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Abstract 

Magnetosphere is a region of space surrounding planets and an astronomical object, the formation of 

planetary magnetosphere depends on many parameters such as; surface magnetic field of the planet, an 

ionized plasma stream (solar wind) and the ionization of the planetary upper atmosphere (ionosphere). Tow 

planets with dipole magnetic field from our solar system are selected in this research, the criteria for selecting 

these planets are according to the strength of the surface magnetic field: Earth from inner planets (with 

strongest surface magnetic field from all inner planets) and Jupiter form outer planets (with strongest surface 

magnetic field from all outer planets).The main objective of this research is to find the different between the 

magnetosphere size (RMP) for Earth and Jupiter, for the period 2016, 2027 and 2018. From results we found 

that there is a fluctuation in the monthly behaviour of the (RMP) for two planets and years selected in this 

research, for Earth (RMP) values ranged between (9-15RE) and for Jupiter ranged between (37-44RJ). Results 

show that, Earth have the less magnetosphere with respect to other selected planet, while Jupiter have the 

largest one.  
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1. Introduction 

The Magnetosphere is a region of space 

surrounding planets and an astronomical object, it 

shields the planets from incoming plasma and 

protecting its atmosphere. The interaction between 

the solar wind and Earth magnetic field 

(magnetosphere) effect on a human health, harm 

communications and power grids and even damage 

satellites. So, the study of magnetosphere benefits 

not only the science society, but also the economy to 

accurately model the dynamics and to predict 

adverse events. The magnetosphere comprises 

regions with different particle temperature, densities 

and magnetic field strength [1-4]. To form a 

magnetosphere, there are three parameters are 

required: a strong planetary magnetic field, solar 

wind plasma and the ionization of the planetary 

upper atmosphere (ionosphere). The structure of the 

magnetospheres depends on several characteristics 

of each planet: the spin period of the planet, 

magnetic dipole axis, and solar wind flow velocity 

[5]. There are four types of magnetosphere: The 

heliosphere for the Sun, Interactions of the solar 

wind with asteroids and comets, Magnetospheres of 

magnetized planets (Earth, Mercury, Jupiter, Saturn, 

Uranus and Neptune) and Magnetospheres of 

unmagnetized planets (Mars and Venous). The third 

type is taken which is related to the planets selected 

in this research. The Earth magnetosphere is a 

magnetic region around the Earth created by the 

interaction of the solar wind with the Earth magnetic 

field. In this region, the terrestrial magnetic field is 

dominant, and the shape is distorted from that of a 

perfect dipole due to the solar wind pressure. When 

the supersonic solar wind encounters the sun facing 

side of the Earth magnetic field, it exerts a pressure 

on the dayside of the Earth magnetic field and is 

compressed towards Earth forming a structure like 

head having radius of about 8-15RE. The night side 

of the field is stretched out to form a long magnetic 

tail whose diameter is about 50RE, as shown in Fig. 

(1a) [6]. 

The solar wind particles cannot penetrate the 

Earth magnetosphere because the charged particles 

are deflected by the geomagnetic field, so the Earth 

magnetosphere shields the Earth from the harmful 

high energy particles emitted from Sun, but there are 

times when a small fraction of the incident energy 

enters into the magnetosphere, the amount of solar 

wind particles entering into the Earth magnetosphere 

depends on many factors such as the Interplanetary 

Magnetic Field (IMF) and solar wind parameters 

(density and velocity) [7]. The plasma distribution 

inside the magnetosphere is not uniform and can be 

grouped into different regions with different 

densities and temperatures. The Earth 

magnetosphere is divided into two regions: inner 

magnetosphere and outer magnetosphere. The 

regions of the magnetosphere, where the 

geomagnetic field lines are closed are called the 

inner magnetosphere, the inner magnetosphere is 

subdivided into different regions include ionosphere, 
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plasmasphere and van Allen radiation belts. Also, 

the regions of the magnetosphere where the 

geomagnetic field lines are either deviated to a great 

extent from a perfect dipole shape or open to the 

solar wind in the far tail region are called the outer 

magnetosphere, the two tail lobes, the Plasma Sheet 

Boundary Layer (PSBL) and the current sheet are the 

main regions in the outer magnetosphere [8]. The 

interior of the Jupiter is the place of a strong dynamo 

that produces a surface magnetic field with strength 

about 4 Gauss (1 Gauss = 10-4 Tesla). This strong 

magnetic field and its fast rotation about 9h 

55minute; create a special magnetosphere in the 

solar system, as shown in Fig. (1b). The Jupiter 

magnetosphere different from all other 

magnetospheres; that it derives much of its plasma 

internally from the Jupiter moon Io [9]. 

 

 
(a) 

 
Fig. (1) The magnetosphere of (a) Earth and (b) Jupiter [14] 

 

The observations from Galileo show that, the 

field and current strengths are not symmetric in 

Jupiter’s magnetosphere, but show local time 

asymmetries similar to those observed in the Earth’s 

magnetosphere. This finding suggests that the solar 

wind drives a convection system in Jupiter 

magnetosphere in ways similar to the Earth 

magnetosphere [10]. The magnetosphere of Jupiter 

is divided into three regions: inner <10RJ, middle 10-

40RJ and outer > 40RJ. The inner magnetosphere is 

the seat of plasma production for the magnetosphere. 

In the inner magnetosphere, the warm and cold 

plasma is confined to the centrifugal equator, a 

surface defined by the site of points where each field 

line reaches its maximum distance from the 

rotational axis of Jupiter. The information on the 

location of the dipole has to be continually 

propagated outwards from the inner magnetosphere 

[11]. In the middle magnetosphere, the plasma 

corotation with Jupiter magnetosphere gradually 

breaks down because the weakly ionosphere of 

Jupiter is not able to impart enough angular 

momentum to the out flowing plasma. The radial 

currents, which enforce corotation on the middle 

magnetosphere plasma, create aurora in the Jupiter 

ionosphere by accelerating electrons into the 

ionosphere. In this region, the magnetic field 

becomes highly stretched as it acts to contain the 

plasma against the strong centrifugal and thermal 

pressure forces. The plasma temperature is high and 

it is not understanding what processes are 

accountable for bracing the warm plasma to high 

values in this region [12]. In the outer 

magnetosphere, the plasma velocity lags corotation 

by a factor of two or more. Through the dayside this 

region is depending on the solar wind dynamic 

pressure the dayside magnetopause can be found 

from a distance of about 45-100RJ and in the night 

side outer magnetosphere, an additional current 

system occur that connects the magnetodisc current 

to the magnetopause currents. This current system, 

called the magnetotail current system further 

stretches the magnetic field lines, creating a long 

magnetotail, length more than 7000 RJ, which has 

been known to extend to the Saturn orbit [13].  

 

3. Results and Discussion 

The planetary magnetic field is strong enough to 

deflect the charged particles of the solar wind. The 

condition for successfully deflecting the solar wind 

is that the pressure of planetary magnetic field must 

be equal pressure due to the solar wind [14]. The 

magnetosphere size in units of planetary radii is 

given by [15]: 

RMP = Rp (
 Bo

2

 2µo ρsw vsw
2  

)
1/6

  (1) 

In general, according to the (RMP) values the 

magnetosphere can be classified as: Intrinsic 

magnetosphere for RMP >> Rp, (when the main 

opposition for the flow of solar wind is the magnetic 

field of the object). Mercury, Earth, Jupiter, Saturn, 

Uranus, and Neptune have intrinsic magnetospheres. 

And Induced magnetosphere for RMP << Rp, (when 

the solar wind is not opposed by the object magnetic 

field, while it interacts with the 

atmosphere/ionosphere of  the planet, or surface if 

the planet has no atmosphere), Venus and Mars is an 

example for this type. Venus has an induced 

magnetic field because it has no dynamo, the only 

magnetic field present is that created by the solar 

wind covering around the physical obstacle of Venus 

[12].  

In this study, two planets with dipole magnetic 

field from the solar system are selected in this 

https://en.wikipedia.org/wiki/Venus
https://en.wikipedia.org/wiki/Dynamo_theory
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research to study the size of planetary 

magnetosphere (RMP), and years 2016-2018 chosen 

as available data from the site. The data were 

obtained from the GSFC/SPDF OMNI Website 

interface, (https://omniweb.gsfc 

.nasa.gov/form/dx1.html) for the solar wind velocity 

(vsw), solar wind density (ρsw), the criteria for 

selecting these two planets is according to the 

strength of the surface magnetic field: one from 

inner planets (Earth with strong surface magnetic 

field) and one from outer planets (Jupiter with strong 

surface magnetic field). A program is setting up by 

using (C sharp is programming language) to 

calculate the surface magnetic field (Bo) for the 

magnetized planets. We will mention below the data 

analysis and results first for the Earth and then for 

the Jupiter: Figure (2) represented the monthly 

median of the Earth magnetosphere size (RMP in km), 

for same period respectively, the RMP is calculated 

by using Eq. (1). From this figures we show that, 

there are a fluctuation in the monthly median 

behaviour of the Earth magnetosphere size along the 

three years chosen, the Earth RMP values ranged 

between 9-14RE (RE is the Jupiter radius). The reason 

for this fluctuation is due to changes in the magnetic 

field and the speed and density of the solar wind, 

which is variable with the solar activity and it 

changes every hour, so this fluctuation occurs in the 

radius of magnetosphere. Figure (3) shows the 

calculated monthly median of the magnetosphere 

size (RMP in km) for Jupiter by using Eq. (1), along 

the same three years 2016, 2017 and 2018, 

respectively. The results illustrated that, there are a 

variation in the monthly median behaviour of Jupiter 

magnetosphere size (RMP) along the years chosen. 

Where the RMP value for Jupiter ranged between 37-

44RJ (RJ is the Jupiter radius). From results found 

that, Earth have the less magnetosphere size with 

respect to two selected planets because the Earth 

surface magnetic field is weak compared with 

Jupiter magnetic field and the solar wind close to the 

Sun is very dense, while Jupiter have the largest one 

because the Jupiter with strongest surface magnetic 

field from chosen planets in our study. 

 

4. Conclusion  

Based on the results obtained, Earth has a less 

magnetosphere size (RMP) while Jupiter has the 

largest one, depending on their surface magnetic 

field strength and their distance from the Sun. Not 

only planets with strong surface magnetic field that 

have large magnetosphere but also the planet whose 

weak magnetic field create moderately large 

magnetosphere in the tenuous solar wind far from 

the Sun. 
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Fig. (2) Calculated monthly motion of the Earth magnetosphere 

size for the years 2016, 2017, and 2018 
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2017 

 
2018 

Fig. (3) Calculated monthly motion of the Jupiter 

magnetosphere size for the years 2016, 2017, and 2018 


