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Abstract—The Lunar surface is electrostatically charged by several mechanisms. The dust particles which are resting on the lunar
surface are also charged and levitated. We have taken study model and simulate the model with different Solar Elevation Angles. The
Lunar surface charging is depends on the solar elevation angle. When solar elevation angle increases, surface potential also increases
with 5.2 V up to the 90°, after 90° its start to decreases with -60.31 V up to the 180°. The Electric Field and Electrostatic Force are
change with the solar elevation angle, as same as surface potential characteristic. If electric field or potential increases then surface
particles are levitated higher. So, applying concept of solar elevation angle on study model we can easily say at which solar elevation
angle the surface potential and electric field is Minimum for safe landing at lunar site for future mission.

Index Terms— Levitation; Lunar; Solar Elevation Angle; Surface Charging.

I. INTRODUCTION (HEADING 1)

During the Apollo 17 astronauts observed dust particles which are reaching from 10 to 100 km above the lunar surface [1].
During the day when UV lights and Solar Wind are exposed on to the lunar surface; lunar surface is charged positively and during
the night lunar surface is charged negatively due to the Plasma [2] as shown in Fig.1. The dust particles which are resting on the
lunar surface are also charged by surface electric field, contact potential difference etc [2]. The dust particles are not levitated that
region is called “Dead-Zone” region [3], which is very interesting region for the planetary science because we can choose this
region as a lunar landing site for future mission.

This paper presents simulation of relation between Potential, Electric Field and Electrostatic Force with different solar elevation
angle on lunar surface. At the lunar surface the dust particles are levitated with higher velocity so, these particles may be puncture
or stuck the Lander or the lunar spacecraft. So, a region may be choosing where dust particles are not levitated is calculated through
the solar elevation angle because this angle has relation with potential. So, knowing the relation between solar elevation angle and
potential relation is important for choosing lunar landing site.

Here, we consider a study model for calculating the lunar surface charging. In this study model we are applying the standard
analytical calculations.

In this paper, Particle-In-Cell (PIC) simulation based study model is developed for lunar environment. The surface potential,
electric field and electrostatic force between dust and lunar surface are obtained from PIC simulation. These simulations are used to
study dust levitation. Section Il discusses the simulation models for lunar charging. Section Il presents calculated results for
surface potential, electric field and electrostatic force different solar elevation angle. Section IV contains a summary and
conclusions.

Fig.1. Concept of Lunar Surface Charging
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Il. FORMATION AND APPROACH

We consider lunar dust particles which are initially resting on the lunar surface. Here some particles are inserted when the solar
winds are coming. This problem is simulated using the Particle-In-Cell (PIC) code in MATLAB. This section discusses the
interaction characteristics with changes in Solar Elevation Angle. Fig.2 shows the model setup and Fig.3 shows the solar elevation
angle on the lunar surface. In this paper, Particle-In-Cell (PIC) simulation based study model is developed for lunar environment.

A. Lunar surface Charging

We take some Lunar Prospector data for lunar surface charging which are shown in Table I. These parameters are applied for
the model. We are calculating some plasma parameters like photoelectron current, ion current, electron current etc which are used
in our computation. We have used the current balance Equation (1) which is taken from [5, 6].

le +Ii + Iph +Is =0 (1)

where, I is the electron current, I; is the ion current, I, is the photoelectron current, I, is the secondary electron current which we
are ignoring because its value is very less compare to other.
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where, lo is the electron density, ly; is the ion density and lqp, is the photoelectron density which is derived from Equation (2)
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lye = —ne

where, a is the Solar Elevation Angle at the lunar surface.
We take Debye length is

Ap = 6.9 % 10—2\@ ©)

where, n=ne=n;, densityand T = T, = T;, Temperature.

TABLE I: Solar Characteristics which are apply for the Model [6]

Parameters Value
Mass of electron me, kg 9.1x10"
Mass of ion m;, kg 1.67x107%
Temperature T, eV Day - 10, Night - 16
Photoelectron Temperature T,, eV 2.2
Electron Density n, #/cm’ Day - 5, Night - 0.8
/1

Surface with ‘\\ Negative ion
Positive ion

Fig.2. Study model for lunar surface charging
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Fig.3. Solar Elevation Angle on Lunar Surface

Surface Potential for day- side is founded by [6]

KT, I,
¢s = In (22) @
and night-side Surface potential is founded by [6]
¢ = —5=x In () )

B. Model for Levitation parameter

In this, Particle-In-Cell simulations are carried out by applying boundary condition [7]. Initially we take surface potential
¢s = 0 V. For founding the surface potential with different solar elevation angle we have used equation 4 & 5. Electric Field at
lunar surface is obtain from the Potential which is shown in equation (6) which is taken from [6]

E=2% )

Ap
If the potential increases than the Electric Field is also increases. Electrostatic Force on the lunar surface can be founded by the
equation (7)

F =q+E ()
where, q is the electronic charge

These all equations are applying for lunar surface charging simulations in the next section. During the initial dust charging
process, the single dust grain charging model does not change the dust charge significantly [2].

I11. RESULTS AND DISCUSSIONS
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Solar Elevation Angle Vs Surface Potentia
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Fig.4. Relation graph of Solar Elevation Angle and Surface Potential

This section presents PIC simulations of lunar surface charging with different solar characteristics. The parameters used in the
simulation shown in Table I. In Fig.1. A circle is created on the study model which has negative potential, (means that it can be
considered as a night-side region), and the rest of the region in study model has positive potential, (means that it can be
considered as a day-side region). As per the Equation (5) surface potential in the night-side region doesn’t change with the Solar
Elevation Angle. So, the surface Potential and Electric Field is fixed for the circular object, the values are -60.30 V and -5.73 V/m
respectively.

For the region in the study model without the circle object, surface potential changes with different solar elevation angle as
shown in Fig.4. When sun elevation angle increases the surface potential starts to increase up to 90° because morning is
eventually transferred in afternoon. After 90° solar elevation angle, surface potential decreases because the afternoon is eventually
transferred in evening and tends to night. During the day, surface potential has maximum value 5.2 V at the solar elevation angle
90°. At the solar elevation angle 180°, we get higher surface potential but in the negative which is -60.31 V. So, the electrostatic
force is also high as shown in Table Il. As Electrostatic force increases, the acceleration also increases so, levitation height of dust
particles is very high at the night-side region.

TABLE II: Levitation Parameters with Solar Elevation Angle

Solar Elevation Surface Electric Electrostatic Force
Angle Field (E), V/m (Fg) x 102, N
10° 0.1284 2.05
20° 0.2703 432
30° 0.3498 5.597
40° 0.4024 6.439
50° 0.4392 7.026
60° 0.4649 7.43
70° 0.4820 7711
80° 0.4918 7.864
90° 0.4950 7.919
100° 0.4918 7.86
150° 0.3498 5.59
180° -5.7395 918

As per the Equation (6) and (7) when surface potential increases, electric field and electrostatic force also increases. We get
value of Debye length as 10.50 m. So, here value of electric field and electrostatic force depends only on the solar elevation angle
as shown in Table II. The electric field and electrostatic force increases in the positive direction up to 90° with 0.495 V/m and
7.919x10% N respectively. At the solar elevation Angle 180°, electric field and electrostatic force are in the negative direction
with —g.?4 V/m and -91.8x10%° N respectively, but the electric field magnitude and electrostatic force magnitude increases after
the 90°.
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1V. SUMMARY AND CONCLUSION

The Particle-In-Cell method is used for the lunar surface environment and simulation results are carried out. When solar
elevation angle increases the surface potential and electric field increases up to 90° with 5.2 V and 0.495 \V/m respectively. After
90°, the surface potential and electric field are decreases up to 180° with -60.31 V and -5.74 \V/m respectively. The nature of
variation in electrostatic force is same as electric field. Surface potential magnitude and electric field magnitude increases then
levitation height of dust particles are also increases. So, if we want to choose lunar landing site then the day side region is prefer
with the Solar Elevation Angle between 0°-10°, because at that solar elevation angle surface potential and electric field both are
lesser as compare to the other solar elevation angle. So, we may be safe our Lander if we choose this range of solar elevation
angle.

This paper explain study model to show lunar surface charging with different Solar Elevation Angle and also gives the idea of the
lunar landing sites for future planetary mission. More sophisticated dust charging models will needed to be developed in future
studies to understand the dust charging characteristics in the surface topography [8, 9].
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