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Table 1  Value of parameters! %]
sun angle photon current velocity of photon photon temperature T of sun wind
0/(°) Lo/ (e/( m?-s)) v, /(/s) kyT,. /eV kg T, /eV
10 2.8x10" 8.8x10° 2.2 10.0
electron density photon density lunar gravity dielectric constant Boltzmann constant
n,, /(e/m*) ny, /(e/m*) g /(m/s%) &y /(F/m) kg
5.0x10° 6.4x107 1.62 8.85x107"? 1.38x107%
HRBITSRE E(2)
AN N >9
BRI F 358 B ATl R O R A 5
226,
E, = A ’ (4)
DO

AP A, R H BRI Debye K,

Aoy = /80k T, (5)
‘]e pe,0
HERF I G T2 BT LA RR R
21, ,sin 0
= Swet s (6)

Ve

A, v, OGHE TP R

pe,0



o
H
=

1% i =R 339

v, = e, (7)
I (4) ~ (7)F?ﬁ%i—ﬁ%?”ﬂ@ﬁﬁ@%muﬁgﬁﬁ ERRMEBESRE E, .

fBCE G T A BB MR AN Maxcwell 20, WU H 2 HL I J2= 9 1016 Fi 1 35 T LA s
HERF I 2 YRR

e Z”pe,0(1 +ﬁADj . (8)
[R1BE 7 FL B )2 N A HL 3 0 A FH SRR I AR
() :Eo(l +mmj . (9)
M, BT LIS 3 H BREE 25 1Y B 37 B e ) AR A 100
HABRH R Q,

H 20 H AR 1 SO F RN 5 4 R L R BH XU 1 &5 B 1Ak DL % 2 () L 1 4R AR
%ﬁ;*ﬁﬁiﬂ,f%ﬁﬂﬁﬁ?l_ U s RS | T NS ER it O i SR R S Iphyd\%‘erE{uble‘d A BH RUHL 37

lsw’d .
A FL AT S5 RIS R AR X, B
dQ,
E = Iph,d - Ie,d - Isw,(l ’ (10)
decd'd)d’ (11)
C,=4meg,r,, (12)

C, H BRI,
BT HORL T LB IS IR BUEOEH T RE R IR Maxwell 3457,
XoF Tl 1k HL A H R AB0RE

Iph,d = Trr?lqclph,oexp(_lch(b({) ,

B+ pe

8k, T ¢
s =g, [T, 3:8) 1
sw,d Trrdqensw que 1 + kBTsw ’ ( 3)
18k, T ¢
I . = M( q. d).
e,d Trr(lqenpe mm, 1+ kB Tpe

XoF Tl 6 e A H R0

_ 2
Iph,d = Trrdqclph,() ’

8k, T,
Isw,(l = Trriqensw —— exp(qe(bd) ’

wm, kg T, (14)
8k T, KO
I, =1rqn ex (q ")
e,d aq e pe wm, P kBTpe

ZEA VL ST DIAS 2 H 2R iy B 1 O
1.1.2 #diEHpiise
Y B2z iz gher e @ ARA S S 2 H A E S EH i Eissh i



340 HRE PR G ) B AL

do, Q,

& T E(z) - g, (15)

. :ﬁAD(3E0¢eqz _ 1j. (]6)
dmp g7y

1.2 PICHEF*

ET U EFSIFA A, BARE] PIC J53k, 7T IS 2IAH R B AL AR, p FAREmR
55 p AR R T

AR [i] 25 R 728 g AR 0k A2 sl 5 72 A

x;” =x, + Awg”/z , (17)
ARSI VT (18)
mS
HLff 2% p, N
oS Do
pi= X p W ) (19)
FH Poisson J7 F& FlliZ s 5 L A 1 5 2215
®in — 20, + @, _
& A =p;, (20)
Pis1 — Py
E, =- A (21)
IJa AL H Y £ S R B OCRA
E, = 2 EW(x, -x,), (22)
S, W, - x,) RN IR,
W(x, —xll)szx(x—xp)bo(xA_xx‘) dx . (23)

VAL D7 2B DA A 5 T AT LIS 2 H AR pF e i s sl D0 S5 A i
2 HREVCR R
2.1 #HBBFHSHHE PIC SREEUFER

Bk b2 1 R 375 P35 2 v A B XU R B 6 8 T 380, 7 A B XU BH i S 2 iy A e 358 2
BT, HBRGRIHANHT L, B s g2, ] SOle UL , F A TS ADL L 1 (S B A R 0 2 2 v 14
SIHL MR AL TSR SRICH A2 (IR (ILIAT 4). i T2 2 HL 3 JT AR T,
ML FRAT LAZE SRAEL L 576 F 3 F AR T FE B 25 8] O T2 20 904, IF7E 30 000 /4> ]
A NIB IR L] BT AL ORISR S | B AN 28 A1 R 1 A 70 A 8 B APR A,
2.2 THEFHESENKHEL

P 5 2V DRAS T F 7 50 J3E T FL 8 B s R )2 AR 0. FRATT AT AR 31, 76 A Bk T
(z =0 m) IR IR B KA 5 V/m Rl R L2 RO AR I 76 20 m 2247 R I T 0
K5 SR T AR 2 i TAE R L I IR R AE R TR LR K
HdL AT LA 2, 75 30 m BT A9 H IR TS 1O (TR s B i H A2 B0k, OF B
JEES g, H AR e 8 S R RO i i, o0 PR e PR BRI — v A AT
ARk H BRI M A B R



T F 1 7K =R 341

node n

W 6//
4 4

<

L

-

2
2 2

0 yd . /

0 1 2 3 4 5 6 7 o 1 2 3 4 5 6 7
node » node n
(a) 100 DK i BT 5347 (b) 500 AN A LT 237
(a) Dusts distribution at 100th step (b) Dusts distribution at 500th step

7 7
node n
(¢) 2 000 A iy L 5377 (d) 10 000 A B By L 74377
(¢) Dusts distribution at 2 000th step (d) Dusts distribution at 10 000th step
> ?
5o o S IS o
oﬁap ﬁC%"oo B SecBesncs ,
0 1 2 3 4 5 6 7 7
node »
(e) 20 000 A~ K I L -3 A (£) 30 000 LA Y HL 53
(e) Dusts distribution at 20 000th step (f) Dusts distribution at 30 000th step

B4 B TR RE PIC 2K AR LT O
Fig.4 The distribution of lunar dusts with PIC time step
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Theoretical Simulation of Electrostatic
Levitation of Lunar Dust
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2. Physics Science and Information Engineering School,
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Abstract: The electrostatic levitation of lunar dust particles in the lunar terminator region was
simulated. The main factors influencing levitation were analyzed. The reseach included two
steps: PIC (particle-in-cell) simulations were carried out by using real ion to electron mass ra-
tio to obtain plasma sheath, lunar surface charging, on the basis of which test particle simula-
tions were adopted to simulate the levitation of dust particles from lunar surface. Results show
that the solar elevation angle and dust grain radius are main controlling parameters for the levi-
tation of lunar dust particles. The electrostatic levitation of lunar dust occurs during sunrise and
sunset when the sun angle is small. The smaller the dust grain is, the higher it elevates due to

electrostatic levitation on the same condition.

Key words: electrostatic levitation; lunar dust; particle-in-cell( PIC) ; lunar dust charging



