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ion of the moon and the earth, the moon will experience dif-
a environments, and its charging voltage will change periodically

ansformation of the plasma environments, the charging potential will
ge accordingly. When passing through different plasma environments,
e charging potential may also change abruptly in a short time.
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1. Introduction

Before humans landed on the moon, researchers predicted that the day side of
the moon would be positively charged due to photoelectron emission [1] [2].
This prediction was subsequently confirmed by the SIDE experimental device
deployed in Apollo project. The measurement results show that in the solar
wind, the moon surface is positively charged (=+10 V) in the daytime, negatively
charged (=—100 V) near the terminators and at night [3]. The lunar surface po-
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tential measured by electron reflectometer (ER) on the Lunar Prospector (LP) is
basically the same as that observed by SIDE [4] [5]. However, under special en-
vironmental conditions, such as during the solar high energy particle (SEP)
event, the potential of the lunar surface may be as high as ~4 kV [6] [7].

The main current sources leading to lunar surface charging include the elec-
tron light emission caused by the solar ultraviolet (UV) radiation, the plasma
electron and ion current, and the secondary electron current on the lunar sur-
face. When the sum of the current in and out of the lunar surface is zero, the lu-

nar surface reaches the equilibrium potential, which is act e basic prin-

observation results of the lunar surface [8] [9].
The charging of the lunar surface has a signi

eling analysis [11] and e

recorded impact can very

the charging of nar surface will have a significant impact on the lunar ex-

ing of the lunar surface will lead to a strong adhe-

der to analyze the variation of the charging voltage with the key envi-
ronfmental parameters, a one-dimensional charging model is established based
on the current balance equation. In addition to the typical solar wind plasma
and solar radiation environment, this paper also considers the environmental
factors such as the lunar wake, the earth’s magnetosheath and the magnetotail
experienced in the whole lunar daily cycle, and gives the simplified charging
voltage with the change of the lunar local time. In Section 2, we first establish a
one-dimensional charging model of the lunar surface and give the calculation
equation used in the model. The corresponding numerical calculation and anal-
ysis results are given in Section 3, including the charging characteristics varying
with the solar zenith angle, plasma parameters and time. Finally, a brief sum-

mary and conclusion are given in Section 4.

2. Charging Model

Because the scale of the moon is much larger than that of the sheath formed by
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the charging of the lunar surface, the charging problem of the lunar surface can
be simplified to the solution of one-dimensional current balance equation. As
shown in Equation (1).

J,+J, +J+J. =0 (1)

where J,is the photocurrent density, /, is the plasma electron current density, /;

is the plasma ion current density, /, is the secondary electron current density.
Considering the extremely low conductivity of the lunar dust and low plasma

energy, we can ignor the secondary electrons caused by the incident plasma

lunar soil

electrons and ions (the secondary electron emission coeffi
reaches the peak value at about 700 eV [18]), the Equatig
state can be simplified as follows:

J,+J,+J,=0

In the moon night, it can be further simpli

[19]:
When ¢, > 0:

Yo @
photoelectron den

kT 112
J,=—en, (27[’; J (5)
5 172 ; p
n = _( ﬂmeJ poCOS ©)
kT, e

where 6 is the solar zenith angle, /, is the current density of photoelectron per-

pendicular to the surface.

When ¢, > 0:
1/2 2 1/2
Vcosé
J, =en, KT exp _me( cos0) +Vcos6’ erf || —2e Veos® |—1
27mm, 2k,T, 2 2k,T,
™)
e 2 204 2P
J, =—enyd| 2| exp|-— " Veoso+| =R
2zm, 2k, T, m,
(8)
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where V' is the plasma overall velocity, n, is the plasma density outside the

sheath, m; is the proton mass.

When ¢, < 0:
1/2 2
k,T (Vcos®
g m—en A[ T | | - (Ve0SO)
27m, 2k, T,

V 9 1/2 (9)
cos f ( d J VeosO |—1
BTi
k 1/2 1/2
J, =en, [ L j exp| ——=| VcosO + ¢°J
27m, oL,
(10)

According to Equation (1) to E (10), the va

parameters can be calculated.

n of ¢, with different

and Vrepresent the plasma parameters of the lunar sur-

0 the solar activity and the relative position of the earth

Change the value of n,, and calculate the changing rule of ¢, with & as shown
in re 1, where 6 also corresponds to the lunar local time. Without consi-
defing the location coordinate, § = 0° corresponds to the noon (local time 7; =
12), when 8= 90 = corresponds to the evening (7; = 18). With the increase of 6,
the charging potential of the lunar surface gradually transits from the positive
potential to the zero potential at the terminators. With the increase of 6, the in-
fluence of photoelectron gradually weakens. The plasma electron current gradu-
ally dominates the current balance process and the lunar surface has negative
potential. When &> 90°, the lunar surface is charged to the maximum negative
value.

It can be seen from the analysis of the curves corresponding to different n,
values that, with the increase of 1, value, the charging voltage in the day area de-
creases gradually. When 1, = 100/cm’, the charging voltage in the day area is
negative, at the same time, with the increase of n, value, the smaller the value of
0 corresponding to the zero potential of the lunar surface is, indicating the earli-

er the zero potential occurs.
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creases gradually, and the
(the absolute value increa

Change the 7, value, a
Figure 3. With the increa

alculate the changing rule of ¢, with &as shown in

rease of V' value, the charging voltage of the day area de-

r surface will successively experience the influence of solar wind plasma, lu-
nar wake plasma, magnetic sheath plasma and magnetic tail plasma. There are
certain differences in plasma parameters, resulting in periodic fluctuation of
charging voltage, as shown in Figure 5.

As shown in Figure 5, when 7 < 18, the surface charging is mainly affected
by solar wind plasma and solar light. When 7} > 18, the surface charging gradu-
ally transits to be affected by the plasma in the wake of the moon, and the
charging voltage is further reduced. When 7} > 20.82 (based on the estimation of
the proportion of each plasma environment time experienced in a lunar day),
the surface charging gradually transits to be affected by the plasma in the mag-
netic sheath The charging voltage rises to about —325 V; when 7 > 22.42, the
charging voltage of the surface gradually changes to about —340 V due to the in-
fluence of the plasma in the magnetic tail. The plasma parameters selected in the

calculation are shown in Table 1.
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Figure 3. Variation of ¢, with 6 (7, changing).
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Charging voltage(V)

Plasma environnfient ~ Solar wind  Lungf wake Magneto sheath Magneto tail

ny (cm™) 0.1 20 0.15
7.(K) 1.276 x 10° 1x10° 1.682 x 10°
1.0 x 10° 1.276 x 10° 1x10° 7.076 x 10°
Parameters
400 20 350 72
/m?) 4.5 4.5 4.5 4.5
1.7 x 10* 1.7 x 10* 1.7 x 10* 1.7 x 10*

e current balance equation, a one-dimensional charging model is es-
d in this paper, and the variation law of the lunar surface potential under
rent light radiation conditons and plasma environment conditions is calcu-
lated. The calculation results show that with the increase of the solar zenith an-
gle, the lunar surface charging potential gradually transits from positive poten-
tial to negative potential in the day and terminator area, then reaches the maxi-
mum negative potential in the moon night. With the increase of plasma density,
the electron temperature, photoelectron temperature and plasma overall veloci-
ty, the charging voltage in the day side gradually decreases, and the charging
voltage in the night area of the moon surface is greatly affected by the electron
temperature, and the higher the electron temperature is, the more negative the
charging voltage is.

According to the relative position of the moon and the earth, the plasma en-
vironment experienced by the moon includes solar wind, lunar wake, magneto-
sheath, magnetotail, magnetic sheath and then solar wind again. As the plasma

environment is changing and transforming gradually in the lunar night side, the

DOI: 10.4236/jamp.2019.712222

3183 Journal of Applied Mathematics and Physics


https://doi.org/10.4236/jamp.2019.712222

Z.H.Wangetal.

charging potential will also change all the time. When passing through different
plasma environment, the charging potential may also change suddenly in a short
time.

It should be noted that the charging phenomenon under the real condition of
the lunar surface is much more complicated than the results of the model calcu-
lated and analyzed. The main reason is that the plasma parameters of the lunar
surface are dynamically changing, which results in the charging voltage of the
actual lunar surface changing all the time, and the flat curve obtained by fixed

parameters in this paper will not occur in reality. In this pag vhen dealing

Considering the lack of lunar plasma environ
time for different plasma environment experi
In fact, in a lunar day, the time when the ghetic sheath and

magnetic tail plasma will also change. me limitations in
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