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ABSTRACT

The solar wind, a constant stream of charged particles from the Sun, has a significant and complex effect on
both our planet and the nearby celestial planets. This research explores the complex interactions between Earth,
near-Earth objects (NEOSs), and the solar wind to better understand the consequences of NEOs on Earth and
other planets.

The Earth's magnetic field, an imperceptible shield shielding life on Earth from the solar wind's lethal force, is
where our inquiry starts. We examine how this dynamic force affects the charged particles, directing some into
the magnetosphere where they produce auroras and magnetospheric storms, and deflecting the majority of
them. This research delves into the intricate relationship between solar wind intensity and Earth's magnetic
response, offering valuable perspectives on potential disruptions to electrical and communication systems.

The primary objective of this research is to offer a thorough understanding of how the solar wind affects both
Earth and NEOs. We are interested in learning more about the dynamic processes that form the magnetospheric
dance and our place in the solar system, as well as NEO rendezvous and hidden forces. Improved space weather
forecasts, more successful NEO hazard mitigation strategies, and a greater comprehension of the intricate
relationships between Earth and its planetary neighbors might all result from this knowledge.

INTRODUCTION

The Sun's heated corona is the source of the solar wind. The temperature in the corona is so high that it escapes
the Sun's gravitational attraction and discharges protons and electrons at a rate of around 400 km/s. Apart from
the continuous flows of solar wind, the sun occasionally releases large amounts of these charged particles all
at once; these occurrences are called coronal mass ejections (CMES).

Additionally, the discoveries by the Ulysses spacecraft depict the non-uniformity of solar winds. Despite being
directed away from the sun, it carries magnetic clouds and changes its speed. When the high-speed solar wind
interacts with the low-speed solar wind, it creates a variation of different speeds that alternately passes by
asteroids and satellites, then by Earth itself. This causes geomagnetic storms in the Earth's atmosphere, which
are linked to the stunning aurora displays but can also cause havoc with power grids, telecommunications
networks, and satellites orbiting the planet.

The extraterrestrial magnetic field and solar wind plasma qualities are often used to forecast and evaluate the
dynamics of Earth's magnetosphere. The amplitude and direction of the magnetic field, the ion and electron
temperatures, the dynamic pressure, the Mach number, and other characteristics identify the solar wind as a
supersonic plasma. By integrating these variables, several complex coupling functions that describe the
efficiency of solar wind-driven magnetosphere dynamics may be calculated.

TIJER2401094 TIJER - INTERNATIONAL RESEARCH JOURNAL www.tijer.org a559



TIJER || ISSN 2349-9249 || © January 2024, Volume 11, Issue 1 || www.tijer.org

LITERATURE REVIEW

1.

10.

11.

12.

13.

14.

15.

J.T. Gosling (1990)The presence of solar wind halo electrons at 1 AU suggests a coronal mass ejection.
Earth experienced the most significant geomagnetic storms between 1978 and 1982 due to
interplanetary disturbances, with sluggish CME interactions less common.[1]

Melvyn.L.Goldstein (1990)While mean-free route and WKB theory predictions struggle with solar
wind fluctuations, also known as superposition MHD waves, a third viewpoint proposes transverse
wave vectors.[2]

M.Neugebauer(1998) The study evaluated many interplanetary magnetic field models and examined
the spatial structure of the solar wind using data from the Wind spacecraft and Ulyss spacecraft.[3]
William F. Bottke Jr.(2000)Near-Earth asteroids (NEAS) have been detected in 40% of kilometer-sized
orbits, with 900 remaining on very eccentric and inclined orbits, with 9% on Amor, Apollo, and Aten
orbits.[4]

Alan W. Harris (1997)Large main-belt asteroids provide the basis for infrared observations used to
create thermal models for near-Earth asteroids. However, because these irregular, tiny objects have
greater thermal inertia and are frequently detected at large solar phase angles, the models do not match
the data well.[5]

D. Volokrouhlicky (2000) The Yarkovsky effect is crucial for asteroid aging and material
transportation. This study investigates the use of accurate radar astrometry to identify this effect during
multiple apparitions, which is essential for determining the exact orbit of near-Earth asteroids and the
orbits of visible rocks.[6]

Joseph E. Borovsky (2020) This summary explores the solar wind's complex characteristics, including
wind direction, magnetic field intensity, atmospheric components, and geomagnetic activity. It delves
into solar cycles, periodicities, intercorrelations, large-scale structures, and mesoscale magnetic
structure influence.[7]

Victor Reville (2020) To comprehend the dynamic nature of the solar wind, the study used
computational modeling of the solar corona that incorporates MHD equations and Alfvén wave
dynamics.[8]

L. Adhikari (2020) This study explores solar wind entropy evolution using a conservative model and
Voyager 2 data. It highlights pickup ions and stream shear, revealing constant total energy in the
turbulent and solar wind flow.[9]

V. V. Emel’yaneko (2015) The study looks at the dynamical properties of near-Earth objects over 600
years. It finds that only 0.1% of objects have diameters larger than 10 m and that poor albedos cause
differences in impact rates similar to Chelyabinsk.[10]

A.Mainzer (2011) The NEOWISE survey, part of the WISE project, identified around 130 more near-
Earth objects (NEOs) in the thermal infrared spectrum, highlighting the need for further research on
the NEO population between 100 and 1000 m.[11]

Audrey Thirouin(2018) Two NEOs, 2013 YS2 and 2014 FA7, are identified in the study as possible
robotic/human missions because of their low Av, intermediate spin durations, and undetectable fraction
of fast/ultra-rapid rotators.[12]

D. J. McComas (2003) Ulysses, a space probe, was in its second solar polar orbit. It observes the sun's
transition from the peak activity phase (solar maximum ) to post maximum phase. it observed a mid-
sized circumpolar coronal hole formed in the northern hemisphere during the peak of solar activity and
has persisted into the post-maximum phase. The maximum speeds within the high-speed solar wind
streams decrease as they move from higher latitudes to lower latitudes.[13]

Xinlin Li's (2001) study aims to predict the flux of the Mev electrons in the Geostationary orbit which
is important for satellite operations in geostationary orbit. the standard radial diffusion equation is used
for prediction and modeling. accuracy of 0.81 % was obtained for the years 1995-1996, Linear
Correlation is used for obtaining linear relation between predicted and obtained values. [14]

P. Vernazza (2009) Observations show that asteroids appear much redder than laboratory meteorites, a
difference attributed to rapid space weathering. The study suggests that the final coloration of silicate-
rich asteroids occurs within a million years of a catastrophic collision, favoring solar wind implantation
as the main weathering mechanism, and challenging previous assumptions about color trends among
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asteroids. Fresh surfaces on small near-Earth asteroids may result from tidal shaking during planetary
encounters, influencing their appearance. [15]

16. Clark R. Chapman (2004) Throughout Earth's history, Near-Earth asteroids (NEAS) have impacted the
planet, at significantly higher rates during epochs when life was emerging ~4 billion years ago.
Astronomers have identified over 2500 NEAs, ranging in composition from porous carbonaceous-
chondrite-like to metallic fragments, with nearly one-fifth exhibiting satellites or double bodies. The
Spaceguard Survey aims to discover 90% of NEAs >1 km by 2008, reducing the risk of large impacts.
Despite the potentially enormous consequences for civilization, the rarity of impacts means that global
mortality is expected to drop to about 150 per year, sparking differences in perception regarding the
significance of this hazard.[16]

17. In his 2003 work, A. Morbidelli explores the significance of the Yarkovsky effect in the formation of
kilometer-scale and multikilometer-scale Near-Earth asteroids (NEAs). With the use of a novel
simulation technique, the scientists discovered that every million years, about 100-160 bodies larger
than 1 km enter the 3/1 resonance and 40-60 enter the v6 resonance. These flux rates agree with
independent derivations that take dynamical lifetimes and the NEA orbital distribution into account.
With implications for the origin and migration of these celestial bodies, the moderately steeper
magnitude distribution of NEAs in comparison to the main belt population can be better understood
thanks to the Yarkovsky and YORP effects.[17]

18. Pravec, P. (2006)Analysing photometric data on 17 binary near-Earth asteroids (NEAS) reveals various
properties. Binary systems with a secondary-to-primary mean diameter ratio tend to be more prevalent
in NEAs less than 2 km, while this ratio decreases significantly in bigger NEAs. Primary forms are
near the critical spin for debris piles, spherical, and rotate rapidly (every 2.2—-2.8 hours). The features
of these binaries differ from those of tiny asynchronous binaries in the main belt of asteroids, suggesting
that mechanisms associated with rotational dynamics close to the critical limit are most likely
responsible for their formation.[18]

Methodology

Psyche, a primordial metal-rich asteroid located 3 AU from the core asteroid belt is likely made of iron and
nickel metal and has not yet been visited by Spacecraft. NASA's Discovery mission, set to launch in 2022 and
arrive at 16 Psyche in 2026, will use a magnetometer to learn solar wind plasma and its relation with the
asteroid. Results will be used for magnetometer measurements in the Psyche mission.

The study uses AMITIS, a GPU-based plasma model, to analyze interactions between Psyche and its
environment. The model connects Psyche's inner electromagnetic response to its plasma environment. The
simulations use a coordinate system in the right hand, focusing on the asteroid and the mind as an ellipsoidal,
spherical object with massless electrons. Three models were run using upstream plasma values, modeling
Psyche as an electrically resistive barrier, and it being the remaining subjected to collisions, the core of a
distinct planetesimal. It was also believed that Psyche acted as a highly conductive, unmagnetized barrier to
the breeze of Solar [19].

1) the equatorial surface field is about 145nT

2)Four times as much magnetic field intensity as there is in the equatorial
region than 1

3)Psyche does not have an inherent magnetic dipole; instead, it is believed to
constitute a permeable barrier to the sun’s wind plasma.

The analysis considers normal solar wind plasma conditions near Psyche's northward IMF, not considering
variations in magnetic field direction, intensity, or parameters. The interaction with Psyche varies significantly
based on magnetism, resembling a moon-like interaction. Psyche's internal conductivity also influences the
solar wind's interaction. The mission's magnetometer may detect a strong coherent dipolar magnetic field
surrounding Psyche, causing its magnetosphere to resemble 1 and 2. If the magnetometer is unable to detect a
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divalent magnetic field structure. however, Psyche's metal and conducting body ought to produce inducing in
the magnetism of the field, upsetting the field of magnetism and plasma [20].

The macroscopic characteristics of the sunward-side plasma flow on a comet are investigated using stationary
quasi-hydrodynamics models. We demonstrate the system's response to the additional cometary-origin
molecules using source-factor-adjusted hydrodynamic equations. The next section contains these equations.
Section 3 builds and discusses a simplified one-dimensional model based on these equations. Assuming
rotational symmetry along the axis connecting the comet to the sun, we investigate a more realistic two-
dimensional model in the following sections.

We obtain the limiting form of these equations for the area of the axis in Sections 5 and 6, for the plasma and
the neutral cometary component, respectively, after defining the associated equations with their appropriate
source terms in Section 4. Section 7 outlines our approach to solving these equations, and the final section
provides the numerical answers. In Section 3, a more straightforward one-dimensional model is presented,
based on a single coordinate z for each variable. This coordinate is parallel to the continuous solar wind velocity
concerning the comet. In this instance, all velocities have to be parallel. In Section 4, we study a rotationally
symmetric flow along the axis that links the sun and the comet. To ensure that the negative z-axis points
upstream in the solar wind that strikes the comet, we use cylindrical coordinates, z, and r, with their origin in
the comet's core. As a result, the distance of a point from the z-axis is determined by r. Section Five:
Determining the z-axis plasma flow is our goal. This will only be possible if the five differential equations are
solved in a way that ensures the two unknowns, z0 and z1, are present in the boundary conditions. Generally
speaking, random Zo and z1 won't be fixed. Consequently, we may reframe the issue as follows:

Finding z0 and zI in a way that solves the system under given boundary conditions is essential. To solve this
problem, we need the radius of curvature R(z) and the density of the neutrals nc. (Z) of the isobaric surfaces,
both along the z-axis. In the following step, two differential equations characterizing the density of neutrals
will be generated; the system and the resultant equations must be integrated. Photo-ionization of ncn(Z) is
possible in its closed form. However, we also have to assume that the radius of curvature, or R(z), is
proportionate to the distance of the isobaric from the nucleus. The results from the first two sections are merged
in Section 7. To match boundary conditions and estimate the z-axis plasma flow, the following system of
ordinary differential equations requires the values Zo and z1 for the discontinuity sites to be computed [21].

Energy Transfer The process by which the magnetosphere, Earth's magnetic shield, receives energy from the
Sun's continually flowing stream of charged particles, or plasma, is known as the solar wind-to-magnetosphere
process. The Earth's magnetic field was conceptualized by Chapman-Ferraro as a bubble. The wind pushes and
squeezes the bubble without really reacting with it since it is not magnetic [22]. This closed magnetosphere,
which is produced when the earth's magnetic field is contained inside a bubble, protects the globe from the
plasma. The magnetotail, a teardrop-shaped object with a stretched tail pointing away from the Sun, is
generated when charged particles cross the bubble.

The energy coupling between two systems, say A and B, may be described by the input energy flow e (erg s -
a) from A to B and the output energy flux Ur (erg s -a) from B. This entails researching the energy exchange
between the magnetosphere and solar wind. While the energy intake (e) from the solar wind and the
mechanisms directing the transfer are less well known, the energy output (Ur) of the magnetosphere is well
understood. Energy injection rate (UR) of ring current: The energy in the ring current belt around Earth was
computed using the Dst geomagnetic index. The Joule heat production rate (Uj) is the amount of energy
produced as heat as a result of auroral currents in the ionosphere. It is calculated using the AE geomagnetic
index. The energy carried by particles precipitating into auroras is represented by the kinetic energy injection
rate of auroral particles (UA), which is connected with the AE index and is thought to be lower than Uj.

On the other hand, e, the energy coupling capacity, is only an estimate. Our understanding of the energy
connection mechanism between the magnetosphere and the sun-facing wind is advanced by this articulation
process. This finding confirms that there is a magnetosphere that functions more like a planned framework
than a dumping framework. The possibility of accurately characterizing magnetospheric storms and substorms
has also expanded as a result of the discovery. The finding has opened up several new avenues for us to explore
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in our effort to understand the relationships between sun-oriented activity and disturbances in the
magnetosphere.

The bend of the sun-powered current plate affects the IMF point 0 due to the absence of the required connection
between sun-driven motion and magnetospheric aggravations. A more thorough comprehension of the energy
coupling process necessitates an accurate assessment of the total energy utilization rate (UT). This means that
a deeper comprehension of the geomagnetic disruptive effect fields and how they relate to dispersed energy is
needed.

CONCLUSION

Our investigation uncovers the intricate relationship between the solar wind and Psyche, an unusual metal-rich
asteroid. Three reasonable possibilities for Psyche's interaction with the solar wind are proposed by the research
utilizing magnetometer data and plasma models: a highly conductive barrier, a moon-like interaction with a
dipolar magnetic field, or an unmagnetized substance causing magnetism. The inner conductivity and surface
shape of Psyche will also have an impact on how it interacts with the solar wind. To determine the real situation
and to provide light on Psyche's magnetic structure and plasma environment, the magnetometer-equipped
NASA mission later this year is crucial. Thank You Psyche's interactions with the solar wind go beyond this
specific asteroid. This data will guide future space exploration efforts, particularly those aimed at resource
extraction or planet defense against metal-rich asteroids, and will also help us understand how planets evolve
[23].

We now have a better understanding of the physics behind this important phenomenon, which affects auroral
activity and communication networks on Earth. Further studies that focus on accurately characterizing energy
intake and outflow rates will enhance our ability to predict and mitigate solar storm impacts on Earth's
environment.

In conclusion, learning more about magnetospheric energy transfer and Psyche's connection to the solar wind
are connected endeavors. Their contributions protect Earth from solar storms, deepen our study of the
formation and behavior of celestial bodies, and ultimately progress our comprehension of the exploration and
utilization of solar system resources.
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