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Abstract. The influence of the corpuscular sputtering on the motion of inter-
planetary dust particle is investigated. Simultaneous action of the Poynting-
Robertson effect, corpuscular drag and corpuscular sputtering is taken into
account. Analytical solutions of the basic differential equations are presented
for circular orbits.
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1. Introduction

In our previous paper (Klatka 1991) we have discussed the influence of the im-
pact erosion mechanism on the motion of dust particle in the Solar System.
We have shown that the impact erosion is of smaller importance in compar-
ison to the corpuscular sputtering for particles of radii s < 50 um (see also
Dohnanyi 1978; Kapisinsky 1984, 1987, 1990). Since greater part of interplan-
etary dust particles in the zodiacal cloud or in asteroidal dust bands are of
radii 10 pgm < s < 50 pum, it is reasonable to investigate the influence of the
corpuscular sputtering on the motion of dust particles. '
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2. Solution of the problem

For the purpose of simplicity we shall deal with circular orbits. Our problem can
be analytically solved in this case. Some interesting results can be obtained by
taking into account simultaneous action of the corpuscular sputtering and the
impact erosion effects together, so we consider also the impact erosion mecha-
nism for the beginning.

According to our previous paper, concerning the mechanism of impact ero-
sion (Klacka 1991), the following equations for e = 0 hold:
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where
E=9x%x10"8%/p, (3)

and a is measured in astronomical units, s in ¢m, ¢ in g cm™2 (see Equations
(7a), (7c) and (10) in quoted paper).

Equation (2) yields
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and we have

Substitution of Equation (1) into the last equation yields:
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There is s = s(a) or a = a(s) in Equation (6). We can find the dependence of s
on a by the differentiation of Equation (6) with respect to s:
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and finally

Integral in Equation (8) can be solved analytically. One can obtain
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Substitution of the last equation into Equation (1) yields
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where constant ® is defined by formula
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Using the fact that {/K = (45/2) g,
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We can use substitution s = z2 in the last integral. It is the integral of binomial
expression and it leads to elementary functions only in some special cases (e. g.,
0 =1, 3) - see, e. g., Ryshik and Gradstein (1957), p. 67.

We shall not take into account the impact erosion in the following calcu-
lations (formally: e = 0). Integral (12) can be easily solved in this case and
finally it gives

§ = So Aﬁ s (13)
where 1/(248)
_ 245
A= (1 13 P t) (14)
and
B=K/¢=(2/45) 0. (15)
Using also Equation (9), it yields
a=ag A . (16)
3. Discussion
Equations (13) and (16) hold for the case
§>5.7x107%/p. (17)

Dust particles are expelled from the Solar System in the opposite case (see
Equation (4) in Klatka 1991). However, the corpuscular sputtering has such a
small destructive character, that this situation does not occur for particles of
the initial radius sg > 1 gm in the real situation - particles fall on the Solar
surface or are evaporated in the vicinity of the Sun.
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0 [ycm‘a] ag [AU] t/tpRCD 8/80

3.0 3.0 0.940 0.736
3.0 1.0 0.951 0.852
1.0 3.0 0.979 0.903
1.0 1.0 0.983 0.948

Table 1. Quantities characterizing the importance of the corpuscular sputtering.
(@0 — a = 0.3AU)

Some other interesting results are presented in Table 1. This table char-
acterizes (as an example) the influence of the corpuscular sputtering on the
motion of dust particles. Poynting-Robertson and corpuscular drags, and cor-
puscular sputtering are taken into account simultaneously (see Equations (13)

- and (16)). Time t has elapsed during particle’s motion from the initial solar
distance ag to @ = 0.3 AU; particle’s initial radius sp has decreased to the val-
ue s during this motion. Time tprcp corresponds to the situation when only
Poynting-Robertson and corpuscular drags are taken into account. All quantities
presented in Table 1 do not depend on the initial value of sg:

_soagl _(a 248
t‘2+ﬁ£[1 (ao) ] (18)

2 2
tpROD = S; 20 [1 ~ (53) ] . (19)
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