellite communication systems, message errors occur when the depth of fading caused by
scintillation surpasses the fading margin of the receiving system.
2. Phase scintillation can result in a decrease of communication signal strength in the Nav-Aids
system, while amplitude scintillation can result in cycle skips and data loss.
3. Scintillation in radar systems can cause false signals or interfere with radar target characteristics.
4. The aircraft's downlink is the most path-sensitive to signal amplitude due to power constraints
and limited antenna gain.
5. In high-speed digital communication systems, the fading depth approaches a value below system
sensitivity and the fading time is larger than the pulse length.
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