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Jupiter. It was found that 49% and 31% for the Florida and Lamy stations respectively of the
predicted radio emission events from Jupiter were not observed. The likelihood of observation is
higher after sunset and depends on Jupiter's elevation above the horizon relative to the observer.
The F, peak density during nighttime and throughout the year ranged from approximately 10! to
10%? m™ at altitudes of about 260-360 km. 89% and 98% of the observations from the Florida
and Lamy stations occurred when the F, peak density was less than around 6x10* m=, In
contrast, 80% and 56% (for the Florida and Lamy stations, respectively) of the cases of non-
observation occurred when the F, peak density was greater than approximately 6x10* m=3. As
for the height of the F, peak (hmF2), 85% and 93% of the observations from the Florida and
Lamy stations occurred when the hmF; was greater than 300 km. The probability of observation
is significantly influenced by the relationship between the ionospheric electron density and its
corresponding altitude.
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1. Introduction

Radio astronomy is the study of celestial bodies by examination of the radio-frequency energy they emit or reflect. Radio
waves are able to pass through most of the gas and dust in space, as well as the clouds in planetary atmospheres, and they are a
little affected when they travel through the Earth's atmosphere. As a result, radio astronomers are able to see stars and galaxies
considerably more clearly than is feasible by optical observation. In the early 1930s, the concept of radio astronomy was born
as a new and exciting branch of astronomy when extraterrestrial radio emissions from the Galaxy were first detected at 20 MHz

[1].
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Radio astronomers rely on short radio waves as the only way to penetrate the atmosphere and reach the ground. Frequencies
between 5 MHz and 30 GHz are defined as the frequency bands that are able to get through the atmosphere, which are known
as the radio windows. The window's low-frequency end is limited by the ionosphere's ability to reflect signals back into space,
while its upper limit is determined by the atmosphere's ability to absorb radio waves. [2]. The atmosphere influences the
transfer of radio waves. These waves are part of the electromagnetic spectrum, which extends from shorter to longer
wavelengths [3]. Traveling radio waves interact with media through which they travel. Consequently, they can be reflected,
refracted, or diffracted. These interactions may cause changes in the direction of radio signals. One of the most critical factors
for radio waves is the ionospheric status [4]. Solar radiation constitutes the primary energy source reaching Earth. Sun releases
energy into space in the form of electromagnetic radiation, which travels at the speed of light. This emission takes
approximately 8 minutes to reach the outer atmosphere of Earth. The energy emanating from sun spans a broad range of
wavelengths, extending from shorter lengths to longer wavelengths. It is categorized into three primary regions: the infrared
radiation band (4 - 0.7 um), the visible region (0.7 - 0.4 um), which constitutes 44% of the solar spectrum, and the third main
region known as the ultraviolet radiation band (0.4 - 0.2 wm) [5]. The ionosphere is the region of the Earth's atmosphere above
50 km in altitude where solar radiation is intense enough to ionize atoms and molecules of gases [6]. It contains ionized
particles and atoms, free electrons, and neutral air particles. It is formed as a result of ionization due to short-wavelength solar
radiation (UV and X-ray). In general, ionosphere can be divided into three distinct layers: D, E and F [7]. The D and E layers
are found at a lower altitude, where the recombination rate of ions is extremely fast due to the high pressure, so the D and E
layers disappear at night, but the F layer is found at a higher altitude where the pressure is lower so the recombination is very
slow. Recombination is the opposite of ionization [8]. The highly ionized F layer is found at altitudes between 160 km and
more than 500 km. The primary function of the F layer is the reflection of terrestrial radio waves back toward the ground, while
concurrently impeding the penetration of extraterrestrial waves to reach the ground [6]. The ionization by solar radiation
reaches its peak during local noon and in the summer, and increases as latitude decreases. Meanwhile, the layer's height is
minimal during local noon and in the summer, and rises with higher latitudes [9]. lonospheric activity is higher during the day
due to increased ionization, but it weakens at night. Electron density and its height fluctuate in response to solar events. Solar
flares occur during high solar activity, releasing large amounts of energy, heating the plasma, and emitting x-rays and
ultraviolet rays that reach Earth's atmosphere. Solar flares are classified according to their X-ray fluxes into four categories: B <
10® w/m?, C=10%-10"° w/m?, M=105-10"* w/m? and X > 10 w/m? [10]. Ultraviolet (UV) radiation, defined as electromagnetic
radiation with wavelengths within the range of 100-400 nm, comprises 8.73% of the solar spectrum at the top of the
atmosphere [11]. Ultraviolet radiation is usually classified into three bands: UVC = 100-280 nm, UVB = 280-315 nm, and
UVA = 315-400 nm [12]. lonization in the ionosphere is primarily induced by extreme ultraviolet (EUV) radiation with
wavelengths below approximately 100 nm. Nearly half of the ionizing radiation power is concentrated at wavelengths below 27
nm [13]. Jupiter is one of the radio astronomical sources, it is emitting in frequency ranging from 10 kHz to 300 GHz. This
emission is classified into four categories. kilometric (10-1000 kHz), Hectometric (1-3 MHz), Decametric (3-40 MHz), and
Decimetric (0.1-300 GHz) [2]. Jovian radio emissions are difficult to detect during the daytime because these emissions are
more likely to be covered by noise and less intense than solar emissions [14]. It is preferable to observe Jupiter's emissions in
the absence of the sun when Jupiter is at a high peak position in the astronomical sky [15].

Jupiter's strongest radio emissions range from 50 kHz to 40 MHz. However, the Earth's ionosphere reflects frequencies
below 15 MHz back into space. The preferred frequencies are 18-24 MHz because they are above the ionospheric cut-off
frequency and not too close to man-made broadcast frequencies [16]. Depending on Jupiter's longitude, Jupiter's emissions are
most likely found in three regions labeled A, B, and C, and certain orbital positions of it's moon (l0) led to enhanced emissions.
These enhanced emissions are known as lo-A, 10-B, and lo-C. The ability to pick up Jupiter's emissions is influenced by several
factors including: the state of the Earth's ionosphere, the relative position of the Earth and Jupiter in their orbits around the Sun,
and the location of Jupiter relative to the observer on the Earth. [17].
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1. Study Area

The location of the study was selected based on the availability of observational data for Jupiter's radio
emissions. The study was conducted for the years 2014-2015 at two sites: The first site is the AJ4ACO
Observatory locates in High Springs, Florida, USA, situated at latitude 29.83° N, longitude 82.62° W,
with an elevation of approximately 16 m above sea level. The AJ4ACO Observatory is operated by Dave
Typinski [18]. The second site is the Heliotown Observatory located in Lamy, Santa Fe, New Mexico,
USA, located at latitude 35.29° N, longitude 105.53° W, with an elevation of about 1900 m above sea
level. The Heliotown Observatory is operated by Thomas Ashcraft [19]. Both observatories primarily
focus on radio astronomy, with a specific emphasis on Jupiter's radio emissions. The coordinates of both
sites were mentioned by observers on the website of the Radio JOVE Data Archive
(https://radiojove.net/query/inventory.php.). In this paper, the first site was referred to as (Florida
Station) and the second site was referred to as (Lamy Station). Figure 1 displays the geographic locations
of both study sites on the map.

\ o
Atlanta N SOUTH Wilmington
°

| Birmingham
3

=y CAROLINA Cape Fear
1 =
Santa Fe a5 ] aage 26212 US 27, High Springs, Alachua
Thompson Pesl i
) County, FL 32643, United States of
Murtedone America
Las Vegas,
5 Latitude: 29.8369 | Longitude: -82.6213
@ Glorleta Pecos 2
o 0 |  Artitude: 16 meters
taFe 3 P 5
it rananassey
. | "
5
i unnamed road, San Miguel County, FLORIDA Daytona Beach
® NM, United States of America i
Latitude: 3 35 | Longitude: -102 721 Caps Canavearsl
s
SomtPotersburgly TR
- e West Paim Beach
Fort My
Fort Lauderdale
o

Fig. 1. The geographic locations of Florida and Lamy stations on the map. [20].
2. Data Sources

Two websites and one software program were utilized to collect data for this study, and they are described
as follows:

2. 1 Radio JOVE Data Archive

The observations conducted by an astronomy group using the Radio Jove telescope at a frequency of 20.1
MHz for Jupiter and specific radio storm bursts are stored on the NASA website
(http://radiojove.gsfc.NASA.gov). The data archive encompasses all observational data, including
observer name, location (latitude and longitude), date, time, and storm type (see Figure 2). The archive of
observations is accessible from 1999 to the present time. Regrettably, monitoring data is only
intermittently available for years and stations, not continuously [21]. The study sites were selected based
on the number of observations available in the data archive, with data from the years 2014-2015 being
used.
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Fig. 2. Radio JOVE Data Archive website interface [21].
2.2 The International Reference lonosphere

The International Reference lonosphere (IRI) stands as a global model backed by the International
Union of Radio Science (URSI) and the Committee on Space Research (COSPAR). In the late 1960s,
these organizations collaborated to establish a working group tasked with creating an empirical standard
model of the ionosphere, drawing upon all available data sources. The model has undergone several
iterations, steadily improving over time. IRI provides monthly averages of electron density, electron
temperature, ion temperature, and ion composition in the ionosphere, spanning altitudes from 60 to 2000
km, for specific locations, times, and dates (see Figure 3). Additional models and ionosphere-related data
are regularly incorporated into the IRI [22]. Data for the model were sourced from ionosondes, incoherent
scatter radars, topside sounder satellites, GPS, and rocket observations. However, in certain scenarios and
specific timeframes, the accuracy of the IRl model may be compromised. Notably, the IRI effectively
predicts the F layer of the ionosphere, primarily relying on GPS and ionosonde data. Conversely, the D
and E layers, characterized by lower electron densities, are not as accurately captured using GPS or
ionosonde data. This discrepancy underscores the lower accuracy of the D and E layer models, which are
based on less data compared to the more robust F layer model [23].

@ Community Coordinated Modeling Center _ q

About Models Simulation Services Validation Community support Space Weather Tools

International Reference lonosphere - IRI (2016) with IGRF-13 coefficients
#** NOTE: This model is now available on the new CCMC Instant-Run System. This
retired by 12/31/2022. Please migrate and use the new interface instead

gacy page will be

This page enables the computation and plotting of IRI parameters: electron and jon (O, H+, He+, 02+, NO+) deusities, total electron content, electron, ion and neutral (CIRA-86) temperatures,
equatorial vertical fon drift and others.

Sube Reset

Fig. 3. International Reference lonosphere website interface [22].
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2.3 The Radio Jove Pro. Software

This program possesses specific features that aid in forecasting storms on the sun and Jupiter, planning
observations, and tracking the motions of Jupiter and its moon, lo. It was designed for use by astronomers
utilizing the Radio JOVE telescope (see Figure 4). This procedure was used to determine the expected
number of Jupiter storms during the years 2014-2015 for both study sites [24].
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Fig. 4. The Radio Jove Pro. Software, Interface of Jupiter Radio Noise Storm Predictions [25].

3. Results and Discussion

For the years 2014-2015, and by using the Radio JOVE Pro software based on the movement of Jupiter
and its satellite lo, there are about 240 events for Florida station and 218 events For Lamy station that
refer to the likelihood that an observer would be able to detect a Jupiter radio storm using the Radio JOVE
telescope. Due to the sun's higher radio emission density compared to Jupiter's, the likelihood of observing
a Jupiter storm burst is minimal when the sun and Jupiter are both visible above the Earth's horizon at the
same time, it is usually necessary to observe Jovian emissions well after dusk and before dawn.

From the Radio JOVE Pro software, the elevation of Jupiter and Sun above the horizon according to the
location were obtained, and the actual observations were taken from Radio JOVE data archive of Florida
and Lamy stations. Events were filtered by excluding those in which the Sun was above the Earth's
horizon and Jupiter's elevation was below the Earth's horizon. This filtering process resulted in a reduction
in the number of events, as illustrated in the table 1.

Table 1. The dates of predicted events and actual observations for Florida and Lamy stations of years 2014 and 2015.

Statio Predicted Predicted Actual Predicted
Year events after Observation unobserved
n events .
Filtering S events
Florid | 2014 116 50 33 17
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From the table 1, about 49% and 31% (for the Florida and Lamy stations, respectively) of the predicted
radio emission events from Jupiter were not observed. The height of the F. peak (hmF2) and the density of
the F2> peak (NmF,) data were taken from IRI. Using the OriginLab2021 program, the NmF, and hmF;
were plotted for the times 00:00, 06:00 and 12:00 UTC which represented the night period along the year.
Figures 5-6 show that hmF, during the night ranges between approximately 260 and 360 km, and the
NmPF; ranges between 10! and 10 m=. It was noted that the highest NmF: (at night) was at 00:00 UTC

Muhanad Hussien Khudhur. et. al, mspAs, Vol. 2, No. 4, 2024

a 2015 124 41 13 28
SUM. 240 91 46 45
2014 107 40 20 20

Lamy | 2015 111 45 38 7
SUM. 218 85 58 27

in the spring, and the lowest NmF, was at 06:00 UTC in the winter.
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Fig. 5. Represents NmF2 and hmF, during the night throughout the years 2014-2015, for Florida station,

local time =UTC-5.

145



Muhanad Hussien Khudhur. et. al, mspAs, Vol. 2, No. 4, 2024

——00:.00 UTC
Lamy ——06:00 UTC
<1012 4 —12:00 UTC
Lamy ——00:00 UTC 051 —_—
360 - ——06:00 UTC

—12:00 UTC

1.6x10'? 4
340

@
320_\/\—\/\ E 1.2x10%2

3009 8.0x10'" -

)

Nmf2

hmf2 (km

280
4.0x10'" 4

260

T T T T T T T T 1
0 73 146 219 292 365 438 511 584 657 730

0 7‘3 1:16 2“19 2é2 365 4(‘38 5%1 5é4 Gé7 750
Day Of Year (2014-2015) Day Of Year (2014-2015)

Fig. 6. Represents NmF, and hmF; during the night throughout the years 2014-2015, for Lamy station, local time =UTC-7.

It is noted that the hmF; is inversely related to NmF.. So, the highest hmF, was accompanied by the
lowest value of NmF. at 06:00 UTC, and the lowest hmF, was at 00:00 UTC (near sunset) and 12:00 UTC
(near sunrise) and accompanied by the highest value of NmF,. The predicted unobserved events (UN-
OBS) were taken from the Radio JOVE Pro software, and the actual observations (OBS) were taken from
Radio JOVE data archive. The hmF; and NmF. data were taken from IRI and were tabulated according to
date for the Florida station in Table 2 and the Lamy station in Table 3.
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0
Table 2. The dates of predicted unobserved events (UN-OBS) and actual observations (OBS) for Florida station of the years
2014 and 2015.
OBS UN-OBS Time Jupiter Sun Height of Density of Storm
Date Date altitude | altitude F2 peak F2 peak type
dd/mm/yyyy | dd/mm/yyyy | UTC angle angle hmF2(km) | NmF2(m-3)
01/01/2014 03:40 58.5 -65.5 330.9 4.450E+11 lo-B
05/01/2014 06:53 71.85 -69.7 342.8 2.158E+11 lo-A
06/01/2014 10:22 25.9 -24.8 326.3 2.452E+11 lo-B
09/01/2014 02:42 53.8 -51.8 322.7 5.776E+11 lo-A
12/01/2014 07:45 53.9 -58.8 342.8 3.657E+11 lo-A
16/01/2014 03:24 69.7 -59.9 331.9 2.340E+11 lo-A
17/01/2014 04:36 82.6 -14.2 3415 2.005E+11 lo-B
23/01/2014 04:13 83.04 -68.9 340.2 2.284E+11 lo-A/C
24/01/2014 04:20 83 -70.3 341.2 2.288E+11 lo-B
30/01/2014 03:40 83.08 -61.18 337.2 2.685E+11 lo-A/C
31/01/2014 05:03 70.81 -75.81 345.3 2.427E+11 lo-B
06/02/2014 03:02 82.6 -52.03 331.8 3.224E+11 lo-A/C
07/02/2014 06:13 49.1 -73.85 347.6 4.747E+11 lo-B
13/02/2014 03:44 75.41 -59.47 340.2 3.153E+11 lo-A
18/02/2014 | 00:30 63.31 -17.3 290.7 6.818E+11 10-B
23/02/2014 | 23:59 61.8 -9.5 284.8 8.491E+11 10-A
24/02/2014 | 00:57 74 -22 299.1 6.760E+11 10-A/C
25/02/2014 01:56 83.45 -34.93 317.9 5.045E+11 lo-B
02/03/2014 | 23:59 68 -8.5 285.8 8.553E+11 I0-A
03/03/2014 01:30 83.45 -28.44 310.5 5.946E+11 lo-C
04/03/2014 01:16 82.91 -25.26 305.9 6.377E+11 lo-B
09/03/2014 | 23:59 73.7 -71.5 286.8 9.065E+11 10-A
10/03/2014 01:04 83.48 -21.8 302.7 7.075E+11 lo-C
11/03/2014 02:22 70.62 -38.16 327.3 5.312E+11 lo-B
17/03/2014 | 00:36 83.46 -14.76 295.3 8.324E+11 10-A/C
19/03/2014 | 01:38 73.44 -27.71 315 6.566E+11 10-A
24/03/2014 | 01:45 68 -28 317.9 6.572E+11 10-A
04/04/2014 23:57 80.6 -3.99 289.9 9.909E+11 lo-B
05/04/2014 | 00:00 80.27 -4.42 290.4 9.843E+11 10-B
10/04/2014 | 23:57 76.77 -3.2 290.6 1.000E+12 10-C
11/04/2014 23:57 76.09 -3.07 290.7 1.003E+12 lo-B
12/04/2014 | 00:00 75.69 -3.5 291.2 9.967E+11 10-B
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18/04/2014 | 00:06 70.18 -3.98 292.5 9.770E+11 10-C
26/04/2014 23:57 65.39 -1.09 292 9.699E+11 lo-A
27/04/2014 | 00:00 64.9 -1.51 292.4 9.603E+11 10-A
03/05/2014 | 23:57 60.3 -0.17 292.7 9.418E+11 10-A
18/10/2014 11:22 62.38 -1.6 296.3 4.204E+11 lo-B
26/10/2014 | 10:54 62.01 -8.74 311.4 3.201E+11 I0-A
02/11/2014 11:33 72.54 -1.69 293.6 4.248E+11 lo-A
09/11/2014 11:39 75.09 -1.55 292.5 4.297E+11 lo-A
16/11/2014 11:34 75.02 -3.52 297.6 4.263E+11 lo-A
23/11/2014 | 11:32 73.22 -5.07 301 3.566E+11 10-A
26/11/2014 | 09:02 61.26 -37.34 330.8 2.336E+11 10-B
05/12/2014 08:48 65.07 -41.62 326.7 2.281E+11 lo-B
11/12/2014 08:46 68.8 -42.85 323.7 2.186E+11 lo-A/C
12/12/2014 09:48 74.97 -29.62 325.3 1.766E+11 lo-B
18/12/2014 09:28 74.98 -34.66 322.2 1.780E+11 lo-A/C
19/12/2014 09:44 73.94 -31.35 322.9 1.692E+11 lo-B
25/12/2014 08:48 75.07 -44.08 316 2.034E+11 lo-A/C
26/12/2014 10:33 62 -21.9 323.9 1.768E+11 lo-B
01/01/2015 08:24 75.3 -49.95 334.8 3.432E+11 lo-A
03/01/2015 10:00 62.03 -29.36 328.3 2.611E+11 lo-A
06/01/2015 04:55 4421 -79.68 340.2 3.501E+11 lo-B
12/01/2015 04:53 49.38 -78.39 340.9 3.451E+11 lo-A/C
13/01/2015 06:39 70.93 -12.79 341.2 3.422E+11 lo-B
19/01/2015 06:59 75.77 -68.65 341.2 3.703E+11 lo-A/C
20/01/2015 07:15 75.67 -65.31 340.9 3.798E+11 lo-B
26/01/2015 06:35 76.17 -72.82 342.6 3.988E+11 lo-A/C
27/01/2015 06:31 76.22 -713.4 342.8 4.171E+11 lo-B
02/02/2015 06:01 76.43 -76.98 343.9 4.732E+11 lo-A/C
03/02/2015 08:12 57.26 -52.57 342.1 4.619E+11 lo-B
04/02/2015 06:07 76.36 -75.34 344 4551E+11 lo-A
09/02/2015 05:37 76.76 -75.53 344.7 4.847E+11 lo-A
11/02/2015 | 06:49 66.79 -67.65 344.2 4.940E+11 lo-A
21/02/2015 | 04:11 75.43 -62.66 341.6 6.283E+11 lo-B
27/02/2015 | 02:24 61.72 -40.63 321.3 8.821E+11 lo-A/C
28/02/2015 | 04:15 77.47 -61.56 342.2 6.996E+11 lo-B
06/03/2015 | 03:30 77.29 -52.53 336.1 8.095E+11 lo-A/C
07/03/2015 | 04:03 76.69 -57.83 341 7.897E+11 lo-B
08/03/2015 | 02:26 69.92 -39.55 322.1 9.788E+11 lo-A
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13/03/2015 | 04:57 63.63 -62.54 345.7 8.208E+11 lo-A/C
15/03/2015 | 03:00 77.87 -45 330.1 9.531E+11 lo-A
20/03/2015 | 03:14 76.23 -46.51 333.2 9.085E+11 lo-A
22/03/2015 | 03:40 71.09 -50.41 337.5 9.330E+11 lo-A
31/03/2015 | 00:32 66.79 -12.01 285 1.457E+12 lo-C
01/04/2015 | 01:36 77.39 -25.26 305.9 1.234E+12 lo-B
07/04/2015 | 01:14 77.57 -19.8 298.6 1.300E+12 lo-C
08/04/2015 | 01:20 78.09 -20.86 299.6 1.292E+12 lo-B
13/04/2015 | 23:57 70.85 -2.85 278.5 1.558E+12 lo-A
14/04/2015 | 01:10 78.11 -17.88 296.5 1.315E+12 lo-C
15/04/2015 | 02:02 71.49 -27.89 314.4 1.215E+12 lo-A/B
16/04/2015 | 00:28 76.55 -8.92 284 1.317E+12 lo-A
21/04/2015 | 00:32 78.09 -9.04 285.7 1.369E+12 lo-A
23/04/2015 | 00:26 78.09 -1.52 284.4 1.370E+12 lo-A
28/04/2015 | 01:22 69.75 -17.96 300.6 1.223E+12 lo-A
30/04/2015 | 00:42 75.09 -9.77 288.4 1.281E+12 lo-A
08/12/2015 | 11:48 64.61 -4.12 293.6 2.533E+11 lo-B
14/12/2015 | 10:50 62.64 -16.76 313.1 1.406E+11 lo-A/C
15/12/2015 | 11:06 63.92 -13.58 310.7 1.663E+11 lo-B
21/12/2015 | 11:32 63.53 -8.99 306.7 1.950E+11 lo-A/C
28/12/2015 | 10:30 64.08 -22.49 316 1.119E+11 lo-A
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Table 3. The dates of predicted unobserved events (UN-OBS) and actual observations (OBS) for Lamy
station of years 2014 and 2015.

OBS UN-OBS Time Jupiter Sun Height of | Density of | storm
Date Date altitude | altitude | F peak F2 peak type
NmF2(m-

dd/mm/yyyy | dd/mm/yyyy | UTC | angle angle | hmF2(km) 3)
05/01/2014 | 06:53 | 76.65 | -77.24 346 2.223E+11 | lo-A
07/01/2014 | 08:30 | 66.99 | -66.85 348.4 2.726E+11 | lo-A

12/01/2014 07:45 70.8 -73.63 349.5 2.401E+11 | Ilo-A
17/01/2014 | 04:35 | 64.46 | -54.18 330 3.696E+11 | lo-B
21/01/2014 09:54 37.8 -50.35 350.1 2.927E+11 | Ilo-A
23/01/2014 04:05 | 63.89 | -47.15 324.7 4.681E+11 | Ilo-A
24/01/2014 05:51 | 77.45 | -66.92 343.9 2.933E+11| lo-B
30/01/2014 | 04:49 | 75.95 | -54.59 334.8 4.058E+11 | lo-A/C
31/01/2014 05:15 77.6 -59.26 339.9 3.686E+11 | 10-B
06/02/2014 05:31 | 74.57 | -60.75 343.3 3.837E+11 | lo-C
07/02/2014 06:13 | 67.05 | -66.68 348.6 3.607E+11 | lo-B
08/02/2014 | 04:39 | 77.68 -50.9 334.4 4.864E+11 | lo-A
13/02/2014 04:15 7T -45.27 329.5 5471E+11 | lo-A
14/02/2014 08:00 | 39.91 | -65.47 355.5 4,093E+11 | lo-B
15/02/2014 | 05:23 | 69.94 | -57.28 343.6 4.382E+11 | lo-A
20/02/2014 05:25 | 65.83 | -56.36 344.2 4461E+11 | Ilo-A
22/02/2014 06:05 56.4 -61.39 349.9 4.354E+11 | lo-A
01/03/2014 06:49 | 41.65 | -62.46 354.2 4.357E+11 | lo-A
03/03/2014 02:46 | 77.21 | -24.32 306.6 9.655E+11 | lo-A/C

04/03/2014 | 02:40 | 77.07 | -22.92 304.9 1.001E+12 | lo-B
10/03/2014 | 01:46 | 73.61 | -10.87 292.2 1.334E+12 | lo-A/C
11/03/2014 | 02:30 | 77.82 | -19.64 302.9 1.076E+12 | lo-B
17/03/2014 | 03:24 | 69.67 | -29.17 318.7 8.281E+11 | lo-A/C
19/03/2014 | 02:08 | 77.75 | -13.77 297.3 1.229E+12 | lo-A
24/03/2014 | 01:50 | 77.72 -9.25 294.4 1.309E+12 | lo-A
26/03/2014 | 02:24 73.9 -15.73 302.2 1.128E+12 | lo-A
12/04/2014 | 01:24 | 73.73 -0.81 291.9 1.410E+12 | lo-B
19/04/2014 | 01:50 | 65.15 -4.82 296.1 1.240E+12 | lo-B
25/10/2014 | 12:47 | 62.08 -5.32 303.6 4. 765E+11 | lo-B
03/11/2014 | 12:19 62.3 -12.52 319 3.575E+11 | lo-B
09/11/2014 12:35 | 67.05 | -10.36 312.4 4.024E+11 | lo-A/C
10/11/2014 12:47 | 68.43 -8.16 307.3 4.814E+11 | lo-B
16/11/2014 | 13:17 | 69.05 -3.4 294.8 6.232E+11 | lo-A/C

150




Muhanad Hussien Khudhur. et. al, mspAs, Vol. 2, No. 4, 2024

23/11/2014 12:15 | 69.06 | -16.77 321.9 2.939E+11 | Ilo-A
30/11/2014 | 12:15 | 69.22 | -17.92 322.2 2.589E+11 | lo-A
12/12/2014 | 10:38 | 67.43 | -39.06 325.1 2.209E+11 | lo-B
18/12/2014 09:28 | 61.65 | -54.08 324.3 2.809E+11 | lo-A/C
19/12/2014 10:30 | 68.89 | -41.57 320.1 2.224E+11 | lo-B
25/12/2014 10:10 | 69.18 | -46.29 315.6 2.476E+11 | lo-A/C
26/12/2014 10:34 | 69.33 | -41.48 314.6 2.337E+11| lo-B
01/01/2015 10:00 | 69.64 -48.9 338 1.58E+11 | lo-A/C
02/01/2015 12:19 | 51.54 | -20.99 317.8 1.20E+11 lo-B
03/01/2015 10:00 | 69.55 | -49.02 338.9 1.69E+11 lo-A
08/01/2015 09:52 | 69.11 | -50.87 341.3 1.70E+11 | lo-A/C
10/01/2015 10:42 | 62.55 | -40.72 338.4 1.28E+11 lo-A
12/01/2015 05:13 | 33.59 | -62.46 334.9 1.46E+11 | lo-A/C
17/01/2015 11:24 | 4991 | -32.16 333.3 1.08E+11 lo-A
19/01/2015 06:59 | 60.08 | -75.22 347.2 1.36E+11 | lo-A/C
20/01/2015 08:24 | 70.12 | -67.37 347.7 1.65E+11 lo-B
24/01/2015 12:05 | 35.96 | -23.74 321.2 1.22E+11 lo-A
26/01/2015 08:12 | 70.52 -68.5 348.9 1.78E+11 | lo-A/C
27/01/2015 08:00 | 70.54 | -69.96 349.1 1.84E+11 lo-B
02/02/2015 07:25 | 70.63 | -71.57 349.7 2.00E+11 | lo-A/C
03/02/2015 08:12 | 69.05 -67 350.2 2.22E+11 lo-B
09/02/2015 07:05 | 71.12 | -69.84 286.9 5.38E+11 | lo-A/C
10/02/2015 09:56 | 47.01 | -47.64 349.3 2.17E+11 lo-B
11/02/2015 06:49 | 71.11 | -68.72 349.4 2.11E+11 lo-A
18/02/2015 07:31 | 66.52 | -66.38 351.7 2.41E+11 lo-A
25/02/2015 08:12 54.7 -60.69 353.2 2.51E+11 lo-A
27/02/2015 04:19 | 63.23 | -43.22 326.4 3.02E+11 | lo-A/C
04/03/2015 08:54 | 40.45 | -52.76 353.9 2.49E+11 lo-A
06/03/2015 05:03 71.8 -49.3 336 2.74E+11 | lo-AIC
13/03/2015 04:57 | 72.08 | -46.51 334.2 2.88E+11 | lo-A/C
15/03/2015 04:13 | 71.42 | -38.58 323.8 3.30E+11 lo-A
22/03/2015 | 04:05 724 -35.56 321.2 3.53E+11 lo-A
29/03/2015 04:23 | 70.03 | -36.95 325 3.45E+11 lo-A
01/04/2015 | 01:54 | 62.95 -8.74 284.1 6.65E+11 lo-B
05/04/2015 05:07 | 58.94 -41.5 333.9 3.22E+11 | lo-A/C
07/04/2015 | 01:16 | 60.52 -0.07 278.1 7.75E+11 lo-C
08/04/2015 02:38 | 7195 | -16.14 295.4 5.57E+11 lo-B
14/04/2015 | 02:00 | 70.85 -7.68 285.3 6.66E+11 lo-C
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23/04/2015 | 02:00 | 72.47 -6.13 285.2 6.59E+11 lo-A

28/04/2015 | 01:34 72.3 -0.25 280.6 7.05E+11 lo-A
07/05/2015 03:56 | 48.92 | -23.65 314.7 456E+11 | lo-A/C
08/05/2015 04:11 | 45.38 | -25.46 318.1 4.50E+11 lo-B

14/05/2015 | 02:12 | 63.45 -4.89 287.9 5.21E+11 | lo-A/C
05/11/2015 13:15 | 49.08 -1.69 284.6 2.80E+11 lo-A
12/11/2015 13:23 | 53.38 -1.45 283.2 2.66E+11 lo-A
07/12/2015 10:32 | 38.83 | -39.54 317.5 1.24E+11 | lo-A/C
14/12/2015 12:25 | 57.52 | -17.95 313.1 1.16E+11 | lo-A/C
15/12/2015 12:25 | 57.72 | -18.08 313.5 1.14E+11 lo-B
21/12/2015 12:15 | 58.17 | -20.75 314.5 9.79E+10 | lo-A/C
22/12/2015 12:25 | 58.54 | -18.89 314.1 1.03E+11 lo-B
28/12/2015 13:07 | 56.03 | -11.28 310.5 1.32E+11 | lo-A/C
30/12/2015 11:40 | 58.03 | -28.37 310 7.87E+10 lo-A

The data in Tables 2 and 3 are displayed with histograms of NmF2 and hmF frequencies for both
observed and unobserved cases and shown Figures 7 and 8.

| Florida-OBS | Florida-OBS
| Florida-UN-OBS Florida-UN-OBS
24] < 26
22 25
20
184 17 20
164 17 17
147 13 £ 154
3 12 3
o &) 12
10 10
g 9 9
8 10
84 8 8
6+
4 54 "
29 1
0] . : , . , , 0 , ! : L 10 .
270 280 290 300 310 320 330 340 350 360 0.0 30x10"  6.0x10"  9.0x10"  1.2x10'2  1.5x10™2
hmF2 (km) NmF2 (m-)

Fig. 7. Histograms for both of observed (OBS) and unobserved (UN-OBS) cases show the height of the F>
peak (hmF2) and F. peak density (NmF2) for Florida station.
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Fig. 8. Histograms for both of observed (OBS) and unobserved (UN-OBS) cases show the height of the F>
peak (hmF2) and F. peak density (NmF2) for Lamy station.
The data were analyzed and classified according to the density of the F2> peak (NmF2) and the height of the

F2> peak (hmF2). The results were displayed in the form of percentages representing the probability of
observation (see Tables 4-5).

Table 4. The probability of observation, expressed as a percentage, has been classified according to the
height of the F> peak (hmF.) and the density of the F. peak (NmF2) for predicted unobserved events and
actual observations for Florida station of years 2014-2015.

sl e BN e A L
1
46 observed > 6ﬁ(§)3())(xlfol2 1 ! 290-287.6 15
= e e
45 pkr)edicte(;j 9 14‘1_1:2(11();1' 20 23 333%67 51
unopserve
cases 36 6125 g jf;{ 80 22 227922 49

Table 5. The probability of observation, expressed as a percentage, has been classified according to the
height of the F> peak (hmF.) and the density of the F. peak (NmF2) for predicted unobserved events and
actual observations for Lamy station of years 2014-2015.

. Cases 3 Percentage || Cases Percentage

Lamy station number NmF2 (m™) % number hmF2 (km) %
283.2-

1 : 101 2 4 7
58 observed 965510 295.4
cases 7.87x10% - 306.6-

> 5.57x101 %8 >4 355.5 93

27 predicted 12 2.2x10% — 44 15 302.2- 56
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unobserved 5.21x10%% 348.4
cases 6.23x10* — 278.1-
= 1.41x10%2 = 12 297.3 =

An approximate observation threshold can be determined from the values of NmF2 and hmF. based on
their recurrence. According to the results from Figures 7-8 and Tables 4-5, it was noted that 89% of the
observations occurred when the F, peak density was less than approximately 6x10 m for the Florida
station and the percentage increased to 98% for the Lamy station. 80% of the cases of non-observation
occurred when the F2 peak density was greater than approximately 6x10** m= for Florida station but it
decreased to 56% for Lamy station. As for hmF,, 85% and 93% of the observations occurred when the
hmF2 was greater than about 300 km for the Florida and Lamy stations, respectively.The highest
recurrence for the observed cases was for hmF, greater than 300 km and NmF; less than 6x10%* m, while
the highest recurrence for the predicted unobserved cases was for hmF; less than 300 km and NmF;
greater than 6x10'* m™ for both of Florida and Lamy stations.The approximate observation threshold
should be less than 6x10'! m= for Nmf2 and greater than 300 km for hmF.

4. Conclusions

A significant percentage of Jupiter's radio emissions have not been observed due to being blocked by the
ionosphere. The ability to observe Jupiter's radio emissions is enhanced after sunset and depends on
Jupiter's elevation above the horizon in relation to the observer.

The F2 Peak Density (NmF2) varies between 10! and 102 m™ during the night at an altitude of
approximately 260-360 km. The height of the F» peak is inversely related to the density of the F, peak,
and the likelihood of Jovian radio emission observation is significantly influenced by the electron density
and its altitude. Observation probability increases with lower electron density and at higher altitudes
whereas it decreases with higher electron density and at lower altitudes.

The ionosphere has an impact on the observation of Jupiter's radio signal, at least up to an altitude of 300
km and with an electron density exceeding 6x10 m=,
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