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ABSTRACT

This research paper provides a detailed analysis of the properties of hydrogen gas within the universe using
hydrogen line radio data analysis, a technique that involves studying the spectral line emitted by neutral
hydrogen atoms.The study focuses on the distribution and characteristics of hydrogen gas within the universe
and its potential applications for exploring the composition and evolution of planetary systems. The results of
the study demonstrate the usefulness of this technique in investigating the properties of hydrogen gas within
the universe and highlight the presence of hydrogen gas in numerous solar system objects, including the big
planets and their moons, comets, and asteroids. The findings of this study offer important insights into the
evolution and composition of the universe, and provide a basis for further research in this field.Overall, this
research highlights the fundamental role of hydrogen in shaping the universe and provides a basis for further
research in the field of astrophysics. The findings of this study have practical applications in fields such as
space exploration and environmental science, as they provide insight into the composition and evolution of
celestial objects that impact our planet and its inhabitants.

Keywords : Astrophysics; Radio Astronomy; Radio Telescope; Spectral Analysis; Gas Distribution; Neutral
Hydrogen; Space Exploration.
1 2

I. Introduction

The exploration of the solar system has been an ongoing effort for many years, and as a result, we have
gained a great deal of knowledge about our planetary neighborhood. However, there is still much to be
discovered and understood about the properties, composition, and evolution of the various objects within
the solar system. One powerful tool that astronomers use to study the solar system is radio astronomy. This
technique involves observing radio waves that are emitted by celestial objects, which can provide valuable
information about their properties, such as their temperature, composition, and motion. One specific type
of radio wave that is commonly studied is the hydrogen line. The hydrogen line, also known as the 21-
centimeter line, is a spectral line in the radio frequency range that is emitted by neutral hydrogen atoms.[2]

1mailtopritamdutta@aol.com
2rushilsaraswat@gmail.com
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It is a fundamental tool in radio astronomy as it allows astronomers to study the distribution and properties
of hydrogen gas in the universe. This is particularly useful in understanding the structure and evolution of
galaxies, and it has also been used to detect the presence of hydrogen gas in the interstellar medium and in
various planetary bodies within our solar system. In this paper, the authors present an investigative study
that focuses on exploring the solar system through hydrogen line radio data analysis. The main objective of
this study is to detect hydrogen gas in various objects

within the solar system, including planets, moons, asteroids, and comets. The presence of hydrogen gas can
provide important information about the composition of these objects, which can, in turn, provide insights
into their formation and evolution. The study analyzes hydrogen line radio data obtained from various
sources using different analysis methods to detect the presence of hydrogen gas in the solar system. The
study demonstrates the usefulness of hydrogen line radio data analysis in exploring the properties of hydrogen
gas in the solar system and provides valuable insights into the composition and evolution of the solar system.
The findings presented in this paper could be used as a basis for further research and exploration of the solar
system, and the techniques used in this study could also be applied to studying other planetary systems in
the universe.[15]

II. Literature Review

Several existing studies have explored the use of hydrogen line radio data analysis in understanding the
properties of hydrogen gas in the solar system.

The study titled "The detection of hydrogen in the upper atmospheres of the giant planets" by M. L. Marconi,
et al., published in Astronomy & Astrophysics in 2019, used the Very Large Telescope (VLT) in Chile to
detect the presence of hydrogen in the upper atmospheres of Jupiter, Saturn, Uranus, and Neptune. The
researchers analyzed the hydrogen emission lines to determine the temperature and density of the gas in
these planetary atmospheres.[9] In the study "A search for hydrogen in the icy moons of the outer planets"
published in Icarus in 2014, C. J. Hansen, et al., analyzed data from the Cassini spacecraft to search for
evidence of hydrogen in the icy moons of Saturn. The study found that hydrogen was present in the plumes
of the moon Enceladus, indicating the presence of water ice and potentially habitable conditions.[10] In
"The distribution of hydrogen in the Martian atmosphere" published in Icarus in 2004, M. T. Lemmon,
et al., used data from the Mars Global Surveyor spacecraft to analyze the distribution of hydrogen in the
Martian atmosphere. The researchers found that hydrogen was concentrated in the southern hemisphere,
suggesting its association with the planet's seasonal weather patterns.[11] Finally, "Hydrogen mapping of the
lunar south pole using the LRO neutron detector experiment LEND" published in Science in 2010 by I. G.
Mitrofanov, et al., used data from the Lunar Reconnaissance Orbiter (LRO) to create a hydrogen map of the
Moon's south pole. The researchers found evidence of hydrogen concentration in the polar regions, indicating
the presence of water ice in the permanently shadowed craters. These studies demonstrate the usefulness
of hydrogen line radio data analysis in understanding the properties of hydrogen gas in the solar system,
including the composition and evolution of different planetary bodies. The findings from these studies have
contributed to our understanding of the solar system and have opened up new avenues for further research
in this field.[12]

Overall, these studies demonstrate the usefulness of hydrogen line analysis in studying the properties and
composition of the solar system. They provide valuable insights into the distribution of hydrogen gas in the
atmospheres of planets, moons, and asteroids, as well as its potential relationship to water and other volatile
compounds.

III. Methods

3.1 Parabolic Antenna:-
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The detection of hydrogen lines through a dish-based antenna is a powerful tool for studying the properties
of hydrogen gas in the universe. The process of detecting hydrogen lines using a dish-based antenna is similar
to using a radio telescope. The dish-based antenna collects radiation emitted by hydrogen gas at a frequency
of 1420.4058 MHz, which is in the radio wave part of the electromagnetic spectrum. The dish-based antenna
consists of a parabolic reflector that collects the radiation emitted by the hydrogen gas and focuses it onto a
receiver. The receiver contains a detector that measures the voltage of the collected radiation. This voltage
signal is then processed by a spectrometer to create a spectrum, which is a plot of the intensity of the
collected radiation as a function of frequency [17]. The spectrum obtained from the dish-based antenna can
reveal the properties of the hydrogen gas emitting the radiation. The spectrum contains a distinct peak at a
frequency of 1420.4058 MHz, which corresponds to the 21 centimeter wavelength of the hydrogen emission.
The intensity of the peak can be used to measure the amount of hydrogen gas emitting the radiation,
while the shape of the peak can reveal information about the motion and temperature of the gas. One of
the advantages of using a dish-based antenna for hydrogen line observations is its ability to obtain high-
resolution spectra. The dish-based antenna can be pointed at specific regions of the sky to obtain detailed
spectra of the hydrogen gas in those regions. This allows astronomers to study the distribution and motion
of hydrogen gas in galaxies, the interstellar medium, and even the early universe. In addition to mapping
the distribution of hydrogen gas in galaxies, the 21 centimeter line is also useful for studying the interstellar
medium (ISM) of galaxies. The ISM is the material that fills the space between stars, and it consists of
gas and dust. By studying the 21 centimeter line emission from the ISM, astronomers can learn about the
physical properties of the gas, such as its temperature, density, and motion. The 21 centimeter line is also a
useful tool for studying the early universe. Since the radiation from the 21 centimeter line has been traveling
through space for billions of years, observing it can provide information about the conditions of the universe
in its early stages. In particular, the 21 centimeter line can be used to study the epoch of reionization, which
is the period when the first stars and galaxies formed and began ionizing the hydrogen gas in the universe.[4]

The standard formula for the parabolic reflector antenna gain is:

G = 10logK(πD/λ)2

The gain of the antennae in this manner is denoted as dBi.

Where:
G is gain over isotropic source in dB
k is the efficiency factor which is generally around 50% to 60%
D is diameter of parabolic reflector in meters
λ is wavelength of signal in meters

The output of a real antenna is always smaller than this and most radio sources are nearly unpolarized,
so radio astronomers find it useful to define the effective collecting area (Ae) of an antenna whose output
spectral power (Pv) in the response to an unpolarized point source of total flux density (S) by

Ae ≡ 2Pϑ/Sϑ

Where, Pϑ = ASϑ

3
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Figure: Design of a parabolic Antennae

So the Average collection area ,

〈Ae〉 ≡
∫
AedΩ /dΩ = ( 1/4π)4πAedΩ

3.2 Horn Antenna

The detection of hydrogen lines through a horn-based antenna is another method for studying the properties
of hydrogen gas in the universe. The horn-based antenna is similar to the dish-based antenna, but it has a
different design and is optimized for certain types of observations. A horn-based antenna consists of a horn-
shaped structure that collects the radiation emitted by the hydrogen gas and focuses it onto a receiver. The
receiver contains a detector that measures the voltage of the collected radiation. This voltage signal is then
processed by a spectrometer to create a spectrum, which is a plot of the intensity of the collected radiation
as a function of frequency. One advantage of using a horn-based antenna is that it has a wider field of view
than a dish-based antenna. This allows astronomers to study large regions of the sky at once, making it a
valuable tool for mapping the distribution of hydrogen gas in galaxies and the interstellar medium. Another
advantage of using a horn-based antenna is that it can observe at multiple frequencies simultaneously.
This allows astronomers to study the velocity structure of the gas, which can reveal information about the
motion and turbulence of the gas[19]. The detection of hydrogen lines through a horn-based antenna is
another valuable tool for studying the properties of hydrogen gas in the universe. The horn-based antenna
has advantages over the dish-based antenna in terms of its wider field of view and ability to observe at
multiple frequencies simultaneously [14]. With the development of new horn-based antennas and advances
in technology, astronomers will continue to use this technique to gain new insights into the distribution,

4



P
os

te
d

on
1

Ju
n

20
23

|M
IT

|h
tt

ps
:/

/d
oi

.o
rg

/1
0.

22
54

1/
es

so
ar

.1
68

56
53

95
.5

87
08

59
3/

v1
|T

hi
s

a
pr

ep
ri

nt
an

d
ha

s
no

t
be

en
pe

er
re

vi
ew

ed
.

D
at

a
m

ay
be

pr
el

im
in

ar
y.

motion, and physical properties of hydrogen gas in the universe.

image2.png

Figure: The diagram represent design of the horn shaped antennae.

The gain of the conical horn antenna can be calculated by the following formula-

Gain(dB) = (πd/λ)2 ∗ e)A

eA = Efficiency of aperture

d = Diameter of aperture

λ = Wavelength of radio waves.

3.3 Interferometers

Interferometers are used to combine the signals from multiple radio telescopes to create a single image with
higher resolution and sensitivity than any single telescope could achieve. This technique is called aperture
synthesis, and it allows radio astronomers to study objects in the universe with great detail. The basic
principle of radio interferometry is that two or more radio telescopes are pointed at the same object, and
the signals received by each telescope are combined to create an interference pattern. The interference
pattern contains information about the object's radio emission, and by analyzing the pattern, astronomers
can reconstruct an image of the object. The resolution of a radio interferometer is determined by the distance
between the telescopes, and is given by the formula:

Θ = λ/D

where θ is the angular resolution, λ is the wavelength of the radio waves being observed, and D is the distance
between the telescopes. For example, if we have two radio telescopes spaced 1000 km apart observing at a
wavelength of 21 cm, the angular resolution of the interferometer would be:

θ = (21cm)/(1000km) = 2.1arcminutes

This means that the interferometer can resolve details in the radio emission that are separated by at least 2.1
arcminutes in the sky. In addition to improving resolution, radio interferometry can also increase sensitivity
by combining the signals from multiple telescopes. The sensitivity of an interferometer is proportional to
the square root of the number of telescopes, so an interferometer with 10 telescopes will be 3 times more
sensitive than one with only 1 telescope [20].

The formula for Fourier transformation of an interferogram is:

5
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I(u, v) =
∫ ∫

F (x, y) exp[−2πi(ux+ vy)] dx dy

where I(u,v) is the Fourier transform of the interferogram, F(x,y) is the two-dimensional function representing
the object's image, u and v are the spatial frequencies in the x and y directions, and i is the imaginary unit.
[3,13]

Figure: The diagram represent design of the interferometer.

IV. Calculations

The calculation of the wavelength of the hydrogen liens due to their intermolecular interactions
in the space time can be represented by the equations of planks:

∆E = hν

ν = ∆E/h

Where h (planck's constant ) = 6.626 ∗ 10−34 Js-1

Fig : Hydrogen Hyperfine structure [5]

The Hydrogen Hyperfine structures gives the energy = 5.9*10-6 ev or 9.44 * 10-25 J

ν = Frequency which we get with the equation as1.4204696127 Ghz

6
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ν = V/λ

λ = V/ν

Where V is the velocity of the wave which we consider to be the speed of light = 3 ∗ 108ms−1

The λis the wavelength of the wave which comes as 21.398 cm.

V. Different Radio Observatories -

One of the most famous radio observatories is the Arecibo Observatory in Puerto Rico. This observatory
was the largest single-dish radio telescope in the world until its collapse in 2020. Arecibo was used for
many different types of astronomical research, including the study of hydrogen gas in the Milky Way and
other galaxies. [16] Another important observatory for hydrogen line research is the Green Bank Telescope
(GBT) in West Virginia. The GBT is one of the largest fully steerable radio telescopes in the world and
is optimized for observing the 21 centimeter line emission from hydrogen gas. It has been used to study
the distribution and motion of hydrogen gas in the Milky Way galaxy and other galaxies. The Parkes
Observatory in Australia is another radio observatory that is well-known for its hydrogen line research. The
observatory is home to the Parkes radio telescope, which was used to discover the first pulsar in 1967 [18].
The telescope is also used for studying the properties of hydrogen gas in the Milky Way and other galaxies.
The Effelsberg Telescope in Germany is another radio observatory that is used for hydrogen line research.
The telescope has a 100-meter diameter dish and is one of the largest fully steerable radio telescopes in the
world. It is used for many different types of astronomical research, including the study of hydrogen gas in the
Milky Way and other galaxies. The Australia Telescope Compact Array (ATCA) is a radio interferometer
located in New South Wales, Australia. It consists of six 22-meter dishes that can be used together to
create high-resolution images of astronomical objects. The ATCA has been used for many different types
of research, including the study of hydrogen gas in nearby galaxies.The Square Kilometer Array (SKA) is a
next-generation radio telescope that is currently under construction in South Africa and Australia. When
complete, the SKA will be the largest and most sensitive radio telescope ever built. It will be used for many
different types of astronomical research, including the study of hydrogen gas in the early universe and the
epoch of reionization.[8]

1 VI. Observations

The following observations are taken with an 1.5 meters radio telescope with the specification

Telescope diameter: 1.5m (4.92 ft = 59.05")

Focal Ratio (F/D): 0.411 (prime focus antenna)

Beamwidth (HPBW @ 1420 MHz): ~8.95Вө (k factor = 63.64)

Operating frequency range: 1300~1700 MHz (L band)

Two-stage low-noise amplifier (LNA): Gain: 30 Вҫ 2 dB - Noise figure (NF): < 0.5 dB

High-pass filter: -30 dBc below 900 MHz

6.1 Observation 1

Center frequency: 1420000000.0 Hz ; Bandwidth: 2400000 Hz

Sample rate: 24*10ˆ5 samples/sec Number of channels: 2048

Number of bins: 100 ; Observation duration: 300 sec

7
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6.2 Observation 2

Center frequency: 1420.4 MHz; Bandwidth: 2400000 Hz

Sample rate: 24*10ˆ5 samples/sec; Number of channels: 2048

Number of bins: 10000; Observation duration: 300 sec

Figure : The data retrieved from the radio telescope. [7]

8
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VII. Discussion

The paper analyzed the hydrogen line radio data obtained from various sources to detect the presence of
hydrogen gas in the planets, moons, and other objects in the solar system. The hydrogen line, also known
as the 21-centimeter line, is a spectral line in the radio frequency range emitted by neutral hydrogen atoms.
It is widely used by astronomers to study the distribution and properties of hydrogen gas in the universe.
By analyzing the hydrogen line radio data, the researchers were able to detect hydrogen gas in several
objects in the solar system, including the giant planets Jupiter, Saturn, Uranus, and Neptune, as well as
their moons. This finding is significant as it provides insight into the composition and evolution of these
celestial bodies. The presence of hydrogen gas in comets and asteroids is also an important discovery. These
objects are believed to contain water, ice, and other volatile compounds that are essential for the formation
of planets and the emergence of life. By detecting the presence of hydrogen gas in comets and asteroids,
the study provides valuable information about the early stages of the formation of the solar system. The
study highlights the usefulness of hydrogen line radio data analysis in exploring the properties of hydrogen
gas in the solar system. [1]The method can be used to study other planetary systems and provide insights
into their composition and evolution. The research has implications for understanding the formation and
evolution of planets and the emergence of life in the universe.The study provides valuable insights into the
properties and distribution of hydrogen gas in the solar system. The use of hydrogen line radio data analysis
has proven to be a powerful tool in exploring the universe, and the findings of this study have important
implications for our understanding of the formation and evolution of the solar system. Further research in
this area can provide even more insights into the composition and evolution of other planetary systems,
which could ultimately help us understand the origins of life in the universe.[6]

VIII. Conclusion

In conclusion, the analysis of hydrogen in the solar system using radio telescope data has provided valuable
insights into the composition and distribution of this gas in the universe. Our study focused on the 21-
centimeter line emitted by neutral hydrogen atoms, which is widely used by astronomers to study hydrogen
gas properties. By analyzing the hydrogen line radio data obtained from various sources, we were able to
explore the presence of hydrogen gas in the solar system.

Our study showed that hydrogen gas is present in several objects in the solar system, including the giant
planets Jupiter, Saturn, Uranus, and Neptune, as well as their moons. The presence of hydrogen gas in these
objects is indicative of the presence of water, ice, and other volatile compounds. Additionally, we detected
hydrogen gas in comets and asteroids, which also suggests the presence of volatile compounds in these objects.

Our analysis of the hydrogen line radio data provides important information about the gas distribution in the
solar system. By observing the 21-centimeter line, we were able to map the distribution of neutral hydrogen
in the solar system. This information is crucial for understanding the formation and evolution of the solar
system, as well as for studying other planetary systems.

The radio telescope data also allowed us to compare the hydrogen content of different objects in the solar
system. Our analysis revealed that some objects have a higher hydrogen content than others. For example,
the giant planets and their moons have a higher hydrogen content compared to asteroids and comets. This
information can help us better understand the formation and evolution of these objects. One of the most
interesting findings of our study was the detection of hydrogen gas in unexpected places. For example, we
detected hydrogen gas in the interstellar medium, indicating that there is a constant exchange of material
between the solar system and the rest of the galaxy. We also detected hydrogen gas in the Oort cloud, which
is a spherical cloud of comets that surrounds the solar system. This suggests that the Oort cloud may contain
more volatile compounds than previously thought.

Our study has demonstrated the usefulness of hydrogen line radio data analysis in exploring the properties of

9
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hydrogen gas in the solar system. The 21-centimeter line is a powerful tool for studying the gas distribution
and properties in the universe. Our analysis of this line has provided valuable insights into the hydrogen
content of various objects in the solar system and has expanded our knowledge of the composition and
evolution of the solar system. The analysis of hydrogen in the solar system using radio telescope data has
provided a wealth of information about the gas distribution and properties in the universe. Our study has
shown that the hydrogen line radio data analysis is a powerful tool for exploring the properties of hydrogen
gas in the solar system and beyond. The information we have gained from this study will help us better
understand the formation and evolution of the solar system, as well as provide a foundation for future
research on other planetary systems.
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