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SUMMARY

The depletion of Mars' magnetic field has led to
drastic changes in its atmosphere, causing decreased
temperatures and the disappearance of surface
water. This depletion poses a threat to the health of
astronauts and potential inhabitants due to increased
solar radiation. Restoring Mars' atmosphere is
crucial for human colonization. Our study focuses on
optimizing amagnetic field for Mars using a theoretical
model. We hypothesized that our model could
generate a magnetic field of 2 T, which is the quantity
needed to protect Mars, according to James Green.
The model incorporates superconducting magnets,
5804 m? of solar panels, and a superconducting
magnet with a current of 1.6 x 10* A. Here, we explore
the relationship between current and magnetic field
strength. Lithium-ion batteries play a pivotal role in
advancing the feasibility of this proposed method
for generating a magnetic field on Mars. Their high
energy density, coupled with the ability to provide
sustained power over extended periods, ensures
a reliable and long-lasting energy source for the
spacecraft tasked with implementing this technique.
The method of generating a magnetic field on Mars
has broad implications, offering protection against
solar wind and radiation on various celestial bodies.
Implementing this method could raise Mars's
temperature and melt polar ice caps. In summary, our
study proposes a theoretical model for a magnetic
field of 2 T on Mars, with specific parameters. This has
the potential to revolutionize planetary colonization
and space life sustainability.

INTRODUCTION

Colonizing Mars has emerged as a captivating endeavor
in the modern world, driven by the need to accommodate the
growing human population. However, sustaining life on the
red planet faces significant challenges due to its inhospitable
conditions. One crucial requirement for human habitation is
the presence of a protective magnetic field (1). Without a mag-
netic field, astronauts and future colonizers would be suscep-
tible to harmful solar radiation, jeopardizing their health, since
the Martian atmosphere remains vulnerable to solar wind and
cosmic rays (1). Solar wind, consisting of charged particles
emitted by the sun, poses a significant threat to Mars. Earth
is protected from solar wind due to its magnetic field, but Mars
lacks this safeguard (2). Although Mars was believed to have

had its own magnetic field in the past, its small size led to the
loss of energy in its core, resulting in core cooling and the in-
ability to generate a magnetic field (3).

James Lauer Green, an American physicist and retired
chief scientist for NASA, proposed generating a magnetic
field on Lagrange 1 Point (L1) (4). Lagrange Points are sta-
tionary locations in space where the gravitational forces act-
ing on a small body are balanced by the centrifugal force
within a rotating frame associated with more massive bodies.
In his academic paper, Green proposes placing an artificial
magnetosphere shield at the L1 to obstruct solar wind, which
consistently erodes the Martian atmosphere (4). He suggests
that doing so could enable the accumulation of trace gases,
gradually forming a tenuous atmosphere on Mars. Over time,
the presence of greenhouse gases would contribute to warm-
ing the atmosphere, leading to the thawing of trapped water,
which would then transform into water vapor. This process
has the potential to replenish approximately one-seventh of
Mars’s oceans (4). Our research focuses on further develop-
ing this idea by using solar sails, solar panels, and supercon-
ducting magnets to protect Mars from solar wind and make
Mars habitable (Figure 1).

To generate an artificial magnetic field, superconducting
magnets offer a promising solution. They are often used in
hospitals for Magnetic Resonance Imaging and in scientific
instruments such as Nuclear Magnetic Resonance spectrom-
eters, fusion reactors, and particle accelerators (5). These
magnets exhibit reduced resistance and increased efficiency,
allowing for the production of a larger magnetic field with lower
energy consumption. Superconducting magnets exhibit zero
resistance and generate no heat, allowing them to maintain
high current strength (6). The main requirement for maintain-
ing zero resistance is reducing the temperature to extremely
low values, which is achieved by submerging the electromag-
net in liquid helium (6). To minimize gas evaporation, the con-
tainer is additionally dipped into another Dewar vessel filled
with liquid nitrogen. Under these conditions, the winding of a
superconducting magnet has zero resistance. Even if the cir-
cuit is tightly closed, the electric current supplied to the circuit
will persist for as long as desired. Superconducting magnets
are well suited for use in space because they consume very
little power, and superconductors can operate at current den-
sities which are much higher than conventional conductors
7).

To transport and deploy these magnets, solar sails could
be an ideal solution. Solar sails utilize the pressure of light
emitted by the sun to propel spacecraft. Solar sails eliminate
the need for fuel as they rely on photons for movement (8).
To supply energy to the magnets, solar panels can be used.
When the sun shines onto a solar panel, energy from the sun-
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Figure 1: A physical model that illustrates the idea of generating
a magnetic field on Mars. The yellow sphere is the Sun. Colorful
garlands are solar wind. The little green pointis L1. The little red point
is Mars. If a magnetic field is placed on L1, a solar wind that heads
toward Mars will collide with the magnetic fields on L1 and leave Mars
under protection.

light can be absorbed by the photovoltaic cells in the solar
panels to convert sunlight directly into electricity (9,10). Lithi-
um-ion batteries, known for their high energy storage capac-
ity, efficiency, and relatively low mass, can store the energy
harnessed by the solar panels. Energy of lithium-ion batteries
can reach 130 W/kg or more, with an efficiency of 95% (11).
However, one of the main advantages of lithium-ion batteries
is their small mass compared to other batteries; minimizing
mass is critical for achieving efficient fuel consumption and
overall system performance

To ensure the stability of the magnet system, it has been
proposed by James Lauer Green to launch the solar sail and
magnets to L1. By establishing a magnetic system at L1, Mars
can be shielded from solar wind for an extended period of
time (4). The purpose of this work is to investigate the fea-
sibility of protecting Mars from solar wind and radiation by
generating an artificial magnetic field. In our study, we aimed
to determine if our model could generate a magnetic field of
2 T, as hypothesized by James Lauer Green to be neces-
sary for effectively protecting Mars from solar wind. The ex-
periment demonstrates the feasibility of generating a mag-
netic field using superconducting magnets and solar sails and
highlights the significance of L1 as a stable location for the
magnet system. We identified L1 as a suitable location for the
magnet system, determined the required current strength and
parameters for the superconducting magnets, and evaluated
conductive materials for their superconducting properties.
Our findings that creating a 2 T magnetic field with our design
hold promise for advancing our understanding of Mars coloni-
zation and motivate further research in the field.

RESULTS

Overall, our experiments were designed to test the hy-
pothesis that there is a dependence between magnetic flux
density and current. This investigation stems from our interest
in exploring the feasibility of generating magnetic fields using
superconducting magnets. Specifically, we sought to under-
stand how variations in current affect magnetic flux density,
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which is crucial for optimizing the performance of such mag-
nets. In this experiment, a circuit was activated by turning on
the direct current source. Then, we measured magnetic flux
density with a conditional teslameter and current with an am-
meter while adjusting resistance using a rheostat (Figure 2).
Our results demonstrate a clear and expected dependence
between current strength and magnetic flux density (Figure
3). This experimental work serves as a foundational step for
further calculations and practical applications involving su-
perconducting magnets.

The experimental results (B/T) exhibit a consistent trend,
decreasing from 1.50 T to 0.50 T in response with current
strength (Table 1). Notably, the values generally align with
the corresponding theoretical predictions, but deviations are
observed in certain instances, such as in experiments 2 and
3, where theoretical and practical results of magnetic flux do
not align (Figure 3). Deviations indicate instrumental errors,
environmental factors, and human errors. The comparison
between experimental results and theoretical calculations
served as a critical validation step, ensuring the accuracy of
the experimental model. This verification process is essential
for establishing the reliability of the experimental setup and
the applicability of the coil magnetic induction formula in pre-
dicting magnetic field strength under varying current condi-
tions.

The magnetic induction is required to calculate magnetic
stress, which was found to be 1.6x10 A/m. We calculated the
coil size, current strength of the magnet to be 1.6x10* A, and
magnet power to be 512x10® W. Subsequently, these values
were employed to calculate the necessary area of solar pan-
els, which are used for powering the proposed super magnets.

Figure 2: Experimental setup. This picture shows tools used in
experiment. The experimental setup consisted of a circuit comprising
a (1) current source, (2) resistor, (3) coil, (4) conditional teslometer,
and (5) ammeter.
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Dependence of the current strength of the coil on the magnetic induction
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Figure 3: Dependence of the current strength of the coil on
the magnetic induction vector. Despite minor fluctuations in the
experimental data compared to the values predicted by calculations
demonstrating the relationship between magnetic flux density and
current remains important. The graph illustrates the relationship
between current, |, and magnetic flux density, B, with likely calculated
values represented by a curve.

The area of the solar panels is estimated at approximately
5804 m2. By calculating the required strength density, we
were able to identify a suitable material for a superconducting
magnet. Based on our findings, a vanadium-gallium mixture
exhibits the characteristics of a superconducting magnet (6).

DISCUSSION

Our findings corroborate the fundamental principles of
electromagnetic theory. Specifically, we observed that an in-
crease in current strength leads to a corresponding increase
in magnetic induction. This relationship underscores the
predictable nature of electromagnetic phenomena and vali-
dates the theoretical framework on which our experiment was
based.

However, further investigation is needed to understand
the slight disparities observed, particularly in experiments 2
and 3, where theoretical and experimental values of magnetic
flux density diverge by 0.2x10* T and 1.3x10* T, respec-
tively (Table 1, Figure 3). Deviations between experimental
and theoretical values provide insights into model accuracy.
Analysis of results may reveal factors like experimental error
or calibration issues contributing to these deviations. These
deviations may guide further refinement of the theoretical
model.

These results, therefore, lay a robust foundation for fu-
ture investigations and calculations. The demonstrated rela-
tionship between current strength and magnetic flux density
opens avenues for more nuanced studies, contributing to the
broader understanding of magnetic fields and their applica-
tions. Additionally, the successful validation of the theoretical
model enhances the credibility of the methodology, under-
scoring its potential significance in practical applications and
furthering advancements in related research endeavors.

Our study was conducted using a coil as a simplified simu-
lation, and further research is essential to validate these re-
sults in a more realistic environment, for example outer space.
Future work should consider disruptions such as the impact of
solar wind and cosmic radiation. Our experiment could also
benefit from an increased number of replicates to enhance
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the statistical robustness of the outcomes.

There are also practical limitations to consider regarding
the feasibility of our research. Our calculations reveal that
a considerable amount of wire will be needed to create the
desired magnetic field. Subsequent experiments may delve
into alternative coil configurations, varying the number of
windings, launching methodologies, or different materials to
optimize magnetic field generation at the Lagrange point (6).
Even with sufficient financial resources, the challenges of
launching such a colossal mass and size into space must be
addressed. The feasibility of deploying necessary equipment
and associated energy requirements should be explored for a
more accurate understanding of the proposed magnetic field
construction in the Martian environment. Finally, investigating
the influence of temperature and external factors on magnetic
field generation holds potential for practical applications.

In conclusion, our work effectively supports the positive
correlation connection between magnetic field strength and
coil current. Our findings have significant implications for the
endeavor to generate a robust magnetic field at Mars's La-
grange point. Following Jim Green'’s proposed requirement
for a magnetic induction of 2 T at L1, our method of calculating
magnetic induction in the coil can serve as a basis for deter-
mining the construction specifications necessary to establish
the magnetic field at this pivotal location (4). These applica-
tions extend to future space missions and the prospective
colonization of the red planet.

MATERIALS AND METHODS
Experimental Setup

We used an electrical circuit consisting of a current source
(JA-SI-8050), resistor (I# RM5000), coil (ElectraCoil X-200,
Cat# ECX200), conditional teslameter, and ammeter (Tech-
Probe Inc., Model# TP5000) (Figure 2). The experiment
involved measuring the current strength of the coil and the
magnetic induction vector while varying the resistance of the
resistor.

According to the technical characteristics of the solenoid
used in the experiment, the inductance, L=0.014 H; the num-
ber of windings, N=80, and the length, | = 63x10-* m. Using
these data, the magnetic induction, B, in the coil was calcu-
lated as

B = p0-I-N (Eq. 1)
l
Ne 1(A) Experi(nTl;ental B Calcu(!?)ted B | \x104 M | (4x/%)*100%
1 1.50 23.5*10* 24.0*10* 0.50 2.08
2 1.1 18*10* 17.8*10+ 0.20 112
3 0.98 17*10* 15.7*104 1.30 8.28
4 0.74 12*10* 11.9*104 0.10 0.84
5 0.59 8*10* 9.44*104 1.44 15.3
6 0.50 7*10* 8.00*10* 1.00 12.5

Table 1: Theoretical and experimental values of magnetic
induction as resistance changes. Comparison of the experimental
and calculated values of magnetic flux density, B, for various values
of current strength, I. The absolute error, Ax, and relative error,
Ax/x, between the calculated data and data obtained through the
experiment are also reported. | varied between 1.50 and 0.50 A,
while B varied between 23.5x10-4 and 7x10* T.
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where y, is the magnetic constant, | is the current strength, N
is the number of rolls, and | is the length of the coil.

_ MO-I'N _ 12.561077-1.2:80
- T 63103

B =19.14-1074T

(Ea. 2)

Current strength of the coil and the magnetic induction vector
were measured while changing the resistance of the resistor.

Calculations

Generating a strong magnetic field on the planet Mars re-
quires a magnetic induction at L1 equal to 2 T (4). The mag-
netic stress, H, was calculated as follows from the magnetic
induction vector, B, and the magnetic constant, p0:

B 2

H= 10 " 1256107

=1.6-10°4/m (Eq. 3)
The length of the rolls, L, was calculated as follows from the
length of the coil, L_, = 5%10° cm, the diameter of the wind-
ings, d = 1 cm, and the diameter of the coil, D = 1x10* cm.
Lyous = ™D *2 = 3.14 - 10* g =157-10%m (Eq. 4)
Similarly, the number of wounds on the coil for the supercon-
ducting magnet was determined as follows:
5-10%

N=1=31%"_5. 105

d~ 001 (Eq.5)

Previously calculated values were used to find the current
strength as follows:
Bl 2:5000

— _ _ . 4
I'= MON - 12.56-10~7-5-105 - 16 10 A

(Eq. 6)

The area of the superconducting magnet, S, was calculated
as follows, where R is the radius of the coils:
S=m-R?=3.14-0.25cm? = 0.78cm? (Eq.7)
The resistance, R, of the superconducting magnet was cal-
culated as follows, where p is the magnetic resistivity, | is the
length of the rolls, and S is the cross sectional area of the
superconducting magnet.
_ L _ 1n-13 157:10° _ L a0—4
R= ps= 10 78 = 20-107*0 (Eq. 8)
The voltage of the superconducting magnet, U, was calcu-
lated as follows, where | is the current strength and R is the
resistance of the superconducting magnet:
U=I1-R=16-10*-20-10"* =32V (Eq. 9)
The power required for the magnet, W, was calculated as fol-
lows:
W=U-1=32-16-10*=512-103W (Eq. 10)
The current strength density, j, was calculated as follows,

where | is the current strength and A is the cross sectional
area of the coil:

. _ 1 _ 16103
] =27 078emz

(Eq. 11)

=2-10*A/cm?

Given a solar panel efficiency of 15%, the area of this solar
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panel was calculated using the formula given below, where A
is the area of the solar sail, W is power, H, is intensity of a sun
in W/m2, and I is efficiency of the solar sail (14):

w 512-103

— _ _ 2
A= Hom ~ 588:0.15 5804m

(Eq. 12)

The properties of conductive materials used for windings of
superconducting magnets were evaluated. The distance from
Mars to the L1 for the sun and Martian system was calculated
using Kepler’s law,

r=R3@

o (Eq. 13)

where r is the distance of L1 from Mars, R is the distance be-
tween the sun and Mars (R, = 228*10° m), M, is the mass of
the Sun (M, = 1.98x10% kg), and M, is the mass of Mars (M,
= 6.39x102% kg).

v6.39-10%3

31981030 1.08 - 10°m

r=(228-10%)3 (Eq. 14)
Forces acting on Lagrange point to solar sail should be equal
to each other, so the force of gravity and the centripetal force

acting on Mars must be equal.

F1=F2 (Eq. 15)
M  m2 (Eq. 16)
R? R
GM
= |- Eq. 17
v R (Eq. 17)
_ [es7107m630102 Ea 1
v \/ 338105 3.55km/s (Eq. 18)

Where G is the gravitational constant, M is the mass of Mars,
and R is the radius of Mars, and v is the speed of movement
of the space sail.
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